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Foreword

The 18th International Conference on Human-Computer Interaction, HCI International
2016, was held in Toronto, Canada, during July 17–22, 2016. The event incorporated
the 15 conferences/thematic areas listed on the following page.

A total of 4,354 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 74 countries submitted contributions, and 1,287 papers and
186 posters have been included in the proceedings. These papers address the latest
research and development efforts and highlight the human aspects of the design and use
of computing systems. The papers thoroughly cover the entire field of human-computer
interaction, addressing major advances in knowledge and effective use of computers in
a variety of application areas. The volumes constituting the full 27-volume set of the
conference proceedings are listed on pages IX and X.

I would like to thank the program board chairs and the members of the program
boards of all thematic areas and affiliated conferences for their contribution to the
highest scientific quality and the overall success of the HCI International 2016
conference.

This conference would not have been possible without the continuous and unwa-
vering support and advice of the founder, Conference General Chair Emeritus and
Conference Scientific Advisor Prof. Gavriel Salvendy. For his outstanding efforts,
I would like to express my appreciation to the communications chair and editor of HCI
International News, Dr. Abbas Moallem.

April 2016 Constantine Stephanidis
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Program Board Chairs: Panayiotis Zaphiris, Cyprus,
and Andri Ioannou, Cyprus

• Ruthi Aladjem, Israel
• Anastasios A. Economides, Greece
• Maka Eradze, Estonia
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HCI International 2017

The 19th International Conference on Human-Computer Interaction, HCI International
2017, will be held jointly with the affiliated conferences in Vancouver, Canada, at the
Vancouver Convention Centre, July 9–14, 2017. It will cover a broad spectrum
of themes related to human-computer interaction, including theoretical issues, methods,
tools, processes, and case studies in HCI design, as well as novel interaction
techniques, interfaces, and applications. The proceedings will be published by
Springer. More information will be available on the conference website: http://2017.
hci.international/.

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
E-mail: general_chair@hcii2017.org

http://2017.hci.international/

http://2017.hci.international/
http://2017.hci.international/
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Abstract. This paper aims to provide the theoretical framework and method-
ology for the definition of data collection tools designed to assess the effec-
tiveness and impact of training envisaged by the LEARNING4WORK project.
This project is based on the development of learning strategies within the
framework of Vocation Training, in order to improve learning processes and
make them more applicable in the real working world while minimizing the
number of student drop-outs. Learning methods are re-conceptualized through
the use of immersive worlds and role and project-orientated-learning. Scenario
Centered Curriculum (SCC) was applied to promote the acquisition and
development of international cooperation skills through the use of Information
Communication Technologies (ICT) tools and systems. The paper focuses on
the design process of the evaluation initial questionnaires (or Pre-test), starting
from the theoretical framework established in the field of learning in formal,
informal and non-formal educational contexts, applied to an innovative vision of
education and training, centered on the learner’s future professional role.

Keywords: Enhanced learning � Collaboration technologies � Lifelong
learning � User centered evaluation � Usability � Satisfaction � User profile

1 Introduction

1.1 The Partners and Main Objectives of the Project

Ten partners make up the Consortium of the Project. La Salle Campus Barcelona
(FUNITEC-Ramon Llull University, Spain), has the role of coordinating partner and
there are three other main partners: FIDAE (Federazione istituti di attività educative)
and ISP (Intesa SanPaolo Fromazione Scpa) in Italy, and ASSEDIL (Association
Europeenne des Directeurs d’Institutions Lasalliennes) in France, plus the six other
associate partners that are the vocational training centers in which the Project will be
developed: 2 in Spain (La Salle Palma School, and Salesians de Sarrià), 2 in Italy
(Instituto Cavanis and Suore Salesiane dei Sacri Couri) and 2 in France (Ensemble
Solaire Jeanne d’Arc and Groupe Scolaire Saint Joseph La Salle).

© Springer International Publishing Switzerland 2016
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The fundamental objectives of the Project are to:

• Extend the use of practical, motivating, effective and international learning
methodologies in the vocational training sectors in Spain, France and Italy,

• Increase the success rate of the students through providing experiences which they
find highly-motivating and which also require a certain degree of individual
commitment,

• Create a bank of educational program based in immersive worlds, projects and roles,
• Foment international co-operation through joint projects carried out by heteroge-

neous work groups made up of members from different social and cultural
backgrounds,

• Pinpoint the degree to which different learning innovations can be applied to a
group of students (role, online, international, etc.),

• Verify whether these new methodologies manage to meet the objectives set out and
compare these results with those of traditional learning techniques used in Voca-
tional Training centers.

These objectives are set out in the framework of the European Union (EU) strategic
priorities 2014–2020 in reference to: “The development of basic and transversal skills,
the development of adapted evaluation systems, an increased and more intensive use of
ICTs, more cohesion between the different evaluation systems and the promotion of the
transfer of learning strategies and methodologies among the countries of the EU”.

1.2 Project Phases

The Project is divided into five stages which are in turn organized into activities:

• Preparation: The activity program is reviewed by the main partners.
• Content Generation: The main partners have the responsibility to design the

teaching materials for the courses, a guide to the SCC teaching methodology and a
guide on the evaluation methods used in the learning and professional insertion
process.

• Implantation: The teachers of the schools are trained in the method to implement
both traditional and SCC methodologies in two courses: A pilot program with the
Search Engine Optimization (SEO) course is carried out to compare traditional
methodologies with the SCC; and the results of the learning are analyzed and the
second year students are taught the Mobile Commerce (MOBCOM) course using
SCC methodology in all the centers.

• Tracking: Collection of data from students’ performance and employability.
• Results analysis and breakdown at the end of each of these courses.

The methodology for the development of the project is based on a two-phase spiral
model. Initially the learning methodologies are implemented in the traditional form in a
school in each of the three countries and then the same training is implemented in a
different school using the SCC methodology. It is hoped that the impact and results of
the project will strengthen pedagogical capabilities in the vocational training sector in
the following ways:

4 D. Fonseca et al.



• Reduction in school absence and increase motivation and commitment from the
student,

• Increased satisfaction level of the students,
• Creation of the need to learn, from their roles with the immersive world proposed,
• Creation of a certain degree of rivalry in the completion of ubiquitous tasks thanks

to the use of various ICT systems,
• Boost knowledge of students’ mother tongue and the establishment of a lingua

franca to carry out international tasks,
• Train the students and those already working and ensure that they are fully prepared

to carry out the work expected of an officially qualified technician.

1.3 SCC Assessment

The experimental model suggested by the L4W project is based on a new SCC approach
and on the training programs development methods. SCC is a methodology inherently
based on objectives. Its objectives are the same ones as those pursued by students when
undertaking an education or training course and actively attending a particular training
program. Its objectives should coincide with those same objectives set by students when
thinking about their job and career aspirations. SCC is built on activities: i.e. activities
concerning theadoptionof theSCCmethodologymust be related to the long-termgoals set
by students in view of their specific roles to be played in real life. ASCC should starts with
thedefinitionofwhat the scenario is orwill be.Subsequently,within thegiven scenario, the
training provider shall decide, on the basic elements to be developed, the specific condi-
tions and “parallel” or “side” elements to be implemented to enhance students’ ability to
play their role in their future professional career. SCC works in any complex learning
environment, as long as mentors are available and willing to coach students in their
learningprocess and future realistic roles toplay.Ameaningful experimental environment
of such a scenariomust therefore be put in place. This environment can be built on theweb
or at school. In both cases, teamwork andmentoring, as well as the subsequent evaluation
of products resulting from these specific activities, are the key pivot around which the
teaching methodology revolves. It is therefore fundamental to start from the teachers’
training, in the first place, and only later provide training to students themselves.

In order to fulfill our objectives, we need to develop a new approach that, on the
one hand, takes into account the evaluation questions related to the project success,
effectiveness and impact generated by the latter on the target audience; and on the other
hand, it addresses the issue of evaluation of learning and tools useful for the trans-
parency and validation of skills acquired by students through an innovative method-
ology aiming at developing not only vertical professional skills but also transversal soft
skills and key skills.

2 Related Work

The SCC approach directly recalls the acquisition and validation dynamics of skills
(such as life skills, key skills, and citizenship skills), which become a central element in
the evaluation processes [1]. The issue of skills has progressively come to the limelight

Learning4Work. Designing a New Evaluation System 5



on the international scene, calling the attention of vocational training and education
scholars, production organizations and policy makers [2]. As repeatedly stressed, being
skilled implies in itself a social dimension, since someone can be recognized as
competent, without necessarily acquiring skills though academic qualifications. At the
same time, it implies an effective action dimension focusing on the flexibility and
adaptability of competences as such on different levels, across the board.

At school, competences have been at the center of the debate for years; yet, the
issue of how to assess them is underestimated, since the complexity of all the under-
lying issues is not directly taken into account, also considering the fact that some of
these skills are prescriptive. Nowadays, we can find different references into the lit-
erature developing the “edumetrics” concept [3, 4], which has deepened the theme of
competence assessment, by highlighting its specificity and discussing the translatability
of psychometric criteria generally used in testing in the domain of education.

It is necessary to strengthen curricular (school) programming based on core com-
petences, in order to facilitate the early acquisition of active citizenship competences at
school. This would be desirable also in view of a wider dissemination of inquiry
learning methodologies addressed to the most disadvantaged recipients who need to
reposition of their skills in evidence based perception and self-assessment processes
and more “manageable” cognitive processes. In this sense, intensifying the use of
systems promoting the mutual recognition of European qualifications for employment,
improving matching between job descriptions and skill profiles of diplomas and
qualifications (European Skills/Competences, Qualifications and Occupations), can and
must be regarded as a process involving all the training processes that are expressed in
terms of learning outcomes. In addition, a lively debate has emerged on the link
between instrument referencing systems, such as EQF (European Qualification
Framework), with the national qualifications frameworks, NQF (National Qualification
Framework), starting from the enhancement of already existing transparency and
traceability tools, in particular, ECVET (European Credit system for Vocational
Education and Training).

2.1 What to Assess and Why

Assessing training is always a difficult task, since it is closely connected to the context
where (formal, non-formal and informal) training to be assessed has taken place and to
the type of assessment approach that has been used. Generally, in the literature on
training evaluation, two major theoretical approaches can be found: evaluation training
and effectiveness training. The former is based on the evaluation of learning outcomes
achieved at the end of training, in other words is based on the effectiveness of training
that was provided. In the former approach, objectives, content and design of training
become the object of evaluation; in the latter approach, however, the training process is
examined in all its stages (pre, ongoing and post) considering the variables that might
have influenced the effectiveness of training activities. Assessment supports and fosters
the quality development of an education and training system because it:

6 D. Fonseca et al.



• Identifies the strengths and weaknesses of an education and training system and
action,

• Observes and analyses how resources are used,
• Involves and empowers the stakeholders engaged in the training system and actions,
• Ensures that a change has indeed occurred with effects on the institutional and

social context,
• Allows to identify critical issues in a primary phase using Pre and Profile tests, and

using mixed methods (combining quantitative and qualitative approaches) for a
better interpretation of the results [5].

When we try to incorporate new educational methods using different technologies,
we need to incorporate them into teaching in a controlled manner; there are some risks
that need to be controlled before one can improve not only the curriculum but also
student skills and knowledge. With technology, the professor must be trained and
capable of providing full-time support to students: he or she must be capable of offering
a good and precise explanation of the practice and methodology, must correctly select
the applications, and must provide clear final objectives. Previous studies describe
“critical mistakes” in the implementation of educational technology - mistakes that can
generate negative perceptions among the students and which need to be avoided [6–
10]. The need of and justification for incorporating IT into the educational process are
particularly relevant, and they are described in the main roles of the European Higher
Education Area (EHEA), which runs the university studies of member countries,
including Spain, where this project was undertaken [11].

2.2 Mixed-Methods Assessment for Pedagogical Purposes

Quantitative and qualitative approaches have historically been the main methods of
scientific research. Currently, a hybrid approach to experimental methodology has
emerged that takes a more holistic view of methodological problems: the
mixed-methods research approach. This model is based on a pragmatic paradigm that
contemplates the possibility of combining quantitative and qualitative methods to
achieve complementary results.

The value of research lays not so much in the epistemology of the method but in its
effectiveness [12]. On the one hand, quantitative research focuses on analyzing the
degree of association between quantified variables, as promulgated by logical posi-
tivism; therefore, this method requires induction to understand the results of the
investigation. Because this paradigm considers that phenomena can be reduced to
empirical indicators that represent reality, quantitative methods are considered objec-
tive [13, 14]. On the other hand, qualitative research focuses on detecting and pro-
cessing intentions. Unlike quantitative methods, qualitative methods require deduction
to interpret results. The qualitative approach is subjective, as it is assumed that reality is
multifaceted and not reducible to a universal indicator [15].

The current methods in UX do not necessarily include the end user to participate in
the creative process of the product. Most of them are guides of imagination exercises to
be more emphatic with the user in concrete scenarios as cognitive walkthroughs [16],
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or user persons [17]. On the other hand, there are also qualitative methods far from
usability standards which allow obtaining subjective information from users them-
selves, such as contextual design [18], or diary methods [19].

To provide a quality management, which is likely to attain objectives and to meet
users’ needs, it is necessary to rely on timely information on the efficiency and effec-
tiveness of the training schedule. The main need that arises from a training project is to:

• Check the internal consistency of the programming procedures that are imple-
mented and to describe the gap between expectations, processes and outcomes,
resulting from the procedures in use,

• Describe the effectiveness of innovation processes that are implemented in terms of:
enhancement of knowledge, expertise, skills, activities of each individual, change in
attitudes and behaviors of individuals and organizations, impact of innovation on
the professional, social and institutional context, and identify the transferability
elements emerging from the innovation process, in order to translate them into
educational policy choices.

3 Pre-test in SCC Applied to SEO and MOBCOM Courses

The SCC approach introduces an innovation element in the educational process, where
it supposes an adjustment of content and models of learning units to the expected use of
these tools by students in the workplace and in professional contexts. The imple-
mentation of the evaluation model is subdivided into three phases:

• First phase: research activities aimed at identifying the SCC approach centered
variables. This phase aims to define the assumptions and provides for the definition
and analysis of the critical variables measured; the identification and determination
of strategic processes on which the assessment process is to be based; and the data
collection tool development.

• In the second phase, tools will be administered and data will be collected within the
sample made up of the teachers and learners community and in the control group
(population not covered by the action).

• In the third phase, the processing of results will take place to answer the evaluative
questions posed during the model development, by means of a comparison between
the built model (initial research hypothesis) and the results obtained in terms of
effectiveness and impact. The final phase is intended to predict any changes in the
model, compared to the preliminary setup of the training model.

The methodological approach that has been adopted aims to give an account, on the
one hand, of the complexity of the research field, in terms of enlargement of training
systems (formal, non-formal, informal); SCC approach consideration; key process
analysis in terms of skills development and performance of the extreme variability of
training behaviors by organizations. In the process of design the test, we need to
identify and choice the indicators to be obtained in order to validate our methodology.
The indicators can be metaphorically understood as signals, “arrows” that specify,
clarify and describe the characteristics or properties of training to differentiate, to take
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evolution under control, to observe the direct and indirect effects caused by the project
on individuals and their related institutions.

To formulate effectiveness and impact indicators and to identify areas subject to
assessment it is necessary to remind, explicitly, and to explore the main features that
characterize the SCC method and its building procedures, such as the development of
learning units. For example, some aspects to be reviewed are:

• The meaning of training unit of learning,
• The reasons why the SCC approach is chosen,
• The implications on teachers’ work,
• The SCC/modulation relationship for students’ learning, etc.

3.1 Courses Assessment

The following Table 1 shows the basic scheme of the courses assessment:

Table 1. Course assessment. (1) For traditional and SCC groups. (2) Only to evaluate in the
SCC group. (3) For local classes and international groups: one school of each country will
develop the MOBCOM course in an international model, in collaboration with the selected
schools of the other countries.

Course Type Assessment task When? Assessment components

SEO Both
(1)

1.-
Technological
profile

Before
start

Quantitative survey using Likert
scale

2.- Motivation
(2)

Both
(1)

3.- General skills At the
end of
the
course

Mixed method: quantitative test
with Likert scale and qualitative
evaluation in focus group
according to Bipolar Laddering
(BLA) technique [20]

4.- Specific skills
5.- Usability of
the method

6.- Student
satisfaction

MOBCOM SCC
(3)

1.-
Technological
profile

Before
start

Quantitative survey using Likert
scale

2.- Motivation
SCC
(3)

3.- General skills At the
end of
the
course

Mixed method: quantitative test
with Likert scale and qualitative
evaluation in focus group
according to BLA

4.- Specific skills
5.- Usability of
the method

6.- Student
satisfaction

7.- International
impact

8.- Efficiency of
SCC
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Table 2. Pre-test 1: Technological Student Profile. Questions 1 and 2: 5-Daily, 4-Occasionally,
3-Only at school, 2-Rarely, 1-Never. Questions 4,5,7 and 8: A-Very much, B-Somewhat,
C-Slight, D-Note at all.

Name:__________________Email:_______________ Fem/Male Age:______

1.- How often do you use your computer? 5 4 3 2 1
2.- How often do you use services of Internet? 5 4 3 2 1
3.- Which devices do you usually use to access Internet (select): PC / Computer at school / 

Smartphone / Tablet / I don’t use Internet/ Other (specify): 
4.- Identify level of knowledge of the following programs

Word Processing A B C D
Multimedia presentations A B C D

Hypertext A B C D
Spreadsheets A B C D

Image processing A B C D
Audio/video production A B C D

Concept maps A B C D
Publication of audio/video A B C D

Social media tools A B C D

5.- What is your degree of competence in each following systems?
Blog A B C D

Forum A B C D
Wiki A B C D

Text chat A B C D
Audio/Video conference A B C D

Electronic mail A B C D
Social networks A B C D

e-Learning platforms A B C D
6.- Have you participated in ICT training courses? YES, recently / Yes, but not recently / 
NO

If Yes, please specify: forums / sharing materials / synchr. meetings / (audio / video)
Conference / meetings in person / blended / e-learning / other (specify):

7.- If you have answer YES to question 6, express an evaluation of the following indicators:
ICT training path corresponds to initial expectations A B C D

ICT training path corresponds to professional interests A B C D
Positive effects on didactic practice A B C D

Quality teaching materials A B C D
8.- In your school experience using ICT A B C D
9.- Using ICT, which of the following tools hay you used/ use? Computer laboratory / IWB -
Interactive Whiteboard / Personal devices (tablet-smartphone) / Other:
10.- Select the ICT systems that you have used: Moodle / Edmodo / Google Apps / Youtube 
/ Other:
11.- Have you ever used digital educational content to promote your idea or product? 
YES/NO

If Yes, please specify: Content created with word processing soft / with presentation 
soft / with the Whiteboard soft / with educational soft / e-book / other: 
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Preliminary information on the students profile and their initial motivation are basic
information in order to develop the methodology proposed. With the information
extracted from these surveys we can detect differences across countries and educational
institutions and the motivation of the students of the schools involved in the project.

3.2 Designing the Pre-test

With all the data collected we can adapt the method in function of the characteristics of
the students, their needs, or for example technology difficulties of the students. The
pre-test was designed to ask students about the technologies they are familiar with,
possess or use (Table 2), and their motivation in front of the use of SCC methodology
(Table 3). This information provides us with the level of advanced preparation using
interconnected systems through different devices such as computers, mobile phones,
tablets, etc. A classical mistake is assuming the presence of knowledge, use or pos-
session of technologies required to complete a project; when this assumption is later
proved wrong, the experiment fails due to the design errors in the implementation and
development processes.

Table 3. Pre-test 2: Student Motivation using SCC Methodology. Questions 1 and 2: 5-Daily,
4-Occasionally, 3-Only at school, 2-Rarely, 1-Never. Questions 4,5,7 and 8: A-Very much,
B-Somewhat, C-Slight, D-Note at all.

Name:__________________Email:_______________ Fem/Male / Age: ____________
1) What do you expect form the course SCC?
2) Have you ever heard of SCC before? YES/NO, If yes, in which regard?
3) Do you like the idea of engaging in a learning which simulated a real work situation, in 
which you assume an important role in order to solve problems and / or achieve goals? YES 
/ NO

If so, what do you consider your personal motivations for participation
If not, what do you consider your personal reasons for not participating

4) You think you can be a good work team member on a specific project?
5) Among the various moments of which will consist of the learning experience SCC, which 
you think are the most interesting for you and why? (More choices are possible)
5.1.- To simulate a real work commitment.          YES/NO – Why?:
5.2.- Working in a team.                                       YES/NO – Why?:
5.3.- To use new technologies.                             YES/NO – Why?:
5.4.- Doing less theory and more practice.           YES/NO – Why?:
5.5.- To practice one or more foreign languages. YES/NO – Why?:
6) What are your personal experiences of participation in structured situations of group 
and/or business (eg. Sports, associations, small jobs, work in the family business, etc); con-
cisely express your feelings about it; Describe the abilities that followed?
7) What benefits you expect to gain from a training course focused on the SCC?

Learning4Work. Designing a New Evaluation System 11



4 Conclusions

The paper presents the design of a specific pre-test for testing the student profile and
motivation in a course where we adapt the SCC methodology. Scenario Centered
Curriculum is being applied to promote the acquisition and development of interna-
tional cooperation skills through the use of Information Communication Technologies
(ICT) tools and systems. The L4W project is based on the development of learning
strategies within the framework of Vocation Training, in order to improve learning
processes and make them more applicable in the real working world while minimizing
the number of student drop-outs. Learning methods are re-conceptualized through the
use of immersive worlds and role and project-orientated-learning. As we have
demonstrated the process of designing the assessment surveys it is critical in order to
obtain the complete feedback of the student. The collected information allows us to
evaluate the impact of the new educational methods proposed and the need of change
any educational exercise or strategy, something that it is very easy to find according
with the fact of work in three different educational sectors as are the Spanish, French
and Italian schools. At the moment of the publication of this paper (2016, February),
we are collecting the data and beginning the analysis of the Pre-Test data, following the
schedule of the project.
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Abstract. This work integrates two aspects whose positive impact on learning
has been tested flip teaching and cooperation among students. In this proposal
the faculty/students of a subject use, throughout the flip teaching technique, the
resources created by students of a different degree. The theme of the resources is
about teamwork competence, topic in which students create and later use the
resources. The paper describes how to use and organize the generated and
shared resources by the students, using the proposed teaching/learning
methodology that is so called Micro Flip Teaching. Also, the results of the
students’ usefulness perception are presented.

Keywords: Flip Teaching � Cooperation � Knowledge management system �
Educational innovation

1 Introduction

Flip Teaching methodology is based on two key actions: move at home the activities
that are usually done in the classroom (such as master lectures); and move into the
classroom those that are usually done at home (like homework). Traditional education
is based on lectures where the teacher acts as the emitting source of knowledge and
students as passive recipients. Moreover, in carrying out academic works, students
have an active role, whether they are individual or collective works. According to this,
Flip Teaching implies, on one hand, taking advantages from the presence of faculty and
students in a common location (e.g. the classroom) to achieve an active participation,
because of an authentic interaction in the classroom is the basic element for active
learning The ideal environment for active learning should motivate students to interact,
perform activities, and reflect on their learning [1]. On the other hand, Flip Teaching
looks for that students at home emulate the behavior they usually have in the
classroom.

The first proposals being made to bring the lessons home and work in the class-
room, emerged in 2000. Lage et al. [2] call this technique “Inverting the classroom”,
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while Baker [3] names it “Classroom Flip”. Ever since there have been new names like
“Flip Teaching”, “Flipped Classroom” or “Flipped Learning”.

Although there is no common model for application of this technique [4], there exist
lots of works that use the video as a substitute for the master lecture. However, there is
no uniformity in the activities undertaken in class. It can be said that this “inversion” of
times can help to optimize spaces for discussions, debates, laboratories, projects,
practical activities in class, and the fostering of collaboration. The four pillars that make
Flip teaching possible are flexible environments, learning culture, intentional content,
and professional teachers [5]. The Observatory of Education Innovation of the Tec-
nológico de Monterrey [6] has also detected a tendency to integrate inverted learning
with other approaches, for example, combining peer instruction [7], self-paced learning
according to objectives, adaptive learning [8–10], and the use of leisure to learn.

Thus, Flip Teaching model is based on the idea of increasing interaction among
students and their responsibility for their own learning [11], using virtual learning
environments as supported tool [12–14]. These virtual environments allow students the
access to the learning resources and the possibility to make questions and interchange
materials throughout the forums, because it is mandatory that the students have
availability of help at home [15].

With this regard, students often share learning resources with their peers through
social networks [16]. Teachers can take advantage from this situation organizing these
shared resources and stimulating their production. Some research works have shown
that resources production means a stimulus for students, as a way to explain their
experience relating to a specific subject or the context where learning occurs [17]. Also,
the use of contents created by students stimulates the creation of new resources by
themselves. Thus a spiral is established where contents are produced, classified,
organized and used [18].

Most of the Flipped Teaching experiences reviewed by the authors showed that the
typical out of the classroom activities are based on videos, most of them created by the
faculty. It is less common, but some teachers also use external videos to the academic
scope.

The approach of this work is based on the use, under the model of “Flip Teaching”,
of students’ produced resources in order to analyze the students’ perception on the
usefulness of these resources.

This way, the main novelty of this work is that out the classroom activity is based
on videos provided by both faculty and student (to substitute the master lectures) and
online resources (generated by the students as supplementary learning material). All
this by establishing criteria for integrating the resources, generated by students, with
those generated by teachers.

The research done with this experience contributes with:

• A study of the resources that students create for each of the situation, which gen-
erates a continuous knowledge. It includes its format, scope and usefulness.

• Identification, study and analysis of the learning activities where the created
resources may be involved. Besides, there are activities that integrate both faculty’s
resources and students’ resources.

Cooperative Micro Flip Teaching 15



• A qualitative study of the students’ perception about the learning improvement
throughout the use of the generated resources.

• A qualitative study of the willingness to share their learning resources with others
peers.

The rest of the paper is organized as follow. Section 2 presents the proposed Flip
Teaching model. Section 3 explains the research context. Section 4 discusses the
results. Finally, Sect. 5 closes the paper with its conclusions.

2 Flip Teaching Proposed Model

In this paper a Flip teaching method has been defined and it is so called Micro-Flip
Teaching (MFT). The feature of this model is that it is not necessary to apply it to the
whole subject. Its application is simple with easy to follow notes. It uses free
cloud-computing accessible technologies, such as Screencast, Dropbox or Drive. The
model has been tested with a positive impact in the learning improvement [19].

MFT model has three stages, as it is shown in Fig. 1: (1) Outside the classroom
activity; (2) Binding activity; and (3) Inside the classroom activity.

2.1 Activity at Home

It really is an activity that takes place outside the classroom, although termed “at
home”. The aim is not to transfer the full master lecture, but the most significant of the
same through a video lasting no longer than ten minutes. The reason is that there are
cognitive studies demonstrating the novelty of any stimulus tends to disappear after ten
minutes [20]. Moreover, each video has an associated questionnaire to verify that
students have seen the video; a forum for questions, comments and reflections (sim-
ulates the doubts that may arise during a class) and supplementary material.

Fig. 1. Micro Flip Teaching (MFT) model
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2.2 Binding Activity

It is a key activity to establish a connection between the activities inside and outside the
classroom [21]. This activity consists of making an individual work where students
apply the explained concepts in the outside the classroom activity. Works are sent to
the faculty for correction or they are published in a shared forum with all the students.
This activity’s duration is thirty minutes.

2.3 Activity in the Classroom

Faculty knows the doubts previously (through the forum available on the activity at
home) and the degree of learning of such terms (through the work done in binding
activity). From that prior knowledge the activity in the classroom is structured in a
series of steps:

• Step 1. The results of the work of the binding activity are used as a teaching
resource (both those that are well designed as the rest). Students present the work,
after that a discussion begins about the reasons why it is right or wrong. Running
time twenty minutes.

• Step 2. The faculty gives a mini master lecture for ten minutes.
• Step 3. Cooperative work where the learning resources generated until that moment

are used. The duration is thirty minutes.

This model takes into account the knowledge that is used during the activity at
home and that was generated previously by other students; specifically, as “master
lecture” and “supplementary material”.

The method can be used with the support of any Learning Management System
because it is used as a driver of the process (resource management, forums, etc.).

3 Research Context

This research has been done during 2015–2016 academic year in the Programming
Fundamentals subject of the first year of the Biotechnology degree in the Technical
University of Madrid. This subject is taught in the first semester and was followed by
sixty students.

The resources used for this case were created by students of the subject of Infor-
matics and Programming for the previous academic year 2014–2015. This subject was
taught in the first year and belongs to the degree of Engineer of Energy of the Technical
University of Madrid.

The MFT method was applied for the development of teamwork competence
(TWC) of the students in the 2015–2016 academic year. Thus, TWC was the theme of
the created resources by the students the academic year before, also regarding the
development of the TWC.

Figure 2 shows how the generated resources are integrated in the activity in the
classroom by both faculty and a selection of students and, as supplementary material,
students may access to the stored resources in a knowledge management system called
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BRACO (Buscador de Recursos de Aprendizaje Cooperativo) [16, 22]. It is a system
that allows storing, identifying, organizing and searching knowledge using ontologies.
It is characterized by its capacity of converting individual or grouping knowledge into
organizational knowledge [23].

Students make the binding activity organized in teams and each activity corre-
sponds with several stages of the TWC development. People that compose the team
interact among them through forums, wikis and online storage systems. This way,
faculty may have evidences enough to follow the advances and to finally evaluate the
TWC. This method is called Comprehensive Training Model of the Teamwork
Competence (CTMTC) and has the main property of allowing faculty teach and
evaluate the TWC both individually and by-group [24, 25].

The activity in the classroom is based on the use of the outcomes of the teamwork
(TW) as didactical resource. Student teams expose the way they have done a specific
TW stage and its outcomes. Faculty and the rest of the students make questions, reflect
or contrast the presented outcomes with their own outcomes.

Teacher’s role is based on how to use the students’ expositions as didactical
resource; for example, teacher may explain the reasons of the mistakes and may correct
them in a public way. The others student teams use the exposed works to modify their
own works. After that, a mini master lecture about the next TW stage is done. The
process continues during four more sessions till the end of the TWC development.

The results presented in the next section correspond to two different studies. The
first was made with students that created and shares the resources during 2014–2015
academic year and the second was made with the students that used those resources
during 2015–2016 academic year.

Fig. 2. Model applied on experience
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4 Results

4.1 Resources Generated by Students in 2014–2015 Academic Year

Sixty students participated in this experience. They were organized in ten work teams
with six people by team. Six teams generated useful resources and the others did not
generated resources or the resources generated were not valid due to low quality issues
(considered by the faculty evaluation of the work done).

The six teams have created thirty-nine resources whose typology is presented in
Table 1. All these resources have been used in the activity at home in the following
way:

• Nine resources have been integrated, alongside the teachers’ ones, in the Learning
Management System used in the subject (Moodle platform).

• Thirty-nine resources are accessible for the students, as supplementary material, in
BRACO knowledge management system.

4.2 Students’ Perception of the Use of the Resources in 2015–2016
Academic Year

In the academic course 2015–2016, once completed the training process and before the
teachers carry out the evaluation, a survey among the participating students was con-
ducted. The survey was voluntary and from a population of sixty students answered it
fifty-five.

The survey has twenty-seven questions about the development of TWC and the
students’ profile, organized in the following way: four questions about Learning-
Enthusiasm-Organization; eight questions about the Contents; two questions about
Evaluation-Workload; five questions about their general opinion of the subject
development; and eight questions about participant’s characteristics. Some questions
use a Likert scale 1–5, (1- Completely disagree; 2- Somewhat agree; 3- Neither agree
nor disagree; 4- Sufficient agree; and 4- Strongly agree).

Table 2 shows the ration of the received answers regarding the questions about how
the students used, in the activity at home, the created resources that were available in a
web site, alongside with other teachers’ materials. Tables 3 and 4 present the questions
related to BRACO system (where the supplementary material was organized). It is
attempted to measure the ease of access to supplementary material and its usefulness
when performing the different stages of TWC development. Finally, it is asked for the
intention of students to share the resources that they have created with others, see
Table 5.

Table 1. Generated and shared contents in 2014–2015 academic course

Number and type of generated and shared by the students

Videos (explanations of TW development and of the TW itself) 12
Web site (final result of TW) 6
Files (results of the intermediate stages of TW) 21
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Table 2. Using videos of teachers and students in 2015–2016 academic year

Q5. Indicate the degree of agreement with the following statements (%):
1 2 3 4 5

I have seen works in the recommended web site before I started
TW

0 2 4 55 40

I think the works in the recommended web site have been useful
to decide the TW theme

2 7 24 40 27

Table 3. BRACO resources used in 2015–2016 academic year

Q7. Indicate the number of resources that have seen among
those found through BRACO:

%
None 4
Between 2 and 4 31
Between 5 and 7 45
More than 7 20

Table 4. Ease and usefulness of BRACO in 2015–2016 academic year

Q10. Express your level of agreement with the following statements about the impact of the
contents of BRACO in the development of teamwork (%)

1 2 3 4 5

BU1. I have found easy to access BRACO resources 2 4 20 55 16
BU2. I have found BRACO useful for the phase “Mission and
objectives”

2 5 13 55 25

BU3. I have found BRACO useful for the phase “Normative” 4 2 15 53 27
BU4. I have found BRACO useful for the phase
“Responsibilities map”

4 4 22 49 22

BU5. I have found BRACO useful for the phase “Timetable” 4 4 27 45 20
BU6. I have found BRACO useful for the phase
“Implementation phase”

4 5 24 49 18

BU7. I have found BRACO useful for the phase “Storage” 5 16 40 35 4
BU8. I have found BRACO useful for the phase “Final result” 7 7 16 40 29
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5 Discussion

As in other previous research works, it has been demonstrated the usefulness of stu-
dents create, share and use resources that have been previously created by other stu-
dents (peer content creation) [17]. This case about knowledge creation demonstrates
that students is able to create useful resources in different formats (video, web pages
and files), which improves their learning. Moreover, students have willingness to share
resources (50 % share with anyone and 24 % with the same degree). Both creation and
sharing of resources brings benefits to student learning [26]. Sharples et al. [27]
mention to Sidney Pressey (author of “Psychology and the New Education”, 1933) that
affirms that “Pupils are saved, in the words of Pressey, from educational drudgery and
incompetence by joining online communities, asking questions, seeking answers,
creating and sharing resources”. Therefore, it must be strengthened by faculty the
creation, organization and use of these resources.

Students were asked with which groups they would shared the resources they have
created. They were allowed only one choice in order to know their preferences. 50 % of
students would share their resources with anyone who asked them and 3 % would share
it with other degrees, compared with 24 % who would share with their same degree
partners. This situation is shocking because these students have used resources created
by students from another degree. For this reason, it is key that the generated knowledge
will be managed through a knowledge management system that all students in the same
organization can access, to prevent the sharing of resources depends on “if they ask me a
resource or not”. This is possible in the presented proposal and a BRACO ontology has
been defined depending on the degrees where the knowledge is created.

With regard to the use of the recommended web site outside the classroom, where
the resources of both faculty and students are integrated, the 94 % of students recog-
nizes that used it. The impact of this resource usage has been significant, for example,
the 67 % of the students has been conditioned to choose the type of work to be done.

In relation to the rest of the resources used by students, and accessible as supple-
mentary material through BRACO, it is shown that they have used it. Only 4 % of
students did not use any resources, however 96 % have used some of these resources

Table 5. Resource sharing

Q12. With whom would you share in the
future the resources you have created during
the development of TW?

%

With my friends 5
With other teams of my teaching group 18
With other teams of my degree 24
With other teams of other degrees 3
With who ask me resources 50
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and 65 % used five or more resources. Therefore, it demonstrates that students use the
resources generated by students of other degrees.

Regarding the use of resources on a particular stage of teamwork, in all phases
except one, between 65 % and 80 % of the students recognized that the students’
generated resources stored in BRACO have been useful or very useful for them.

For the “Storage” phase, only 39 % of students have seemed useful these resources;
it will be necessary to consider whether the provided materials do not help in that task
or whether the students already have sufficient knowledge and they do not need
additional support. Therefore, teachers must analyze these resources and find out the
reason of this. This leads to the conclusion that a measuring tool of the usefulness
should be used in order to promote and review the resource creation in those parts of
the subject where exist the perception that they have not been helpful.

6 Conclusions

It has shown the organization of resources created by students in order to used them for
students of other degrees throughout the Micro Flip Teaching method, including both
individuals and grouping activities in which ones the resources are useful and suitable.
Also, the students’ positive perception regarding the effect of the use of these resources
in their learning has been studied. Moreover, other important contribution of the
research done is the students’ good willingness to share the created resources, but still it
is necessary to work to improve it.

This method is easily transferable to any subject regardless of the discipline taught.
In addition, it can be used in a timely manner in those parts of the subject where
students have poorer academic results or there will be more complex topics.
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Abstract. This paper describes a pedagogical design to capture 21st

Century Skills. The pedagogical design includes three key components:
a pedagogical frame, a gamification framework, and microinteraction-
based interaction design. The focus was on secondary education (K-12),
but the pedagogical design is generic and flexible enough to be appro-
priated for other purposes. Moreover, the paper describes how the three
components of the pedagogical design can be implemented into a soft-
ware tool for authentic classroom environments and informal settings.
The tool would allow the capturing of 21st Ce. Skills, their formative
assessment, and the metacognitive awareness of skill development. The
contribution of this project is twofold: firstly, the production of a con-
crete set of pedagogical design guidelines and, secondly, design guidelines
towards the implementation of a proof-of-concept prototype for use in
classroom environments.

Keywords: Pedagogical design · Microinteractions · Gamification

1 Introduction

This paper describes a pedagogical design to capture 21st Century Skills. Already
in 1999, there was a realisation that the workforce and the workplace landscape
was changing rapidly, and training would need to reflect these changes, in what
was called “21st Century Skills for 21st Century Jobs” [14]. Despite the initial
focus on the workplace, and the recognition that competency-based-education
is not a new concept1 [13], opportunities to re-surface much desirable student-
centred pedagogies were also recognised [11].

With regard to scaling such approaches, one well-known approach in K-12
is the Programme for International Student Assessment (PISA), developed by

1 Papers from the 70 s go so far as mapping U.S. efforts to capture competencies during
the 20 s and 30 s back to the operationalisation of WWI [2,5,9].
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the Organisation for Economic Co-operation and Development (OECD)2. Other
attempts include the Assessment and Teaching of 21st Century Skills (ATC21S)
project3 and the Collaborative Assessment Alliance4.

These attempts have been criticised with a number of arguments [7]; however,
one aspect that was of special interest to us was that current approaches seem to
be tightly-coupled with specific tasks. Thus, it can be the case that the obtained
results are a matter of the students’ skills as much as they are the result of task
design.

In contrast, we set out to develop a task-independent approach so that it
would scale and maintain its flexibility at the same time. Our intention is to
develop a pedagogical design which will be developed as a software tool to be
deployed at institutions of primarily K-12, but also Higher Education. While
this is our initial focus, our design has no component that explicitly excludes
informal education settings. Our approach is described below.

2 Pedagogical Design

2.1 Research Direction

Our Pedagogical Design is rooted in the Core Questions of this Research Project:

1. What are 21st Century Skills?
2. What learning innovations are being used to promote them?
3. What techniques/methodologies are being employed to assess them?
4. What technologies are being used to promote 21st Century Skills and their

assessment?

And are given shape by the project objectives:

– To create a common framework for how 21st Century Skills can be assessed;
– To be able to assess informal learning and social activity from learners; in par-

ticular, to research new methods of assessment which can interpret, visualise
and comparatively assess learning activity implicitly and continuously;

– To create a software tools in which multiple methods and approaches to assess-
ment can take place.

2.2 Design Recommendations

With these questions and objectives focusing the initial research, a literature
review was done around these areas to identify current trends in 21st Ce. skills,
21st Ce. skills assessment, and the state of art pedagogical design surrounding
both of these areas.

From this research, the following pedagogical recommendations were made
in regards to where gaps in innovation currently exist within this space:
2 http://www.oecd.org/pisa/.
3 http://www.atc21s.org/.
4 http://caa21.org/.

http://www.oecd.org/pisa/
http://www.atc21s.org/
http://caa21.org/
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Vertical and horizontal mobility: Anything designed should be able to cross
grade level and content area as opposed to being grade or subject specific.

Not activity specific: Anything designed should be more than a once-off activ-
ity and have longevity and breadth to it, as opposed to being a singular
activity that a student/teacher only interacts with once.

Authentic classroom dynamic: Anything designed should fit within the
authentic classroom dynamic and become an extension of regular classroom
practice as opposed to being something that interferes, prohibits, or breaks
up the standard rhythm of instruction.

Additionally, recommendations were made that whatever demonstrator was
built should:

Activate student skill literacy: Student understanding of the skills is not
being addressed global focus seems to have jumped straight to the assessment
of the skill without focusing on the teaching of the skill.

Be based in experiential learning: As opposed to forcing a context for the
skill if possible the pedagogy should be rooted in a naturally occurring learn-
ing experience (a pseudo experiential learning situation).

Offer formative assessment for learning: Typical assessment activities in
this area are either summative or disjointed formative and there should be
a more streamlined and continuous formative assessment that promotes true
and deep learning.

And lastly, the recommendations were made that:

The design be flexible: As it is clear that this is not a defined space the
demonstrator should be flexible and dynamic offering many options for future
design and extension of the original frame.

Data be viewed as baseline: That the data generated from the experience
be something that is not limiting and can be used to establish a baseline for
future development.

With this in mind, it was established that the best direction for develop-
ment was in the self-assessment space as self-assessment allows for the flexibility
established within the recommendations and is not a path being pursued by most
developers at the moment and has the potential for more innovation. Addition-
ally, self-assessment:

– Activates student understanding of 21st Ce. skills, providing knowledge base
and direct instruction for what is implicit (literacy of 21st Ce. skills and
assessment)

– Is personalised and allows for goal setting, continuous feedback, strength and
deficit identification and formative assessment

– Allows for metacognitive awareness to increase student responsibility for skill
development

– Informs classroom choices in all three realms of the educative relationship
(student-teacher-knowledge) and is universally applicable
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The decision was then made to create a 21st Ce. century skills self-assessment
app. With the knowledge that this app would be trialled in Ireland, the frame
that was chosen for the 21st Ce. skills was that used by the National Council
for Curriculum and Assessment (NCCA) [8]. The NCCA refer to these skills
as the Key Skills and have created ‘rubrics’ for them at both the Junior Cycle
(K-8) and Senior Cycle Level (K-12). For the purposes of the demonstrator, the
Junior Cycle Key Skills frame has been selected. However, the pedagogical frame
described below, the gamification framework, and the microinteraction design of
the next sections are not limited to this setting and have been designed to be as
generic and flexible as possible.

2.3 Pedagogical Frame

The pedagogical frame in this use case is based on assessment strategies for
self-directed learning and utilizes the conceptual design of manage, monitor and
modify in regards to student behaviour around 21st Ce. skills. Specifically, the
model of reference is model [3] of self-directed learning and their process-design
model for feedback and continuous learning.

Generally, the frame consists of a phase which:

1. Starts with an identification of an experiential learning instances (a tagging
of one of the identified 21st Ce. skills on the home page)

2. Continues with benchmarked experiences (an answering of either a quick
answer multiple choice or free text question to activate student literacy and
learning within the tagged skill)

3. Ends with the selection of an exemplar (student uploading of personal evi-
dence of work in the skill) and a self-assessment (self-rating based on reflec-
tion)

To support this, a frame was selected with the steps of each design phase
being built using a blend of feedback spirals and metacognitively scaffolded
benchmark prompts that are designed to activate experiential learning (using
Bloom’s revised taxonomy [1], Wiggins & McTighe’s Six Facets of Understand-
ing [16], and Zimmerman’s Phases and Subprocess of Self-Regulation [17]).

In regards to the specific self-assessment activities, benchmark activities
within each phase are based on Rolheiser’s growth scheme for teacher imple-
mentation of stages of student self-assessment [10], and student self-rating is
done using a modified version of Marzano’s 4-Point Self-Assessment Scale [6].

In regards to the specific creation and scaffolding of content within the on-
boarding, benchmarked experiences and exemplar questions and tasks, Bloom’s
revised taxonomy was used to formulate questions and tasks as was the concept
of knowledge acquisition needing to occur prior to knowledge application.

3 Gamification Framework

This section describes and explains a gamified system for the aforementioned
pedagogical design, mainly focusing on a proof-of-concept tablet app. The sys-
tem consists of a tablet app, and a group of players who are students. The
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way the system will be designed and deployed is explained below, using the 6D
Gamification Design Framework [15].

3.1 Description of the Gamified System

The system consists of a tablet app, a website, and players who meet in real
life to participate in class activities. The players with the role of a student will
be using the tablet app. The setting is a physical and synchronous classroom
environment for the majority of the game tasks, and other environments for a few
tasks. No asynchronous teaching or learning is assumed, but is not prohibited
either.

The students will use the tablet app to identify each moment in class when
they are active in one of the 21st Ce. skills defined by the NCCA (Collabora-
tion, Communication, Creativity, Self-management, Information management)
[8]. The home screen provides the students with a selection of the skills and they
have to tap the appropriate choice each time they have used a skill in the class-
room (e.g., Alice taps “Creativity” after solving a new problem in Mathematics).
To validate this input without interrupting the class, the app will occasionally
ask the student to perform short benchmark tasks after they have tapped a skill.
However, these validation benchmarks will not appear each and every time the
student has selected a skill. These self-assessment activities are organised in lev-
els (phases) of increasing difficulty and are rewarded as described in the following
sections. A preliminary on-boarding phase has been designed in a way that it
can be delivered by the teacher in class without consuming too much time off
a class session. Moreover, to clear a phase the student will have to upload an
exemplar of an achievement of theirs that reflects each skill.

This gamified self-assessment process is suitable for both the Junior and
the Senior Cycle and is not affected by pedagogical decisions with regard to
the language of the assessment. Thus, it can facilitate multiple models of 21st

Ce. Skills, multiple education systems, curricula, age groups, taught modules, or
languages. Many of these benefits derive from the curriculum-independent nature
of the self-assessment pedagogy itself, and not specifically from the gamification
process.

The role of other stakeholders such as the teachers and parents is beyond the
scope of this paper.

3.2 Define Business Objectives

One main reason why a design decision was made to gamify the process is that
the self-assessment process is a continuous one. Indeed, the pedagogy is based
on the continuous feedback spiral described in [3].

Since self-assessment is an iterative process, it is only safe to assume that
initial iterations will produce poorer results than subsequent ones. Competence
in self-assessment depends greatly on familiarisation with the assessment lan-
guage. Thus, it is important to keep motivation among students high until they
reach a stage where they will produce rich self-assessment material.
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Fig. 1. The student user-experience map for the capturing of the 21st Ce. skills. A “Hero
Journey” experience is designed by phases of increasing difficulty, microcredentials as
rewards, and personalised solutions (exemplars) to “quests”.

Gamification can facilitate getting the best out of students’ self-assessments
by keeping them in a mental state of flow [4]. A state of flow is one where the
students immerse into their tasks and thus they are more likely to respond in a
qualitatively appropriate way.

3.3 Delineate Target Behaviours

The target behaviours are the following. Firstly, tagging. That is, a player is
expected to use the system to digitally tag a physical activity. That is, a key
performance indicator (KPI) of the system will be the amount of user activity
related with identifying that they have used a 21st Ce. skill in the classroom.

Secondly, a target behaviour is the player to explain their involvement with
the skills. That is, a KPI of the system is the amount and the quality of user
activity around the benchmark tasks during the phases, and the uploaded exem-
plars at the end of each phase (see Fig. 1).

3.4 Describe Your Players

The players are young, and relatively tech savvy (as we assume that their
schools has provided them with tablet devices). While the pedagogical design
and the overall gamification framework (phases, exemplars, etc.) have nothing
that absolutely prescribes a tablet app and could be used with paper-based
forms, the age of the players favours a digital solution.
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The players, depending on their exact age, could have a varying level of
workload and this could affect the use of the system. New students could use the
system more due to excitement about its novelty, while near-graduation students
could be affected by the current system’s high appreciation of examination results
and focus on those rather than on 21st Ce. skills.

Fig. 2. Various designs for badges for the system. Benchmark badges also function as a
progress indicator within a phase, while skills badges can indicate both progress across
all phases and Marzano scale. Badges can be verified—but not evaluated—by teachers.
A “guide” avatar is designed to provide guidance to the students.

3.5 Devise Activity Loops

The main activity loop will be to tag classroom activities in the system/app.
Moreover, if the user has tagged a skill a set number of times they will be asked
to complete a short benchmark task. Finally, the users get to upload an exemplar
work of theirs for each skill that represents their best example of what each skill
looks like in practice. For the main activity, the feedback is a simple notification
that they have performed the tagging (see about microinteractions at the section
below). For the benchmark and the exemplar tasks, the users will receive digital
badges within the system (see Fig. 2). These badges would be designed so as
to assign a status to users depending on their self-assessment and could include
some teacher validation (not evaluation, rather validation in the sense of avoiding
plagiarism etc.).



32 E. Kapros and K. Kipp

3.6 Dont Forget the Fun!

All the points said above, it is expected that satisfaction, within-school civic-
duty-like fun, not necessarily playful fun is going to be the key motivator for
players to participate in the system. Fun is seeked by expanding intrinsic motiva-
tion, it is not the goal that the aforementioned badges will be a major motivation
force. Rather, extrinsic motivations will provide moments of instant gratification
for sticking with the system, while, using again the examples of Alice tagging
“Creativity” in a Mathematics activity, the Mathematics activity itself is sup-
posed to be the playful fun of the system5. This can be conveyed to the users
via the app visual design and text. However, various benchmark tasks can be
designed so as to have playful elements. A “guide” avatar, designed to provide
guidance to the students, can also consist an element of playful behaviour.

3.7 Deploy the Appropriate Tools

The appropriate tool here is a tablet app. The tablet app is intended to capture
skills on the spot. Moreover, one can see their badges and previous exemplars.

A tablet is preferred since it is a mobile device which is less cumbersome
for text input than a mobile phone. It allows on-the-spot capturing of skills and
also to complete benchmark tasks that would require text input (e.g., “What
does it mean to be excellent at Collaboration?”). Larger screen real-estate at
tablets also means that browsing history or an overview of exemplars is better
than using a mobile device.

As the players are young and tech savvy, they shouldn’t have any difficulty
in using this technology.

Overall, our gamification framework suggests the design of a finite game,
where (i) mastery, ownership, and identity are the chief motivators, (ii) there are
clear checkpoints as victory conditions, (iii) levels of difficulty, levels, rewards
(badges), reinforcement through teacher validation of the badges, and quests
(exemplars) are the game mechanics, (iv) and status, achievement, and feedback
by the teacher are the social interactions.

4 Microinteraction Design

The pedagogical design and the gamification framework described above can
result in many different implementations, but they all require a single interaction:
to digitally tag the physical activity of the skill by tapping the appropriate choice
each time they have used a skill in the classroom (e.g., Alice taps “Creativity”
after solving a new problem in Mathematics). This interaction is a microinter-
action: microinteractions are “contained product moments that revolve around
a single use case—they have one main task” [12] and they consist of four parts:

5 There is lack of evidence to suggest that it is even feasible to substitute most fun
in-class activities with a piece of software.
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Fig. 3. The microinteraction for the capturing of the 21st Ce. skills. A user performs
some activity in the classroom and then in the app they tag it by tapping the respective
option. The system gives them feedback about the success of the microinteraction. Two
possible designs for different tablet platforms are presented.

Triggers: The trigger (see Fig. 3) that initiates the microinteraction is the user.
The user performs some activity in the classroom and then in the app they tag
it by tapping the respective option.

Rules: The rules for tagging are explained during an on-boarding phase to the
students, and also by the teachers. It is anticipated that teachers would adapt the
use of the tool to their teaching style. From the system’s point of view, the rule is
that the microinteraction needs to be triggered and then it will give feedback to
the user or will initiate a loop (see the fourth part of microinteractions below).

Feedback: Feedback needs to be kept to a minimum in order to avoid interrup-
tions of teaching in the classroom. A “thumbs up” icon with an informative text
about which skill has been tagged should appear (see Fig. 3).

Modes and loops: Two extension loops of the tagging microinteraction for the
capturing of the 21st Ce. skills are based on user behaviour as described below:

— After a user taps a skill for a certain number of times (as in Fig. 3) they are
prompted to perform a benchmark task (see Fig. 4 left).

— After they have performed all the benchmark tasks for a phase, they are
asked to upload an exemplar of the skill to move to the next phase (see Fig. 4
right).

— After the user has completed either a benchmark task or an exemplar, they
receive their respective badge (see Fig. 2).

Overall, the aforementioned microinteraction design has a twofold intention.
Its simplicity aims to enhance the usability and the user experience of the sys-
tem. Moreover, the interaction design needs to facilitate the use in an authentic
classroom environment and not interrupt teaching.
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Fig. 4. Extension loops of the tagging microinteraction for the capturing of the 21st

Ce. skills. After a user taps a skill for a certain number of times (as in Fig. 3) they
are prompted to perform a benchmark task (left). After they have performed all the
benchmark tasks of a phase they are asked to upload an exemplar of the skill to move
to the next phase (right).

5 Preliminary Findings

We have sense-checked the pedagogical framework and the microinteractions-
based and gamified design with a small sample of teachers and students. The
response was positive and our design has been described by these few teachers
as “filling the gap” in the area of skills assessment. The students perceived that
they would benefit in raising their awareness around the skills. The response
was from a small sample and to present conclusive findings a trial should be
conducted with a prototype software application.

To this end, to day we have started developing a software tablet application
which incorporates the ideas of this paper. Trials with the demonstrator have
been scheduled with both the K-12 and the Higher Education sector and we
anticipate that the data collected from these will yield interesting results.

6 Conclusions

In conclusion, the original project objectives of creating a framework for the
assessment 21st Ce. Skills that would be independent of (formal or informal) a
singular activity and which could be implemented in a software application were
met successfully.

Moreover, we have designed a microinteraction-based gamified framework
that accompanies the pedagogical design, which has the potential to enhance
the user experience and the usability of skills assessment without interrupting
the in-classroom activities.

A forthcoming trial with a software tool that incorporates the aforementioned
principles is going to validate this approach, its flexibility, and its scalability.



Microinteractions and Gamification for 21st Ce. Skills 35

Acknowledgments. This research is supported by the Learnovate Centre at Trinity
College, the University of Dublin. The Learnovate Centre is funded under the Technol-
ogy Centre Programme through the Government of Ireland’s state agencies Enterprise
Ireland and IDA Ireland.

References

1. Anderson, L.W., Krathwohl, D.R. (eds.): A Taxonomy for Learning, Teaching, and
Assessing: A Revision of Bloom’s Taxonomy of Educational Objectives. Allyn and
Bacon, Boston (2001)

2. Callaghan, R.E.: Education and the Cult of Efficiency. Chicago University, Chicago
(1962)

3. Costa, A.L., Kallick, B.: Learning and Leading with Habits of Mind: 16 Essential
Characteristics for Success. Association for Supervision and Curriculum Develop-
ment, Alexandria (2008)
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1 Introduction

1.1 Problem-Based Learning (PBL)

Problem based learning (PBL) is a student-centered pedagogy in which students col-
laborate with each other to solve complex and ill-structured problems (Hmelo-Silver
and Barrows 2006). In this pedagogy, the objective of the instruction is to help students
learn knowledge and reasoning skills as they learn in context. In it, the teacher’s role
switches from providing content knowledge to facilitating and guiding the students’
interactions towards their learning goals (Hung et al. 2008). There are many benefits to
this student-centered pedagogical approach, such as improving students’ problem-
solving and group-work skills, enriching their higher order thinking, motivation and
deep internalization of students’ knowledge. By solving complex real-world problems
in a PBL setting, such important skills can be developed to enhance students’ academic
and professional competencies.

1.2 What is Involved in Providing PBL?

Context. Ill-structured real-world problems (often interdisciplinary) provide the con-
text of the PBL environment. Although PBL has been traditionally used in the medical
domain, it has been extended to other domains; e.g. mathematics, psychology, business
education.

Collaboration spaces. A Learning Space is a distinguished social feature in PBL
(Roscelle and Teasley 1995). It serves as a platform to afford learning materials and
tools for learners to discuss key concepts and critical knowledge (Hmelo-Silver 2013).
By participating in collaborative activities, learners share thoughts, discuss rationale,
negotiate conflicts, and generate recommendations to solve complex problems.
According to Hmelo-Silver (2013), a learning space could be divided into: (a) a problem
space to discuss general content related with a problem case; and (b) a related conceptual
space to discuss specific problems and related concepts at hand.

Scaffolding learners. Teachers need to take roles as facilitator whose main tasks should
be modeling, coaching and fading (Hmelo-Silver and Barrows 2006). Scaffolding is
support provided to students based on their personal needs, learning processes and
levels of understanding. As students take more responsibilities for their own learning
and become experienced and advanced in PBL, instructors fade their support pro-
gressively to motivate students to take more control of their learning.

Scaffolding facilitators. In complex PBL situations (e.g., multiple PBL groups or novel
technology-supported PBL environments), facilitators themselves may require addi-
tional support. Using a “Wizard of Oz” approach a wizard teacher can support the other
facilitators (Lajoie et al. 2014). In particular, wizards support the facilitators by
observing the teaching process and noticing issues with the instructional content and
student interactions that the facilitator might have overlooked. On such occasions,
wizards may provide support by discussing and reminding facilitators to organize their
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instruction to correspond with students’ dynamic learning processes and the develop-
ment of learning activities.

1.3 Challenges of PBL

Various limitations of PBL have been discussed for some time. Two much-discussed
limitations are: (a) the difficulty of scaling up small-group (b) challenges in assessing
individual learning outcomes, etc. (Martinez-Maldonado et al. 2012). One main chal-
lenge of traditional PBL is the low student-teacher ratio. Students tackle questions that
are significantly more open-ended and ill-structured than those in traditional instruc-
tion, and hence success often hinges on facilitation, monitoring and guidance from the
instructor. The increased demand on instructing the team has made traditional forms of
PBL difficult and costly to implement in large-enrolment courses.

Efforts to scale-up while maintaining the pedagogical approach have included peer
tutoring, and facilitators that periodically visit multiple groups (Hmelo-Silver 2013).
Other efforts have modified the pedagogical model to reduce the need for a facilitator
(Abdelkhalek et al. 2010). However, research to date shows that when fostering
multiple small-group PBLs simultaneously, facilitators’ awareness of individual
small-group PBL interactions is limited and requires considerable additional support
(Martinez Maldonado et al. 2012). Our design aims to structure pedagogy and tech-
nology to provide this additional support to PBL facilitators working with multiple
collaborative groups.

1.4 Technology-Enhanced PBL

Breakthroughs in technology may empower facilitators and boost their instructional
capacity, allowing larger numbers of learners to participate and interact within a
scaled-up PBL setting. Many researchers are interested in using technology with
opportunities for supporting and scaffolding learners in a PBL context (e.g., Lajoie et al.
2014). Computer-supported PBL broadens the range of application of PBL across
cultures and disciplines, and enables learners to interact and connect beyond boundaries
of location, time and space. Technology may also support scaling-up PBL by allowing
instructors to facilitate multiple groups at the same time. Recent PBL environments are
structured and designed in technology-rich contexts (e.g., computer-supported learning
environments). New technologies and cognitive tools have been exploited to enhance
and empower the development of PBL. The features of technology-rich PBL environ-
ments may include: (1) shared collaborative learning spaces, (2) a collection of
computer-mediated cognitive tools, and (3) use of visualizations. PBL has also been
widely used in online learning environments via different models and media.
Online PBL can be delivered in asynchronous or synchronous communications, or a
mixture of the two. It has gained great popularity in recent years for its many instruc-
tional capabilities and its adaptability to a variety of contexts.

The components of online PBL contribute in different ways: whiteboards can be
designed to foster students’ brainstorming activities; chat spaces can promote students’
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flow of thought; threaded discussion forums encourage the exchange and discussion of
ideas; other interactive and collaborative learning spaces may increase learners’
engagement, creativity, reflection and productivity (Jonassen 1995).

2 Value of the Present Research

This research aims to investigate ways to support PBL facilitators working with
multiple small PBL groups. To do so, we designed online tools to boost instructional
capacity. These tools were brought together in an online learning environment entitled
HOWARD (Helping Others With Argumentation and Reasoning Dashboard). It is
expected that the PBL methodology in tandem with the technological competences of
the designed learning environment will aid in making PBL-type teaching methods
viable option for large courses. The platform may also allow for the implementation of
courses across countries and cultures, aiding students to tackle problems of intercultural
communication and awareness of context.

3 The Study

This research is situated in the context of an important but minimally attended medical
domain: that of effectively breaking bad news to patients (Baile et al. 2000). In the
realm of medical instruction and practice, emphasis has been placed in recent years to
the relevance of communicational skills in the context of health services, and the
impact that these soft skills have in proficient medical practice. One of these is the
communication of problematic news. The manner in which this is done can alter a
patient’s course of decisions and actions, potentially impacting on his/her relations with
the health system and treatment, emotional and mental health and, importantly, his/her
immediate social context (family, workplace, friends). The way in which, for example,
a person is informed about a venereal disease and whether or not this information
should be shared with a spouse or partner has immediate consequences in the health of
a whole family group.

The PBL course developed in the context of this research aims to help medical
students learn from the critical assessment and group discussion of contrasting
video-case based scenarios to foster their clinical decision making, and also enrich their
communication skills in challenging situations about emotionally sensitive issues.
Third and fourth year medical students will be recruited and take an online multiday
workshop, with synchronous and asynchronous capabilities, and with the assessment
and facilitation of a group of instructors. Students are organized in groups, which may
belong to the same medical school or multi-cultural groups from different parts of the
globe. The groups have deadlines and the course is taken in a given time frame
(synchronous), but the individual activities each group member performs can be exe-
cuted asynchronously. All of the relevant activities are conducted online through
HOWARD.
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4 HOWARD Interface

As described above, The HOWARD system is a web application designed to support
asynchronous PBL workshops. This workshop involves three types of users: students,
instructors and instructor-facilitators (who aid the instructors). Each user type partici-
pates in the workshop differently. Figure 1 provides an overview of the different user
types and their interactions.

The overall layout for the site is similar for the different user types. A video column on
the left side of the site provides access to video materials. A navigation bar at the bottom
allows learners to access the site’s different features, which are loaded dynamically into
the main working space in the center of the screen. Hereafter we describe how this
structure is used to implement user interfaces for the three user types in our workshops,
beginning with students.

4.1 Student Interface

Students who log in for a workshop for the first time are directed to the guide page. The
guide provides background information on the aims of the workshop (i.e., giving bad
news) and the instruction method (i.e., PBL). Brief introductions to the website include
frequently-asked-questions and a video guide providing an overview of the system.

Fig. 1. User interactions during a HOWARD workshop
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After reading through the guide, learners are expected to visit the “Today’s Tasks”
page. This page presents learners with a list of tasks to complete each day of the
workshop and serves as pedagogical scaffolding to help students stay engaged, while
providing them with a sense of progress. The task list is updated daily by an instructor.
The general work-flow would involve students visiting the task list, and then visiting
other parts of the site to complete those tasks. At present, the learner is responsible for
tracking their progress through the workshop using the list. As they complete tasks,
they return back to the task page to mark items complete. To help avoid having learners
forget to update the status of their tasks, a reminder prompt is shown when learners log
out from the system.

In order to replicate the advantages of traditional PBL in new technological PBL
environments face-to-face PBL in HOWARD, we have attempted to provide an
environment which adapts this learning approach to an asynchronous on-line envi-
ronment. Our approach is to combine a discussion space, implemented as a threaded
chat, with a collaborative text editor that can be used as a whiteboard.

Figure 2 shows the interface we have developed for group collaboration. Learners
access the space using the ‘Home’ item on the navigation bar. The middle area of the
screen is the discussion area. This collaborative writing space enables the traditional
affordances of group work and discussion, such as sharing thoughts, discussing per-
spectives, negotiating conflict and designing and generating recommendations, while at
the same time allowing the students insights to be available not only for further
revision, but for the assessment by the instructing team. Special steps have been taken
to facilitate asynchronous communication (to support learners from different time
zones). First, learners are notified of new messages or whiteboard edits by means of a
small badge-style notification indicator that appears on the navigation bar. Second,

Fig. 2. The video annotation interface. Annotations students create are visible to other group
members to promote discussion.
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color is used to distinguish between old posts that the user has seen (colored white)
with new posts that the user has not yet read (colored blue). After a user has read a post,
they mark it as ‘read’ by clicking on the provided ‘Read’ link which changes the color
to white. Because new posts can appear for both the most recent and older conver-
sations, indicators visible on the bottom left of the discussion area are provided. These
show learners how many unread posts exist and where these posts are located relative
to the currently visible area (either above or below).

A collaborative whiteboard is located to the right of the discussion area. The
whiteboard is built on the open-source text-editing platform Etherpad that allows
learners to collaboratively write in real-time. Typically, this space is used as a real
whiteboard would be, to summarize and record important points from the discussions
that take place. Background color is used to attribute regions of text to their authors,
with each learner having a unique color within a group.

To approximate the ability in face-to-face PBL to point to things on a real
whiteboard, we have developed a group workspace feature that allows learners to link
their posts in the discussion area with text located on the whiteboard. This is accom-
plished by selecting a region of text, typing a message in the discussion area and then
posting. For other students who are reading these linked posts, locating the target text is
accomplished by clicking a look-up button on the top-right corner of the post.
Look-ups can also be performed from the whiteboard. In both cases, the relevant text is
highlighted and automatically scrolled into view.

The video materials visible in the video column to the left of the group work space
are a second important workshop resource. Videos are the medium used to present
students with cases, i.e. examples of doctors providing patients with bad news. In the
present course design, we provide two cases situated in different socio-cultural con-
texts, Montreal and Hong Kong. As a way of increasing engagement, we have lever-
aged code from the Open Video Annotation Project to implement an interface for
annotating the videos. Learners first select a video to annotate from the video column,
after which the video annotation tool loads in the main working space (see Fig. 3).

The video annotation tool allows learners to select regions of the video and attach a
comment or observation. These annotations foster a dialogue among the students across
time zones (specifically in cases of international collaboration), encouraging peer-based
and intercultural learning, with the students feeding from the reflections and interac-
tions with other members of the group.

A third and final key component of the online workshop is related to assessment.
To evaluate progress made during the workshop, learners complete two reflective
writing activities on private “Reflection” whiteboards shared only with their instructor.
The interface provided by a private whiteboard is identical to a group whiteboard made
full-screen without a discussion space, similar to a typical word processing environ-
ment. These private whiteboards contain questions for the student to reflect on and
answer, and a submission button to notify an instructor when an assignment is ready for
review. The system notifies a learner when their assignment has been reviewed using
the same badge-style notification employed for group discussion changes. Feedback on
the assignments, as well as other general messages from instructors, can be accessed
via the ‘Instructor Input’ menu item which launches an email-style inbox.
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Before describing the instructor view of the platform, we first briefly mention that
the actions that learners perform while using the system are logged. The purpose of this
logging is two-fold: first, it allows a learner analytics module to process the log data
and generate visualizations and other summaries to provide instructors with informa-
tion on the activities of the group that help to gauge their progress and participation and
flag groups or individuals in need of attention. Second, the log data provides
researchers with a description of the learning process and an opportunity to associate
behavior patterns during the activities with learning outcomes. This can also be used to
investigate whether a design feature has the intended effect. We now present the
instructor view of the system.

4.2 Instructor Interface

The instructor interface provides access to information on the participation and pro-
gress of the groups and a means to provide feedback on the group discussions and
activities. For brevity, we focus on one aspect of the interface: the dashboard which is
designed to facilitate the monitoring of group activities. Each group is represented on
the dashboard page with four visualizations arranged in a row (see Fig. 4). We describe
each of the visualizations below.

The left-most area of the dashboard shows information reflecting individual and
group ‘health’. A pie chart breaks down the participation levels of each student by

Fig. 3. The student user interface, consisting of navigation bar (1), video column (2) discussion
space (3) and collaborative whiteboard (4). New chat messages appear blue (5). Chat messages
allow students to link to whiteboard text (6) (Color figure online).
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analyzing the number of words they type in their group discussions and on the
whiteboard. Below the pie chart, progress bars display various group-level information.
The first progress bar shows group participation relative to other groups. If groups
participate approximately the same amount, then all group bars appear green. However,
for groups that deviate from each other, the bars for low-ranking groups are flagged
with yellow or red to attract the instructor’s attention. The second progress bar shows
the overall progress for the group, measured as the mean level of tasks completed.
A more detailed view of individual students’ progress status is available by clicking on
the label. The bottom-most progress bars show two related measures of student-
instructor interaction. The student-instructor act ratio shows amount of attention the
group has received, while instructor focus shows the amount of attention received
relative to the other groups.

To the right, we see the ‘Latest Activities’ news feed which lists the various
activities of group members in reverse chronological order. To avoid a cluttered dis-
play, the details of the acts are hidden until the instructor hovers over an event with the
mouse. In some cases, the notification is provided as a hyperlink to provide convenient
access to the particular discussion post, video annotation or other written content
produced by the learners. An ‘instructor only’ filter can be applied to the notification
feed to make it easier for instructors to review the activities they have completed. The
visualization located at the top-right of the dashboard is a social network analysis
diagram representing the interactions of the group members in the discussion space.
Student users are represented by nodes. Larger nodes indicate more output and color
indicating their location. Arcs joining the nodes show which given learner has replied
to whom in the discussion space, with thicker arcs indicating more words exchanged.

Fig. 4. The instructor dashboard provides information on student participation and progress (1),
recent activities (2), interaction trends between group members (3) and commonly discussed
terms (4) (Color figure online).
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Finally, a word cloud shows the frequency of different words being used in the dis-
cussions and the whiteboard, with more frequent words appearing larger. Common stop
words are excluded.

Besides the dashboard, there are a number of other menu items on the instructor
navigation bar. We briefly describe those:

1. Student whiteboards: This menu item provides links to discussion spaces for each
group the instructor is managing. A discussion space loads as it would appear to the
students, and the instructor can observe what is happening more closely, or con-
tribute to discussions within the chat space or the whiteboard.

2. Send Input: This feature is for sending notifications to a group or to all groups.
3. Assignments: Allows instructors to see which students have submitted what

assignments at a glance. When a student submits an assignment, an indicator
appears which also links directly to the assignment. When instructors have reviewed
the assignment and left feedback, they can click on a button to notify the student.

4. Wizard chat: This item provides access to a private space where instructors and
wizards can discuss any concerns that come up during the course of a work-
shop. The space is identical to a student group’s work space, but access is limited to
the instructor and the wizard.

5. Materials: Clicking on the item loads a tabbed page where instructors can perform
administrative functions typical of a learning system, such as creating users,
managing groups and creating or distributing learning materials.

4.3 The Instructor-Facilitator Interface

In addition to students and instructors that take part in a workshop, there are also
‘wizards’; these are PBL facilitators who monitor the interactions of the instructors and
their groups but do not interact directly with the students. Instead, they function as a
coach who provides tips and guidance to the instructors during a workshop. This is
specifically in order to support facilitators in managing the cognitive load of their
multiple group PBL instruction.

Their web interface is much the same as the instructors, i.e. they have access to the
dashboard visualizations and the group discussions as well as the other menu items.
Two aspects of the wizard interface are different from the other groups:

1. ‘Mark Flag’ notifications: Wizards have the ability to send messages to instructors,
via the ‘Mark Flag’ item, to direct their attention to different areas of the site.
Creating a ‘Mark Flag’ message is similar to creating a typical email message, with
the exception that these messages record page location information (the page the
wizard is viewing while typing the message). When an instructor receives a ‘Mark
Flag’ message in their notification feed, they can click on it to access it.

2. Instructor Chats: A final menu item specific to the wizard interface is the ‘Instructor
Chats’ item, which provides links to the Wizard-Instructor private chat areas for
each of the instructors.
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5 Value and Future Directions

We conducted a pilot test of the platform in a week-long workshop for medical stu-
dents, focused on breaking bad news. Instructors used HOWARD to monitor PBL
groups and provide support to students as they reasoned through a bad news delivery
case. As our aim is to increase the instructional capacity of PBL instructors, our
preliminary analysis is focused on their instructors’ felt needs and goals.

Facilitation is a primary concern for instructors. During post-interviews, instructors
focused on three values: (1) gaining a sense of students’ understanding to encourage
participation and emotional engagement, and (2) managing the multiple interfaces and
pathways to respond to students and the instructor-facilitator. (3) the value of and need
for finding ways to conduct PBL online.

The asynchronous aspect of the design creates a challenge for instructors in terms
of having a sense of what students’ instructional needs. As one instructor noted:

When I am teaching a student live, just by looking at their body language I can tell. Are they in
distress, or are they liking this? In the online system, you can’t tell….I lose the insight that I can
get from having a human conversation to know, is this teaching on task, on target, or not? In a
live setting, I would be able to pick that up in body language very quickly, as a tutor. In a pure
online asynchronous setting, I’m completely blind to that…Students are trained to do their
medical writing in as dispassionate, and in an unemotional, like, this is science, this is what I
observed… So students are writing as if they would be writing medical records, they would
deliberately hide any emotions, or deliberately remove any emotions from what it is that they
would be writing down.

This finding suggests that future interventions should take a broader consideration
of organization-specific cultures when designing for online environments and modes of
communication. Beyond national cultures, organizational cultures may impact stu-
dents’ participation and emotional engagement.

The value of PBL in medical education has been strongly voiced by the medical
community for many years. The primary benefit is that students encounter a problem as
they would in actual practice: as ill-structured, complex, and often lacking a correct
answer. As one of our workshop instructors noted:

“I guess that, part of it is that, medical students so often feel, “I am not good enough, I’m never
going to be as good as Dr. Y.” I spend a lot of time as an educator, helping them realize that
their opinion counts so much, that sometimes it is more important than what is in the literature.
It is important because later on, when you go into practice as a physician, there are many
questions in medicine that cannot be answered by the literature. And so then you are still faced
with having to come to, what seems to be a reasonable decision with your patient. And people
call that non-evidence based. But that’s 99 % of medicine. So that what they are doing in these
small groups, is that in a way, they are doing in my opinion, a very authentic medical thinking
activity, where their own opinion and their own conceptions and misconceptions form a very
important part of what it is they are thinking about and what they are doing.”

HOWARD is designed to help both the student and the teacher by providing
asynchronous tools for supporting individual and group interactions to foster PBL
discussions about patient cases. The HOWARD tools support instructors through
learning analytic metrics about the group process as well as through a ‘Wizard of Oz’
technique to support teacher attention to the instructional context.
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The value of our design is in finding ways to make PBL more accessible by
working to extend the instructional capacity of a PBL instructor. However, we are
finding that an iterative design process is necessary, as each new technological capa-
bility brings with it new challenges to address. Focused on preserving the core value of
authentic and ill-structured problems, and the challenges of facilitating, our future
directions include (1) testing the design in a multi-group PBL instructional session,
(2) Reduction of features and pathways, and (3) refining dashboard visualizations to
focus on learning-relevant details (rather than activity-relevant details).
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Abstract. Use cases are a critical milestone in the User Centered Design
process referring to a list of action steps that define an interaction between two
entities sharing a common goal. They express a structural representation of a
usage scenario aiming to generate highly usable prototypes and user interfaces
of a system or application. However, today, use cases are often not sufficiently
created and documented, or they are not in the expected quality. The lack of a
step-by-step collaborative approach towards the composition of more inclusive
and readable use cases create unnecessary iterations increasing the cost, time,
and resources utilization in an organization. Hence, in this paper we propose a
Design Thinking collaborative method based on an alternative hybrid use case
documentation style that enhances active participation and learning across team
members. We emphasize on the methodology and tool and we present the
benefits as those extracted from real-life business scenarios.

Keywords: User centered design � User experience � Collaborative learning �
Use cases � Design thinking � User interfaces � User research

1 Introduction

Use cases are considered one of the most important tools of user research and user
experience design since they encapsulate a crucial activity step in the User Centered
Design (UCD) process, which guides the main philosophy and strategy of most
companies today during the development of their business applications and systems.
Use cases, in more practical terms, show the aim and the subsequent objectives of a
system and the assigned user roles (also called actors), by expressing a list of steps and
interactions among them towards a common goal. They could be written in a textual
form or represented with the use of flow charts, sequence charts, Petri nets, or pro-
gramming languages [1, 2]. In order for use cases to be effective and consequently
convey the expected outcomes during the design and development of software solu-
tions, they should be readable and understandable by all project stakeholders, sponsors
and the end-users. Usually, their development is taking place after the creation of
storyboards and before the actual design of the mock-ups and/or prototypes. It is the
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step that more abstract and fuzzy descriptions of the activities and tasks are transformed
into tangible interactions between the involved entities (user roles and system). The
more precise and inclusive a use case is the higher the probability to develop more
qualitative user interfaces and system designs that will increase the user experience of
the end-users.

However, one of the biggest problems nowadays in large organizations is that often
project teams, that usually consist of different roles with diverse backgrounds and
perspectives, miss to define use cases correctly (if not omit them) given the tight time
delivery schedules and the lack of: (a) a consistent collaborative methodology that
could put the various suggested use case styles into practice, enabling continuous
learning and generating cumulative knowledge of real-life situations, and (b) a use case
documentation tool that could ensure the same level of understanding and acceptability
by all. Empirical research has shown that working and learning in highly synergetic
collaborative environments [3] increase engagement, active participation, creativity,
responsibility and awareness across project team members leading to deeper learning
and more sophisticated and innovative solutions to real-world problems.

Thus, in this paper we outline a use case framework namely Usee, emphasizing on
the methodology for creating use cases applying Design Thinking (DT – [4]) and
facilitating collaboration, empathy, and integrative thinking and learning among project
team members in large organizations during the software development process; and an
alternative definition of a hybrid (diagrammatic and textual) use cases documentation
style that bridges possible knowledge gaps and enhances understanding of their added
value and use.

2 Related Work and Challenges in Large Organizations

The construction and documentation of use cases as an approach for identifying and
capturing more inclusively the functional and behavioral requirements for the devel-
opment of software systems is not new. It is also referred to as use case driven devel-
opment (that could also be suitably aligned with the agile development methodology
[5]), and has been gradually widely adopted, with the necessary modifications and
alignments, to the business and process models of many large organizations. Jacobson
et al. [6] was the first back in 1986 that created a number of techniques (textual,
structural and visual modeling) for specifying and analyzing use cases, in an attempt to
more comprehensively capture software requirements of large-scaled systems. Since
then, many researchers, mostly from the area of software and systems engineering,
approached adequately the topic suggesting different methods for developing and
documenting use cases. Even though minor or significant variations in their viewpoints
can be identified with respect to the style of presentation or the formulation of the
content, most of them agree that, broadly speaking, there is not a standard way to create
a use case, as there are no universally defined components or structures that could satisfy
all the needs through a unique representation of the various parts it consists of (apart
from some distinct items used across the various recommendations such as the actors,
purpose or goals, preconditions and interactions). Yet, the length, complexity and the
detail that a use case could be described in is guided predominantly from the case or the
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situation under investigation, the specific characteristics or its surrounding contextual
factors. Fowler and Scott presented in [7] various use cases, class diagrams and inter-
action models using the UML language distinguishing between the title, main success
scenario and extensions (an outcome condition of the various interactions derived from
the main success scenario) as the body of a use case. Cockburn, in one of his highly used
textbooks [2], maintained a more flexible open approach (one column of text) in the
writing of use cases and separated those that need to be described at higher level (casual)
from those that need to be detailed more extensively (fully dressed). For Cockburn
sometimes even a more simple structure of a use case composed only from the primary
actor, scope, level and the story (in a narrative format describing the situation) might be
sufficient for the needs of a project. He suggested a number of symbols to graphically
indicate the subsequent levels of a use case ranging from the very high summary,
summary, user goal (preferred level aka “goal level” or “sea level”), to sub-function and
the too low level. A variation of this style could be considered the one-column table or
the two-column table, which, even though extensively used today in the business sector,
someone could argue that the within lines might hinder the flow of the actual writing [2].
In general, the purely textual layouts have the disadvantage that they maintain a serial or
column approach with no clear (visual) distinction of the actors or the flow of infor-
mation. This could be proved overwhelming especially in big and complex scenarios
(though a useful rule of thumb is that a use case should not be in total more than nine
action steps). Other use case styles are the Rational Unified Process (RUP – [8]),
IF-Statement style, Occam style, and the Diagram style as nicely outlined by Cockburn
in his book [2]. Finally, Constantine and Lockwood introduced the essential use case
(aka business use case), where they used a structured narrative (conversation format), for
capturing the user interface requirements and the purpose or the intentions that influence
an interaction [9]. Therefore, there are various ways for creating use cases like in a
diagrammatic format (using e.g. the UML language), in textual format (e.g. in a table),
or using index cards (as introduced by Beck and Cunningham [10] in [11]).

However, most of these approaches refer to specific roles, as software engineers or
developers, who have more technical skills, knowledge and training and embrace a
particular way of thinking driven by their expertise. Nowadays, large-scaled software
development project teams consist of heterogeneous roles (such as product owners and
managers, architects, developers, user researchers, interaction and visual designers,
etc.), tackling the real-life problems with innovative solutions usually found in the
boundaries of their expertise. Hence, in order to achieve a successful and effective
development of use cases, we must first face an existing challenge, especially in large
organizations, of how to develop a method that will be able to bridge the knowledge
gaps, experiences, educational backgrounds, and business roles of the various stake-
holders. For such a method to be successful, it should share attributes, notations and
semantics that will enable an active participation and learning through their continuous
interaction, while participants are located in the same physical space or collaborate
through virtual environments. Main concern is to maintain a common level of under-
standing and breadth and depth of analysis to the benefit of all. This way teams will be
able to take advantage of the diversified capabilities and expertise of its members
towards their common goal that is the creation of seamless, functional and highly usable
user interfaces and systems. More specifically, we have currently identified, to the best
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of our knowledge, a number of problems, among others, that hinder the smooth
development and understanding of use cases, and which can be broadly distinguished as
the:

• Lack of a consistent collaborative methodology for creating use cases. Even though
there are noteworthy guidelines in the literature, as briefly discussed above, describing
the various parts and components of use cases, there is not a consistent methodology
showing how these could be applied by a project’s team members in a consistent and
collaborative manner. Inevitably, this creates different perspectives, lack of common
understanding and acceptability of their potential benefit. Furthermore, ad-hoc or
different approaches are utilized across teams resulting to not having a highly syn-
ergetic development process and a homogeneous outcome that could be
cross-validated. Consequently, in many cases the same use cases (often belonging to
different user roles) are re-defined driven by the different scope and viewpoints of
various project teams, and leading to redundancies and/or incomparable results.

In addition, the existence of such a collaborative methodology could increase
the monitoring and support during the development process ensuring the expected
qualitative definition of use cases. In particular, the lack of a subsequent
step-by-step approach towards turning/interpreting more abstract statements (i.e.
found in the previous process step, namely “Storyboards”) to more deterministic/
specific ones that serve as the basis of interaction design and functionality create
unnecessary repetitions increasing the cost and time consumption. For example,
many times we observed team members to use statements as, a user ‘thinks’,
‘considers’, ‘evaluates’, etc., instead of ‘reports’, ‘chooses’, ‘deletes’, etc., that
could move the interaction process forward and could clearly indicate “who has the
ball” each time in an interaction.

• Lack of a hybrid (diagrammatic and textual) documentation style. Currently, apart
from the more “technical” UML based graphical styles, most project team members
use pure textual or tabular style formats for the creation/documentation of their use
cases. Inevitably, this creates confusion to those that follow the UCD approach,
since it presupposes a totally different way of thinking than the one they used to
have until this point in the process. The transition from a graphical high-level
description method (as is Storyboards) to a pure text-based specific statements
write-up creates inconsistencies and mental gaps to the participants and difficulties
of adopting their way of thinking to this style. Also, this tabular format does not
facilitate ease of use interaction and quick cross check validation among use cases
since they are composed of pure text that masks the relevant information over-
whelming the team members during the analysis (or consolidation) phase. For
example, it is not easy to compare their length or their level of detail. Furthermore,
there is no distinction between the user role and the system (they both belong under
one column), and also there is no provision for marking possible repetitions among
two activities or interaction points between two entities, that could be measurable
and give added-value to one interaction step (i.e. the relationship of the two entities
at a particular stage of the process). Finally, there are no interaction lines indicating
the flow of information as traditionally most of data modelling tools use for the
representation of information.
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3 The Usee Collaborative Framework

In response to the above challenges and concerns, we outline in this section a use cases
framework namely Usee, that aims to provide the basis for an end-to-end process of
developing, validating and sharing qualitative use cases among projects’ stakeholders.
It provides components and tools that facilitate an effective collaboration, proactive
support, knowledge sharing and learnability to the various transdisciplinary teams that
participate in large-scaled projects and have the same objective; to increase the
usability and user experience of user interfaces, applications and systems to the benefit
of the end-users. The framework comprises of three main entities:

(a) The User Interface. It enables users to: (i) manage use cases (create new, review
and modify existing), (ii) manage personas, (iii) maintain rules and messages
which will facilitate the syntactical and semantical validations of use case data,
and (iv) research, analyze and compare existing use cases through statistical
methods and tools for their level of similarity, complexity, semantic quality, etc.

(b) The Cloud Application Server. It consists of four plus one components: (i) the use
case maintenance, where the creation (providing two alternative ways:
step-by-step and/or Graphical (WYSIWYG)), maintenance and storage of use
cases data are handled; (ii) the use case administration, where the semantical and
syntactical algorithms as well as the validation rules and messages are handled;
(iii) the use cases and personas analysis and research, where various statistical
models and comparison algorithms are executed, (iv) the persona maintenance,
where the viewing and creation of personas’ data are facilitated; and also (v) the
cloud system administration, accommodating system and user administration.

(c) The Cloud Usee Collaboration Network. It is composed of three elements: (i) and
(ii) refer to the use case and persona collaboration and discussion forum, where
project teams can publish/share their use cases and personas and discuss related
questions and issues, and (iii) the open source use case rule framework, where use
case rules and algorithms can be shared, extended and modified by the network
community, and which can be downloaded to the Usee application server.

Furthermore, the framework it will provide the possibility to upload use cases and
personas to the SAP User Experience Communities (https://experience.sap.com and
https://www.experiencesplash.com), in order to run usability validation tests with
customers and end-users. Finally, there will be the provision of inviting customers for
these usability validation sessions through the SAP Customer Engagement
(CEI) initiative.

A fundamental prerequisite for the generation of qualitative use cases using the Usee
framework is their comprehensive composition in a highly synergetic collaborative
manner and their inclusive documentation in a style that will be understandable and
purposeful for all the participating members of a project team. Accordingly, for the
purpose of this paper, at first, we suggest a Design Thinking-based methodological
approach liable to increase teams’ learnability and efficiency towards the development
of their use cases while at the same time reducing unnecessary time consuming and
costly iterations. At a second level, we describe the main parts, structure and attributes of
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a new re-designed alternative hybrid (diagrammatic and textual) form for documenting
use cases (as this will be extracted by the Usee), that increases customization, read-
ability, comparability and enhances flexibility of use.

3.1 A Use Case Collaborative Methodology Using an Alternative Hybrid
Style

As stated above the suggested collaborative methodology for the composition of use
cases is based on the Design Thinking approach which is widely used in large orga-
nizations. DT originates as far back as the late 1980s and early 1990s when the need for
a different, creative as well as innovative resolution of challenges emerged in the fields
of engineering and architecture [12]. In DT, the approaches and problem solving
methods of designers are merged with the viewpoints and practices of technology and
business. As a result, it has evolved into a discipline that helps to strategically design
and create products that satisfy the needs of users while at the same time opening up
new business opportunities for companies [13]. DT advocates an open mindset and
constant learning by observing and thoroughly understanding a problem space. Using
the different skills and backgrounds of a multi-functional Design Thinking team, this
approach helps to uncover new ideas through sharing of insights and by building on the
ideas of others. During the entire process, keeping the open mindset remains important.
If an idea or a method does not suffice, teams are prepared to not stick to one path, but
re-iterate and even throw away ideas and start-over. To fail early in the process, and to
fail often is encouraged as it allows constant learning through iterating on ideas as well
as prototypes and helps to create innovative and at the same time solid and validated
solutions.

Hence, this collaboration method apart from increasing the engagement, intrinsic
motivation, empathy, learnability, and bridging diverse perspectives and backgrounds as
those dictated by the various business roles, adheres to a number of teamwork dynamics
as is: the facilitation of active and meaningful participation towards achieving the shared
goals defined by the case at hand; the team-oriented approach to creativity, problem-
solving and decision making; recognition of variable communication patterns; opti-
mization of interpersonal trust and information processing; experiential skills devel-
opment to effectively engage the main challenges teams usually face, like conflict
resolution; etc. [14]. The biggest asset though derived from this constructive collabo-
ration is the cumulative knowledge for a specific business situation that can be repro-
ducible and retrofitted back to the business case at hand or to other teams dealing with
similar cases saving effort, possible redundancies and resources. This is achieved
through the creation of open ended opportunities (e.g. extensive engagement in open
ended tasks) for the participants who have to construct their own learning objects and
flexible knowledge through active experimentation, observation, reflection and con-
ceptualization of their experience (two well-known approaches that support this method
are Kolb’s Experiential Learning Model [15] and the Problem-Based Learning [16]).

However, a necessary condition for a use case to be successful while teams are
working in a DT collaborative mode is to perform continuous iterations and validation
based on the situation-specific objectives and the main success scenario that they have
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decided upon at the very beginning of the process. The material and information that
should be available at this stage combine the analysis and outcomes from the end-user
research, conducted earlier through interviews, observations, field studies, etc., during
the requirements collection phase. Typically, these deliverables include the personas,
user story maps, activity flows, task analysis, storyboards, etc., that will determine the
content and will guide the information flow and action steps of a use case. Once those
are sufficiently documented then the team can proceed to the creation of the first use
case which will in turn sketch the grounds, in the next step, for the interaction and
visual design of the user interface, before the actual system integration and develop-
ment starts (see Fig. 1).

We hereafter describe the suggested components of the alternative hybrid style that
teams could employ for creating their use cases (see Fig. 2b). For a better under-
standing of its realization in a real business situation we give next to each attribute an
example based on a hypothetical scenario related to the ‘Resolve Leave Request
Conflicts’ case. Structure-wise the proposed layout is composed of two main parts:

(a) The more static part which contains the following data:
i. Use Case ID – used for cross reference and linking with the corresponding

persona (e.g. UC0001);
ii. Use Case Name – short use case name (e.g. Resolve Leave Requests

Conflicts);
iii. Primary Role – the user role who uses the system to fulfill a specific goal

(e.g. Manager – Linda);
iv. Secondary Role (optional) – the user role who receives information from

the system, but is not the primary user (e.g. Employee);
v. Use Case Goal (or Point of View (POV) – it describes the user‘s goal; what

does (s)he wants to achieve; User + Need + Insight (e.g. Linda needs a way
to review the leave requests of her team in order to ensure no absence
conflicts);

vi. Background – includes short description in free format about the scenario
and any necessary assumptions (e.g. Linda has a large team and often she

Fig. 1 The use cases in the UCD process and related DT artifacts
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receives many leave requests. Due to the nature of the work many times she
comes across with leave request conflicts. Therefore, prior to the approval
of a leave request she needs to see whether any leaves overlap exist);

vii. Pre-conditions – it describes the prerequisites which should be true before
the use case can start (e.g. Access to the system and authorization to view
and approve her team’s requests); and

viii. Trigger – it identifies the action or event(s) that gets the use case started
(e.g. Linda received a leave request from an employee and opened the
notification).

(b) The more dynamic part which contains entity boxes (representing the user and the
system), interaction lines, alternative paths, failure cases, and repetition notations.
More specifically:

i. An entity box is broken down into three sections: (a) the first (left) section
indicates the number of the activity (e.g. 3), (b) the second (middle) section
describes the action steps that needs to be undertaken by the user to achieve a
goal using the main path (e.g. The system provides details about the
conflicting leaves and graphically indicates the overlapping days), and (c) the
third (right) section describes the user interaction data and data sources
(internal or external) needed to complete the action steps (e.g. Employee
names, leave dates, date timeline, conflict indicator, etc.);

ii. The interaction lines describe the interaction points (numbered as Ia
(Interaction a), Ib, Ic, etc.), expressing the relationships among the user and
the system. They are the interception points among two actions and show how
the interactions are situated in contexts of use. Each interaction point shows
the reaction of the system on a required action from the user and vice-versa.
Interaction points can be used for various reasons such as further analysis of
signifying the path and the length of a use case, comparison among the same
or similar use cases belonging to different applications and/or roles, point of
reference on complex and iterative (i.e. loops) use cases, isolation and in
depth analysis of a particular relationship (for example teams can use statis-
tical models and methods to apply a more detailed quantitative and/or qual-
itative analysis with respect to i.e. effectiveness, efficiency, of an interaction
among two actors), etc.;

iii. The alternative paths are ways in which the main success case can succeed,
and they are placed under the entity box they are referring to, denoted by the
number of activity, followed by the number of the alternative path, followed
by a small description (in our case, e.g. 3a. The system proposes how to
resolve this conflict, i.e. it considers the employee’s tasks, remaining days,
etc. and suggests an optimized leave period);

iv. The failure cases describe possible ways in which the main success case can
fail and they are denoted by the letter F, followed by the number of activity,
followed by the number of the failure case, followed by a small description
(e.g. F3a. The suggested days are outside the period the Employee wants to
go on vacation); and
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v. Lastly, a dotted line connecting two or more entity boxes describes possible
repetition(s) of specific action steps (e.g. Action steps 2 to 4 might need to be
iterated).

At the very end of the suggested style there is another more static part, called
Annotations, where teams can take note of clarifications, references, information that
are noteworthy, need to be re-visited or to be considered in the future pertinent to the
specific use case or activity steps (e.g. in action step 3 Linda has to decide whether she
will accept the suggestion by the system or she will try manually to find a solution to
the problem.)

3.2 Use Cases Documentation, Generation and Storage

The Usee application, implemented in both mobile and desktop technological envi-
ronments, will provide a unique tool to compose and document use cases (see Fig. 2a)
generated in the hybrid use cases style described above. The documentation will follow
a fully controlled cloud-based creation process providing the necessary step-by-step
guidance, support and storage. More specifically, this application will add value to
project team members in various ways, such as: (a) initially, while users entering the
data of a use case (already worked out in the DT collaborative mode) through the smart
user interface, dedicated validation mechanisms will check for similarities e.g. of roles
entered or goals. In case of potential similarity, the user will be prompted and enabled
to review the existing use cases and the related information. This way we will increase
transparency across development units and will avoid producing duplicate or similar
use cases for a similar or the same role or user activity; (b) it will increase learnability
by providing immediate feedback through suggestions and validations of the inserted
text based on rules which will ensure the quality of the content, e.g. instead of phrases
like, a user ‘thinks’ or ‘considers’, the application will propose ‘reports’ or ‘chooses’;
and (c) it will inform users in real-time about the strength and the quality of their use
case, based on the interaction steps and flow, etc. Currently, the Usee application is in
the development phase. However, apart from the DT collaborative methodology, a

Fig. 2 (a) The Usee wireframes and (b) the generated alternative hybrid use cases style
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visually enriched Microsoft Excel-based template consisting of the components
detailed earlier is available and used by project teams with encouraging results and
feedback as we discuss below.

4 Benefits Derived from Usability Tests in Real-Life Scenarios

During the last two years the proposed use cases methodology and style have been
extensively validated in numerous workshops internally in SAP with product devel-
opment teams and externally with various co-innovation customers, accommodating
positive feedback and acceptability. More specifically, the meta-analysis of the
observations, interviews and focus groups yielded a number of benefits for the teams
and the quality of their products’ design and development. The added value of the
suggested approach can be summarized as follows:

(a) Enhanced flexibility and adaptability. It is based upon the well-established DT
method, where most project teams are familiar with and trained. A team’s
members need to continue to work together in a flexible and iterative manner,
following the described use cases guidelines for their development. In this con-
text, they can (re)define entities, shuffle the action steps and the interaction flow
until they reach to an acceptable qualitative version. Furthermore, they can all
actively participate and brainstorm, embracing the same understanding irrespec-
tive of their different knowledge backgrounds.

(b) Speed up processing. It maintains the same level of approach to the benefit of a
project’s team members. This means, there is no need to switch their working
context i.e. jumping from a more visual thinking (e.g. storyboards), to pure tabular
and textual format.

(c) Ease of use. It is more concentrated and presents a balanced visual and textual
representation of data, showing clearly the flow of all the pertinent information
with respect to one activity (as most data flow diagrams), leveraging the cognitive
overload of team members.

(d) Increased clarity. There is a clear visual distinction between the user and the
system, and their respective activities.

(e) Ease of customization. It provides an easy of use and quick comparison among
two or more use cases, allowing quick adjustments irrespective of the various
contexts of use. It also enables the rapid association with the elements of a persona
(where a user role is detailed, i.e. tasks, needs, requirements), and of transparent
identification of overlaps (i.e. same use case different roles or applications, or
same role/use case but different applications).

(f) New functionality. Except of the repetition dotted line which indicates a possible
loop among two activities, the suggested interaction points are revealed from the
interaction/activity of two entities. A team’s members can further compare or
analyze (i.e. by isolating and applying an in depth analysis of a particular/key
relationship of two entities) or can use them as point of reference on complex and
iterative use cases.
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5 Conclusions

Nowadays, use cases are increasingly used by organizations to document their business
processes, to detect behavioral system requirements and identify how it reacts in dif-
ferent conditions. A use case primarily shows the interaction between a user and a
system when (s)he tries to accomplish a goal given a specific business scenario. Even
though use cases refer to a critical step of the UCD process ensuring the usability and
acceptability of user interfaces and interaction designs of a system, quite often teams do
not compose them sufficiently or even miss to address them. This happens on hand due
to the tight schedule delivery constraints or limitation of resources and on the other
hand due to the lack of a guided collaborative approach that will increase engagement,
active involvement, learnability, or simply will motivate them to pursue them. In
addition, it seems that the divergent business roles, backgrounds, experiences and skills
of individuals that usually participate in the UCD product development process in large
organizations cannot fully take advantage of the existing use cases documentation
styles and tools since they fail to facilitate the same level of understanding; creating
many times confusion, disorientation or overwhelming the team members.

In light of the abovementioned challenges, in this paper we have proposed a DT
collaborative method for creating use cases as well as a new alternative hybrid use case
style for their documentation in the context of the Usee framework. The main aim is to
facilitate the inclusive and qualitative generation of comparable use cases through
continuous learning and active participation of all stakeholders that share the same
goals. From the usability tests and validations we conducted so far, in various business
scenarios and with different size and kinds of business roles and teams, we could
conclude that there is a positive tendency, acceptability, and satisfaction towards the
utilization of the suggested method and tool. This is really encouraging for the future of
this work since it could increase the business value of companies by facilitating a more
sound communication among the various stakeholders and enhance clarity and
understanding of their business cases. Future work includes the release of the Usee
application as a final product and the further validation of the proposed solution in
different business settings and more complex business scenarios in an attempt to further
enhance and optimize its use.
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Abstract. The purpose of this paper is to highlight several fundamental
questions surrounding eLearning storyboards: (1) What exactly is a storyboard?
(2) What significance does a storyboard can bring in different industries?
(3) How does the design process take place in eLearning storyboard? Finally,
(4) What is the role that eLearning storyboard plays for its user(s)? Issues
pertaining to the community of practice i.e. social and collaborative task support
and agility of the design process that can facilitate task performance and
effective communication between designers are discussed and recommended for
future works.

Keywords: eLearning storyboard � Multimedia design tool

1 Introduction

In Human-Computer Interaction (HCI), designer draws or sketches a storyboard to see
what the interface does and how it is used to accomplish the tasks in real usage
scenarios. It is also regarded as low fidelity prototyping in designing system interfaces,
that looks like, or very close to the actual product or design solution. This is because it
uses materials that are different from the intended final version such as papers and
cardboard. Nevertheless, the use and application of storyboard has been extended to
other industries including in the design and development for eLearning courseware,
hence the name eLearning storyboard. Users of eLearning storyboard have been
diversified from a storyboard designer to the eLearning manager, information manager,
and head department of eLearning unit and subject-matter experts in different fields. In
delivering high quality user experience (UX) to these users, eLearning storyboard
communities would depend on how well does the interaction designers understand the
intended product that need to be designed and developed. As we look across a number
of theoretical and empirical studies, it had been identified that the essential ideas about
what an eLearning storyboard has not been addressed and discussed in a manner that
can be used by the interface designers, UX practitioners, information architects, soft-
ware engineers, human factors experts, information systems analysts and/or social
scientists to introduce or improve the existing system designs.
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The goal of this paper is to highlight several essential ideas regarding eLearning
storyboard. This paper begins with defining storyboard in general. It continues by
providing some significance use of storyboard in different industries. The design
process and roles that an eLearning storyboard plays will be discussed. Finally, a
discussion about designing interactions and human factors for eLearning storyboard
will be presented along with some recommendations for future research.

2 Defining Storyboard

In general, a storyboard can be defined in many ways, such as:

• “A series of sketches that are used as a planning tool to visually show how the
action of a story unfolds” [22, p. 11]

• “An illustrated view, like a comic book, of how the producer or director envisions
the final version of a production will look” [20]

• “An outline or a draft line of a production made up of consequential pictures” [5]
• “Script is a verbal plan for a story, while storyboard is a plan for visualisation of that

story” [8]
• “Storyboards are series of sketches that indicate how sequences of events should

take place. They are similar to cartoon panels because they have pictures with
captions explaining the scenes and any possible dialogue” [19, p. 3]

In summary, a storyboard is explained as a technique for illustrating and outlining an
interaction between a person (people) and a product(s) in narrative format, which
includes a series of drawings, sketches, or pictures and words that tell a story. Another
name for storyboard is “narration”. Narration board is described as a “valuable design
tool to the design team as it provides a common visual-based medium to share the
common understanding of future design developments” [24, p. 276]. The visual-based
elements are important to the designers because it assists them in visualising and
developing ideations for future design solutions.

3 Significant of Storyboard in Different Industries

Storyboards are used in a range of industries. Some significant uses of storyboards
across different industries include [22, p. 13]:

• Advertising campaigns: storyboards are used to sell campaign strategies to clients or
for use in focus group. These storyboards reflect campaign ideas that are highly
detailed and include only key frames.

• Video games: storyboards are used to create each scene of the game, including
cinematic and full-motion video sequences that introduce a story and act as the
user’s reward for excelling in game play.

• Multimedia: storyboards are used to sketch each of the screens along with notes about
the content of particular images, the functions of specific button and how the video
and sound is to be presented. These storyboards assist in developing CD-ROMs for
education or training.
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• Web design: storyboards are used for the web design development in defining and
grouping elements such as graphics, animations, videos and illustrations. These
storyboards assist the web development team to understand the structure of a site
and how that information is presented.

• Industrial and governmental videos: storyboards are used to present ideas to clients
when creating industrial and/or governmental videos. These storyboards promote
effective decision making, help to set strategies and solve problems.

4 Design Process in eLearning Storyboard

To date, there are few researches on storyboarding design process have been found
specifically for eLearning storyboard. While most researches in storyboard have been
focusing on the design process for designing products [23] and system interface
designs [21], this section reviews such works that are related, including Marie and
Klein’s and Donahue’s reports on eLearning storyboard. Van der Lelie described the
five phases of the product design process of a storyboard. Each design process is
accompanied with its own design activities, purpose, visualisation style and the forms it
will produce [23]. Van der Lelie’s product design process of storyboard focuses on
different visualisation style for each design cycle. As shown in Fig. 1, Van der Lelie’s
storyboarding design process practices agility in the five phases of storyboarding,
which are analysis, synthesis, simulation, evaluation and decision. Throughout the
design process, design teams interactions are reported in the synthesis and simulation
phases (refer Fig. 1).

Ideas and concepts are generated from the design team to evoke comments,
judgment or acceptance in the processing phase. Interestingly, Van der Lelie’s story-
boarding design process was influenced by the visualisation style used in relation to the
design phase and the intended goal. Truong et al. provided five significant attributes of
storyboards for demonstrating system interfaces in HCI [21]. These attributes can be
significant in designing interfaces within the processing of an eLearning storyboard.
The attributes are as follows [21, p. 15]:

– Level of detail: This refers to how many objects and actors might be presented in a
particular frame, level of photorealism and display of the entire scene or only details
of the interface.

– Inclusion of text: It refers to the texts, either through the tagline narrations for each
pane or within individual frames as speech, thought bubbles, or labels and signs
which represents in the real life environment. The designers can also choose to
depict the story entirely using visual elements without text.

– Inclusion of people and emotions: This refers to the renditions of human characters
to build empathy for potential users, display motivation, or convey other intangible
elements.

– Number of frames: It refers to the number of panels presented in a single storyboard,
which can consist between 1 and more than 20 frames. Truong et al. said 3 and 6
frames are regarded as minimum size to show single activity. However, multiple
features and activities are usually shown in multiple storyboards.

62 N.M. Yusoff and S.S. Salim



– Portrayal of time: It refers to the explicit time indication passing within a storyboard
or use transitions that convey changes over time.

Marie and Klein reported a detailed design guideline for developing storyboards
that can lead to faster client approval and fewer editing during the design and devel-
opment process [13]. The detailed design was categorised into three design processing
activities. First the design activity that refers to the analysis of five requirements of
eLearning development, which are content gathering and analysis, high level design,
detailed design, storyboarding and web-based training modules i.e. alpha, beta and final
phases. Second is the design activity that refers to the detailed design development
which includes the following steps: identifying learners, gathering and analysing
contents, developing instructional objectives, identifying instructional strategies and
identifying the flow of the content. This document on detailed design needs to be
approved before continuing to the next step. Apparently, this document had become a
guideline for the storyboarding process. Finally, the design activity that refers to the
storyboard template which are reviewed and compared in terms of its alignment with
the detailed design in storyboard development. Hence, Marie and Klein’s guidelines
can be significant for structuring design process activities in the development of an
eLearning storyboard framework. Since design documents are the core and most
extensive activity in developing eLearning storyboards, six strategies to assist the
designer’s task are offered, as follows [6, p. 4]:

– Graphic themes must be consistent and clear with the interface before the early
phase in design process.

Fig. 1. Five phases of design process in storyboard for product design (Source: Van der Lelie
[23])
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– Combination of instructional methods can be used to provide information in the
eLearning course, such audio, graphical illustrations and case studies

– Interactivity for course development should be agreed.
– Testing or evaluations of the course should be included
– Constraints in course development such as scaling or deemphasising of extraneous

or non-critical information from subject-matter experts need to be emphasised.
– A preliminary course plan to structure the format, sequence and presentation of a

specific content need to be developed. This high-level outline may include the
breakdown of the course’s objectives and content into modules, recommended
interactivity to support the contents and length estimation for each module, as well
as a flow chart to visualise the complex interaction or branching.

From the review of these literatures, four important findings had been identified.
Firstly, Van der Lelie has shown agility practices and visualisation strategies in the
storyboarding design process as well as the element of design team interaction in the
synthesis and simulation phases of the storyboarding design process. Secondly, Truong
et al. provided three attributes which can be significant for designing interfaces within
the processing of eLearning storyboard. Thirdly, Marie and Klein’s reported on the
detailed design guidelines for developing storyboards that can be used to structure
design process activities in the development of an eLearning storyboard framework.
Finally, Donahue’s strategies for design document activities can be used to assist
design team in documenting contents for the eLearning storyboard.

5 Roles of eLearning Storyboard

A storyboard in the context of eLearning course development is used to document the
eLearning design. It provides the content in a visual format which will be customized
based on the needs of the eLearning team members, similar to the practise in the
instructional design field, for example; the instructional designers needs to provide the
detail in the storyboard that is needed by the subject-matter experts in order to produce
an effective eLearning [18]. Hence, in this section, there are two roles of eLearning
storyboard identified in the literature. Firstly it acts as an instructional design tool and
secondly, as a communication tool.

5.1 An Instructional Design Tool

A storyboard can assist in the instructional design process. This is because the story-
board that is used for developing eLearning courseware contains scenarios and their
processes, which describe elements, purposes about the assignment, in addition to its
components. These components can be animations, sounds, pictures, texts, graphics
and interactive interaction. Each component describes the kind of interaction it should
behave like during the actual implementation, as well as where the amount and posi-
tions of these components are being planned in storyboarding. When the scenarios and
descriptive components have been completed, the storyboard will be passed to the
multimedia developers to translate the requirements into a form of multimedia
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courseware [18]. Brandon provides several steps that lead to the creation of eLearning
storyboard. As shown in Fig. 2, the production storyboard is created in the instructional
design process before it ends and being handover to the multimedia development team.
Each of these steps is meant to reduce the possibility of mistakes and to preserve the
integrity and value in the eLearning design process. Briefly, the steps are described as
follows [1]:

– The priority of business needs is identified.
– The job objectives (in terms of outcomes and accomplishments) are outlined to

fulfil the needs.
– The tasks of a learner are being analysed to accomplish each outcome.
– Available methods and tools to accomplish each outcome are listed out.
– The approximations are identified to help the learners develop the needed skills in a

learning setting.
– Formal learning objectives can be defined
– Formal learning objectives are organised into learning progressions
– A flowchart is created to set up the sequence of learning activities
– Draft storyboards are created to provide a basis for reviewing the course plan with

subject-matter experts.
– Draft storyboards are transformed into production storyboards that will guide the

developers. These production storyboards can also serve as a checklist for the final
summative evaluation before its release.

5.2 A Communication Tool

In general, the eLearning storyboard is used to communicate eLearning design which
“provides the details from the designers that are needed by the developers in order to
produce an eLearning application on time and within budget” [1]. Brandon stated that
the eLearning storyboard provides a communication channel between at least three
disciplines contributing to the final product; instructional design, graphic design and
technology. There are three significances of a storyboard in producing effective
eLearning through the support of communication [1]:

Fig. 2. Steps in eLearning storyboard creation (Source: Brandon [1])
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– Storyboard completely documents eLearning design
– The brainstorming which accompanies work on the storyboard may assist the

creative process and result in a better design
– Storyboard provides an important basis for project management, control and

communication.

In achieving communication using storyboards, some works have been demon-
strated by Haesen et al. and Malizia et al. Haesen et al. demonstrated principles and
techniques which were derived from comics that can facilitate and support commu-
nication in the process of storyboarding [9]. The approach is called ‘Collaborative
Multidisciplinary user-centred Software engineering (COMuICSer). This approach
formalises the way storyboards are created and at the same time preserving the creative
aspects of storyboarding to provide greater involvement for all team members and
end-users in an engineering processes. Malizia et al. demonstrated the principle of
back-channel communications in emergency management in their emergency story-
board system (eStoryS) where it provides combinations of tools including storyboards
in mash up application [12].

6 Discussion and Recommendations

Based on the information to the fundamental questions raised about eLearning story-
board, we identified two important supports in eLearning storyboard. Firstly, social
support is needed to shift the paradigm of storyboarding away from the individual user
practices to social practices. Better tools should be designed to encourage participatory
and collaborative modes of designing among designers [10]. Secondly, agility support
is needed to move away from linear process. It is suggested that computer-based
instructional design tools such as the eLearning storyboard should move towards an
agile design process in order to be more effective in adapting to the designers’ activities
[7]. Current practices in instructional design were interpreted by Häkkinen as nonlinear,
cyclical and iterative process‖ [10, p. 466], therefore, the need for agility is important
as it enables the change in requirements and allows flexibility in reaching common
understanding among the design team. In order to meet this need, one of the techniques
that can be used to reach common understand among the designers is to apply the
shared visualisation in eLearning storyboard design [15]. Among the techniques
includes collaborative concept mapping, collaborative discussion board and collabo-
rative annotation where shared visualisation can help eLearning storyboard designers to
pre-plan the eLearning structure or discuss virtually in an e-discussion room. Besides,
shared visualisation that works for distributed eLearning team should allow partici-
patory design in both web-based and mobile-based applications.

In addition, the design process in eLearning storyboard should be more adaptive
and agile, where instructional design team can carry out their work in a flexible and
interactive manner [10]. Software designers should find initiatives and effort to design
and develop eLearning storyboard applications that can provide agility, tightly linked
design-analysis-redesign cycles, and able to move toward artefacts improvement
[2, 11]. Interestingly, Douglas said that any instructional system can be more effective
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if its components have well defined functions to perform under adaptive or
people-oriented, rather than predictive and process-oriented. It explains how such
feature that allows the adaptive design and agility is needed in eLearning storyboard.

Apart from these two roles, there is another important role in the component of an
eLearning storyboard that worth investigating is the shared cognitive aspects that are
needed to support interactions between eLearning storyboard designers. This is because
the cognitive task activities are commonly shared between the designers. Designers
share cognitive tasks activities which includes; deciding on the storyboard content,
organising the structure for storyboard design, recalling the analysis requirements
before storyboarding, and evaluating the storyboard design production.

According to Cannon-Bowers and Salas [3], as these cognitive activities were being
shared, designers will develop shared mental model, resulting in better task perfor-
mance and more effective communication. This notion had been discussed by Nor’ain
and Salim [14, p. 281] in the team’s cognitive research in human–computer interaction.
In their work, they presented a schematic model of social-based vs. shared situation
awareness-based approaches. The two perspectives on the shared cognition shown in
the model can be used by HCI researchers who aim to solve a particular problem in
team cognition by selecting the appropriate shared cognitive models for specific types
of systems and applications. For example, if the researcher is investigating shared
situation awareness in an emergency response system, he/she can use distributed the
situation awareness model to analyse the process of decision making of that system.
Similarly, the collaborative design in eLearning storyboard can be investigated using
the shared mental model theory to analyse the practise of agility process.

In addition, more attempts to understand storyboard in terms of the tools, concepts
and frameworks, similar to one written by Nor’ain and Salim [17] are needed. In this
paper, the storyboard has been reviewed and analysed with regard to the three aspects
of eLearning design requirements; collaborative design environment, iterative process
methodology and designer-centeredness support. In understanding the problem in
eLearning storyboard, another work has been done by Nor’ain and Salim to investigate
problem aspects of the cognitive task and the storyboarding skills required of
subject-matter experts using the cognitive task analysis technique in HCI [16].

With respect to our discussion earlier, we can see the important issues here is to
warrant the needs that support the interaction design for eLearning storyboard, which
include collaborative work, agile storyboarding design process methodology and
achieving shared mental model. As suggested by Häkkinen [10], Douglas [7], Jonassen
[11] and Bratt [2], future needs of softwares that applied the agile design process to
assist designers‘ roles is essential and recommended. In all, in addition to the social and
agility elements, this study sheds light on the importance of shared mental model,
which is needed to support eLearning storyboard users’ interactions. It suggests how
these insights can contribute to improving humanness for the community of practices of
eLearning storyboards, which can be offered by interface designers, UX practitioners,
information architects, software engineers, human factors experts, information systems
analysts and social scientists.
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7 Conclusion

This paper discusses the fundamental questions with regards to the meaning, signifi-
cance, design process and the roles of storyboards. From the discussion, some infor-
mation that has been synthesised and concluded, are as follow:

• E-Learning storyboarding design process consists of three main design activities:
analysis, design document and design template. It is found that design document is
the core and most extensive design activity that requires strategies to assist the task
of design team.

• E-Learning storyboard performs roles in assisting instructional design process and
communication among team designers.

• Storyboard tools, concepts and framework use different approaches and need dif-
ferent kinds of support.

• Storyboard system that can assist collaborative tasks for the design team should be
able to function as a communication tool as well as performing the design
instructions. However, what is more needed in supporting designers’ interaction is
the functionality to adapt changes in the design process. Therefore, interface
designers or software engineers can look forward a new paradigm of agile story-
boarding process.

• E-Learning storyboard needs social and agility support for designers’ interaction. In
addition to these needs, the notion of shared mental model is important to support
the shared cognitive aspects between them.
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Abstract. This article introduces the concept of Constructive Learning where
students’ comprehension is augmented by active creation of teaching materials.
It highlights the potential of the Flip-Flop instructional methodology that
involves students in creating quizzes synchronized with video recordings of
lectures. The premise is that as students create questions, correct and incorrect
answers, hints and hint links that lead to relevant resources, they get in depth
understanding of the content presented in the video. Peer evaluation is also an
integral part of the methodology. The collected data can be used for grading and
as a resource pool for future quizzes. We describe the online tools that support
the students and instructors. While this method was primarily developed for the
use in flipped/inverted classroom settings, it can be applied do any MOOCs or
other lecture screencasts or training that employs videos.

Keywords: Instructional methods � Constructive learning � Constructivist
learning � Training videos � MOOC � Flipped classroom � Inverted classroom �
Course design � Educational technology

1 Introduction

The maxim that ‘Learning by teaching’ is one of the best - if not the best - method of
learning has been around for centuries. Search for his topics on Google Scholar shows
1,570 entries. Among these, numerous books and articles (e.g., [1–4], and Wikipedia
summary and references [5]) are devoted to listing the advantages of various approa-
ches to accomplish this maxim and present entire curricula development techniques
based on the notion that students learn more and more profoundly if they need to
present material to other students and challenge their understanding of the content.

Moreover, ‘Active Learning’ (see references in Wikipedia [6] and research survey
in [7]) and ‘Constructivist Learning’ concepts – based on Piaget’s theory and popu-
larized by Vygotskii [8], also see Wikipedia [9] – have been widely accepted and
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integrated into the typical curricula. One of the tenets of these educational categories is
that students should be involved in discovering and creating knowledge rather than
simply absorbing lectures.

Search for the term ‘flipped classroom’ on Internet returns over 5 million entries.
Search for ‘MOOC’ returns 8.5 million page finds. Undoubtedly these fairly recently
introduced educational concepts and technologies are popular and gaining ground.

According to the top searches on Internet: ‘The flipped classroom is a pedagogical
model in which the typical lecture and homework elements of a course are reversed.
Short video lectures are viewed by students at home before the class session, while
in-class time is devoted to exercises, projects, or discussions.’ For overview of flipped
classroom approaches and how they fit in the landscape of educational categories see
for instance [7, 10].

Typically, the flipped methodology relies on lectures that were recorded on as
video. In particular, MOOC (massive open online course, see [11, 12] and Wikipedia
[13] for discussion of proliferation and pros and cons of MOOCs) use video recordings
of lectures to reach audiences often dispersed around the world. When flipped
methodology is employed, the students view the video ahead of the class time and the
instruction is devoted to exercises that practice the topics covered in the video lecture.
While numerous educational institutions reported marked improvement of student
outcomes on high school as well as on university level when flipped classroom is based
on video recordings, there is a significant research literature as well as numerous
popular journal articles that question their effectiveness (e.g., [14, 15]).

Our experience confirms the criticism, as we found that the most significant dis-
advantage of the flipped methodology is that here is no guarantee that the students have
paid enough attention and understood the lecture while watching the video recording.
Using the traditional instructional approach, learners digest a lecture in a controlled
environment, mostly void of noise, artificial interruptions and other distractions. Since
the flip classroom mandates that students view the lecture at home or in another
environment of their choice, they may choose to do so in a noisy coffee shop or in a
room shared with siblings who demand their attention. While cell phones are typically
banned in a classroom setting, it is quite unlikely that a student will switch off his smart
phone and not pick up he call when his girlfriend calls. In particular, it is very unlikely
that the students will choose to view a video lecture or even its more difficult segments
more than one time, even if they were insecure whether they understood enough of its
topics. As a consequence, a substantial percentage of our students often come unpre-
pared so that some of the class time needs to be devoted to reviewing the lecture
material rather than to practice and exercises.

To alleviate in particular these disadvantages of flipped classroom and MOOC-
based learning, we have developed a ‘Flip-flop’ method supported by extensive online
technology means that involves students in ‘constructive’ learning by creating teaching
materials tightly connected with lecture recordings.
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2 Flip-Flop Basics

We propose to augment the inverted ‘flip’ methodology by an additional ‘flop’ element
that ensures that the students not only review the video lecture, but - which is more
important – makes it very likely that they get deeply involved with the topics presented
in the screencast and attempt to understand the covered topics well at home before they
come to the classroom.

The method is simple: the students construct quizzes that are synchronized with the
video recording of a lecture. Moreover, they take quizzes that fellow students created.
When they are then exposed to additional practical exercises in the classroom setting,
we can expect that they digested the topics they viewed at home well enough that the
instructor does not need to spend extra time explaining the subject in detail again and
the classroom session can be devoted to the actual practical exercises.

While quiz-making as an educational technology is not new concept and even
several commercial companies offer quiz making facilities based on video lectures –

e.g., [16, 17], our methodology augments this concept in several important areas: Our
quizzes feature feedbacks, hints and hint links and allow the author to choose from a
variety of ways to synchronize tasks with the video – paused tasks stop the video while
‘segment’ tasks are displayed during the length of the corresponding video segment.
Moreover, the author of a quiz can choose whether to show which answer is the correct
one even when an incorrect answer was selected. Besides multiple-choice type of
questions, we support poll tasks – which are important for peer evaluations – as well as
‘pinboard tasks’ where the author just pins text or an image without requiring the
quiz-taker to respond. There is also a gamification element: Correctly answered
questions increase the student’s score for this quiz. It is up to the author of the quiz to
determine the maximum points per task and whether the number of possible points
decreases with time.

Since this tightly structured and systematic approach does not explicitly fit the
well-documented and researched educational methodologies, we propose the term
‘constructive education’ for approaches and technologies that require the students to
construct teaching materials based on and synchronized with recordings of educational
lessons.

2.1 Quiz-Taking and Quiz-Making Technology

The quiz-taking tool plays the lecture screencast in the left pane while the right pane
shows the corresponding task: In Fig. 1 the student has answered the question correctly
and is rewarded by a smiley face and received 14 points. Notice that the feedback offers
an additional information that explains why the chosen answer is indeed correct.

If the student selects the wrong answer, she receives no points and the feedback
might indicate why the chosen answer is incorrect, preferably pointing out the likely
misconception. This is depicted in Fig. 2.

Note that there is a “Hint” button in the top right corner. When clicked, dialog
shows short text paragraph that may lead the student on the right path towards

72 U. Stelovska et al.



answering the question. As shown in Fig. 3, underneath the hint text is “Analysis of
Merge Sort” button that when clicked opens an external webpage within another tab of
the browser.

The most important aspect of the Flip-Flop method consists, however, in creating
quizzes, not just taking them. Using our simple-to-use authoring tool, students split
portions of the lecture video recording that has been posted on a common video
platform (such as YouTube) into - typically three to five minutes long - consecutive
segments, and add a task to each of the segments. While multiple-choice are the most
commonly used tasks, we don’t discourage students from using poll or pinboard tasks.

The screenshot in Fig. 4 shows the Flip-Flop authoring tool. The left side of the
screen is devoted to the video and its segments. The current third segment is high-
lighted in green and the handles allow the author to determine the beginning and the
end of the sentiment. The larger handles define the beginning and the end of the quiz.

Fig. 1. Taking a quiz: selecting a correct choice displays a feedback that offers additional
information.

Fig. 2. Taking a quiz: selecting an incorrect choice displays a feedback that points out a possible
misconception.
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Notice that this entire quiz covers approximately one fourth of the entire video. The
right pane defines the task associated with the current segment. Here, the author has
typed in the question, the hint, the answers and the feedbacks that where shown to the
quiz-taker in Figs. 1, 2, and 3.

To make the authoring tool initially easier to use for a beginner, the user can choose
to display labels rather than icons for the buttons. Moreover, each button has a tooltip
that is displayed when the cursor hovers over it for a while.

Fig. 3. Taking a quiz: hint with a link to a related resource page

Fig. 4. Creating a quiz: multiple-choice task synchronized with a segment of video and entries
for hint text, hint link label, hint link URL, and for choice feedback.
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Once the quiz has been created, the author is provided with a simple embed string
that when pasted into a page lets the peer students take the quiz. In the modern
browsers, no additional web page elements (i.e. HTML code) are necessary.

2.2 Quiz-Making as Learning by Teaching

The Flip-Flop methodology has several advantages: In order to construct a meaningful
quiz, the students need to understand the lecture and are likely to review the video
recording one or more times until they do so.

In order to add a task, the students have to come up with a question that relates to
the topic discussed in the specific lecture segment, with the correct answer, as well as
with a few incorrect answers. They may well find that coming up with a relevant
question is not always easy.

Moreover, while the correct answer is often quite obvious once the question is
decided upon, formulating several incorrect, but not completely irrelevant choices is
not a trivial matter: An incorrect answer cannot be partially correct and should not be
obvious or easy to guess. And even when it is quite easy to formulate the first wrong
answer, additional non-trivial incorrect answers are typically more and more difficult to
come up with.

We encourage the students to accompany each of the answers with the feedback
that will be displayed once an answer has been selected and emphasize that they should
not just use the simple “Yes”, “You got it!”, “Wrong”, or “Really?” feedbacks, but
come up with more meaningful reasoning why the answer is good or not. In particular,
a good strategy is to point out the misconception that is likely to be the reason behind
choosing the incorrect answer.

Adding a hint requires additional skills: Since the length of the hint text is severely
limited, students need to summarize their knowledge of the topic. They also need to
formulate the hint so that it does not reveal the correct answer and only points towards
the right direction.

When creating a hint button that leads to another web page, students practice another
set of skills that are and will be increasingly in demand: searching for resources. In order
to add a link button, the student has to look for web pages that relate to the question and
decide which one of the found pages is the most appropriate, e.g., which explains the
topic in more detail – or even better – then mentioned in the video lecture itself. Needless
to say, the students are likely to deepen their understanding of the topic at hand from
each of the resources they considered. Also, they need to judge the quality of these
resources and their appropriateness for the level of course.

Last but not least, having to formulate all the components of a task is an exercise
that may improve the students’ writing skills.

Peer evaluation is another important component of the inverted classroom that is
integrated in Flip-Flop methodology and supported by its tools. The student author has
to add several predefined poll questions at the end of each quiz that allow the peers who
take her quiz to judge the quality of all the quiz components: the questions, the correct
answers, the incorrect answers, the feedbacks, the hint, and the hint links. Figure 5
shows one such poll task being entered within the authoring tool. Obviously, defining
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all these default poll questions is a chore that cannot be automated and we will describe
the tools that simplify these and other chores in the next section.

3 Flip-Flop Techniques and Technology

To support pilot experiment that is a currently underway we have expanded the system
tools to make Flip-Flop more structured and easier to deploy. The students in a
300-level computer science course that has been previously inverted have been sub-
divided into randomly selected groups of four students. Each student had to construct a
quiz and then also take the quizzes constructed by the other three students in the
group. Thus the students are not only the authors of one quiz, but are confronted with
several other quizzes related to the same lecture and necessarily have to compare their
quiz with the work of their colleagues. Every quiz has to include a question that
identifies the student taking the quiz followed by the aforementioned peer evaluation
poll. Naturally, the instructor is encouraged to take the students’ quizzes and submit her
own evaluations.

The course encompasses more than 70 screencasts that are typically up to 20 min
long. Each screencast has been subdivided into four approximately five minutes long.
These subsections are assigned to every group member so that each student in the
group creates a quiz from a different part of the screencast. Therefore every student
either creates a quiz or takes a quiz from all the parts of the lecture video.

To facilitate the chores of assigning students to groups whose composition changes
every week, subdividing the videos into quizzes, and creating segments and the cor-
responding tasks within each of the quizzes, we have developed an online scheduling
tool depicted in Fig. 6. This tool lists all the screencasts, subdivides them row-wise into

Fig. 5. Defining a peer evaluation task

76 U. Stelovska et al.



subsections. Every group occupies a column where the blue name identifies the student
who is in charge of creating the corresponding quiz.

The screencast titles, thumbnails and ids are links to the videos posted on YouTube.
Notice that underneath each of these links is another link to the webpage that contains
the topic notes. This feature makes it convenient for the students to consult the cor-
responding notes while watching a video. We even encourage the students to use the
notes while constructing a quiz since even if they copy and paste text from the notes
into a question and an answer, they will have to reformulate the text in most cases and
they will rarely find there the alternative incorrect answers.

Hovering the cursor over the name of an author brings up the menu displayed in
Fig. 7. As the tooltip indicates, the “Take Quiz” item serves two purposes: Since it is a
link the quiz page, the group members can use it to take the quiz. For the author of the
quiz it serves as check that her web page is functional, i.e., whether the corresponding
file on the server is in the correct folder, and has the correct name and permissions.

The “Save Template” item greatly simplifies the author’s menial and otherwise
considerably time-consuming chores in defining the quiz segments, multiple-choice
tasks and peer evaluation polls. After the author uploads such a template within the
authoring tool, she is presented with a default quiz that has already all these compo-
nents. For instance, the start and end points of the quiz and of each its segments shown
in Fig. 4 have been created with such a template. Note that since the peer evaluation
poll questions are the same for all quizzes, the template completely eliminates any
effort in defining them.

But the template is not only a time-saving device – it allows the student author to
fully concentrate on the creative aspect of constructing a quiz rather than being dis-
tracted by chores that do not foster her learning experience.

The template has another subliminal side-effect: Under the guise of providing all
the features a task may incorporate, it equips every multiple-choice question with one
correct and two incorrect answers, every answer with a default feedback, and every task
with a hint and a hint link. Therefore the student needs to delete some of these
components if she does not want to provide them. Not only is this an extra step, but we
suspect that students will hesitate to delete proposed elements and step up to the
challenge of creating the corresponding content even though we expressly mention that
they will not be penalized for simplifying the default quiz.

The last two menu items further simplify the author’s chores – they notifying the
other members of her group via email that the quiz is ready.

To help the students to get familiar and confident in using the tools we have
developed extensive tutorials that describe the individual tool features as well as
strategies that may improve the quality of their quizzes.

Our Flip-Flop technology offers another tool that supports the instructor. The online
Quiz Evaluation tool shown in Fig. 8 presents the students and their quizzes in a
hierarchical fashion that allows the instructor to drill down the work of every student to
the level of individual quiz components. She can not only view all the questions,
answers and their correctness (according to the author), feedbacks and hints, she can
also access the documents referenced by the hint links because each of these links this
represented by buttons that leads to the corresponding web page. The number of
questions answered correctly when a student took quizzes is currently only displayed in
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Fig. 6. Scheduling tool: subdivision into groups, screencast segments. Note links to screencasts
on YouTube, web pages with topics notes, and splits of time segments for a quiz.
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summarily fashion, as the correctness would have to be first approved by an expert to
be used as a reliable measure.

Notice that the peer evaluation scores are also displayed in brackets after the quiz
titles. We intend to improve the visualization this peer evaluation, for instance in the
form of the customary partially filled stars.

Another feature which is still under construction, is the instructor’ evaluation of the
students work. While currently the instructor can already provide the same scores as the
student within the red pop-up dialogue, we intend to develop scoring for each of the
individual test components as well as an easy way to correct and improve them.
Moreover, we plan to incorporate additional grading facilities within our tools.

Fig. 7. Scheduling tool facilities: note tooltips and Save Template item that greatly simplifies
quiz making chores.

Fig. 8. Instructor’s tool: drilling-down students’ quizzes: note results achieved in all quizzes
(thumbs-up and -down next to students’ names), feedbacks in gray, buttons for hint links.
Clicking the green check icon next to the quiz title displays a dialog where instructor can enter
her own evaluation of the quiz.
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4 Conclusions

The Flip-Flop methodology makes the concept of “learning by teaching” a well-defined
and structured method supported by concrete technology. As students create and take
each other’s quizzes they practice skills that are essential to comprehension: asking
questions, judging the correctness of answers, summarizing information and searching
for resources.

The Flip-Flop tools support not only students while they create and take quizzes
based on lecture screencasts, they facilitate peer evaluations, and provide the instructor
with a wealth of data. This data can, for instance, make the task that most instructors
like the least - the grading - less time consuming. Moreover, instructors can be reuse
past quizzes in their future courses.

5 Future Plans

The Flip-Flop methodology will be investigated in detail during the Fall 2016 semester
using surveys, data analysis as well as neuro-physiological methods [18].

The underlying technology can be further developed to simplify creating quizzes:
For instance, video transcript and analysis of the audio track can help determine good
beginning and end of segments within the video.

As the students develop expertise in creating quizzes and experience what makes a
good quiz while taking the quizzes by their peers we expect that strategies emerge that
can be reused in future courses. For instance, students are likely develop preference for
paused questions as opposed to questions that appear while a segment plays or inter-
sperse relaxing ‘pinboards’ and opinion polls in between difficult tasks.

Artificial intelligence will benefit the quiz authors as it can suggest questions based
on the video content and transcript, correct answers, as well as documents to be used
hint links. For instance, we are discussing with IBM whether IBM Watson [19] can be
integrated into the Flip-Flop tools. On the other hand, artificial intelligence frameworks
can benefit from the experts’ knowledge while as they construct Flip-Flop quizzes. To
use IBM Watson, a client must first ‘ingest’ documents and then ‘train’ Watson with
questions and correct answers and that is exactly what hint links and quiz tasks provide.

Further interesting and enhancements would become possible once the database of
tasks reaches substantial volume. For instance, it will become feasible to choose tasks
randomly for a particular screencast or give precedence to tasks with higher evaluation
scores.
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Abstract. Gamification is set to be a disruptive innovation in the field
of education in the next years, as a way to encourage learning, since
when the fun impregnates the learning process, motivation increases and
stress is reduced. However, most experiences in learning gamification just
remain on the surface, just offering a layer of standardized game elements
such as badges, leader boards and medals. Instead, a deeper transforma-
tion of the learning process is needed, making up a true process reengi-
neering. As a practical example, PLMan learning system is presented,
an attempt to redefine the learning process in the context of a particular
subject. It is based on a unique and simple type of problem: solving mazes
of the PLMan game, an adaptation of the famous Pac-Man game. The
maze, as the building block of our learning strategy, has a set of proper-
ties that allows us to introduce all the features of games in the learning
process. From this experience some important lessons about the gamifi-
cation of the teaching-learning process can be obtained: the importance
of fun as a consequence of learning, the need of having an immediate
feedback of our actions, the trial and error possibility as a major source
of learning and progress, the relevance of experimentation and creativity
as a means to develop the learners skills and the importance of autonomy
to give the learners the control of their learning process. All these fea-
tures are propellants for learning and a way to improve the motivation
of learners.

Keywords: Gamification · Learning · Game learning

1 Introduction

Playing is learning. From our earliest childhood, we experience our environment
to learn. As a result of this learning, we have fun and therefore, we call it
playing. As we grow, the words game or playing seem unserious and we use
learning instead, but playing and learning are the same thing. All this has not
gone unnoticed by researchers in the field of learning and, as a result, research on
the use of games in education is experiencing a particular boom. No researcher
questions today about the ability of games to teach. The controversy focuses on
what skills, contents or capabilities can be taught through games.
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In such a technological world like today’s, the paradigm of massive games are
video games. Numerous studies have demonstrated the ability of video games to
teach, identifying what features make these games so educational as fun. Going
one step beyond, can we use these features in other processes that are not games
themselves? We call this gamification.

Gamification is defined as applying the principles of video games design, the
use of the mechanics and the elements of a game in any process, beyond the spe-
cific context of video games. Many gamification proposals remain on the surface:
they just provide a veneer to the process, adorning it with elements that give
the aspect of the game: an attractive interface, badges, ratings, leader boards,
medals... However, the process itself is unchanged. This supposed gamification
actually does not include the key features that a game should have: fun, auton-
omy, tolerance to error, experimentation, progressivity, and so on.

From our point of view, the gamification must penetrate that surface and
imbue the whole process. True gamification is a process rethinking to incorporate
all the features of games to the core of the learning process. This is not a simple
task that, like any other process reengineering, requires a thorough study of the
process to be gamified. The aim of this paper is determining the key elements,
strategies and features that make gamification a true process reengineering. To
exemplify the results, a practical case is proposed: PLMan.

Section 2 presents the concepts and previous works about games and gam-
ification. Our proposal about the features of a gamified system is presented in
Sect. 3. Section 4 is devoted to explain the design and construction of a particu-
lar gamified experience. Finally, the conclusions and future work are presented
in Sect. 5.

2 Background

2.1 Games and Gamification

The continued development and strong penetration in society of video games
is unquestionable. Video games have changed the way our youth (and adults)
conceive reality and interact with each other [12,20]. According to Prensky [16]
computer games attract players for several reasons: they encourage participa-
tion, motivate users to gradually achieve small goals, offer immediate rewards
or punishments, and allow the difficulty of each level to be adapted according
to players abilities, age or knowledge of the game. The reflection that this real-
ity provokes is straighforward: can video games be used in other contexts than
entertainment to motivate people to do any activity? And if so, how can it be
done?

Gamification comes out from this question. It is defined as applying the prin-
ciples of video games design, the use of the mechanics, dynamics and the elements
of a game in any process, beyond the specific context of video games [23]. Gam-
ification was included in Gartner hype cycle about Emerging Technologies 2011.
In 2012, it was included in the peak of inflated expectations, expecting to get
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the plateau of productivity in a period between five and ten years. In 2013, gam-
ification was considered in the peak of expectations but falling in 2014 in trough
of disillusionment, and even disappearing in 2015. This was already foreseen in
the Gartner consultants report Gamification 2020: What Is the Future of Gam-
ification? [1], which considered that gamification was going to get to trough of
disillusionment in 2013 and 2014, mainly because it is difficult to understand
the design of video games and the strategies that motivate players, resulting in
fake applications of gamification due to superficial applications of the concept.
They even forecasted for 2014 that 80 % of applications based on this philosophy
would fail to satisfy business needs due to a bad design. However, the correct
application of the video games principles will have a strong impact in many
fields, becoming a transforming force together with other emergent technologies.

Games and gamification can be very powerful tools for improving different
processes, particularly learning process. Numerous studies indicate that games
encourage learning, since when the fun impregnates the learning process, moti-
vation increases and stress is reduced. As Koster [10] says, immediate feedback
reinforces by endorphins and dopamine neurons and links involved in the accu-
rate prediction, which gives the player the feeling commonly known as fun. Par-
ticularly the use of video games increases satisfaction while learning and mem-
orization are also improved [14]. This is because a complete immersion of the
players on the task being done occurs [3], allowing them to decide what to do at
all times. It is important to add that during the game, immediately after each
action, the player receives response information, enabling learning by trial and
error.

Gamification is to take advantage of both the psychological predisposition
of people to participate in games like the benefits of the own game to motivate
and improve the performance of the participants. This approach applied to the
educational world has a promising way to go [17].

2.2 Gamified Learning

Education is one of the fields where gamification will become a disruptive innova-
tion, mainly in tech-based learning (eLearning) and lifelong learning. According
to NMC Horizon Report 2013 [7], gamification was one of the two technologies
experiencing growing interest in education in a mid-term (two to three years).
The report states that using gamification and games in a wide way are two sides
of the same coin. Recent reports, such as the one of 2016 [8], state that this stage
is already overtaken and new terms, such as Measuring Learning, Personalized
Learning and Adaptive Learning, appear. Those terms go deeper in the concept
of gamification as a process redesign to adapt to learners’ rythm.

Therefore, as international referenced reports say, we can conclude that the
following years are crucial worldwide to determine if gamification, particularly
its correct application to different experiences, will be able to consolidate the
great expectations on it, in general, but also in education in particular, where it
is expected that these years are the key point. That is why high doses of both
research and clear justification of using gamification techniques are necessary,
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based on quality indicators. A lot of analysed experiences, reports and aspects
reflect the interest in gamification, but the evidence and, perfectly clear for
experts, is that we are in front of the first steps, just isolated items that overlap,
but, in the end, not facing the core of gamification: gamifying all the learning
process. Reengineering the whole process is needed, taking into account since the
beginning the principles of gamification in order to design a successful gamified
experience. Nowadays, according to Kapp [9], there are two types of gamifica-
tion: structural gamification and content gamification. Structural gamification
is the application of game-elements to propel a learner through content with
no alteration or changes to the content itself. The content does not become
game-like, only the structure around the content [15]. Content gamification is
the application of game elements and game thinking to alter content to make it
more game-like.

For a discipline to be mature, the design methodology must be clearly defined
and accepted. In gamification, nevertheless, many experiences fail because the
solutions are just a mix of pieces from game components with no formal design
process. There has been some effort to define design frameworks for gamification,
and a complete review can be found in [13]. Some interesting experiences are the
one of González et al. [5] that present a conceptual architecture for an Intelligent
Tutorial System that includes gamification elements as key components, or the
work of Domı́nguez et al. [2] that describes a gamification plugin for an e-learning
platform, collecting quantitative and qualitative data in the process.

3 Gamification Proposal

3.1 The Essence of Games

There are several works that explore the essence of games, as a first step to
transplant their lessons to gamification. Among them, one of the most frequently
mentioned studies is the one by Werbach (Pyramid of the elements [22]), which
is based in the article by Hunike et al. [6]. This analysis shows the game elements
in a pyramid (Fig. 1) where the lower elements are the basis on which the higher
ones are built.

This model states that the most important aspect in a game is at the top of the
pyramid, the so-called dynamics. To be able to create these dynamics, elements
of the lower step are needed, that is, the mechanics that, in turn, require the ele-
ments in the pyramid base, the components. Therefore, to produce emotions in
the players (a dynamic), a game could use the chance, rewards and challenges,
or any combination elements in the mechanics level. In turn, challenges could be
made up of achievements and points to win a combat, for instance.

Obviously, all these elements are part of the essence of a lot of video games.
However, not all elements are present in all games. For example, some classic
games such as “The Secret of Monkey Island” [4] or “Alone in the Dark” [11],
classified as adventure games, have no rankings, virtual goods or even points.
Furthermore, the mere addition of game elements is not enough to have a funny
motivating gaming experience, since there are games that include most of these
elements but are not funny at all. So, are there other aspects to consider?
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Fig. 1. Pyramid of the elements of Werbach

3.2 Motivation as a Principle

Motivation plays a central role in every gamification process, as one of the main
propellants for human activity. Motivation can be informally defined as the set
of reasons for a person to act in a certain way. There are two types of motivation:
extrinsic and intrinsic motivation, and both should strongly influence the design
of a gamified system. For good results, the elements must be designed in search of
intrinsic motivation, always with an appropriate balance of extrinsic motivation
(without overdoing it). All this is situated within a psychological theory known as
the Self-Determination Theory [18]. This theory tries to explain the factors that
influence the motivation, stating that there is a continuum from amotivation to
intrinsic motivation, which passes through several intermediate levels of extrinsic
motivation.

Making a summary of this theory, it can be said that there are three key
factors for people to be in a state of intrinsic motivation to perform a task:

– Autonomy: they must perceive that they make the task willingly, not being
forced, and always in position to control the process with their own decision
criterion.

– Competence: it is imperative to feel that the task is feasible or practicable.
Someone feeling incapable of performing a task cannot be intrinsically moti-
vated to do it.

– Meaning: the task should mean something to the doer. If the task has no
value or meaning for the person, it can be perceived as useless and it cannot
generate intrinsic motivation.

As a conclusion, a necessary condition to obtain a successful gamified process
is incorporating some of the main game elements (dynamics, mechanics and
components) but a deeper redesign of the process is needed to produce intrinsic
motivation by offering autonomy and meaning, and considering the proficiency
level of the players.
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3.3 Gamification of the Learning Process

A process is a set of interrelated activities that interact to achieve a result. In the
context of education, the learning process is the set of activities that produce
learning as a result. Reengineering a process is rethinking and redesigning its
activities to better achieve the objectives of the process, usually with a lower
cost. When dealing with the learning process, reengineering it implies that the
rethinking and redesign are done to get better results in the learning outcomes
as well as increasing the efficiency and effectiveness, in a broad sense.

To define the learning process it is necessary to determine the activities and
the way they are related. In the following sections a study about the learning
activities and their relations is presented, together with the main features that,
from our point of view, are needed for a effective reengineering so that a deep
gamification is achieved.

Learning Activities. Learning activities are the building blocks to construct
a learning process. As a result of performing the learning activities, the stu-
dent should have developed the expected capabilities and skills. For the learning
activities to take part in an effective gamified learning experience, they should
have the following features:

– Meaning: the activity must be linked to the subject to be taught, that is, the
contents of the subject must be needed to correctly perform the activities. For
instance, the activity “calculating the derivative of x2” has a meaning in the
context of learning derivatives, but it has no meaning for a History course.

– Score: there must be any way to assess how good is the activity result, that
is, there must be a score or measurement of the degree of correctness of the
result. For instance, the activity “solve a crossword puzzle” can be scored by
indicating the percentage of correct words in the puzzle solution.

– Automatic assessment: this feature is related to the previous one. The possi-
bility of automatically assess the results of the activity is crucial to obtain an
immediate feedback from the system with no human intervention.

– Progressiveness: it should be possible to progressively increase the difficulty
of the activity, so that there is the possibility of designing simple activities to
train basic competences and complex activities to train advances competences.
For example, the “crossword puzzle” activity can be designed to increase its
difficulty by incorporating more complex words progressively.

– Experimentation and creativity: usually, learning activities are designed to
have only one possible solution (the case of “multiple choice tests” is para-
digmatic). However, the reality is not closed and usually has infinite possi-
ble interpretations. Providing activities with multiple solutions and paths to
explore, allows experimentation, creativity and decision making.

– Game “flavour”: if possible, it is interesting to give some aspect of game to
the activity. A “crossword puzzle” is preferable to a “word definition” activity,
for instance.
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Learning Path. Isolated activities do not make up a course. A motivating
learning experience is achieved when the activities are linked with the others
to built a learning path. Instead of sequential series of activities, a network of
activities is proposed, so that every student can make up their own learning path
performing the different activities (the nodes of the network) following the links
between the activities. The combination of the activities in different ways allow
the development of the following features:

– Autonomy: the students are owners of their own learning process. So, there
should be some mechanism that allows them to make their own decisions to
choose their own learning pace.

– Challenge: there must be an adequate level of challenge in the proposed activ-
ities, so that learners enter a state of flow [19], that is, they have a feeling of
complete and energized focus in the activity, with a high level of enjoyment
and fulfillment.

– Rewards: performing an activity should always have a reward. Usually, the
reward is the resulting mark once the activity is assessed or, in other cases,
some other rewards like additional benefits or social recognition.

– Levels: to maintain the sense of progression and challenge, there should be
some levels of achievement and a system of blockage. This way, once a level
is achieved, the rewards are obtained and the following levels are unblocked.

– Trial and error: people learn from their own mistakes, so error should not be
penalized. Trial and error is a very natural and effective learning strategy that
must be allowed and even promoted.

To illustrate the construction of a gamified learning system based on these prin-
ciples, an example is set out in the next section. The use of a practical case can
help to identify the key aspects and facilitate the understanding.

4 PLMan Learning System

The PLMan Learning System is a custom-made gamified, automated learning
system that gives support to a first-year subject whose aim is to introduce stu-
dents into Computational Logic. It will be used as an example to illustrate the
design and construction of a gamified learning system.

The platform is structured around a gamified Website that manages all the
information and elements of the system and allows the interaction of the actors
(students and teachers). This is the entrance point for the students, who can
download the learning activities, upload their solutions, obtain their marks and
receive some predictions of the system about their learning progress. The teach-
ers, on their behalf, enter the system to manage the students activity, introduce
new activities, assign the initial stage and difficulty level of the activities and
monitor the students progress. The gamified Website is the place that lodges the
most superficial game elements, so that the students can have a game-like picture
of their progress. To do so, elements like badges, leaderboards, and progression
bars, among others, are introduced.
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Nevertheless, the most interesting contribution is the internal redefinition
of the learning process to achieve the desired deep gamification. The elements
of the PLMan Learning System and how they are structured to make up the
gamified experience are presented in the following sections. For each element,
the strategies to fulfill the desired features are explained.

4.1 Learning Activities: PLMan Game

As it was stated before, learning activities are the blocks to build a gamified
learning experience. PLMan game was designed to be used as the learning activ-
ity, bearing in mind that the objective of the course is learning Computational
Logic. PLMan [21] is a game that challenges students to solve some Pac-Man-
like mazes by means of logic programming in Prolog language. The fact of using
a game as learning activity predispose students to accept it as a funny task. It
has, definitely, an evident game flavour.

In PLMan students create automated controllers for Mr. PLMan, the main
character. The goal is making these automated controllers able to eat all the
dots of a given maze, dodging the perils. Automated controllers are developed
in Prolog programming language, constructing sets of rules to reason about the
maze and decide actions, so performing this activity will lead students to improve
their level of logic thinking and develop their Prolog skills. Therefore, the activity
has a meaning for the subject to be learned. An example maze along with an
automated controller written in Prolog is shown in Fig. 2.

Fig. 2. Example maze along with the Prolog knowledge base that controls Mr. PLMan
(@) to eat all the dots dodging the enemy (E)

PLMan is a turn-based game. Each turn, Mr. PLMan can perform one of these
four generic actions in one of 4 orthogonal direction (up, down, left, right):

– move(Direction): move one cell towards the direction.
– get(Direction): get the object placed at the contiguous cell.
– drop(Direction): drop the current object (reverse of get).
– use(Direction): use the object towards one the direction.

The game ends when Mr. PLMan succeeds (all the dots in the maze are
eaten) or fails (it comes across an enemy or bomb, the limit of turns is reached
or there is a time-out during execution).
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The combined effect of the sequence of actions will lead to a possible solution.
It is important to highlight that the solution is not, in general, unique. Therefore,
the student can obtain their own solution, introducing their own strategies. This
way, along with the open possibilities offered by the game, the experimentation
is encouraged and the creativity is favored.

An important feature for an activity is scoring its results. In this case, the
score is the percentage of dots eaten, so there is a way of measuring the degree
of correctness of the solution. Additionally, some punishments are also added
to the score to enforce testing, code revision and detailed behaviour design.
Punishments are applied in case of collision with a wall, invalid or erroneous
action with the objects, or rule failure if no clause is successful in a given turn.

Each time students develop any new controller for a given maze, they are
automatically assessed. The fact of using a programming language like Prolog
makes available some automatic tools that can be incorporated to the system.
This way the score is obtained immediately, as soon as the solution is uploaded
to the system.

Mazes are designed to have an increasing difficulty, requiring progressively
more programming abilities. In the first mazes, simple rules in the form “If you
see an enemy to your left, move right” are enough to construct successful con-
trollers. As the game progresses, more difficult mazes are delivered, requiring
more complex controllers to succeed. This leads students to learn Prolog pro-
gramming, as well as logic thinking and small bits of Artificial Intelligence. These
features allows the introduction of the progressiveness in the activity, so that it
allows training from very simple to quite complex contents and skills.

4.2 Learning Path

Once the activities are defined, a second important question is the way they are
combined so that the reengineered learning process is complete. The learning
experience is conceived as a network, so that the activities are considered as
nodes of the network, and the links between the activities represent the con-
ditions to pass from one activity to the other. The objective of this scheme is
allowing the generation of different adapted learning paths and the implemen-
tation of the desired features described in Sect. 3.3.

The feature of progressiveness given to the activities, explained in the previ-
ous section, allows the definition of different levels of difficulty. More than 400
different mazes have been made for PLMan, with different layouts, objects to
get and use, enemies and obstacles to avoid and even problems to solve. These
mazes are organized into 4 main stages and up to 5 levels of difficulty per stage.

The stages are sorted by increasing difficulty, so that as one moves from
one stage to the next one, new knowledge about the programming language is
required to overcome it. Thus, for stage 1 it is only required the use of sim-
ple rules and the maze is deterministic (the maze remains unchanged between
executions). Stage 2 maintains deterministic mazes but incorporates the use of
multiple conditions in the rules. In stage 3 some indeterminacy is added and in
stage 4 indeterminism and possible situations to control increase. To progress
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from one stage to another, a minimum score is needed, so a block/unblock strat-
egy can be implemented.

At each stage, students have to solve 1 to 5 different mazes. Although the
required knowledge and skills to solve every maze in a stage are the same, there
are different levels of difficulty for the different possible mazes. In fact, to get
each new maze for solving, students start by pick up their desired difficulty level
among valid levels for the stage in which they are. The greater the difficulty
level, the more the contribution to the final grade. Then, the system presents
them with a random maze from their selected level of difficulty.

The students can solve offline as many mazes as they want in every stage, so
that they can decide upload the solution to advance to a new stage (if unblocked)
when they feel confortable with their developed knowledge and skills. As a con-
sequence, students have a feeling of progress and challenge that stimulates them
and maintain them in the state of flow. Moreover, the fact of selecting their
desired difficulty levels gives the student some control to their learning path,
promoting their autonomy and decision making.

Students use PLMan software to develop and test their solutions to each maze
they get assigned. Every time they have developed a solution they consider to be
working, they submit the solution through the PLMan Website. The automated
system runs the solution and evaluates their score and marks. The accumulated
marks make up the system rewards. The system shows detailed evaluation to the
students and, if they complete more than 75 % of the maze, they unlock the next
maze and can continue. If not, they have to improve their solution and send it
again until they achieve 75 % or more.

The system is designed in the aim of formative assessment, considering that
students need to learn from their own mistakes without being penalized for it.
Because of this, students do not have a limit of submissions for a given maze.
The system always consider the best solution they have submitted to give them
marks. Partially solved mazes also contribute to their final grade proportionally
to the percentage solved of the maze. This is the way to perform a trial and
error strategy.

5 Conclusions and Further Work

In this paper we have presented our experience designing and developing a gam-
ified learning experience. Few years ago, reports foresaw that gamification was
set to be a disruptive innovation in the field of education. Now, is the time for
the gamification to take off. However, experiences in learning gamification are,
by now, quite limited and usually stay on the surface, just offering a layer of
standardized elements such as badges, leader boards and medals. A fun and
efficient gamified learning experience is much more than a mix of game mechan-
ics, dynamics and components. Mature gamification experiences must go further
in their proposals. In this context, we propose a deeper transformation of the
learning process, making up a true process reengineering.

Our proposal claims an active learning, promoting the intrinsic motivation
of the students, who learn for their own satisfaction. Students have different
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abilities and learn at different rates. A gamified strategy for learning must be
closer to students interests and provide them with some autonomy getting their
best. The key is moving towards an adaptive gamified student-centered learning
model.

From our experience we have learned some important lessons about the gami-
fication of the learning process: the importance of fun as a consequence of learn-
ing, the need of having an immediate feedback of our actions, the trial and
error possibility as a major source of learning and progress, the relevance of
experimentation and creativity as a means to develop the learners skills and
the importance of autonomy to give the learners the control of their learning
process, among others. All these features are propellants for learning and a way
to improve the motivation of learners.

These lessons have guided the design of a gamified learning system to help
students to develop their knowledge and skills in the context of a computational
logic subject. The result is an operative platform that provides a gamified learn-
ing experience that fulfills the desired features.

Certainly there are aspects that are subject to discussion but we consider
them as a starting point for teachers who want to approach the world of gamifi-
cation. In the future, we plan to improve the system and enrich the experience
with the students’ feedback.
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C., Mart́ınez-Herráiz, J.J.: Gamifying learning experiences: practical implications
and outcomes. Comput. Educ. 63, 380–392 (2013)

3. Freitas, S.D., Neumann, T.: The use of exploratory learning for supportingimmer-
sive learning in virtual environments. Comput. Educ. 52(2), 343–352 (2009)

4. Gilbert, R.: The secret of monkey island (1990)
5. González, C., Mora, A., Toledo, P.: Gamification in intelligent tutoring systems,

pp. 221–225. ACM Press (2014)
6. Hunicke, R., Leblanc, M., Zubek, R.: MDA: a formal approach to game design

and game research. In: Proceedings of the Challenges in Games AI Workshop,
Nineteenth National Conference of Artificial Intelligence, pp. 1–5 (2004)

7. Johnson, L., Adams, S., Cummins, M., Estrada, V., Freeman, A., Ludgate, H.: The
NMC horizon report: 2013 higher education edition. Technical report, New Media
Consortium (2013)

8. Johnson, L., Adams Becker, S., Cummins, M., Estrada, V., Freeman, A., Hall, C.:
NMC Horizon Report: 2016 Higher Education Edition. New Media Consortium;
EDUCAUSE Learning Initiative, Austin Texas [S.l.] (2016)

9. Kapp, K.: The Gamification of Learning and Instruction: Game-based Methods
and Strategies for Training and Education. Wiley, New York (2012)

10. Koster, R., Wright, W.: A Theory of Fun for Game Design. Paraglyph Press,
Pittsburgh (2004)



PLMan: Towards a Gamified Learning System 93

11. Loguidice, B., Barton, M.: Vintage Games: An Insider Look at the History of
Grand Theft Auto, Super Mario, and the Most Influential Games of All Time.
Focal Press/Elsevier, Boston (2009)

12. McGonigal, J.: Reality Is Broken: Why Games Make Us Better and How They Can
Change the World. Penguin Group, New York (2011)
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Abstract. This work seeks to build a new kind of classroom experience
by rethinking how educational content is currently transmitted and con-
sumed at schools. This work presents the results of applying the Short
Bridge Method in the education context. We evaluate how this approach
contributes to the class composition process by providing tools that sup-
port educators and school administrators to plan courses aligned with
students’ necessities and learning pace. We present our methodology to
identify the work flows and artifacts that impact the class composition
activities to support educators and school administrators for personal-
ized learning environments. The results allowed us to understand and
map the teacher’s behavior during class preparation and define a set of
practices to be incorporate in class composition software.

1 Introduction

A real improvement in worldwide levels of schooling can be perceived in the
expected decrease of the number of people without formal education: 12 % in
2010 to 3 % in 2050. Together with this, we can observe the fast spread of broad-
band mobile internet and the improvement of information access for all citizens,
regardless their origin [4].

In addition, the constant behavior changes between generations are trans-
forming the main kind of knowledge acquisition and also opening space for novel
education methodologies that became more individualized, customized and inter-
active. This new approach increases the teachers work, and even causes uncom-
fortable situations related to a misconception that technologies will replace
traditional teachers.

Teachers are under information overload whilst selecting learning objects
from the growing source of Open Educational Resources like YouTube for schools,
Khan Academy and MIT OpenCourseWare. These professionals face the chal-
lenge of selecting the objects that are both aligned with their preferences and
they believe will help improving learning performance and student engagement.

Dealing with educational issues teachers need to follow growing content
demand, deal with the school and students technological choices, and under-
stand the dynamics and pedagogical aspects of digital educational resources.

Faced with those endeavors, some research questions arose: are the present
class composing and performance processes the same since new medias emerged?
c© Springer International Publishing Switzerland 2016
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DOI: 10.1007/978-3-319-39483-1 9
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How is the Teacher class composition process facing information overload? Can
smart technological educational tools help Teachers in this aspect?

An alternative to cope with those research questions would be the use of
the Bridge Method. Initially developed in 1998 by Dayton et al. [1] and further
quoted by many GUI researches, the Bridge method aims to bring knowledge
about how to go from User Requirements to User Interface in a interactive
system — how to bridge the gap. Translating the subjects mental models in a
flowchart, the method also brings a consensual interaction map considering all
stakeholders and important touch points. The Authors recommendation about
the activity duration however was too long which frustrated their wider use.
In 2004 Zilse and Moraes [6] suggested that a shorter version of the original
method could be applied to any interactive systems and also any project where
specific user interactions (virtual or physical) should be mapped in blueprints,
The Short Bridge Method. Focusing on simple, viable, and feasible interactions
between participants during a period together the method helps to identify user
flows, bottlenecks and features.

Since then the method has been applied routinely to map the user desired
actions in User Experience Design processes. For instance, the process would
allow to identify the Teachers journey map, from the class composition to the
class review, highlighting important issues. To validate the Short Bridges findings
we analyze a case study, part of a Digital Teaching Platform (DTP), a Brazilian
Samsung Research Institute ongoing project [3].

As a result, we modeled the Teachers work with consequent optimization of
operational costs and betterment of education process. We believe that the appli-
cation of the proposed method will improve the user experience by translating
the teacher mental models in applied educational solutions. Also, we contributed
with to help teachers to rethink the classroom as whole. Focusing not just in
the content but how it is transmitted and consumed by the students, leading
to pedagogical practices that contributes with class composition and stimulate
students knowledge sharing. This paper is organized as following: (1) the Short
Bridge method application to the understanding and mapping of the teachers
mental model related to class composition processes within the information over-
load context; (2) the methods outputs analysis; (3) evaluation and validation of
these outputs in the real case study and; (4) the Results and outcomes for further
studies propositions.

2 Short Bridge Method

2.1 Preliminaries

Based on The Bridge method, the Short Bridge version is also an user centered
method, focused in potential users (including his particulars, tasks and envi-
ronment), who’s the job must be supported by an application [1]. The main
attribute of this method is to clarify the user interface by the user requirements
detailed by the main users, bridging the gap between both. In this shorter app-
roach we established application like any product or solution interacted by users,
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and the interface like any touch point between the user and referred application.
Ultimately, the method is a collaborative one that purposes to specify the user
experience itself in a top-down point of view (user experience and interaction) [5].

2.2 Application

The short version of The Bridge Method workshop, originally played from 3 to 7
workshops days, is organized to range from 2 to 6 h, according to the complexity
of the theme, in a sharper point of view. The necessary materials are A4 sheets,
pencils, a large board or big sheets (where the user flow will be drawn), color-
ful Post-its and boards pens. About the subjects, the creators of The Bridge
method recommend five participants collaborating with their expertise in a rich
discussion, bringing solutions to challenges presented. The subjects were chosen
by the following criteria:

– two different skilled users in distinct subject relevant axis of experience: two
teachers were invited, one specialist in Learning and planning Methods and a
post-graduation teacher;

– one UX Designer or HCI Usability professional: we chose the first;
– one Developer or Computer Scientist: chosen an expert;
– one System Engineering or Technical Documenter: chosen first.

The Short Bridge Method should follow the 4 steps in the workshop plus
one to Report (see Fig. 1), where: Step 1, Actions ( 16 % of workshop time) is
a warming moment and when each participant list his personal relevant and
desired actions for the theme and begins to understand the user’s actions at all
from the other participants point of view; Step 2, Tasks ( 34 % of workshop time)
is when users helped by others participants express the actions in tasks flows;
Step 3, Features ( 34 % of workshop time) is when some solutions for the found
problems means features (task objects); Step 4, Validation ( 16 % of workshop
time), a kind of usability test; and finally the Short Bridge method additional
Step +1, Report with the detailed outputs.

Fig. 1. The 4+1 steps of the workshop for applying the Short Bridge method
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2.3 Outputs

With the application of the Short Bridge method we could map the teachers
mental model for class composition activities and build a flow chart encompass-
ing the process. By its application results, we could confirm the interconnec-
tion between the class composition and class execution activities, so both were
detailed in this study. Organizing and stimulating a guided discussion between
the participants, it was possible to identify the main actors of each phase of the
process and map the related and desired stages. Also we were able to specify
some features and roles for each actor. Such outputs can be used for any sys-
tem development that intends to build solutions for this domain. To present the
results, as recommended by the shorter version presented, we used the flow chart
based on the Garrett visual vocabulary [2]. It shows a process summary, focusing
to the actions-key, simplifying the final result.

As presented in the user flow chart of Fig. 2, the Class Building Process
consists basically in two phases and 6 key actions (hexagonal shapes):

– Class Composition Phase 1 composed by (A) Class Script Build, (B) Class
Planning and Execution of Lessons and (C) Emulate and Test Class;

– Class Execution Phase 2 composed by (D) Provide Class; 5, Share Class; and
(E) Class Evaluation by Feedbacks.

The main actors are: Teacher, Academic Coordinator and Academic Platform.
The first phase, Class Composition, is when Teacher prepares his classes or

the whole class period. His/Her work starts with the Classes Script build or
review (A). Class Planning and Execution of Lessons (B) is a dynamic action
composed by the search and compilation of physical or digital contents and
resources, typically the educational objects, tailored to recovered, copied or new
lessons and activities. This is the heaviest phase, when the teacher searches for
examples, activities and media elements like videos, digital exercises or graph-
ics to enhance the class content. After finishes a class composition, frequently
the Teacher emulates and tests his class (C) to verify the consistency, deep-
ness, and time, to evaluate if it is appropriated for the students profile. It is
very common Teacher tests the learning object he/she is adding doing essays
to verify the validity of it. The evaluation of those results leads to the review
of lessons, educational contents, new assessments and even, a re-planning of the
class. Within the participants discussions we identified five features often used
by Teacher when playing the Class Planning and Execution of Lessons action
(B): (1) Adds/Review content items; (2) Records Audio/Video by him/herself,
something or event; (3) Adds Links to complementary contents in books, hand-
outs, internet or applications; (4) Integrate Medias like videos, games, labs or
activities; and (5) Combine skills and abilities that will rank the class at all over
an Academic Platform. All of those features were recommendations based on the
Teachers point of view based on their current experience with unintegrated soft-
ware solutions to do so. Today this Teacher deals with many sources and kinds
of information causing an overload to manage. The (B) action Class Composi-
tion and Execution of Lessons is the hardiest of all the building class process.
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Fig. 2. Process flow chart of the full process for classroom education

After the class or all periods classes were done Teacher shares it with school (D,
Provide Class) to a board approval. At this step it was identified new features: (6)
Warms Teacher about approval or not; (7) Creates Teacher evaluation criteria;
and (8) Evaluates Teacher. All of them addressed to School management and its
mapped actors (Academic Coordinator and Platform) allowing evaluation just
in time.
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Once approved by the School, Teacher goes to the Class Execution second
phase. He/She teaches In Class or Distance Learning (E, Share Class). Some-
times he/she anticipates digital alert with classs topics to students by intranet,
e-mail, Facebook or Whatsapp (features 9, 10 and 11 also mapped and high-
lighted in the Flowchart). The Teacher always gets feedback from students by
comments, behaviors, assessments or questions during the class time and from
others schools educators (F, Class Evaluation by feedbacks). The related features
of this action are: (12) Evaluate Class, Lessons and Teacher, assigned to the Aca-
demic Coordinator; (13) Evaluate Class Efficiency, assigned to the Teacher; and
(14) Measure of acquired abilities and skills, assigned to the Academic Platform.
This information will form the basis of his/her knowledge about the class stu-
dents and will be useful for future classes reviews or even for new ones. By this
reason the features mapped on this action (F) are linked to the features mapped
on the action (B). Without a consistent Class Evaluation by feedbacks the Class
Composition and Execution of Lessons (action B) quality is compromised.

3 Evaluation

We evaluated the flow chart of Fig. 2 in two phases, corresponding to the two
phases of digital education: class preparation and class execution. The evaluation
of phase 1 was performed during a set of field trials, with the support of a proto-
type DTP specifically designed to support the highlighted activities. Our results
were obtained due to a collaboration with two teachers at public high schools in
Manaus, Brazil, to create digital classroom content that were complementary to
their regular mathematics classes.

3.1 Case Study

Because the user interface of the DTP Composer element was still in develop-
ment, the first phase was not executed directly on the platform, but rather the
Teachers indicated what content they wanted to use, and we manually composed
the classroom material for use on the platform. In this manner, the Teachers
created their class plan and content, and used us as an interface with the soft-
ware platform. In particular, the Teachers searched for online videos, and used
these, in combination with educative slides to compose most of their material.
They further used exercises based on the book material their school uses, and
indicated interactive content that the book publisher makes available to the
schools. We composed an electronic book integrating all these materials, or if
unavailable, substituting them with equivalent content. This, in turn, was val-
idated by the Teachers, who suggested further changes. This corresponds with
the cycles we see in phase 1 of the flow chart of Fig. 2, where we expected vari-
ous back-and-forth discussions between class planning, content compilation and
Teacher/school approval. However, the main focus of our evaluation was on the
class execution process, which we could evaluate more rigorously due to the
prototype software being ready for use in the classroom.
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The class execution phase was evaluated in five classes in two public high
schools in Manaus, with in total 180 students participating in the classes. In
the classes, both the teacher and all the students used the tablet with the DTP
Content Player prototype that we developed in accordance with the output from
the Short Bridge method. We evaluated student and teacher satisfaction with the
prototype using a satisfaction survey during the class, and interviews after the
classes.

3.2 Results

The case study reinforces that the application of methods that brings people to
a co-creation processes is the better way to achieve natural and easy solutions.
These kinds of process should be the basis of any digital and interactive appli-
cation that intends to help people. And the Short Bridge Method applies well
as a way to understand the mental model of the target system users.

The field trials, allowed us to identify that educational applications must
focus on the “chain of teaching”; considering the administrative staff (pedagog-
ical designers and directors), the school pedagogical plan, the class itself and
the post-class evaluation. The sequence and correlation between the actions and
system’s functionalities should be oriented to meet these stakeholders.

The Class Planning and Execution of Lessons could be confirmed as the
harder action of the Class Building Process. Empowering the teacher during their
class composition activities is crucial, specially when considering this bottleneck.
Many teachers spend too much time searching and tailoring educational contents.
One teacher remarked that “if there are 10 ways to resolve a question, I will teach
all of them. I think that each person has his way to learn and will choose the best
manner to do that.” Their time is limited, and it would be interesting for them
to focus on pedagogical alternatives that could improve the content assimilation
by the students.

The Short Bridge method as a tool to identify the user experience involved
in schools allowed us to get insights regarding the design and development of
seamless educational solutions for school environments.

4 Conclusion

The Short Bridge collaborative method, with two different skilled Teachers par-
ticipation and engagement, brings knowledge about the user journey and expe-
rience very relevant for the Digital Platform development. Even considering the
results related and dependent of them domain, it was possible to confirm the
Teacher information overload perception highlighting the harder action in the
Class Building Process: the Teacher Class Planning and Execution of Lessons.
Motivated to help teachers to rethink the classroom as whole, the focus on
this action allow us to propose a virtual environment where the mapped fea-
tures could be easily controlled (Fig. 3). We hope so to support Teachers to plan
courses aligned with students’ necessities and learning pace minimizing his/her
overload while the activities could be easily performed.
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Fig. 3. Wireframe of the Composition tool for completing the action Class Planning
and Execution of Lessons (B)

The User Flow Chart represent the actions of the Teacher taking into account
other stakeholders (called actors) pointed by the main participants. They are
essential for the perfect execution of the Building Classes Process. The features
pointed are also relevant but should be tested in a more accurate and focused
research.

Although the Teacher Planning Class Process use case was a specific topic,
we can verify that the Short Bridge Method application works to any interactive
processes. The focus is the user action and his necessities for the studied system.
The attributes and features are not protagonists. The purpose of the method
is to provide a better experience for the user to achieve a goal. Further studies
should be done for better validation of the Class Composition first phase (actions
A to D) with new experiments in a real case field trial.
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Abstract. Human-Computer Interaction (HCI) literature already suggests that
Tangible User Interfaces (TUIs) can support children learning. This paper pre-
sents a human-centered design approach of TUIs applied for reading tasks in the
classroom for children aged 5 to 8 years. This approach is also supported by
agile software and hardware development. We focused on language learning by
building 3-letter words. We also discover the remarkable advantage of TUIs to
support collaboration with teachers and the others children in the achievement of
such tasks. We discuss related human-system integration issues, and more
specifically tangibility and emerging collaboration factors elicited from forma-
tive evaluation results.

Keywords: Author keywords tangible user interface � Learning � Children �
Engagement � Collaboration � Fun � Human-centered design

1 Introduction

The Human-Computer Interaction (HCI) community works on TUIs for around two
decades [20]. More recently, TUI in children learning’s environments started to have an
impact showing interesting possibilities from various viewpoints such as usability,
learning, collaboration, and fun [10, 20]. Several research efforts have been carried out
and provided empirical evidence and theoretical validations of the benefits of TUIs on
learning outcomes [10, 19]. Many applications [15–18] developed for children in a
large variety of domains and tasks. However, results show potential influence processes
related to learning, while still no conclusive evidence of measuring learning outcomes
[20]. This paper will discuss how TUIs can enhance children’s learning environment
that facilitates learning overall. It presents an interactive tangible learning system for
children age 5 to 8, designed to facilitate language learning with 3-letter words. An
empirical experiment was performed with 9 children to evaluate the affect of TUIs in
children’s learning environment.
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1.1 What Do Children Like and Do Not Like in the Classroom?

A discussion session involving 17 children aged 5 to 8 (11 girls and 6 boys) and 4
teachers were conducted in a local school to explore what children like in their
classroom and what they don’t like. Findings are summarized as follows:

• Children don’t like sitting at a desk, they prefer booths or round tables that can fit
groups of children and provide more freedom to move;

• Children don’t like to be tested;
• Children like to be rewarded;
• Children like to use interactive tool to learn, such as tablet and iPad;
• Children like to have fun while learning supported by games and stories;
• Children like working together.

In addition, teachers involved endorsed the benefit of serious games designed for
learning and problem-solving purposes, which can replace traditional exercises and
entertain children. Children like to play, and playing facilitates learning. Based on these
findings we claimed that using TUIs in children classroom could enhance children’s
learning by supporting interactivity, collaboration, embodiment, and pleasure [20]. At
the same time, TUIs support what children and teachers prefer.

2 Why Tangible User Interface?

Human-Centered Design (HCD) [4] promotes involving potential future users into the
design process. It typically consists in iterative loops that include ideation, prototype
development, formative evaluation and validation. At a higher level of abstraction,
HCD dictates looking for emerging properties of technology being developed, as well
as organizational and human factors [4, 12]. Children are involved in affective
exploration by creating imaginary and rich artificial life through play. TUIs in the
classroom provide children with useful support for such exploration and knowledge
acquisition. This tangible reading and writing environment enables children to acquire
knowledge by acting (i.e., moving letter cubes among each other to form words).

TUIs provide a playful environment that facilitates children’s overall development
and learning [9, 10]. Providing such playful environments in classrooms increases
children’s engagement [16], offers freedom, motivation, and also learning through
natural activities that fit into children’s everyday contexts [5, 19]. Moreover, TUIs
support collaboration of several users interacting with their environment as well as
among each other [10, 16, 19]. Collaborative learning increases productivity levels [5],
boosting confidence and self-esteem of children. Furthermore, TUIs require little
cognitive effort to learn how to use systems, enabling students to focus exclusively on
objects and tasks [19].

We claim that use of TUIs in the classroom, more specifically for language-learning
purposes, improves learning outcomes. Demonstration of this claim led us to develop a
TUI prototype that supports language learning by “building” and spelling 3-letters
words, for children age 4 to 8. We tested the prototype in local school, involving 9
children (4 girls and 5 boys).
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3 The Proposed TUI System

The proposed prototype designed as a portable lightweight and low-cost TUI based on
open source framework reacTIVision1. The system’s design support children’s famil-
iarity with letter-cubes manipulation. This result is corroborated by [19] results telling
that children better grasp an abstract concept when its concrete representation can be
grasped physically [18]. We considered Antle’s five TUIs properties for children’s [3].
The components of our prototype are (Fig. 1):

A medium-size transparent box, which has a useful table-top surface that enables
children to manipulate letter-cubes on it. A black foam board has been added around
the playing surface to define the playing area.

• Three blocks represent the system objects; we call them blocks. Blocks are input
objects. They afford gesture-based interaction, flexibility, reliability [16] and chil-
dren familiarity acquisition. Four sides of each block have fiducial markers (Fig. 2)
providing each of them with a unique ID representing a letter (note that two sides are
left for future work). The resulting 3-block system enables the manipulation of 12
letters. Letters C, F, H, and B belong to Block1. Letters A, U, O, and E belong to
Block2. Letters T, G, N, and X belong to Block3. The system enables 23 different

Fig. 1. The proposed TUI system components with a running example of 3-letter words “HEN”

1 http://reactivision.sourceforge.net/.
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meaningful 3-letter words: cat, fat, hat, bat, act, hug, hut, hot, cut, tab, fun, hen, fan,
can, tub, bag, bug, hog, bog, cot, fox, fog, and box. These words were recommended
by teachers that we interviewed as the most common learning words for children 5–8
years old.

• A web-camera (Logitech HD webcam C615) enabling optical marker recognition is
placed at the bottom of the box.

• A laptop is used to run the system framework, application, and display output. The
application is coded by Processing2.

3.1 How Does the System Work?

We chose an easy topic of 3-letter words that is familiar with our audience age because
we wanted to focus on activity (i.e., what children effectively do) and not only the task
(i.e., what children are requested to do), as well as TUI impact in the classroom.
Children have the task to discover meaningful words. Children have to manipulate
blocks on all four sides, which have optical markers, to “build” a meaningful word.
Letters are not attached to the blocks. The idea behind that is to boost children curiosity
and challenge them by providing game atmosphere. Whenever children obtain a
meaningful 3-letter word, such as “HEN”, an image corresponding to the word is
immediately displayed together with the text message, “You got the word HEN”, as
well as clapping sounds is played. Conversely, if children build a non-meaningful word
(e.g., “BFG”), nothing happens, (i.e. no negative feedback is provided). The overall
principle is to encourage children to explore at their own pace further possibilities and
thus motivate them to improve their vocabulary and spelling.

Fig. 2. On the left, three tangible objects with fiducial makers. On the right, close look to the
fiducial markers that are attached to objects

2 https://processing.org/.
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4 Evaluation Study

A pilot study conducted at a local school. A group of 9 children aged 5 to 8 (4 girls and
5 boys) participated in the study. The experiment took place in a classroom after school
day. We observed children’s interactions with the system (i.e., activity), and learning
outcomes.

4.1 Methods

We adapted Hanna’s guidelines for usability testing with children [7]. Furthermore, we
choose the co-discovery evaluation approach for the observation of children’s activi-
ties. This approach consists in letting children collaborate with each other to learn how
to interact with the proposed system [11]. We also used the Peer Tutoring method [8]
where children who used the system can teach their friends what to do. After com-
pleting requested tasks, children were requested to complete a questionnaire using
smiley ometer [13].

4.2 The Study Scenario

Children were brought into the classroom and asked to individually write 3-letter words
that they know (Fig. 3). They had 20 min to complete the task. Our main goal was to
observe children’s behavior and interactivity, and build a basis for comparison with
equivalent behavior using the TUI system. Another goal of this first task was to know
children’s knowledge level. After that, they asked to play together using the TUI
system for 20 min (Fig. 4). Following the session, they were asked to fill in an eval-
uation sheet consisting of questionnaire with a smiley ometer for 10 min.

Fig. 3. An example of children hand writing, on the left six years old got 10 words, on the right
7 years old got 2words.
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Children were introduced to the system as a new game consisting in learning
3-letter words. They had to explore various ways of combining blocks. In practice,
children stood around the TUI system and tried to play with it. A six years old child
began to align the blocks and turned them on different sides until he achieved a
meaningful word. With no request, this child, who tried the system first, started to
guide other children and taught them how to build successful words, using a Peer
Tutoring approach implicitly. After a while, three children were leading the group and
showed them how to use the TUI system. They expressed their thoughts loudly and
discussed about various possibilities of building words. After the session, children sat
at a table to complete a paper evaluation sheet (Fig. 5).

5 Results and Discussion

The researcher who conducted the study mainly focused on observing children’s activ-
ities, taking notes, taking pictures, and video recording the “playground”. A volunteer
teacher provided help with children interaction and organizing the sessions.

Fig. 4. Children play with the TUI system in classroom

Fig. 5. Children completing evaluation sheet

110 W. Almukadi and G.A. Boy



During the first session, children were first very quiet, staring at each other and at
the ceiling. Some children put their heads on the table pretending they were tired and
needed to sleep. Others complained that they didn’t know any words. Then the vol-
unteer teacher provided some examples orally. Consequently, children started to fill in
their sheets. A few children tried to talk with others silently, asking about some words.
Two children exchange their sheets to help each other.

When children started using the TUI system, they were very active and curious
about how the system worked and how could these objects represent letters. They
started by grasping the blocks and examined them by looking at and touching them.
Children interacted with the system smoothly by discovering how to use it without
asking for help. Children collaborated very well while they thought aloud about 3-letter
words, continuously spelling. They explained meaning of some words to their peers
such as “cot and bog” pointed to the pictures displayed on the screen. The room was
full of children giggling and laughing, which proved their happiness and fun. After
completing the evaluation form, children asked us when they could use the system
again. They also asked if it was possible to leave the system and suggested visiting
them in their classroom at least once a week.

Regarding performance results, since we could not guaranty task completeness, we
counted the number of words that children were able to “build” in 20 min. During the
first session, children were able to successfully build 14 words. During the second
session, they were able to build, 20 words. In addition, during the first session none of
them learned new vocabulary, while during the second session 3 children, ages 5, 6,
and 7, learned two new words “cot” and “bog”. Learning happened when other chil-
dren built these words, so they started asking about their meaning and pointed to the
image displayed in the screen to show the meaning (i.e., using a connotation cognitive
process). Some children used the words “cot” and “bog” in a sentence to explain their
meaning.

Since this paper focuses on children activity and collaboration, we need to evaluate
children engagement as an important factor of children’s playful learning experiences.
Engagement defined as a kind of mindfulness and awareness requiring cognitive effort
and deep processing of new information [1]. Some researches evaluate engagement by
the amount of time spent on and off a particular task [1]. In our case it was difficult to
count the time spent for building words. However, it was suggested that observing
children behaviors such as smiles, laughing, frowns, and yawns are more reliable
indicators of engagement or lack of engagement [6, 14]. Based on previous suggested
principles on measuring engagement [6, 14], we deduced that children in the first
session showed lack of engagement clearly appearing in their behaviors, such as staring
at the ceiling, putting their heads down on the desks, verbalizing negative expressions,
such as, “I feel tired, I want to sleep, I don’t know any 3-letter words”. In the second
session, we observed that children were very much engaged, based on their face
expressions, laughs and giggling sounds, letters and words screaming, and positive
expressions such as “yes, yeah, easy, cool, and nice”. Children like feedback whether
audio, text, or image, which keeps them more engaged representing their success.

An important factor that emerged during the experiment is collaboration. Not only
the TUI system supports collaboration among children, but it also affords collaboration
(i.e., it naturally suggests collaboration). Children collaborated also by giving turns to
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their peers and taught each other how to use the system. Observational analysis
revealed that children were much more active in terms of moving their bodies, guessing
and expressing themselves. Figures 6 and 7 show the results of children questionnaire.

6 Summary

Human-centered design of using a TUI system in the classroom greatly contributes to
facilitate children’s learning and enhance collaboration. Our language-learning exper-
imental results show that a TUI system used in a classroom with children 5–8 years old
supports exploratory learning, collaboration, engagement, and enjoyment. Tangibility
is crucial for the manipulation of abstract concepts and learning through the manipu-
lation of equivalent physical objects. TUIs enable children to express themselves

Fig. 6. Results of evaluation sheet

Fig. 7. Results of smiley ometer
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through natural body movements, interactivity, collaboration and having fun. Conse-
quently, providing behaviors of exploration, social interaction, manipulation of objects,
movement, and enjoyment while learning.

7 Future Work

Regarding the small sample size (9 children); we could not perform a significant
quantitative analysis. Planned studies are in progress that involves more children. We
already started to extend the approach to numbers and basic math [2]. Future work
includes comparison experiments between abstract objects that are presented in this
paper (objects with no letters) and objects with letters to explore the effect of physical
correspondence on learning and engagement.
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Abstract. This study aims at using new technology, interactive augmented
reality (AR), to establish collaborative learning. Interactive augmented reality
means that virtual objects can be interacted and displayed in real world which
made them easy to understand or easy to work with. In this paper, we have
developed a system to support collaborative work in which users can be in
different locations and use interactive augmented reality technology to help them
doing collaborative work which in this case is completing a 3D jigsaw puzzle.
For the interactive AR system, Unity 3D game engine was used on a Vuforia
platform. Apples’ iPads were chosen as the device to perform the task due to
ease of use, good camera quality and good display for AR applications. The
results show that the two users can collaborate by helping each other to get the
job done in AR environment.

Keywords: Collaboration learning � Augmented reality � Interactive

1 Introduction

Collaborative learning is, by definition, a situation in which two or more people learn
or work on something together [1]. Collaborative learning has a benefit in which people
can share their expertise to make something faster or help others learn new things or
understand more clearly about a problem or create new knowledge from sharing of
their expertise. Examples of collaborative learning are group projects, joint problem
solving and other activities [2]. With today technology, collaborative learning can
expand beyond collaboration in classrooms to global collaboration in which two or
more people can interact to make effective learning. Augmented reality technology is
one of the new technologies that have been adopted for this purpose. Unlike its
counterpart, virtual reality, in which students are immersed into virtual world, aug-
mented reality generates 3D virtual objects which students can interact as in the real
world, making them more interesting to learn. In collaborative augmented reality
systems, users can collaborate by face-to-face, remote or a combination of both.
Researches on augmented reality and their applications in the field of education have
been investigated by many researchers but for collaborative learning, it is just the
beginning. To make collaborative learning more interesting and useful, participants in
the group should be able to interact on the same topics, or the same object. Interaction
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with the virtual object in augmented reality technology means people can interact,
rotate or even grab the object while others can observe how that reaction affects the
virtual object.

In this research, we have set up an experiment for two peoples working at different
locations but in the same network to perform an AR collaborative learning. These two
persons will attempt to help each other to finish the same puzzle board using their real
hands in an AR environment.

2 Related Work

Research on computer supported collaborative work has been done for many years. At
first, past research emphasized on communications, meeting support, and coordination
and procedures [3]. Recently, due to advance in technology, especially in computer
graphics, it has been possible for virtual reality (VR) and augmented reality (AR) ap-
plications to emerge and be applied to computer supported collaborative work [4].
Collaborative augmented reality can be applied in many areas ranging from education,
manufacturing, health sciences, entertainment and others. Research on developing
prototype of virtual and augmented reality applications in remote collaboration for
process modeling has been done by Poppe et al. [5] with the aim to help increasing
sense of immersion in an intuitive shared work and task space. Interaction amongst
users is also a point of interest both in the situation of face-to-face and remote inter-
action. Billinghurst and Kato [6] have shown that using the characteristics of aug-
mented reality such as seamless interaction between real and virtual environment, the
ability to enhance reality, the presence of spatial cues for face-to-face and remote
collaboration, different interfaces for face-to-face and remote collaboration were
developed. In their demonstration, users could share physical workspace, create an
interface for three dimensional Computer Supported Cooperative Work (CSCW).
Testing for remote collaboration, AR conferencing interface were developed for this
purpose. Another interesting experiment on interaction between two persons in aug-
mented reality environment was developed by Yan et al. [7]. In this experiment, two
users who were in different places played ping-pong against each other by using real
paddles over the network. Studies on multiple users interacted with two and three
dimensional data in augmented environment using tangible user interfaces have also
been investigated [8]. Some researchers preferred to work on mobile collaborative
augmented reality. For example, Reitmayr and Schmalsteig [9] built a mobile collab-
orative augmented reality system that supported true stereoscopic 3D graphics with
user interface and direct interaction with virtual objects. Wichert [10] developed a
mobile augmented reality 3D Tetris game for multiple users as an example of a col-
laborative augmented reality system. The game shows how to distribute the func-
tionality in collaboration.

For specific areas of collaborative augmented reality applications, education or
learning seemed to be the most popular. Kaufmann [11] gave a brief insight into the
potential and challenges of using Augmented Reality in education with an example of
experience gained from development of collaborative AR applications specifically
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designed for mathematics and geometry. Gonzales et al. [12] showed how to use
mobile technology and augmented reality to enhance collaborative learning on cultural
and natural heritage. The project involved forty students and four faculty members. The
evaluation results have shown a high rate of success in both pedagogic and technical
aspects.

Research on the interaction of users and virtual objects in augment reality envi-
ronment are also important to collaborative training. There are many concept of
interaction that can be used in collaborative training but the most effective one is real
hand interaction. There are many techniques for tracking hands and virtual objects such
as using the execution of grasp and release gestures [13]. The grasp and release
gestures are recognized by estimating the positions of the user’s thumb and forefinger
visually. If there is a virtual object within the region between these fingers, and the
surface is touching both fingers, then the object is grabbed. If the distance is far apart,
the object is released. There is another method proposed by Boonbrahm et al. [14].
They used virtual fingers to grab the virtual object. In this case, distance between
virtual finger and virtual objects must be calculated carefully. With this technique,
grabbing the virtual object will be done naturally and can be used in collaborative work
as well especially for the work that required moving virtual object from one place to
another.

3 Methodology

In terms of collaborative learning, people usually prefer face-to-face interaction using
conversation, gesture, gaze and non-verbal cues to communicate. However, there are
many cases within real environment face-to-face interaction is not possible due to either
geographical location or other factors. In this paper, we aim to prove the concept that
interactive augmented reality can be used as a new way for collaborative learning. The
concept is that more than two people can collaborate by interacting with the same
object as long as they are in the same network, even though they are in different
locations or using different tools. In our set-up experiment, there are two or more users
locating at different area but in the same WiFi network, using their hands to interact
with the environment in order to help each other to accomplish a common job, which in
this case is completing a puzzle. In fact, the collaboration can be anything ranging from
building a small toy to making a virtual house. But for demonstration purpose, we used
jigsaw puzzle to prove the concept. In this setup, Unity 3D game engine was used on
the Vuforia platform. Interaction with the virtual objects by hand includes touching,
lifting and grabbing. Friction was applied to the surface of both virtual fingers and
objects. For the devices to perform in this experiment, Apples’ iPads was chosen due to
its ease of use and its good camera and display quality for AR applications. There are
three components that have to be accomplished in order to facilitate the experiment
which include communication framework, virtual interaction and network requirement.
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3.1 Framework

In this experimental set up, there are two users at different locations, connected to the
same WiFi network, trying to help each other to complete the puzzle with their own
hands. The proposed framework is shown in Fig. 1.

As shown in Fig. 1, there are two users collaborating to interact with the model
which in this case is the puzzle. Each user has one set of markers to transform their
fingers to become the virtual fingers so that they can interact with the piece of puzzle.
The piece of puzzle is also a virtual object and it interacts with virtual fingers. The
shared model as shown at the center of Fig. 1 represents the puzzle that is one of the
four puzzle pieces as shown in Fig. 2.

Fig. 1. Proposed framework for interactive collaborative augmented reality system

Fig. 2. Puzzle before and after completion through collaboration
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Since the pieces of puzzle are shared at the center for both users to interact with,
there must be some signs to tell whether that piece of the puzzle is being used by other
user or not. To solve this problem, we have assigned them to change color when one
user touching them or picking them up. Figure 3 demonstrates this change.

Another part that needs attention is the output. In this case, output is the display that
shows what happened when the interaction occurred. In order to interact from one side,
users at both sides need to know what happened to the system. When one user grabs or
touches the puzzle on his or her side, the user can see his or her virtual fingers touching
or grabbing the puzzle as shown in Fig. 4 but the user at the other side can only see the
movement of the puzzle and the change in color. This condition will make collabo-
ration more effective because users realized what is happening.

3.2 Interaction Between Fingers and Objects

Since interaction can occur only between virtual objects, if we want to use our fingers
to pick up things or grabbing something, we have to change them into virtual fingers.

Fig. 3. Color of the puzzle changed from blue to green or red when users touch or grab the
puzzle respectively (Color figure online).

Fig. 4. User1 can see his or her virtual fingers in the left picture while user2 knows from the
change of color indicating that user1 is now touching the piece that have turned green as shown
in the right picture (Color figure online).
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In order to do that, we stick AR markers to them and change them into virtual objects.
In our case, we choose cylindrical markers for this purpose. Since cylindrical marker
can fit onto the fingers, so touching or picking objects up will make the participants feel
like using their own fingers. Figure 5 shows the cylindrical markers and their virtual
models which they appear just like real fingers.

To make virtual fingers to be able to grab the virtual object, some physical prop-
erties such as surface, volume, density, friction and collision detection properties for
rigid body have to be applied to them. With this setup, the virtual finger will have better
grab due to the properties of the surface.

3.3 Network

As mentioned before, interactive augmented reality for collaborative system will work
best if they are in the same network. This network can be either WiFi or Bluetooth. If
the location of each user is not far apart, Bluetooth will work fine but if it is not, we
need to use WiFi network. For this experiment, the regular household Wi-Fi with a
bandwidth of 8 Mbps was used. We can setup the network in two ways depends on
resources and stability of the system. The first setup used only mobile devices as a host
and client. Figure 6 shows how the network operates. If one device is assigned as a
host, it will create a virtual object to be used in operation which in this study, is the
puzzle. In the case that another user joins the network as client, the host will clone its
virtual object to be used by the client device. This cloning object will behave just like
the parent object, except that it will only be seen by the client.

In case that the system needs to be more stable, the second way to setup is to use a
powerful desktop computer attached to the LAN implemented as a host and the joining
mobiles using WiFi as clients. Figure 7 shows how to setup such network. In this case,
the virtual object which is the puzzle system will be created only once and both users
can share this object.

Fig. 5. Cylindrical markers and virtual models
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4 Experimental Setup

After setting up all the requirements for testing the concept of using interactive aug-
mented reality in collaborative learning, we have started the experiment by having two
users using iPads (as host and client) with augmented reality software installed. The
users were asked to help each other to put the puzzle pieces together by using their
hands under augmented reality environment. Since we have applied all the physical
properties to both fingers and objects, all the parts behave like the real puzzle, so when
it touches each other, it slipped. To avoid that, we have to add one piece of virtual
model performed as a frame to keep the puzzle within the range as shown in Fig. 8.

Figures 9, 10 and 11 show how the two users performed and what they saw on
their display screens.

Fig. 6. Network setup for mobile-mobile collaboration

Fig. 7. Network setup using desktop computer as a host for mobile-mobile collaboration
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Fig. 8. Puzzle sheet with frame

(a)  (b)

Fig. 9. Activity of user1 (a) grabbing a piece of puzzle and user2 (b) touching one puzzle piece
(Color figure online)

(a) (b)

Fig. 10. Activity performed by user1 (a) and user2 (b)
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When user1 grabs one piece of the puzzle, that piece changes color from blue to red
as shown in Fig. 9(a) while user2 touches the other piece and that piece becomes green
see Fig. 9(b). Since user on one side cannot see the finger of user on the other side,
color will be used to tell whether it was grabbed or touched by the other user. Figure 10
shows the activity that happened by two users, but this time the second user did not
interact with the puzzle.

After collaborate in finishing the puzzle, both display will be the same but may be
in different viewpoint as seen in Fig. 11.

5 Results and Discussion

From the experiment, we can see that two users can collaborate in helping each other to
complete a job without interacting on the same virtual object at the same time. The only
thing that we found which have caused some issues is the stability of the network and
the compatible of the devices. In case that one device is more powerful than the other,
the movement of the 3D objects on the powerful one will be faster making real time
collaboration not possible. The bandwidth of the WiFi is another issue. From our
experiment, the suitable bandwidth should be at least 8 Mbps. This concept can be
applied to other kind of teaching and learning such as in project based learning, active
learning and etc. Besides that, since augmented reality is the technology that deals with
virtual object, so all topics related to some kinds of interaction between objects can be
simulated for easy understanding. For example, it can be applied in chemistry, physics
and biology. With new way of learning like flipped class room in which collaboration
amongst students and students with teacher is necessary, collaborative augmented
reality seems to fit in nicely as well. Beside teaching and training, some kinds of work
that need collaboration such as manufacturing, architecture and business could exploit
this opportunity.

(a) (b)

Fig. 11. Finishing job as seen by user1 (a) and user2 (b)
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6 Conclusions

With the advance in technology like augmented reality in which virtual objects can be
visualize in real world along with new user interface and ability of the users to interact
with the virtual objects, it is possible to create a new way of learning. This new way of
learning not only saves time and budgets for learning new things or to understand difficult
topics, but it also creates a sense of working as a team. Groups of student or workers can
share their expertise and to create new knowledge with this new way of learning.
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Abstract. This paper presents a Literature Review on software architectures
that support Human-Computer Interaction analysis processes. Despite of soft-
ware architectures and Human-Computer interaction are not new research fields;
there are not much scientific papers that cover the relation of both (at least in the
Web of Science and Scopus databases used). The Literature Review presented
covers the relationship between both fields, conducting the research using 3
questions proposed by the authors in order to discover the current state of art of
this software architectures that supports HCI, to research about the different
trends in the field of software engineering that help in the design, definition and
exploitation of them and to find out if there is in the literature an application to
the field of eLearning of these software complex systems that deal with HCI
analysis. Regarding the results of the Literature Review, authors pre-sent a
classification of the papers reviewed by 24 common features discovered, helping
the readers and others researchers to know how these software architectures
work with different kind of HCI analysis approaches, how are designed, what
are the goals of applying this kind of system for the analysis, or what are the
application contexts.

Keywords: Human-computer interaction � HCI � Software architectures �
Analysis � Literature review � eLearning

1 Introduction

The systems that retrieve and analyze information from the users’ interaction with
software systems are currently a trend topic. Human-Computer Interaction is a research
area in continuous development [1], and increasingly important in the current times
regarding the arising of topics like Big Data, User Experience (UX), etc. and the strong
scope that puts the Business world in the monetization of online systems through
improving the HCI related areas and by the creation of a data-driven culture [2, 3] that
enables decision-making processes were the users’ interaction is the key point and the
users are the main actor [4].

Within the development of the HCI there are many areas involved where researchers
could collaborate. Besides those mentioned previously (Big Data, UX, etc.) many
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authors have proposed complex software systems and software architectures that feature
the work with data related to users’ interaction [5–8]. The application of these works on
complex systems and software architectures enables the current advances on different
areas like, for example, measuring UX metrics [9], performing data analytics (dis-
tributing computation, creating complex data pipelines between different systems, etc.),
enabling decision making supported by data visualizations and visual analytics [10, 11],
Internet of Things (IoT) processes where users are involved directly [7], Learning and
Learning Analytics [12–17], sales revenue measuring across different platforms,
data-driven marketing using several third-party applications [18], etc. Some of these
solutions are intended to interconnect in a better way different existing services and
systems in order to enable new ways of collaboration between platforms and software
systems [19], empowering sets of applications with a common goal or developing
smooth processes in work related with data.

The aim of this paper is to present a Literature Review (LR) on software archi-
tectures that support the Human-Computer Interaction (HCI) analysis, emphasizing on
discovering how these software architectures work with different kind of HCI analysis
approaches (devices and environments where the interaction analysis is performed,
etc.), how are designed (using software engineering) and to find out if there is a niche in
the reviewed literature related to the application of software architectures that support
HCI analysis regarding to eLearning environments.

The following sections Theoretical Background, Literature Review and Conclusions
present different relevant aspects about the fundamental theoretical background needed to
understand the key points of the software architectures and Human-Computer Interaction
fields used in this paper, present the literature review performed (methodology, results,
etc.) and some conclusions about the knowledge retrieved from this LR.

2 Theoretical Background

The Software Architectures are not a new thing in Computer Sciences. From the 90’s
the work and research about this topic has been a constant, due the need of adapting the
concepts, design and foundations to the new challenges that appear continuously with
the new trends in Computer Sciences, the new frameworks, the new needs, etc. But,
even assuming that the concept is not new, what is a Software Architecture? How can
be defined a Software Architecture?

Regarding the literature, there are many authors that have defined and worked about
this concept, but can be remarked the definitions provided by Kruchten [20] and by Bass
et al. [21]: according to Kruchten, a Software Architecture is “[…] the set of significant
decisions about the organization of a software system, the selection of the structural
elements and their interfaces by which the system is composed, together with their
behavior as specified in the collaborations among those elements, the composition of
these structural and behavioral elements into progressively larger subsystems, and the
architectural style that guides this organization -these elements and their interfaces, their
collaborations, and their composition” [20]. On the other hand, Bass et al. provide another
simpler definition, where they compress the concept to: “The Software Architecture of a
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system is the set of structures needed to reason about the system, which comprise the
software elements, relations among them, and properties of both” [21].

On the other hand, the Human-Computer Interaction is a process of information
transfer between both entities, or in other way, and according to Dix [22] “the
Human-Computer Interaction is the study of the way in which computer technology
influences human work and activities”. The analysis of how occurs this interaction,
give actionable insights to designers and creators of technology about how people
utilize and understand the technology, and obviously, give them keys on how improve
this relation. According to Dix [22], the foundations of the HCI field are the Usability,
Observation and Empirical Data, Design and Methodology, Representation and
Analysis and Implementation and User Interface Architecture. In this paper, the
foundations of HCI most relevant are the usability, the observation and empirical data
and the representation and analysis, because those concepts are the more widely used
in the content retrieved within the LR scope. Following are commented:

• Usability is “the extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in a specified context
of use” (ISO 9241–11). The concept is applied from the lowest level the visual
layout -the information and controls displayed on a screen and the user immediate
behavior- to the higher level that includes social and organizational contexts –

people who uses the system, their beliefs and values, and the purpose and con-
straints of the design-.

• Observation and Empirical Data where can be featured the main the methods to
evaluate and observe the HCI, the laboratory experiments and field studies. The
laboratory experiments are where users perform a task or interact under controlled
conditions, and the field studies are those performed where users are use technology
without controlled conditions (in the workplace, outside, in their homes, etc.) [22].

3 Literature Review

As previously presented, the aim of this Literature Review is to find out how software
architectures support the HCI analysis processes, with special attention on the different
approaches followed in HCI analysis, how are designed the software architectures and
to discover if there is a relationship in the literature with the HCI analysis and
eLearning fields (through the application of these software architectures). Following
these goals, the LR was conducted by the following questions:

Question 1: What is the current state of the art of software architectures in the field
of HCI analysis?

Question 2: Are there trends or mechanisms in software engineering that cover the
field of software architectures supporting HCI analysis?

Question 3: Are there a specific trend in the software architectures designed to
support HCI analysis related specifically to its application in eLearning?
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3.1 Methodology

The literature review presented in this paper is part of a wider literature review centered
in the research areas of software architectures. For that reason, authors present in this
paper a literature review only of scientific works indexed in the Web of Science and
Scopus databases, ensuring that the papers, books and book chapters reviewed are
relevant and represent high quality content.

The search was not restricted by time periods, and terms used to perform the
literature review were the following:

• In the Web of Science: TS = (“software architecture” AND (HCI OR “Human-
Computer Interaction”) AND analy*)

• In Scopus: TITLE-ABS-KEY (“software architecture” AND (HCI OR “Human-
Computer Interaction”) AND analysis)

The results retrieved from these query terms were 8 documents in the Web of
Science and other 55 in the Scopus database, as shows the Fig. 1. These 63 (55 in fact,
due 8 documents are coincident in both databases) results were reviewed initially by
reading their abstract, and later by reading the full paper; evaluating by this way if the
content fitted in the questions posed and building the classification shown in the
Table 1 and in the Subsect. 3.3. The spreadsheet available in https://goo.gl/Mq0nmd
resumes the filtering done, exposing how were selected or rejected the papers retrieved
from the databases regarding to their title, abstract or full text.

3.2 Results

After the selection of the papers regarding their titles, abstracts or full text, 16 papers
[23–38] result to be the most relevant for the defined Literature Review purposes.

Fig. 1. Results of the query - distribution over the time (results excluding coincidences among
both databases).
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These papers selected papers were published among 1998−2013 (https://goo.gl/
Mq0nmd). As follows, the papers analyzed were categorized depending on what
questions answer each one.

Q1: What is the current state of the art of software architectures in the field of
HCI analysis?

Regarding this question, all the papers [23–38] fulfilled a minimal answer, because
each one of them provides its point of view of the current state of the art. For example,
many of them provide application approaches, explaining the devices and physical
contexts that could appear in the HCI analysis, among the different devices and con-
texts, appear in the review the personal computers, wearables, mobile/smartphones,
servers, domotics or robots. On the other hand, there papers that focus its content to
certain aspects related to software architectures and HCI analysis process. For example,
there are some papers retrieved that feature the contents on the Software Engineering
contents related to this kind of software (as explained in the following question), or in
the HCI aspects.

Regarding the HCI aspects and the context application of the analysis, there is a
broad range: there are papers that present contents on HCI analysis regarding astronauts
training (Mackin et al. [23]), in humanoid robots that analyze HCI and react to users
and environment (Kato et al. [33]; Fujita et al. [34]), in HCI analysis observing the
body and physical reactions of users and not only analyzing the behavior in front the
software (Sulzmann et al. [29]; Ardizzone et al. [36]), in HCI related to hardware
(Mackin et al. [23]; Biel et al. [25]; Sulzmann et al. [29]; Doswell [32]; Kato et al. [33];
Fujita et al. [34]; Ardizzone et al. [36]) or software elements (Eelke and Jan [24]; Grill
and Gruhn [25]; Folmer et al. [26]; Pinheiro et al. [27]; Bouchrika et al. [28]; Juárez-
Ramírez et al. [30]; Ko et al. [31]; Doswell [32]; John and Bass [35]; Gundy, et al.
[37]; and Bass and John [38]), etc. Also there is a trend among the results in software
architectures that support HCI analysis to improve the usability of the software/
hardware systems; some papers that cover directly this issue are: Eelke and Jan [24];
Biel et al. [25]; Juárez-Ramírez et al. [30]; or Bass and John [38].

In general the results retrieved provide good insights about the current state of the
art in this topic, representing varied application context, approaches, methodologies,
and well-balanced distribution of theoretical-practical contents.

Q2: Are there trends or mechanisms in software engineering that cover the field of
software architectures supporting HCI analysis?

The papers that answer in any way this question were [24–28, 30, 32, 35]. The
common issues that cover these papers more related to the software engineering are
related to software patterns to model properly the behavior and functionality of the
software components (Eelke and Jan [24]; Biel et al. [25]; Folmer et al. [26]; Pinheiro
et al. [27]; Bouchrika et al. [28]; Juárez-Ramírez et al. [30]; Doswell [32]; and John
and Bass [35]), the correct description of the software architecture system through
using UML (Unified Modeling Language) or ADL (Architecture Description Lan-
guage) [24–28, 30, 32, 35]. Also there are references to some trends in software
engineering and related areas that can be relevant for the topic apart of those previously
described, like the requirements engineering, or even in other papers not selected
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finally for the final Literature Review, topics like information fusion, visualization of
HCI interaction, etc.

Singularly in those paper more focused on software engineering, there is a lack of
description about how these components that collaborate to achieve the common goal
of the software architecture communicate between them: there are only 3 papers that
explain it (Mackin et al. [23]; Bouchrika et al. [28]; and Sulzmann et al. [29]). Also
authors find lacks in descripting the technologies used in those papers that present
practical test of the architectures, as well as a serious lack describing or using standards
in the software architectures description or designing.

Q3: Are there a specific trend in the software architectures designed to support
HCI analysis related specifically to its application in eLearning?

The unique paper resultant of the search performed in the Literature Review scope
that answer this question (at least in a partial way) was the paper [32] written by
Doswell. In this paper, Doswell present a software architecture that includes commu-
nication with wearable and mobile devices in order to measure the HCI regarding to
eLearning processes and how it could be used in the future to find out engagement, etc.
However, the paper do not deepen in features like standards (in any aspect) or in formal
specifications. There is another paper [33], written by Kato et al., that points out
implicitly a possible use of humanoid robots in physical learning processes, but only as
an possibility of use, with no concretion.

Despite of that, authors consider that there are many key points, features and
approaches presented in the papers that could serve to develop software architectures
that help learning processes through the analysis of HCI in the context of students’
interaction with eLearning systems and contents.

3.3 Analysis and Discussion

In order to summarize the main features retrieved from the software architecture, HCI
analysis processes and eLearning properties of each paper retrieved during the Liter-
ature Review, authors have built a category classification (presented in Table 1 or
available online in https://goo.gl/3TJvbY) with the common properties observed (24):

1. Physical context /devices (included in the analysis)
(a) Personal computers
(b) Wearables
(c) Mobile/smartphones
(d) Servers
(e) Domotics
(f) Robots

2. Software Engineering specifications
(g) Components’ communication: details on how the software architecture com-

ponents communicate among them, etc. (strategies, format, standards).
(h) Information collectors: details on how the system collects the information about

HCI processes.
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Table 1 Classification of the LR regarding the main common features observed. E – explicit
feature, I – implicit feature, U – unavailable feature. Available also in https://goo.gl/3TJvbY
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(i) Architecture diagrams (ADL, UML, etc.)
(j) Design details (patterns, use cases, etc.)
(k) Technologies, languages: description about the software/hardware properties,

the technologies, frameworks or languages used.
(l) Standards: is the architecture presented based on standards?

3. Human-Computer Interaction specifications
(m) Measurement process description
(n) React to users’ interaction: is the HCI analysis intended to allow the software

architecture reacts to the interaction?
(o) Centered on usability: is the HCI analysis presented centered mainly on

usability?
(p) HCI – software elements: is the HCI analysis based on interaction with software

elements?
(q) HCI – hardware elements: is the HCI analysis based on interaction with

hardware elements?
(r) Laboratory experiments: is the HCI analysis performed in a laboratory

experiment?
(s) Field study: is the HCI analysis performed in a field study?
(t) Standards: uses standards in the HCI analysis?

4. Learning
(u) Purpose of analysis: the paper describes the learning purpose/goals/intentions of

the HCI analysis?
(v) Standards: are involved eLearning standards in HCI analysis or in the software

architecture?
(w) Potential users: it describes the potential users/beneficiaries of the HCI analysis

related to eLearning?
(x) Mobile learning: is the eLearning application of the HCI analysis related to

mobile learning?

In the Table 1 can be observed how each of the items and categories described is
included or not in the content: E (explicit) the item is mentioned or commented
explicitly in the document, I (implicit) the item is implicit in the contents analyzed, U
(unavailable) the item is not mentioned in any way.

Regarding the Table 1 and the results presented before, it is clear that the software
architectures that support HCI analysis is not the most popular subject in the Web of
Science and Scopus databases, i.e. the same search terms without “analysis” provides
38 results in the Web of Science instead of 8. Although could be possible that the term
“analysis” restrict so much the search, and trying with other search terms related to the
same topics could lead researchers to get better outcomes.

Despite of the number of papers that fit outstandingly the goal planned for this
Literature Review, is clear that the software architectures can have a determinant role in
HCI analysis processes, due their design can improve significantly the measurement,
analysis and feedback of the interaction. Also is clear, that many approaches presented
in the papers reviewed suffer a lack of rigor regarding standards, proper specifications
of goals, designs and methodologies, as well as not much of them present real cases
tested with real users in real contexts.

132 J. Cruz-Benito et al.



Regarding the results, also is significant that only one paper focuses its research on
software architectures and HCI analysis on the application of these approaches to the
eLearning field; authors agree on this kind of software systems can help to develop new
complex systems that comprise several applications and systems (conforming true
learning ecosystems) where different applications, systems, devices and methods
benefit learners by working together in a proper way to help and improve the learning
process.

Despite of these considerations, can be a real opportunity of improvement, authors
believe that could exist a niche in publications regarding to software architectures, HCI
processes analysis (and, of course, its application to eLearning processes); today, the
research on software architectures, decentralized or complex systems and ecosystems
represent the future in several fields, where there is a need of tools, systems and
applications working together to achieve more complex goals than current ones.

4 Conclusions

This paper presents a Literature Review on software architectures that support
Human-Computer Interaction analysis. In the final phase of the LR have been fully
reviewed 15 software architectures proposals, analyzing if them answer one of the 3
research questions proposed (What is the current state of the art of software archi-
tectures in the field of HCI analysis?; Are there trends or mechanisms in software
engineering that cover the field of software architectures supporting HCI analysis?; Are
there a specific trend in the software architectures designed to support HCI analysis
related specifically to its application in eLearning?) and classifying them according to
24 features proposed by the authors due their common use in this research area and
topics. Regarding the results of the LR, there are some key points that can be featured:

• According to the results retrieved from the search in the Web of Science and Scopus
database, there are not a lot of content related to the subject of this paper, or at least,
not categorized in the same way paper does. This could represent an opportunity in
publishing in this research area.

• Authors consider that could be a niche for publication is in the context of software
architecture and HCI analysis and its application in eLearning contexts; only one
paper deals with this issue of those retrieved. Despite this low number, has been
observed that many of the software architectures and approaches reviewed have
principles that could be applied to improve eLearning.

• There are some trends in software engineering proper for this kind of software
architectures, but they are not massively used in the papers reviewed. Authors
remarked lacks on the papers about specific content on standards, communication
protocols and strategies among software components, or in describing the specific
technologies and technical details of those architectures presented that have been
tested in real experiments. These considerations also could be applied to the HCI
topics presented in the papers, authors find out that there is not enough content on
how the experiments were conducted, what standards were followed, etc. and there
are many issues and approaches that can be improved in further research.

Software Architectures Supporting Human-Computer Interaction 133



Authors assume that in some cases the research that cover all of these areas are an
unexplored territory, and there are some papers that begin to cover them, but there is an
opportunity for further research that could lead to improve the future complex systems,
ecosystems and sets of varied applications that work for common goals.
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Abstract. Virtual reality (VR) has been implemented in developed countries to
facilitate visual, experimental, and sensory communication; in this project a test
was performed to evaluate the interaction, acceptance and experience of users
with the VR as a tool for learning in Colombia by building a lower cost sim-
ulator VR affordable to the community which enables teachers, students or any
user interested in environmental issues to interact with 4D models and experi-
ence physical and psychological immersion in natural environments. The
methods used for data collection were the survey and the panel of users, yielding
data supportive to the conclusion that this technology can be replicated in the
region to improve the quality of learning adapted to local conditions, which
strengthens the knowledge of fauna and flora of Colombia.

Keywords: Virtual reality � Experience design � Interaction � Learning
methods � Sensory experience � Industrial design � Affordable costs

1 Introduction

Virtual reality (VR) is defined as the representation of an environment or space by
capturing high-definition video and 3D modeling, described by its ability to provide
physical and psychological immersion (Gutierrez 2002); the concept of “immersion”
refers to the degree to which a user is isolated from the real world and is transported to
a situation or environment, in order to exert influence on his feelings and sensations.
A research concerning the issue of VR is the study by Reilly (1991), in which the
potential of this technology applied to archeology is extolled, by enhancing factors
such as interactivity, visualization and realism transmitted to observers immersed then,
in a multi-sensory experience to enjoy the works of art and archaeological finds. This
project intended to explore possibilities of wide implementation of the method for
learning purposes in Colombia.

2 Hypothesis

Virtual reality generating a multi-sensory experience by virtual immersion can be
implemented at affordable costs as a learning tool in developing countries.
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3 Methodology

The methodology used in this research is explorative, with phases of design and
construction, data collection and analysis of results, keeping in mind the needs of a
developing country with the requirement of accessibility and affordability of technol-
ogy. A method to evaluate the VR system was developed starting from the study of the
methods of usability and user-centered design, with a cycle of interaction between the
simulator, the stimuli generated for user experimentation, feedback and developed
experiences that the learning of a topic contribute, which resulted in the user’s physical
and psychological immersion in a virtual environment (Fig. 1).

In this project, a test was conducted in the department of Valle del Cauca,
south-west Colombia, where an experience on the topic: Birds and their habitat, is
implemented due to the high diversity of species found in this area of the country since
according to Echeverry-Galvis (2013), more than 817 species are identified here; this
richness of information can generate the user interaction with technology and nature.
The project was developed in 6 phases: data collection in actual environment, design
and construction of prototype, preliminary test, an interaction test measured by survey
and panel of users, analysis of results and conclusions. In the first phase the data of
nature were collected and an immersion took place in the wooded area of the hamlet
Chicoral of the township Dapa in the Valle del Cauca, Colombia, the photographic and
video recording was made through the capture of high definition images of the area to
be simulated, observing the characteristics of the space in terms of scents, sounds more

Fig. 1. Methodology interaction (VR). Immersive environment to evaluete the user experience.
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frequently sensed, and most constant climate temperature; the information obtained
was edited and suited to be projected in the simulator, which was built with easy access
resources in the region and at lowest cost to existing solutions in the market. The
instruments used for data collection are a survey to thirty persons designed with 5
questions in Likert scale 1–5, through which experience, learning species and accep-
tance of the technology is measured, and the method of panel of users carried out with
9 persons to debate on usability, interaction and experience in the acceptance of VR as
a learning tool. The tests were conducted in the Laboratory of Human Factors of the
National University of Colombia in Palmira and included the voluntary participation of
students and professors.

4 Preliminary Analysis

A collection of preliminary information was obtained. This information was edited and
adapted to improve communication between user and VR simulator, evaluating com-
fort, ease of use and affordability through the method of collecting survey data.

In the design of the simulator, this project studied works by Ju-Ling Shih et al.
(2014) and Okita et al. (2013), which enabled the identification of the main elements of
these experiences. To construct the first simulator 1.0 various materials that generate
stimuli on the senses and easily accessible were evaluated by performing an initial test
designed for the interaction of a person with the system. The simulator 1.0 is built in
PVC coated in black satin fabric, its measures are 1 m wide and 2 m high to
accommodate a person in bipedal position; the structure can be assembled and disas-
sembled in an estimated span of 15 min and the technologies used to stimulate the
senses are affordable for the Colombian context: For visual transmission a Smart TV 49
inches, diagonal measurement 123.2 cm, digital tuner DVB cooler - T2 response speed
120 Hz and 4 K resolution was used, for the aural stimulus a 4 speakers RMS power
500 W home theater was handy, the sense of touch (haptic perception) was stimulated
by a water mist spray, the temperature control was implemented by means of a 3 in 1
air cooler - heater - purifier fan flowing 800 m3/h, which has the ability to control the
temperature in an area of 28 m2 and a humidifier with forest and pine oil scents; the
spatial distribution shown in Fig. 2.

The next phase was data collection in which test 1.0 of interaction was measured by
means of a survey and a panel of users; the results pointed out that 76.47 %of users had an
immersive experience in a virtual environment, with an effectiveness of the impact of the
stimulus on the senses of 41.18 %. The learning experience of bird species was measured
with a test of 5 questions rated according to the scale: Excellent-Outstanding-Fair-
Insufficient-Deficient: 48.79 % of users answered questions correctly.

From the results obtained in the test 1.0, changes arise to enhance the experience of
immersion in the virtual environment simulator, reduce costs of the simulator, and
improve ease of assembly by developing a simulator and a test 2.0 which will allow the
data comparison.
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5 Test 2.0

To carry out the test a simulator with dimensions 1.80 M high by 1.50 M wide and
1.30 M deep was designed and constructed for 2 users in sitting position. The materials
used for the structure were industrial double wall cardboard waterproofed with sealing
lacquer, the whole structure can be assembled and disassembled in an estimated lapse
of 10 min. Two methods were implemented to stimulate the sense of sight: 1. Using
Google virtual reality glasses (Google cardboard), consisting of a cardboard-based
viewer, Velcro, magnets and lenses to give a feeling of depth, to transmit the image
from a smartphone with a high concentration of pixels per inch the Smartphone
maximum size should be 163 mm long and 83 mm high. 2. VR goggles VRBOX
compatible with smartphone screens: 4.7–6.0 inches. For the aural stimulus a dome
type earphone of 30 mm to guarantee a balanced sound was used, neodymium magnets
of high power offered a powerful sound with a frequency range between 12 Hz and
22 kHz, the sense of touch was stimulated by a spray of water mist, the temperature
control was implemented with an air cooler - heater - purifier fan flowing 800 m3/h,
that controls the temperature in an area of 28 m2 and a humidifier scented pine and
forest; distribution within the simulation space is shown in Fig. 3.

6 Users Panel

Carried out in the city of Palmira Valle del Cauca with nine users to bring about debate
as to the experience, usability and learning resulting from the interaction with the VR
simulator. Students and other persons interested in the subject of nature were convened

Fig. 2. Scheme first proposal simulator
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to interact voluntarily with the simulator and undergo the VR experience; it was
recorded by videos and photographs of the body and facial gestures of these persons
during the test to measure the reactions to sensory stimuli. A single survey was con-
ducted after the experience in the simulator. Later on all users assembled to debate
about the recent experience with each of the objects within the simulator with questions
about interaction and involvement of their senses, the learning phase was measured
through remembrance of the information and acceptance with the frequency of use
provided.

The total number of valid questionnaires was 29. The survey measured the vari-
ables experience, learning, and acceptance of the technology.

7 Analysis of the Data

7.1 Survey Results

The analysis of the data was performed by means of descriptive statistical methods
calculating the average ð�xÞ, and the standard deviation (r) is studied by VR simulator
used in test 2.0.

Demographic data collected are sex and age and are studied twelve variables of
simulation of the 4D environment are: V1. Immersive experience; V2. Aural test; V3.
Visual test; V4. Touch test; V5. Smell test; V6. Environment experience; V7. Audio
volume; V8. Projected video; V9. Temperature; V10. Essence smell V11. Experienced

Fig. 3. Scheme second proposal simulator
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with VR, and V12. Factors nonuse VR; Table 1 shows the results of the survey for the
set of variables.

Analysis of the results indicates that, overall immersive experiences developed in
the VR simulator proposed were perceived as outstanding (68.2 %), according to the
results of ð�xÞ 3; 41 y r = 0,46 in the V1 variable: Immersion Experience; however it is
important to note that this result is based on dimensions visual (V3: ð�xÞ 4,41 y
r = 0,91), aural (V2: ð�xÞ 3,59 y r = 1,05) and olfactory (V5: ð�xÞ 3,79 y r = 1,18);
which yielded much higher results in ð�xÞ and low relative values of r.

The variables V7, V8, V9, V10, V11 and V12; yielded evaluations close to 50 %,
and high coincidence in the responses is noted by the low values of r. These results
suggest the need to go on improving the quality of sensory stimuli to provide a better
immersive experience, given that these variables focus on the technical quality of the
means used in the VR simulator.

7.2 User Panel Results

An agreement was voted out by users for the analysis of qualitative data recorded in the
panel discussion the ease of use of the simulator was positive for seven out of nine
users. The evaluation of each element of the simulator showed that google cardboard
generates discomfort in the area of the nose after five minutes of use. The RV box are
more comfortable for eight out of nine users who said that it is more dynamic to interact
with the video information by comparison with Google Street view application; the
temperature had a positive rating, the space felt fresh and was related to the information
transmitted in the video, the smells applied for the test were voted positive by six users
and negative by four users, which suggested it would be interesting to have variety of
odors according to everything in the video broadcast. It was discussed if it would be of
interest for the users to know other places in Colombia by means of the VR system
starting from four options: Amazonas, Nevado del Ruiz, Santa Marta, and Medellin;

Table 1. Studied variables

Variable N ð�xÞ % (r) Minimum Maximum

V1. Immersion experience 29 3.41 68.2 % .78 2.00 5.00
V2. Aural test 29 3.59 71.8 % 1.05 1.00 5.00
V3. Visual test 29 4.41 88.2 % .91 1.00 5.00
V4. Touch test 29 3.38 67.6 % 1.40 1.00 5.00
V5. Smell test 29 3.79 75.8 % 1.18 1.00 5.00
V6. Environment experience 29 2.79 55.8 % .41 2.00 3.00
V7. Audio volume 29 2.41 48.2 % .82 1.00 3.00
V8. Projected video 29 2.79 55.8 % .41 2.00 3.00
V9. Temperature 29 2.83 56.6 % .38 2.00 3.00
V10. Essence smell 29 2.38 47.6 % .68 1.00 3.00
V11. Experienced with VR 29 1.38 27.6 % .49 1.00 2.00
V12. Factors nonuse RV 29 2.10 42.0 % .94 1.00 4.00
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Amazonas was most voted and the main reasons mentioned were interest in learning
culture, and diversity.

The VR system simulator was associated with four main aspects of life: fun,
relaxation, medicinal, and learning. Users related the simulator to three main variables:
learning was voted favorably by four users, three users chose fun and two users favored
relaxation.

8 Conclusions

The main contribution of this work is to approach the immersive experience of users in
a low-cost simulator as a learning tool in culture and biodiversity through
user-simulator interaction. The data obtained support the conclusion that this tech-
nology generates in 82.64 % of users sensory experiences that facilitate communication
and learning; the simulator design and experience-based information on the diversity of
birds allowed the users to discover a new learning methodology of nature and added
new vitality to the mechanism of cultural transmission through the support of digital
technology. Acceptance is a 68.79 % of users stating that they would use VR to learn
about topics of interest and propose new areas of use, such as tourism businesses and
advertising campaigns that attract the attention of young audiences in Colombia.

9 Future Lines of Research

For the project’s progress the simulator must be modified according to the results found
in test 2.0 in order to potentiate immersion capabilities mainly in controlling temper-
ature and stimulating touch and smell. It should further investigate which are the most
optimal elements to enhance stimuli and interaction continuing with the requirement of
affordability.
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Abstract. In this paper, the authors evaluate and compare two different para-
digms of natural interaction, one metaphorical and one natural, in order to
control the movement of the user inside a virtual model of an archaeological
reconstruction. This work measures the two paradigm’s usability in order to use
this installation in a museum environment. The system was implemented on a
game engine enabling the use of a Kinect 2 depth camera to obtain user input by
means of body gesture analysis.

Keywords: Natural interaction � Usability � System Usability Scale � Kinect �
Game engine � Virtual archaeology � Museum � Virtual museum

1 Introduction

With the dawning of the new museology, in the early 1970’s, museums began a process
of change in their methods of communication with their users, now encouraging them
to interact more with the exhibition thus making them abandon their classical role as
passive spectators, to become the agents of their own learning experience in a proactive
and entertaining way. For this purpose, many different emerging technologies have
been applied, from multimedia content to virtual reality environments.

Nowadays, game engines are becoming popular as a mean to develop high-end,
real-time presentations of virtual environments not necessarily related to the game
industry. Many examples of their use in the field of architectural and urban visual-
ization can be found. Therefore, virtual reconstruction of historical heritage using these
engines has been the logical next step in the direction of their use in virtual archaeology
and the application of such technology in the field of museology.

Natural interaction is another emerging trend with direct application for museum
installations. It is also used in the game industry to enhance the gaming experience by
means of specialized hardware designed to obtain information of the user’s intention
without using traditional devices such as a computer mouse or a gamepad. Depth
cameras, such as the Kinect family, allow the computer to be aware of the user’s
movements.
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Many interesting examples showing how game engines, sometimes with the use of
a depth camera, displays visual recreations of archaeological reconstructions can be
found today [1–6].

Despite that, few studies can be found that takes into respect the usability of the
different paradigms for movement and actuation that are implemented in those systems.
There is a variety of interaction mechanism to transform the user gestures into com-
puter commands, some of them more easy to use and intuitive than others. Their
functioning mechanic ranges from a single user gesture to control one specific action,
such as forward displacement, to a complex set of user gestures to control a wide
variety of movements and actions.

Natural interaction paradigms trend to provide the user with the confidence of using
familiar, everyday actions to control the functioning of the computer application. These
actions mimic gestures and behaviors utilized in the real life to achieve different goals
in the virtual realm. Depending on the conceptual relations to the everyday gestures
that they mirror, these actions can be classified as follows:

• Natural: The user applies gestures for the exact same action in the real world. (i.e.
the action of grabbing to handle a virtual object.)

• Metaphoric: Actions that evokes the desired behavior of the system by the existence
of a correspondence and similarity. In a metaphoric interface there is a mapping of
concepts and operations between to domains, in this case the virtual world and the
reality so that an interaction suggested by the metaphor source domain corresponds
to the execution of the application implementing the metaphor target domain [7]
(i.e. moving a hand left and right in the air to browse a sequence of pictures in a
projection screen).

• Symbolic: In symbolic natural interaction the objects are represented by their visual,
aural, and maybe in the future touch sensitive clones. They are naturally manipu-
lated, but they are still representations and not real things [8] (i.e. driving a virtual
car by moving hands to control a virtual steering wheel).

In the exploration of architectural reconstructions of archaeological remains, the
user movement inside the model is the most important interaction. The examples
aforementioned found in museums and exhibitions present different approaches to
translate the visitor intentions to the movement of his or her representation in the virtual
world but there are not enough case studies that supports either the preference of one
over the others, nor the simple adequacy of a paradigm for what is intended. Indeed, the
authors’ experience on the use of some of these installations is that they are sometimes
too cumbersome for the visitor to understand.

2 Objectives

The experiment we present here has the general objective of testing and evaluating the
advantages and limitations of two different paradigms of movement inside an
archaeological example in terms of engagement and usability in order to be used in a
museum environment.
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The test was done on a virtual model of a 4th century Roman villa [9, 10], con-
structed as a virtual installation for an interpretation center near Seville (Spain).

The virtual model was intended to accomplish two objectives. On the one hand, it
was to display a complete recreation of the mosaics found in the nearby excavation,
allowing the visitors to contemplate the appearance of the pavements in their full size
instead of just fragments. On the other hand, the villa model was designed to act as a
built-in environment that could provide context for the interpretation of the mosaics
(Figs. 1, 2 and 3).

Fig. 1. Atrium entrance with “The Judgment of Paris” mosaic put in place

Fig. 2. Atrium with the central impluvium

Natural Interaction and Movement Paradigms 147



The digital reconstruction was implemented to be explored by means of natural
interaction schemes. To achieve this goal, a Kinect sensor for Xbox One also known as
Kinect V2 was used, a device designed for videogame interaction that detects the
presence and motion of players (Fig. 4).

The virtual representation of the domus can be fully visited. The user can walk
freely throughout all of the complex, enjoying not only the architecture of the building,
but also the wall paintings, furniture, mosaics, and other elements of material culture
(amphorae for oil and wine, tegulae, oil lamps, etc.). The setting of the different spaces

Fig. 3. Lararium

Fig. 4. Kinect interaction
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(atria, peristila, lararium, triclinium, tablinium, etc.) helps interpreting daily life in
such facilities. The main focus is the mosaic of the “Judgement of Paris” since this
piece is unique in Hispania, being one of only five known cases found in all of the
Roman Empire depicting this theme [11].

In line with attaining a quality evaluation of the user experience, we should con-
sider various aspects in terms of usability, effectiveness and satisfaction. This evalu-
ation can be carried out by means of interviews regarding the ease or difficulty of its use
during the visit to the virtual museum. The questions included aspects about the
environment and the main objects, including the mosaics.

The collected results should contribute to the study of paradigms of navigation
inside virtual architectural environments such as those used in the field of virtual
archaeology.

3 Movement Paradigms. Implementation

The installation captures the user’s gestures by means of a Kinect depth camera
attached to the system. The game engine that is used to visualize the virtual model
(Unreal engine 4) incorporates a Kinect 4 Unreal library developed by Opaque Mul-
timedia. The authors used that library to code the different gestures and actions that
users perform to move and interact inside the virtual building.

The Kinect system is capable to feed the game engine with a continuous flow of
data describing the body configuration of a user in front of the device. This data
contains the location of a set of characteristic points in the user’s body, called joints,
together with their topological relations that describe a simple skeleton that depicts the
user’s pose. The Kinect for Unreal libraries can be queried to obtain both position and
orientation of some joints related to other joints and to the Kinect device.

The two different interaction schemes described in this paper have been imple-
mented as described below.

• Metaphorical. Rise-hand scheme: This approach uses the movement of the user’s
arm to control both displacement and orientation. The player controller analyses
how much the user lifts his or her hand (Fig. 4) and measures the angle formed by
the wrist and the elbow, both in the horizontal plane (yaw) relative to the direction
to the Kinect Device, which is used for turning, and in the vertical plane (pitch)
relative to the vertical, which is used to move forward and control speed. An idle
arm, pointing to the floor means a zero angle in both directions.

The pitch angle may be negative, thus allowing for backward displacement by
pointing the arm just slightly backwards.

The user can change his or her orientation at the same time by pointing sideways
with the same arm. Hence, the user can turn and control the displacement speed
simultaneously.

• Natural. Step/Twist scheme: This second approach is designed to offer the user a
way to explore the virtual building by using movements similar to those used when
walking. In this scheme, users can increase or decrease the virtual walkthrough
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speed by stepping forward or backward and perform turns by twisting the upper
body clockwise for a right turn and counterclockwise for a left turn.

Marks in the ground depicting the usual arrow icons used in audio and video
playback indicated locations for the start, move forward at slow pace, move forward
quickly and move backward commands. Users were placed in the starting position to
begin the test and were then given a brief description of the movement scheme prior to
letting them move alone.

4 Usability Test

The authors applied a qualitative, user-centred methodology, based on measurement
and systematic analysis of the values used by ISO 9241-11 to define usability; namely
effectiveness, efficiency and satisfaction [12].

4.1 Methodology

The authors chose to apply a custom methodology in this experiment which could
combine the measure of the perception of the user of the mechanical aspects of the
system with their experience of the virtual visit of the virtual villa. This second aspect
was studied both from the perspective of the accessibility of the subject to the archi-
tectural environment as well as their satisfaction as a museum visitor. Aside from
collecting data, users were filmed while performing the tests. This allowed the authors
to gather useful information to be applied in future enhancements of the system.

The experiment was organized as follows: First, users gave their usual demographic
data as well as a self-assessment of their skills as videogame players. Then, they
received a general explanation of the Roman villa and walked through it using both
paradigms, first trying to accomplish a task and then moving freely afterwards.

Subjects were interviewed to evaluate their perception of the architecture of the
building, the objects and signs placed inside it and their perception regarding the
attention consciously employed in the use of each movement scheme. Next, in order to
concentrate the study to a specific user profile, namely the museum visitor, the authors
applied the System Usability Scale SUS [13]. SUS is a Likert scale that gives great
importance to the subjective opinion of the users, and at the same time being a reliable1

method to obtain usability measurements.

1 Appointed by Lewis and Sauro [14]. While the typical minimum target for the usability polls used in
research is 0.7 [15, 16], the alpha coefficient for SUS gives a value of 0,85, or even as high as 0.91 as
it was recently verified by Bangor, Kortum and Miller [17]. Tullis and Stetson [18] demonstrated that
reliable results can be obtained from a sample composed by 8 to 12 users and also that this method
discriminates better for small sized samples than CSUQ y QUIS [12].
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4.2 Selection of the Data Sample

The data sample for this experiment was defined through a selection of key informers
marked as potential museum visitors. A pilot test carried out previously used a con-
venience sample close to this profile. In order to stablish the percentages that define the
profile of a museum visitor, the authors applied the data obtained by a study performed
by the Spanish Laboratorio Permanente de Público de Museos [19]. The result of this
distribution of statistical variables, from a combinatory optimization perspective gives
optimum results for a sample size of 38 individuals. For the case described here, and
considering that the SUS methodology has demonstrated to be reliable for a sample size
of 8–12 people, the sample was recalculated and the number 13 was used as the next
confidence value for the aforementioned percentages. This resulted in the following
distribution is as follows.

– Number of individuals 13 (mean error: 1.29 pp)
– Gender: 6 males, 7 females
– Age: less than 25:2; 26 to 45: 6; 46 to 65: 4; 66 and older: 1
– Education: Primary: 1; High school: 6; University: 4: PhD: 2

5 General Results

The results of the test carried out for both paradigms of movement yielded the fol-
lowing results, collected in Table 1, expressed in a value range from 0 to 10.

Regarding SUS, both paradigms yielded a result over 70, which placed them in the
interval between Good and Excellent in the adjective rating elaborated for SUS by
Bangor et al. [17].

Table 1. General results
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Table 1 shows a comparison between both paradigms regarding their effectiveness
for the visitor of a virtual museum. They show that architecture of the place is
appreciated easily in both paradigms. On the other hand, both paradigms presented
problems when users tried to get to a place to read signs with descriptive text, which is
a task that requires a more precise placement in front of the sign and the right distance.
That points to a clear necessity to improve the system in that regard.

The easiness of contemplating the objects placed in the scene received a good
valuation in both paradigms. Contemplation of the mosaics, which are located on the
floor presented more difficulties for the rise-hand paradigm than for the step/twist
paradigm (Fig. 5).

It is interesting to note the ratio of attention consciously invested in enjoying the
museum compared to the attention that is consciously invested in controlling the
movement (Fig. 6). We can tell that the step/twist paradigm shows to be more
appropriate behavior for a museum installation, displaying the need of less attention
invested in controlling movements and more attention could be invested in the
experience.

The analysis of the SUS from a gender perspective presents a good valuation for
both paradigms, but females give specially good grades to the step/twist scheme
(Fig. 7). The standard deviation for females is also smaller, indicating a clear agree-
ment in that sense.
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Fig. 5. Comparison between step/twist and rise-rand paradigm for every poll question
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6 Discussion

6.1 Effectiveness

The effectiveness of both of the paradigms can be measured by analyzing their suit-
ability to contribute to the installation in order to achieve its purpose as a virtual
museum.

6.654

6.038

6.423

6.885

5.600

5.800

6.000

6.200

6.400

6.600

6.800

7.000

RiseHand StepTwist

Conscious attention

Control

Experience

Fig. 6. Comparison of conscious attention invested in both paradigms

Fig. 7. Gender comparison of SUS results
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In this sense, regarding the easiness to perceive the virtual environment, both
paradigms offered good results in the architectural aspect (question 1), and object
contemplation (question 3). The rise-hand paradigm presents slightly better results in
this regard.

A clear drawback appears when it comes to the task of reading informative signs
(question 2), the rise-hand seems to be the worse of the two paradigms in this regard.
Two users remarked their difficulty to reach a proper location in order to read the
descriptive signs correctly. Regarding the contemplation of the mosaics (question 4),
both paradigms receive a medium valuation, although the step/twist scheme is clearly
superior.

6.2 Efficiency

The efficiency in this case can be described as the use of attentional resources invested
in achieving a concrete task or goal. In this particular aspect, the step/twist scheme
surpasses the rise-hand scheme since it allows the user to move in the virtual envi-
ronment while giving more attention to the enjoyment of the experience than to the
control of the movement in the digital space (Fig. 6).

6.3 Satisfaction

The SUS results permits the measuring of the global satisfaction for a museum user
profile that utilizes the system. Both paradigms are valuated in the range of Good to
Excellent. That offers a positive support for the implementation of this kind of
installations in a museum environment.

7 Conclusions

This experiment concludes the suitability of Kinect based natural interaction for
museum installations both for natural and metaphorical paradigms, specifically for
rise-hand and step/twist movement schemes. In this regard, results yield very good
valuations for both schemes in regard of effectiveness, efficiency and satisfaction when
the experiment is applied on a museum user profile sample. The system is good for
experiencing digital architectural environments and for contemplating objects such as
those present in the virtual museums seen in the field of virtual archaeology. Never-
theless, some effort has to be invested in the design aspect of the virtual signs located
on those environments, which are somehow difficult to reach and read by users.

In general, the step/twist scheme gave better results, which points in the direction
that natural paradigms of natural interaction could be more adequate than metaphoric
ones for museum installations.
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Abstract. In learning history, it is important to promote historical thought,
which involves understanding causal relationships among historical events and a
chain of the relationships. This paper proposes a method to allow the learners to
compose a causal map, in which historical events are represented as nodes, and
the causal relationships are represented as links between the nodes. It can
visualize the causal relationships and the causal chains. However, it is not
necessarily easy to become aware of them during the map generation. The causal
map proposed in this paper accordingly aims to allow the learners to become
aware of not only the causal relationships between historical events but also the
causal chains with pseudo-haptics on tablet media such as iPad. This paper also
demonstrates a tablet tool on iPad, which helps learners compose a causal map
from instructional text about history.

Keywords: Pseudo-haptic feedback � Causal map generation � History
learning � Tablet media

1 Introduction

In learning history, it is important to promote historical thought, which involves
understanding causal relationships among historical events and a chain of the rela-
tionships [1]. In general, learners are expected to learn such causal relationships and
their chains from an instructional material such as textbook. However, historical
learning is not easy for the learners. It is particularly hard to find out the causal
relationships embedded in the material. In addition, the learners often finish learning
without becoming aware of the causal chains, which is necessary for understanding the
suitability of the causal relationships.

In this paper, we propose a causal map, in which historical events are represented as
nodes, and the causal relationships are represented as links between the nodes. It can
visualize the causal relationships and the causal chains. In order to promote under-
standing of the causal relationships, related work on historical learning support has
proposed a method of helping learners generate a map including the causal relation-
ships from instructional text [2]. However, it is not necessarily easy to become aware of
them during the map generation. It also seems hard to find out the causal chains
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embedded in the text to understand the suitability of the causal relationships. The
causal map proposed in this paper accordingly aims to allow the learners to become
aware of not only the causal relationships between historical events but also the causal
chains with pseudo-haptics on tablet media such as iPad.

Pseudo-haptics is illusion about the tactile sense caused by uncomfortable feeling
between physical manipulation of an object and its visual movement. We have already
ascertained that pseudo-haptic feedback for manipulating a concept map representing
knowledge learned from an instructional text could promote an awareness of important
concepts or important relationships embedded in the text [3]. In this work, we attempt
to introduce the pseudo-haptics into historical understanding.

In this paper, we demonstrate a method to present pseudo-haptic feedback in
composing a causal map. In operating the nodes corresponding to the key historical
events and the links included in a causal chain, the learners are provided with the visual
movements, which intend to bring about pseudo-haptic senses such as heaviness and
tension. In case the learners operate a link included in the causal chain, a pseudo-haptic
feedback involving tensile strength is transmitted among all the links in the chain,
which would allow them to become aware of the causal chain. Such cognitive
awareness would also allow the learners to understand the suitability of the causal
relationships between the original cause and the end effect of the chain.

This paper also demonstrates a tablet tool on iPad, which helps learners compose a
causal map from instructional text about history. This tool prepares a text and the
corresponding correct causal map including all causal relationships embedded in the
text. The learners are required to compose a causal map corresponding to the correct
map in the following two steps. In the first step, they are expected to compose an
overview map, which includes only the key historical events. In the second step, they
are required to complete the causal map with WHY-questions, which includes several
intermediate events between the primary events necessary for representing the causal
chains.

In the following, we first describe historical learning. Second, we describe a causal
map used in historical learning, and how it is composed. Third, we describe how
pseudo-haptic feedback from touch operations is presented and what kind of cognitive
effects is obtained from it. Let us finally demonstrates a tablet tool on iPad, which helps
the learners compose a causal map from an instructional text.

2 Historical Learning

In social studies, learners are expected to learn social events/phenomenon and the
principles involved in them, which can be often used for explaining why and how the
events occur. With such principles, the learners can explain the similar
events/phenomenon. In learning history, historical events could be also explained with
the principles. It is particularly important to explain why and how one historical event
brings about another event. The learners should accordingly learn the explanatory
principles to understand the historical events.

However, it is quite difficult to find out the principles from the social events
described in instructional text. In learning history, there is another method for
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understanding the events, which allows the learners to find out the causal relationship
between one event as a cause and another event as an effect, and its suitability. The
causal relationship also involves several intermediate events between the cause and the
effect. This method allows the learners to explain a chain of the causal relationships
between the intermediate events to understand the suitability of the relationship
between the cause and the effect.

2.1 Related Work

[4] proposed a model for explaining causal relationships between social events, which
includes three variables representing causes, effects, and their intermediates. This
model allows the learners to build up a theory for explaining the causal relationship
between the cause and effect from WHY-question that indicates why the cause brings
about the effect by means of the intermediate events. For example, let us consider the
following WHY-question:

“Why did the Mongolian invasion bring about the Einin Order for Benevolent Government
issued by Kamakura Shogunate?”

Such a question could prompt the learners to build up the theory for explaining the
causal relationship between the Mongolian invasion as a cause and the Einin Order as
the effect. They are expected to find out the intermediate events to answer the question.
This allows them to more deeply understand the causal relationship between the cause
and the effect. In case they do not know the intermediates, on the other hand, they
would fail to explain. It is accordingly necessary to provide the learners with some aids
for uncovering the intermediate events.

Another related work proposed the method for providing learners with a number of
WHY-questions in gradual detail [5], which gradually ask the intermediate events and
their causal relationships. This allows the learners to understand the causal relationship
between the cause and the effect, and the suitability. However, the learners could not
fully find out intermediate events to explain, which would result in insufficient
understanding of the causal relationship.

This paper accordingly proposes a method to allow the learners to fully pick up the
mediated events as follows.

2.2 Causal Map-Based Approach

This paper proposes a method to allow the learners to compose a causal map, in which
historical events are represented as nodes, and the causal relationships are represented
as links between the nodes. It can visualize the relationships between the events and
their causal chains. However, it is difficult to extract the events from an instructional
text and to compose the causal map. In addition, the learners finish learning with
insufficient understanding of the causal relationships. In order to resolve this issue, we
propose the causal map composition in two steps. In the first step, the learners are
expected to compose a map with the prepared events that are extracted as key events in
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advance from the text. In this step, they could understand an overview of the causal
map to be composed.

In the second step, the learners are expected to pick up the intermediate events from
the text to make their chain including the original cause and the end effect. The
candidates for the intermediates are underlined in advance in the text. When they get
stuck, they are also given the WHY-questions that intend to promote picking up the
intermediates. When the learners operate the nodes as key events or the nodes included
in the chain of the intermediate events, in addition, pseudo-haptic feedback is provided
so that they can become aware of the key events or the chain. In this step, they could
deeply understand the causal relationship between the original cause and the end effect,
and its suitability with the intermediate events.

3 Causal Map Composition

Let us demonstrate the causal map composition with Fig. 1. Figure 1(A) shows an
instructional text, which describes “Decline of Kamakura Shogunate”. Figure 1(B)
shows the causal map to be composed from Fig. 1(A). This map includes the original
causes of decline of Kamakura Shogunate, which are indicated by the three nodes, the
Mongolian invasions, the division succession, and the infiltration money economy.
However, it would be generally difficult for the learners to understand the suitability of
the causal relationship between the original causes and the end effect without the
intermediate events and the causal chain.

The causal map composition in this paper has two steps. In the first step, the
learners are expected to compose a map shown in Fig. 2, which includes the key events
prepared from the text. The map represents an overview of the causal relationships
embedded in “Decline of Kamakura Shogunate”. In the second step, the learners are
expected to pick up the events as intermediate ones between the key events from the
parts underlined in the text shown in Fig. 1(A). The events picked up are inserted
between the key events.

On the other hand, the learners cannot always pick up the intermediate events fully
to complete the causal map shown in Fig. 1(B). In this case, WHY-questions are
presented to them. If the learners do not pick up any events between the node the
division of succession and poverty of vassals in the Kamakura, for example, the fol-
lowing question is presented:

“Why was poverty of vassals in the Kamakura caused by the division of succession?”

They would attempt to search for the reasons in the text to understand it is because “the
estate of the vassals decreased”. They are then expected to locate the node between the
division of succession and poverty of vassals in the Kamakura, and to make the links.
They are required to continue such map composition and WHY-question answering
until they complete the causal map shown in Fig. 1(B).

In addition, the two types of pseudo-haptic feedback are provided on a causal map
composition in the second step. When the learners operate the initial nodes as key
events located in the first step, they first have the pseudo-haptic feedback that feels
heavy. It intends to remind them that the nodes are the key events. When they operate
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the intermediate nodes and links in the chain from the original cause node to the end
effect node, they have the pseudo-haptic feedback that presents the propagation of
tensile force in the chain. For example, let us consider the chain of the original node the
division of succession, the estates of the vassals decreased, and the end effect poverty
of vassals in the Kamakura. The three events have the causal relationships. When the
learners move the intermediate node the estates of the vassals decreased, the following
visual information is demonstrated: the node the division of succession pushes the

(A)

(B)

Fig. 1. A causal map of decline of the Kamakura Shogunate
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linked node the estates of the vassals decreased, then the pushed node next pushes the
node poverty of vassals in the Kamakura. The pushed movement visualizes the
propagation of the force from the original cause to the end effect, which suggests the
causal chain.

4 Map Composition with Pseudo-Haptic Feedback

4.1 Pseudo-Haptic Feedback and Cognitive Effects

Pseudo-haptic is illusion about the tactile sense caused by uncomfortable feeling
between physical manipulation of an object and its visual movement. When an object
on the tablet is operated via finger, for example, it moves with a delay in comparison
with the finger movement. Learners would feel that the object is heavy [6]. We have
already ascertained that pseudo-haptic feedback for manipulating a concept map rep-
resenting knowledge learned from an instructional text could promote an awareness of
important concepts and relationships embedded in the text [3]. Presenting a heavy
feeling could give an indication of an important concept. Presenting a tension could
also give an indication of a strong relationship. As a result, it is possible to give
cognitive effects to learner by presenting pseudo-haptic feedback. In addition, it can be
expected to promote an understanding of the corresponding concept or relationship.

4.2 Causal Map with Pseudo-Haptic Feedback and Propagation of Force

The learners are provided with pseudo-haptic feedback and the propagation of force as
shown in Table 1. In addition, the table shows cognitive awareness that is obtained
from the pseudo-haptic feedback. For example, let us consider the second line shown in
Table 1 with Fig. 3. When a learner operates the node poverty of vassals in the
Kamakura, it moves with a delay in comparison with the touch operation. The visual
movement represents heaviness of the node as the pseudo-haptic feedback, which
suggests the key event.

In addition, let us also consider the third line shown in Table 1. When the learner
moves the intermediate node prevent the vassal system in Kamakura from collapsing,

Fig. 2. A causal map of first step
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the following visual information is demonstrated: the node poverty of vassals in the
Kamakura pushes the linked node decrease of vassals who were appreciated to
Kamakura Shogunate, then the pushed node next pushes the node prevent the vassal
system in Kamakura from collapsing, and then the pushed node pushes the node the
Shogunate issued Einin Order for Benevolent government. The pushed movement
visualizes the propagation of the force from the original cause to the end effect, which
suggests the causal chain. It can be expected to promote the historical understanding.

5 Causal Map Composition on Tablet Tool

We have developed a tablet tool on iPad, which can provide the learners with
pseudo-haptic feedback according to Table 1. Figure 4 shows the user interface of the
tool. Let us here describe the framework of the tablet tool, the causal map composition
on the tool, and the learning process with the tool.

5.1 Framework

This tool prepares a text and the corresponding correct causal map including all causal
relationships embedded in the text. The learners are required to compose a map cor-
responding to the correct map. The learners are expected to compose the map in the two
steps. In the first step, they would use the prepared node to link and to compose an
overview map. When they think the map is completed, they can push the button
“Answer” that is prepared in the user interface.

Table 1. Pseudo-haptic feedback and the propagation of the force from operation

Operation on
causal map

Pseudo-haptic
feedback

The propagation of the force Cognitive
awareness

Node
operation

Node
heaviness

N/A Key event

Intermediate
node
operation

N/A The original causal node pushes the linked
the intermediate node, then the pushed
node next pushes the end effect node

Causal
chain

Fig. 3. Part of a causal map of the decline of the Kamakura Shogunate
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If the learners complete the overview map, they are expected to move to the second
step. In this step, the learners are expected to touch the underlined characters in the text
to locate the intermediate nodes. They are then expected to refine the overview map
using the located nodes to complete the correct map. In case the learners push the
“Answer” button and the map is incomplete, the tool presents the WHY-questions that
induce them to complement the incomplete causal relationships and chains. In addition,

Fig. 4. User interface
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when the learners move the nodes that embed the pseudo-haptic feedback, the learners
are provided with the corresponding feedback.

5.2 Map Operations

This tool provides learners with the map operations: movement of node, generation of
node/link and delete of node/link. Movement of node is operated by drag on the node.
The learners can touch and drag the node with fingers they want to move. Generation of
link is operated by tap and draw. The learners can tap a node to become the starting
point of the link. Then, they can draw the link to another node. Delete of link is
operated by long tap. The learners can do long press on the links they want to delete.

6 Conclusions

This paper has described the causal map composition in learning history with
pseudo-haptic feedback. It can be expected to promote the historical understanding. We
have also demonstrated a causal map generation tool on iPad, which could produce
pseudo-haptic feedback including the propagation of the force on touch operations.

In future, we will evaluate the potential of pseudo-haptic feedback and the prop-
agation of the force in the causal map on tablet tool. In addition, we will confirm
whether the tablet tool can promote historical understanding.
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Abstract. A case study is presented, aimed at making audiobooks interactive in
the context of English teaching in Danish high-school. Social interaction was
chosen as key feature to allow high-school students and teachers to annotate
audiobooks, then share and comment on the annotations. This new work is
supported by unpublished data from two other studies, which provided insights
on the potential of interactive audiobooks. All case-studies were conducted in a
user-centred fashion and build on social semiotics, in which interactive audio-
books are seen as providing new ways to receive, interpret and share literary
texts within the social context of the English language class. Local primary and
secondary schools were involved in ethnographic user studies and qualitative
evaluations with semi-functioning prototypes. The findings and technical solu-
tions explored in the three studies are the basis for design guidelines aiming at
making audiobooks interactive and better integrated in learning contexts.

Keywords: E-Learning � Multimodal interaction � Information presentation �
Knowledge management

1 Introduction

In recent years audiobooks have become increasingly more accessible, both in the
market and in free, often publicly supported, streaming sites and apps1. Denmark
follows this trend and many local schools (primary and secondary) consider free
audiobook repositories as part of their resources. However, our data suggest that
integration of audiobooks in the class poses many challenges. In our observation of
primary and secondary school classes we noticed that audio resources are often used in
a ‘passive’ way, for instance fruition of audiobooks takes more time than reading, often
audiobooks offer a shorter version of the original text, finally audiobooks are perceived
as more passive than regular books as it is not possible to take notes and mark specific
passages as with books and e-readers. We noticed a lack of active uses of audio content
for example in relation to generation and editing of audio content, and virtually no
audio-based interactivity.

1 Danish primary school site: https://www.folkeskolen.dk/504367/det-skal-vaere-nemmere-for-laerere-
at-finde-relevante-e–og-lydboeger (last seen 25th February 2016).
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In the past two years we have conducted three case-studies to explore the untapped
potential of audio in the context of learning of English as a foreign language in primary
and secondary schools. Our studies suggest that textual and video modalities are
predominant in classes practice, even when most of the orchestration (Prieto et al.
2015) of learning activities is oral. We consider the lack of interactive audio as a
missed opportunity to promote richer use of multimodal resources in class, especially
since many available technologies (e.g. smartphones) easily support creation, fruition,
and efficient storage of audio content. Moreover, audio contents might support learners
with special needs, such as: visually impaired people or pupils affected by dyslexia or
when learning a foreign language ordering commutes for occasional, non-formal
learning.

In the following sections we present related work (Sect. 1.1), our three case-studies
(Sects. 2 and 3), discussions (Sect. 4) and conclusions (Sect. 5).

1.1 Related Work

Several studies have already explored use of audiobooks as tools for creative
engagement with literary stories and tools for learning foreign languages. For instance
Furini (2007) and Huber et al. (2007) challenged the typical use of audiobooks, which
was found to be passive with respect to books. Both studies argue in fact that readers of
audiobooks might gain a more passive experience, being constrained to listen to the
story, therefore, they have explored possibilities to enable users to interact with
non-linear narratives creating their own stories. The study conducted by Furini aims at
turning the passive reader of audiobooks into the “director of the story” (Furini 2007,
p. 1). In developing his system he looks at the use of audiobooks through a cinematic
metaphor, imagining the experience of editing new stories as if the reader was editing
video sequences, referring to movies like Sliding Doors and Pulp Fiction as displaying
non-linear stories. The system targets three main use cases: entertainment, education,
and game applications. The design focuses on two main principles: transparency, as the
book file should be standard and easily handled by the system, and security, as only the
owner of the audiobook file should be able to play it and she should not be able to alter
the original media files from which the audiobook was created. The article discussing
Furini’s studies, however, focuses on the technical aspects of the design of the system
and does not discuss in details the expected user experience or results from testing.

Huber et al. (2007) take a similar approach and discuss the evolution of audiobooks
into interactive media, suitable for editing non-linear stories. The authors propose to
combine elements from computer games with the experience of listening to oral pre-
sentations, which are defined by Huber et al. as immersive and entertaining. Moreover,
sonification was used as a resource for interaction, in order to enable the users to
interact with the system mainly through sound, but this interaction style was found
difficult by the users.

A relevant study has been conducted by Alcantud-Díaz and Gregori (2014), who
propose an extensive review of the use of audiobooks in foreign language learning and
two projects named Tales of the World and The Power of Tales: Building a Fairer
World. The authors claim that even though in their country, Spain, audiobooks are not
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commonly used, they can see great potentials in supporting English learning in relation
to the five skills listed in the Common European Framework of Reference for language
learning: listening, reading, spoken interaction, and writing. The two projects discussed
by Alcantud-Díaz and Gregori aim at spreading awareness of languages as scaffolding
for intercultural values and respect for human rights in the educative community. The
outcome from both projects were collections of tales, for the Tales of the world project
40 tales were gathered from underprivileged countries, for The Power of Tales 15 tales
against violence were collected. All the tales were edited into free downloadable
audiobooks. The format of audiobooks was chosen in order to give access to pupils
with learning and visual difficulties; moreover, audiobooks were seen as a mean to
improve learners’ English pronunciation. The other studies discussed in the review
(Alcantud-Díaz and Gregori 2014) focus on the use of audiobooks for primary school
pupils dealing with language learning, such as Wilde and Larson (2007) who argue that
audiobooks enabled children 8 to 12 years of age to find more time to read, hence
reading more books. Moreover, Baskin and Harris (1995) found that use of audiobooks
supported students with learning difficulties, who find it challenging to interpret written
text, in making sense of written texts and improving their reading fluency in English as
first language.

Moving away from the learning context, we can find another form of interactive
audio: audio walks or audio tours (van Zeijl 2013). Similar to the audio material offered
by museum, audio walks are usually implemented as mobile apps where users can
follow predefined audio commentary while moving around a city or a building. An
interesting commercial product of this kind is yapQ’s “Worldwide city guides”2, a
mobile app that offers audio walks in multiple languages and for many cities; the
application uses geolocation and text-to-speech to generate interactive audio guides.
The contents in this case are not user-generated. SoundCloud3 instead is an example of
user-generated and socially shared resources: “SoundCloud is […] social sound
platform where anyone can create sounds and share them everywhere”. Among other
sound collections, SoundCould offers a selection of audio walks.

In the following sections we will show more possible ways in which audio can be
made interactive and we will explore the possibilities offered by social creation and
sharing of audio data.

2 Two Supporting Case Studies

The main case study described in this paper is supported by unpublished data from 2
other case studies conducted in the past two years, which provided insights on the
advantages of interactive audiobooks. All the three case studies adopted the User
Centred Design method supported by qualitative methods. Our students had to conduct a
full design iteration consisting of: a field study investigating the practice, in which users
participate in; a phase of analysis in which design requirements are formulated; a phase

2 Freely available on GooglePlay.
3 List of popular audio walk on SoundCloud: https://soundcloud.com/tags/audio%20walk.
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of conceptualization through brainstorming and prototyping techniques; testing in
which a semi-functioning prototype is evaluated with the users. The testing was con-
ducted as a play test session with focus groups, involving users in demonstration of the
prototypes. Qualitative methods were chosen for several reasons: first of all our students
engaged with a limited number of users, either high-school, primary school classes, or
focus groups. Second, the students’ goal was to closely explore current user experience
and opportunities for improvement, also enabling the users to propose possible ideas.
Specifically, for the main use case, our students adopted visual ethnography in situ,
semi-structured interviews for which they were requested to prepare a minimum set of
pre-defined questions for the users (Yliriksu and Buur 2007). The students were
therefore required to analyze the gathered video recordings scrutinizing how users
interacted during class activities and how they talked about their practice (verbal and
non-verbal language) during the interviews, with the goal of identifying aspects that
needed improvements or support. Semi-structured interviews and observations were
also adopted in the two supporting studies. Given that our students were still learning
about UCD and qualitative methods, we took part in many of the phases of the 3 studies,
complementing their field work with our notes and reflections. The findings discussed in
the following sections are the result of this process.

2.1 Audio Deliverables

The audio deliverables application originated from the supervision of 4 groups of
students attending the Software Engineering and IT bachelor at the University of
Southern Denmark (SDU); the semester long project, run in fall 2014, was about
developing user-centered software solutions to better support English teachers in 2
Danish primary schools. The field study started with observations of 2 classes of 4th
graders learning English, one in each school. After a preliminary visit and meeting with
the 2 teachers who agreed to participate in this study, the groups of SDU students
visited the school repeatedly and proceeded by defining requirements and producing a
few prototypes, from low-fidelity ones to partially working horizontal prototypes
(created using MIT’s AppInventor4).

The 2 teachers, here called Anders and Britta for anonymity, were also interviewed;
they showed very different approaches of using technology in their teaching. Anders
can be considered a designer of content. He states openly that he has limited IT skills
but he is very creative in the design and generation of new content. In the first visit he
showed us how he wrote a short dialogue with 4 roles, for his students to read aloud. In
fact, spoken interaction and comprehension are the main goals for the 4th grade English
curriculum. The dialogue was about 3 friends who interact with the waiter (the other
role) in a British restaurant, and have to order, confirm their orders, eat and pay the
waiter, who in turn has asks typical questions about their choice of food, beverages and
how they want to settle their check. It was clear that Anders compensates the lack of
interactivity in his material (which was not given to the pupils in digital format, but

4 AppInventor’s official page: http://appinventor.mit.edu/explore/.
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written at his computer and then printed) with role play and social interaction. Britta is
much more in touch with IT and in particular likes to use what is available online, but
she re-contextualizes it according to her pupils’ needs. She has a toolbox approach and
often uses tools that are not originally pedagogical, like video editing, comics authoring
tools and online audiobooks in English. In our first visit Britta brought her class to the
IT lab for the English lecture; the pupils kept switching from audiobooks to cartoon
editing, to chats with the teacher and each other.

We found these two approaches very intriguing and believe they should be further
studied. However, in this paper we are mostly interested in user-generated audio
contents, therefore, we will focus on the group of SDU students working with Anders’
class. They noted the various problems he had orchestrating the class with his printed
material: the pupils were divided in groups of 3 to 4, and had to read the text a few
times, waiting for Anders to drop by, listen to them and provide feedback. The result
was the audio deliverable application, a mock-up mobile app that allowed pupils to
read an English text aloud in group, and deliver it to the teacher as an audio recording.
These audio deliverables afford good peer interaction and make the communication
with the teacher more asynchronous. Moreover, they represent a form of audio content
generation that is natural and very easy to master for 4th grade pupils who are typically
proficient in the use of smart phones; the focus was mainly on reading skills.

The development and testing of the audio deliverable application, together with the
feedback we received from Anders and his class convinced us that audio content can be
easier to generate than written English (for Danish 4th graders). Recordings enable
more asynchronous teacher/pupils interaction, they open for peer reflection and can be
preserved to serve as a learning diary to make students more aware of their progress.

2.2 Carbooks

This study demonstrates the versatility of audio as a communication modality, by
mapping gamebooks into mobile-friendly, interactive audiobooks. The goal of this
project was to offer an entertaining and relaxing experience to kids who often get
car-sick in long car trips, and have problems reading or watching videos while trav-
eling. In this case playing videogames using mobile devices is not an option; audio-
books instead can offer relief and help passing the time in a fun or perhaps educational
way. However, audiobooks provide a passive experience and can become boring in
long trips, so we wanted to investigate how non-linear narrative can be used in
audiobooks, to create interactive and enjoyable experience for kids and young adults.
A focus group was created to play-test the interactive audiobooks, composed of 10
young adults (age 19 to 25) and 2 kids (10 and 12); the family of the 2 kids was among
the other stakeholders involved in the project. The Carbook bachelor project tested
various ideas, running in the fall 2015 semester and through 3 iterations, with the
central focus to develop an audio-only interactive application for android platform. The
main tools were Unity5 and Google Text-To-Speech.

5 Unity3d website: https://unity3d.com/.
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Removing the graphical user interface while retaining the interactivity typical of
digital games proved one of the major challenges; the project also explored possibly
mappings between input modalities and choice in the non-linear narrative. A mobile
phone offers gestures, microphone and orientation/motion detection. Typical gestures
we considered are touch, hold and swipe. As for microphone input, voice recognition
was too complex to work in practice and it would have been mostly limited to English
language, so volume level was used instead; microphone input was used in the second
iteration of the interactive audio book prototype, but turned out to be unreliable and
difficult to use by the players, who got frustrated by the experience. In the third (and
final) prototype microphone was replaced by orientation (basically reading the state of
the phone’s gyroscopes). These input modalities were to be used in steering the nar-
rative of the interactive audio book, mostly without the player looking at the screen,
and that required some analysis too; background audio clues were also used (in version
2 of the prototype) to help players orient themselves while exploring the locations in
the story. In printed gamebooks the player is often faced with 3 to 6 options to select
from, but in Carbooks we had to break down the player options in sequences of binary
choices. This restructuring of the choices made it easy to map input events with binary
alternatives, but it could be argued that it has limited the non-linearity of the narrative
(reducing de facto the branching factor of the multi-linear plot).

The Carbooks project shows that interactivity can work in audio-only (or
audio-first) applications, and that the user experience is similar to that of slow-paced
exploration/adventure video games, such as classic text-based games of the 1980s.
Smart phones, with their current computing power, audio support and their wide range
of input modalities, proved a reasonable choice of platform for audio-only interactive
applications. The main limitation of the project however, was that it did not focus on
content creation, so while we have evidence that interactivity and audio work for
simple, fun non-linear stories, we have to progress further with our studies before we
can directly link interactive audio books to language learning.

3 The Main Case Study: Social Audiobooks

The last and main case study was conducted in relation to an elective course in Media
Sociology, the course lasted for five weeks in the fall semester of 2015, and focused on
e-learning with students from the Multimedia Design program (MMD for short) at the
Lillebaelt Academy in Odense, Denmark. The 21 students had to work on a
mini-project in groups of three or four, in cooperation with Nyborg gymnasium, a
high-school located in Nyborg a small town on the island of Funen, Denmark. From the
point of view of the Lillebaelt Academy, the learning goal of the mini-projects was to
create conditions for the MMD students to conduct a rigorous user centered design
process, actively involving users, to adopt a contextual perspective on the design of
learning technologies, and to critically reflect on how their new solution contributes to
teaching and learning practices in the gymnasium. On the other hand the gymnasium in
Nyborg was eager to explore and test together with MMD students new interactive
solutions, which could enrich the current learning and teaching practices.
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In their Media Sociology course, the MMD students were introduced to five
research articles applying a specific learning theory to learning contexts and to the
design of a digital solution. One particular group of three MMD students explored the
design of an application to support interactivity with audiobooks, these students chose
to work with the studies conducted by Hattie and Gan (2011) in visible learning and by
Marchetti and Petersson Brooks (2012) in the sociocultural theory. Hattie and Gan
(2011) explain how visible learning can affect learning practice, discussing the role of
teachers in enabling the students in formulating learning goals and success criteria, in
providing descriptive feedback, which enables students to improve their skills, and
formative assessment, aimed at collecting evidence of the student’s achievement.
Marchetti and Petersson Brooks (2012) instead adopt the sociocultural theory in the
design of a digital exhibit, aimed at enriching the social interaction between guides and
visitors during guided tours. The study aims at enriching the interaction between guides
and visitors, looking into guided tours as a sociocultural activity, which is influenced
by the traditions and practices of museum contexts. The project of our students aimed
at designing an interactive solution to enrich learning practice and social interaction in
English language class of the Nyborg gymnasium.

3.1 Audook: Social Experience of Audiobooks Social

The Audook mini-project by one group of three MMD students explored how inter-
active fruition of audiobooks could enrich learning practice in classes of English lit-
erature and language, with the cooperation of a gymnasium teacher (here called Sanne)
and her class, 15 students of approximately 15–16 years of age. The outcome of the
Audook mini-project represents an attempt of transduction of reading assignments from
the visual to audio mode. Transduction is defined in social semiotics as a translation, in
which meaning-material is moved from one mode to another, for instance “from speech
to image, from writing to film” (Kress 2010, p. 125). Since each mode has specific
material qualities and entities to be manipulated, for instance speech has words and
images have colors, each mode has also a different history of social use. This in turn
has implications on how the same meaning-material is formulated and transmitted by
the sender, and on how the message is received and interpreted by the audience, so that
the same message might be slightly altered in its meaning through the transduction
process. Audiobooks represent for instance a case of transduction from the visual book
format into an auditive one. As showed by related studies (Alcantud-Díaz and Gregori
2014) the fruition of the same story both through reading and in audio form affects
significantly how learners experience reading, in some cases even enabling them to
improve their skills.

Through their field study the three MMD students found that English classes in
Nyborg, involved mostly reading and analyzing texts. The English teacher Sanne was
concerned with choosing samples of English literature that the students could find
interesting to “motivate her pupils to read and analyze the texts”. For this reason she
said: “I am trying to look for novels that can be interesting, handling topics about social
relations and adventures”. Her strategy involves “books that have become popular in
recent years, often because they were adapted into movies, so that they have heard
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about them”. During our study for instance the class was reading “The Beach” by Alex
Garland, which is also the subject of a popular Hollywood movie starring Leonardo Di
Caprio. In this way the teacher was already encouraging a multimodal fruition and
analysis of the assigned novel. We found that the Nyborg students are typically
assigned a set of pages or entire chapters to read for a certain date. While in class they
are asked to discuss in groups the read chapters and to fill a form with questions or
aspects to reflect upon, such as the maturation of a character, the social conflicts, or
narrative techniques adopted by the writer; afterwards, a group discussion is conducted
in class. The students also watch the movie based on the novel they are reading,
together with the teacher. This is supposed to keep them motivated to read and reflect
on how the novel could be interpreted, and Sanne added with satisfaction “they often
prefer the novel to the movie!” as the students notice that in the movie many elements
were omitted or the actors representing specific characters do not match their
imagination.

The gymnasium students complained, however, that reading requires a “total”
involvement; several of them said that they can read mostly while on the bus or at
home, but unfortunately they cannot read while running or walking in town. Reading is
also perceived as isolating, so that for sharing impressions on specific passages they
have to either meet or write through social media.

The design process that led to the creation of Audook, an application aimed at
providing an alternative fruition of literary texts. The central idea was to operate a
transduction of novels into audio, and create a gesture-based app for mobile phones.
The requirements involved being able to use a hand gesture to add a bookmark on a
specific passage, while listening to an audiobook; users should also be able to add
comments in spoken and in written forms by opening a visual interface, and share their
comments and bookmarks through social media.

The resulting prototype mobile application (visible in Fig. 1) offers a richer, mul-
timodal experience than just reading and showcases the extension of annotating and
sharing comments from a book to an audiobook. A summative evaluation provided
criticisms and positive feedback. For example it was noted that audiobooks take longer
to “read” than books. Both we and the group developing Audook agree that it is not a
good idea to substitute visual reading because of the importance of seeing the text,
especially in language learning. There were also concerns on the quality of the voices
obtained via text-to-speech, with respect to those of actors and native speakers reading
the texts. Concerns were raised by the teacher in relation to how she could fetch
audiobooks for her students; the fully developed application should be able to connect
with the collection of audiobooks of the school or of the local library, which is already
available online, enabling the teacher and her students to easily get the novels they
need.

On the positive side, audiobooks can be “read” also while doing sports, walking or
running; they can be easier to access than books (and e-books) while travelling on
public transportation with less chances of motion sickness. Using Audook, books
critique and commentaries could be shared electronically in preparation for group
discussion in class. It was also asked by a few students if it was possible to listen to an
audiobook while watching the e-book version (a scenario similar to existing karaoke
applications): in this way users could learn more effectively how to pronounce new
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words. Finally, the Audook app was positively evaluated as an interactive alternative to
normal reading, expanding opportunities for multimodal fruition of novels and for
sharing personal reflections on texts. In general the social aspect of the application and
the possibility to listen to the story while engaging in outdoor activities were partic-
ularly appreciated as if they were making the experience of reading less isolating.

4 Discussion

The main case study and the 2 supporting studies show the wide spectrum of oppor-
tunities offered by audiobooks in language learning, from content generation to social
and game-like interactivity. The main contributions of this paper are design insights to
make audiobooks interactive and better integrated in the social interaction emerging in
learning contexts, between learners and teachers but also among peer learners. At the
same we aim at exploring how the transduction of literary texts could foster different
experiences, when moving from the visual and tangible modes associated to the
experience of physical books and e-readers, to the auditory modality enhanced by
interactivity.

Comparing the three case studies, we can see that interactive audiobooks are pre-
ferred to non-interactive ones by potential users, who in our testing consistently
described typical audiobooks as eliciting passive experiences. Interactivity with the text
was evaluated positively both in relation to exploring non-linear stories, but also in
contexts of language learning (Alcantud-Díaz and Gregori 2014). As pointed out in
Kress (2010) the transduction of literary text into an auditory format can significantly

Fig. 1. Overview of the interface of Audook. The top row shows the log-in screen and the initial
access to the audiobooks library. The second row shows how the text can be visualized by the
reader, and the sharing and annotation features.
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alter how readers relate to the text. The auditory modality can make the reading activity
more flexible and accessible for learners, for instance the possibility to create audio
deliverables can support adoption of pedagogical approaches like visible learning
(Hattie and Gan 2011), in which learners and their teachers can afford longitudinal
monitoring of spoken language competences. The recordings created during language
learning open the possibility to apply analysis techniques and data mining on audio
content. This is valid also for learners who have a busy day and see in the auditory
fruition of novels a better support for multi-tasking, enabling them to “read” also when
traveling and reading might get them sick and when engaging in outdoor activities.
Moreover, the audio modality can better support children who are still in the progress
of developing writing skills in their own or in a foreign language, as well as learners
with linguistic difficulties. Finally, the study in Nyborg provides new insights on how
interactive audiobooks could contribute to turn reading into a social experience, as
according to sociocultural theories in learning. Adopting a sociocultural perspective
(Rogoff 1990), learning is seen as a social practice in which learners are facilitated by
an expert adult, the teacher, but can also support each other, in a persistent and
asynchronous way. Enabling learners to share their thoughts and bookmarks with each
other, Audook can contribute to the emergence of a shared understanding of the text at
hand enriching the process of textual analysis and reflection.

Building on these case studies, we propose insights on how audiobooks could be
turned into an interactive medium:

1. Support generation of audio as well as fruition. Audio just requires a bit of technical
support, for example, Google docs can be extended to allow voice comments on
texts, by using add-on like Kaizena6.

2. Leverage on social and asynchronous communication between teachers and stu-
dents, and provide support for peer-learning.

3. Consider multiple storylines in audiobooks. Multiple storylines can allow for
experiential learning (Furini 2007; Alcantud-Díaz and Gregori 2014) and support
case-based reasoning. A major drawback of authoring non-linear narrative is the
need to create multiple, potentially modular storylines; non-linear audiobooks in
particular have always been human-intensive. Our Carbooks project, however,
shows that text-to-speech technology is currently widely available (on laptops and
even mobile devices) and good enough at least for English. All teachers in the
schools we visited have at least basic IT skills, hence they have no problem in
generating English texts and potentially create written non-linear narrative; our
experience with Carbooks convinced us that by leveraging on text-to-speech and
gesture-based non-visual interfaces, non-linear audiobooks in English can potential
be created by the teachers themselves, in this way supporting language learning.

4. Socially generated audio content as a kind of social media data. We suggest to
consider the audio content generated by a group of students learning English as
similar to the content produced in a social media. Since voice data-mining is still
very complex and dependent upon pronunciation, often imprecise and typically
works for English and very few other languages, we consider social media

6 Kaizena’s webpage: https://kaizena.com/.
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approaches like user-created tags as the best option to classify and search through
audio contents.

5. Audio as a complement to visual modality. Based on our studies we do not aim at
replacing the visual modality of reading, but at providing complementary auditory
alternatives that could enrich how people experience literary texts.

The exploration of interactive audiobooks is not new, as we can see in current
research, however, we may argue that these studies have taken a limited perspective,
mainly supporting the authoring of non-linear stories. On the other hand, when coming
to learning these studies seem eager to argue that audiobooks can offer better support to
learners in acquiring linguistic as well as intercultural competences (Alcantud-Díaz and
Gregori 2014). In our studies we take instead a more cautious position, as results from
our testing suggest that visual reading is perceived as more personal and active, as
readers can decide for themselves how quickly they want to read, they can imagine for
themselves the features of a character or a setting. At the same time audiobooks do not
allow for that freedom, as they impose a specific timing and the voice of the reader,
which could be found unpleasant or expressing feelings in an inappropriate way for the
sensitive of the listener.

Audiobooks have many faces (or voices) and seem to us to possess untapped
potential. The students from Nyborg gymnasium appeared eager to identify both the
new possibilities offered by the Audook application, but were also aware of some
intrinsic limitations of audiobooks.

5 Conclusion

The main contributions of this paper are insights on how to make audiobooks inter-
active and better integrated in learning contexts, in particular when learning English as
a foreign language. The three case studies discussed show the large spectrum of
opportunities offered by audiobooks in language learning, from content generation to
social and game-like interactivity. Our prototypes provide evidence that audiobooks
can help in documenting learning (thanks to audio deliverables), in supporting different
learning experiences and styles, and in complementing visual information when
exploring non-linear narrative.

We believe that the experience obtained in the three studies and the insights we
gained can be used as design guidelines to develop more interactive audiobooks and
audio-enabled applications. A fully functional mobile application based on the outcome
of the main case study is currently under development.
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Abstract. Collaborative creative work in small groups can significantly
improve learning, particularly when supported by concept maps. Although
useful in collaborative environments, most applications for the development of
concept maps are designed for personal or small tablet computers, which can
limit student communication in a team setting. In addition, the use of these
applications usually requires training periods that may reduce the time allotted
for regular learning activities. In this context, digital tabletops can effectively
promote collaboration and face-to-face communication by providing a large
horizontal interactive surface. However, despite its large size, a single tabletop
cannot accommodate more than three or four students. Therefore, collaborative
learning spaces and work groups with multiple devices become necessary. In
such scenarios, the exchange of information between groups is critical. In this
paper, we propose the use of tangibles, as a natural mechanism to exchange
information by using a distributed collaborative concept map application.

Keywords: Tabletops � Multi-touch surfaces � Tangibles � Concept maps �
Collaborative work

1 Introduction

Collaborative learning is an effective educational method that plays an essential role in
theories such as Constructivism and Knowledge Building [13, 18]. Studies have shown
that collaborative creative work in small groups can significantly improve learning
when supported by concept maps [11]. Concept maps are tools to organize, represent,
and structure knowledge relationships in a graphical format. Although useful in col-
laborative environments, most applications for the development of concept maps are
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designed for personal or small tablet computers, which can limit student communi-
cation in a team setting. In addition, the use of these applications usually requires
training periods that may reduce the time allotted for regular learning activities.

Studies suggest that large horizontal interactive surfaces can effectively promote
collaboration and face-to-face communication [2, 6, 14]. These surfaces often provide
multi-touch interfaces that implement common hand gestures for basic operations such
as zoom, pan, and rotate. In this paper, we present a software tool for developing
concept maps that combines tangible interactive controls with multi-touch and
multi-user capabilities. Tangible controls provide a richer and more direct interaction
mechanism than plain visual representations on the computer screen normally do
[3–5, 20]. Multi-touch surfaces make interactions more natural and intuitive.

Our interactive surface is designed around an optical infrared frame mounted on a
commercial large screen high-definition TV set. The optical frame supports the
simultaneous detection of a large number of contact points, which allows the use of
physical objects (which can be 3D printed) to reproduce various touch patterns, similar
to those performed by explicit hand gestures on the table. These patterns are then
recognized by our system and used to identify what tangible element is being used as
well as to calculate its position and orientation on the surface. As a result, specific
functionalities can be assigned to physical elements based on its position and orien-
tation on the surface (i.e. to simulate the physical interaction with a rotating knob).

Our application uses tangible elements as a method to manage information locally
on an interactive surface and as a natural mechanism to exchange information between
different surfaces to support distributed collaborative design work. A preliminary
usability evaluation shows that the application is intuitive and provides sufficient
functionality and resources to build large concept maps of relatively high complexity.

2 Distributed Concept Maps

Tabletop systems offer a large interactive surface on which several users can work
collaboratively and communicate face-to-face. In this regard, some researchers have
used tabletops to create concept maps in collaborative digital work spaces [9].

Although the work space of a tabletop system is large, it is difficult for more than
three or four users to work simultaneously in a comfortable and productive manner. In
collaborative work scenarios with many users, it is possible to define a distributed
model where a set of tabletop devices connect to a common digital work space. In [16],
an implementation of this model is described. The model allows the extension of the
local collaborative workspaces that are established around a physical interactive sur-
face, into a distributed setting that allows the interconnection of remote devices.
Therefore, a common virtual workspace is generated, similar to the concept of cloud.
The interaction with the system is based on Natural Interfaces. Unlike other solutions,
our technology allows designing complex schemes of classroom orchestration in a
natural and simply manner.
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A software application for the construction of concept maps was developed based
on the distributed collaborative work space model [16]. The system allows the con-
struction of concept maps in this digital space, so each tabletop connected to the system
acts as an interactive window to the common space (Fig. 1). The system provides a
natural interface that minimizes learning curves and allows the addition of new
information through BYOD mechanisms (Bring Your Own Device). For example,
users can use their smart phones to send text and images to the system or by e-mail or
through the social network Twitter.

In collaborative environments, the exchange of information between groups is
especially important. Our system facilitates these tasks by implementing operations
such as copy/cut/paste, which propagate hierarchically through the directed graph
defined by the concept map. Thus, a user can copy part of a concept map by selecting
the root node of a subtree and clicking the appropriate option on the context menu
provided by the system. By using zooming and panning operations, users can “virtu-
ally” move over to the working area of a different group of users and perform a “paste”
operation.

However, this mechanism can become confusing to some users in environments
where several working groups are distributed in a room. In this scenario, where users
carry their devices around the room, the fact that information can only move virtually
without involving a physical displacement of users, may be perceived as unnatural.

These impressions are reflected in the usability test performed in [16]. The results
of this study (using a Likert [8] scale of 5 values) are shown in Table 1. While
results were positive in all cases, teamwork (question 6) received the lowest score.

Fig. 1. Representation of a distributed collaborative work space
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Subsequent interviews with users who participated in the experiment revealed diffi-
culties in tasks related to the exchange of information among different working groups.

The integration of new mechanisms based on physical manipulators of information
can simplify the exchange and manipulation of digital information between working
cores, making it more natural for users.

3 Tangible Interface

A Tangible User interface (TUI) is a user interface where users can interact with digital
information through a physical medium. Natural interfaces give digital information a
physical form, which simplifies user interaction by becoming metaphors for handling
physical objects and materials (actions that are performed instinctively).

TUIs have been widely used in teamwork and collaborative learning environments
[3–5, 20]. In our previous work, we used tangible items over tabletop systems to
improve collaborative work in teams [1]. Our system used tangible elements to rep-
resent conceptual map nodes, while transitions were represented graphically by the
tabletop. Similar systems were described in [12, 19]. For instance, in [19], both nodes
and transitions are represented digitally, and tangible manipulators are used as tools to
perform actions (create and move nodes, create and label links, etc.). Other studies use
tabletops for the implementation of concept maps without the use of tangible items [9].
From the standpoint of collaborative work, results are satisfactory at the local level,
where multiple users work simultaneously over a single interactive surface.

In this paper, we propose the use of tangible manipulators to implement informa-
tion exchange operations in a distributed scenario between different tabletop devices of
different working groups. Therefore, the transfer of information becomes a physical
action, similar to what happens in a traditional work environment, where the physical
transfer of information involves the movement of users.

3.1 Using Tangibles to Exchange Information

The information exchange between tabletops using tangible elements is implemented
as cut/copy/paste operations. For these tasks, two tangible marks are used, the first one

Table 1. Evaluation test questions and results from previous study [16]

Question x r

1 Using the tool is easy 4.60 0.50
2 Understanding the system is easy 4.20 0.70
3 Learning to operate the system is easy 4.70 0.47
4 Learning to operate the system is fast 4.90 0.31
5 Remembering to operate the system is easy 4.65 0.49
6 Teamwork is easy 3.90 0.64
7 Overall, I found the system easy to use 4.60 0.50
8 Overall, I found the system useful 4.35 0.49
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associated with the ‘cut’ operation and the second one associated to the ‘copy’ oper-
ation. The two operations are similar. Only ‘cut’ deletes information from the source
tabletop. In both cases, the information is temporarily stored in the clipboard (sup-
ported by the application server). Placing a ‘cut’ tangible on a concept map node will
copy the node and its hierarchically dependent child nodes to the clipboard and delete it
from the source working area. The ‘copy’ operation is similar, but the original infor-
mation will not be deleted from the source. By placing the ‘tangible manipulator’ on a
different tabletop system (or on a different location on the same tabletop), the hierar-
chical structure stored in the clipboard will appear, with the root node directly under the
manipulator.

3.2 Additional Operations with Tangibles

Tangible manipulators are also designed for zooming and panning operations. For
zooming, the tangible manipulator must be placed on the tabletop surface and rotated.
Clockwise rotation implies a positive zoom, while counterclockwise rotation implies a
negative zoom. Similarly, by moving the tangible associated with the panning opera-
tion, it is possible to move the displayed area of the work plane.

4 Implementation Details

4.1 Tabletop System

Since the appearance of the first tabletop devices, several types of solutions and
technology implementations have been used [10, 17]. The use of infrared optical
frames [1] allow to convert any flat screen into a multi-touch tabletop device. Cur-
rently, the affordability and availability of this type of frames has increased signifi-
cantly, even for very large screens formats, reaching high resolutions and high rates
(>=200 Hz) in the detection of touches. The type of tangible interaction described in
this paper is not common in optical frame based tabletops.

4.2 Tangible Marks

In our previous work [15], we developed a system of tangible manipulators based on
the use of physical objects that were completely passive. The position and orientation
of these manipulators could be identified and calculated in real time when placed on the
working surface to reproduce various touch patterns, similar to those performed by
specific hand gestures on the interactive table.

An example of the developed tangible passive manipulators (corresponding to id’s
2, 3 and 5) is shown in Fig. 2. If necessary, the physical marks can be labeled
according to its functionality. The basic element consists of a cylindrical base with
three pins, which describe an isosceles triangle. This basic element corresponds to the
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handler with ID = 0. Since the three pins form a triangle, the element is stable on the
surface of the tabletop and its circumcenter defines the XY position of the manipulator.
Additionally, the orientation of the mark (an isosceles triangle) can be easily
determined.

The codification of the different IDs is performed by adding additional pins
between the two pins that define the short side of the isosceles triangle according to a
binary encoding in base 2 arrangement. Therefore, the number of different manipulators
can be 2n, where ‘n’ is the maximum number of pins that can be placed between the
two pins that define the short side of the triangle. This number depends on the reso-
lution of the optical frame and size (radius) of the manipulator. An example of eight
possible encodings using three pins is shown in Fig. 3.

Fig. 2. Example of passive tangible manipulators placed on an optical frame surface

Fig. 3. Codification of eight manipulators using three pins
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Once the markers are placed on the interactive surface, a set of single touches are
detected, which are treated as point clouds and segmented into clusters. Subsequently,
for each cluster the system calculates in real time the XY position of its centroid, its
orientation, and ID, and encapsulates this information in respective TUIO frames [7].
The set of points detected on the interactive surface to the situation presented in Fig. 2
is illustrated in Fig. 4.

4.3 System Architecture

The Distributed Concept Map system is an application that consists of a server and
several local nodes (tabletop systems) connected via a TCP/IP network (Fig. 5).

Both local and server applications were implemented using the Unity engine, which
provides extensive support for developing graphical and networking applications. The
entire virtual workspace is managed by the server and each client has a view of it. Any
action performed by a client is transmitted to the server, which immediately updates the
scene and, in return, sends the changes back to the clients. The operation is similar to a
network video game, where a common virtual world is stored on a server, and each
player connects to it as a client.

Using the API provided by the optical frame manufacturer, a daemon process was
developed to continually sample touches on the interactive tabletop and return them as
XY point coordinates. With this information, a middleware application computes the
number of marks placed on the surface as well as their respective IDs, position and
orientations, and encapsulates this information in TUIO frames that are sent via UDP to
the local application. All points that are not classified into any cluster (and thus do not
belong to any mark) are sent as single points in single TUIO “point” frames. This
feature allows compatible interaction with the multi-touch table using both tangible
marks and hand gestures.

Fig. 4. Points detected on an interactive surface from the three tangible marks shown in Fig. 2
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5 Preliminary Usability Evaluation

A preliminary test was conducted to study the impact of tangible manipulators in a
collaborative work scenario where eight students distributed in two tabletops worked
on the construction of concept maps on a common theme. The session was conducted
by teachers to encourage situations where both groups of students needed to exchange
knowledge, and experiences to build a complete concept map. Such situations caused
the physical movement of students and information. The questionnaire and results of
the 5-point Likert scale used in the evaluation are shown in Table 2.

Fig. 5. Architecture of the distribute concept maps with tangible elements interface

Table 2. Questions and results of the preliminary usability evaluation test using tangibles

Question x R

1 Using the tool is easy 4.75 0.46
2 Understanding the system is easy 4.38 0.52
3 Learning to operate the system is easy 4.75 0.46
4 Learning to operate the system is fast 4.63 0.52
5 Remembering to operate the system is easy 4.88 0.35
6 Teamwork is easy 4.63 0.52
7 Overall, I found the system easy to use 4.63 0.52
8 Overall, I found the system useful 4.63 0.52
9 I found the mechanism for information exchange between groups easy

and simple
4.75 0.46
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6 Conclusions and Future Work

Based on the results of the preliminary usability test, the use of tangible manipulators
has been shown beneficial in tasks related to the exchange and management of
information between different workgroups. Comparing these results with those
obtained in our first usability test (Table 1), we can observe an improvement in
question 6.

From interviews with students who participated in the first test, it was concluded
that the low scores obtained in the question 6 were mainly due to the difficulty of
exchanging information between groups. In this regard, it appears that the addition of
tangibles for handling information simplifies this task and makes it more natural. This
conclusion is reinforced by the scores from question 9, which confirm that tangible
markers are easy to use for information exchange activities. Moreover, a natural flow of
students between the two work groups was observed during the experiment. The virtual
information transfer between the two tabletops mimics the physical transfer of infor-
mation media in traditional work environments.

The use of tabletop systems implemented with optical frame technology combined
with the use of the proposed passive tangible manipulators, results in a tool with a
reasonable price/performance ratio that has proven useful in distributed collaborative
learning environments. In the future, more comprehensive testing usability evaluations
involving a larger number of users and tabletop stations will be conducted.
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Abstract. Navigation in large-scale virtual environments is composed of
locomotion and wayfinding. We compared two locomotion techniques in an
immersive CAVE-like display in order to determine which one promotes better
performance in children in a wayfinding task. A ‘treasure hunt’ game scenario
was devised in which participants had to navigate to various houses of a virtual
village that was previously seen only on a map. The 2D coordinates of paths
taken by participants were recorded together with their success rates in finding
the targets, and the time taken to reach their destination. Children showed that
although the pointing method allowed them better control in locomotion, neither
method was preferred in terms of success rates and timing.

Keywords: Navigation � Virtual reality � CAVE � Children

1 Introduction

Navigation in virtual environments consists of two components: Locomotion and
wayfinding [1, 2]. The aim of all locomotion (travel) methods is to allow the user to
explore virtual environments easily and naturally while supporting spatial awareness
and reducing cognitive load [3]. Maintaining spatial awareness is especially important
for wayfinding, which in itself is a cognitively challenging task. Knowing where one is
in relation to a destination is essential for effective wayfinding.

The most natural techniques of simulating locomotion are ones in which the user
receives proprioceptive and vestibular inputs from their body movements. In this
respect Slater et al. [4] devised a technique whereby the user walks in place and makes
normal head movements. Their movements were interpreted by a neural network
classifier in order to update their viewpoint in the scene. A similar method was
employed by Adamo-Villani and Jones [5] in a comparison between different
immersive travel methods designed for children. More recently there have been
developments in omnidirectional treadmills (e.g. [6, 7]), which can be used mainly in
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conjunction with HMDs. These allow the user to walk normally on the treadmill and
these movements are monitored in order to update the view of the virtual world.

The importance of real walking in spatial cognition was highlighted by a series of
experiments by Ruddle and Lessels [8] in which participants performed a search task in
a room-sized virtual environment. The experiments compared gaze-directed travel
using either a desktop display, a HMD with joystick or physical walking using a HMD.
They found that only in the latter condition (real walking with HMD) was performance
comparable to the same task conducted in the real world. The other two methods
produced more errors with around 50 % of real-world performance. Their conditions
differed in the amount of body-based information provided: In the first scenario
(desktop display) no body-based information was provided, whereas gaze-directed
travel with HMD provided rotational body information only and the free walking with
HMD condition provided both rotational and translation body information.

These results were interpreted as supporting the use of physical walking interfaces
in navigation through virtual environments. However, walking devices have limited
scope and applicability. For example, they are large because they have to provide an
area for the user to walk, they are difficult to physically move around, and it may not
always be appropriate to have physical walking during exploration: larger virtual
environments are more easily explored using simulated translation. Addressing these
issues Riecke et al. [9] performed the same experiment but requiring all participants to
wear a HMD to navigate. Again body-based information was none, rotation only or
rotation and translation (real walking). They found that although walking with a HMD
produced the best results, rotation only performance was comparable to real walking
and better than no body-based information at all. This suggests that allowing a user to
perform physical rotations in a virtual environment is more important than providing
physical translation.

The results of Riecke et al. [9] suggest that a combination of head-tracked orien-
tation changes with translation controlled using a joystick may be the most versatile
method of locomotion which still supports spatial awareness. This can be accomplished
using a steering method. Two steering methods commonly used are the gaze-directed
method and the pointing method [10]. Bowman et al. [11] identified these two as the
most general and efficient for spatial navigation. They allow for rotational head
movements while enabling translation using a hand-held device. They differ only in
that the gaze-directed method couples the translation direction with the viewing
direction. The pointing method allows the user to pick the translation direction by
pointing (with a tracked hand or pointing device).

These two methods have also been the subjected to comparative evaluations to find
which is preferred by users. Asking users to walk along a line to a target object
Bowman et al. [12] found that the gaze-directed method produced slightly better
performance in terms of speed and accuracy (staying close to the line). However, this
difference was not statistically significant. In another task in which participants had to
move to a point relative to an object they found that the pointing method produced
better performance using the same metrics. These experiments utilized a sparse virtual
environment consisting of rectangular spaces defined only by concentric lines. Each
method appeared to have its advantages and disadvantages (listed in Table 1). They
noted that more significant differences between the two motion techniques might be
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found with more complex navigation tasks and in richer 3D contexts. Such a scenario
for example might involve someone steering themselves along a city street with all the
visual cues that we normally experience in the real world.

In other studies Suma et al. [13] compared real walking with gaze-directed and
pointing motion control in spatial cognition tasks using a HMD. They found a trend for
better performance with real walking but no difference between the other two methods.
Adamo-Villani and Jones [5] reported a study in which child participants had to
navigate to fixed targets in a virtual environment displayed in a CAVE. They compared
travel using either a wand device (pointing method with uncoupled gaze) with a
gesture-based interface consisting of a pair of tracked data gloves and a body-centered
interface utilizing a dance platform which used stepping as a locomotion metaphor.
They found that, in terms of time to reach the targets, the wand and gesture conditions
produced the fastest results. The wand method also yielded the lowest error-rate (in-
correct turns en route to the target).

These latter findings may indicate that performance with gaze-directed and pointing
methods may be dependent on the type of display used. All of the comparative studies
above used a HMD except for Adamo-Villani and Jones [5] which took place in a
CAVE-like display. Theoretically, the display device may have an impact as the HMD
with its limited field of view will have different requirements and entail different user
strategies than, say, a CAVE display which can provide a wider field of view.

2 Motivation and Objectives

Our aim was to determine whether there exists a preference for either the gaze-directed
and pointing methods of travel implemented in a CAVE environment displaying a
realistic scene, taking the special user group of children as participants. Although
Bowman et al. [12] found minor differences between these methods under certain
circumstances, we hypothesized that the reason for this was the sparseness of the

Table 1. Advantages and disadvantages of gaze-directed and pointing methods of travel. From
[12]

Advantages Disadvantages

Gaze-directed Steering and view are coupled User’s head can stay relatively still
Ease of use/learning More comfortable
Easier to travel in a straight line Can look and move in different

directions
Slightly more accurate

Pointing User’s head can stay relatively still Can lead to overcorrection
More comfortable More cognitive load
Can look and move in different
directions

Harder to learn for most users

Slightly less accurate
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environment they used, the nature of their tasks and the limited field of view available.
We decided to test these methods using a realistic task requiring spatial awareness and
high cognitive load while maintaining precise control of locomotion. Wayfinding
requires that decisions be constantly made according to where the subject believes they
are in the environment and in relation to their goal. It is also a common task that is
easily comprehensible to children. Our experiment therefore differs from previous
studies in the following respects:

• Using a CAVE-like display that provides peripheral visual information.
• A natural yet complex task of wayfinding under cognitive load.
• A more realistic environment where destinations are shielded from the start

position.

These three factors may all influence preference for motion control. The CAVE
display provides peripheral vision that was not available in traditional HMDs. Bowman
et al. [12] for example, used a HMD with a field of view of 60 degrees. A CAVE
display provides a field of view of 200 degrees. A complex environment will also result
in obstructions of the line of sight between the subject and their destination, forcing
them to store their route in working memory. An efficient motion control technique
would not interfere with this information and allow them to find their target
successfully.

3 Experimental Design

The virtual setting for our experiments was a village populated with distinctive
buildings serving different social functions such as a school and a bakery. We placed
signs around the village to identify the direction to various places (excluding buildings
that served as targets in the experiment). The task involved a wayfinding exercise in
which users were initially shown a map of their current location in the village and the
location of a building that contained a large gold treasure chest (Fig. 1). Their task was
to proceed as quickly as possible to the building while staying on the path. Travel speed
was kept constant for all trials.

The two travel modes used in these tests differed only in that the pointing method
allowed gaze in a direction independent of the direction of travel. From previous
experiments described in the literature we identified accuracy, efficiency and control as

Fig. 1. The maps presented during the four trials
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often used parameters that encompass Bowman et al.’s [12] guidelines for travel
methodologies. Accuracy in our case was measured by the number of times participants
found the treasure. Efficiency was determined by the time it took to reach the target
destination. Finally, control was measured by asking participants to keep to the center
of the paths running between the buildings.

4 Experiment

The wayfinding ability in children and their development of mental representations of
routes has been studied extensively (see [14] for review). However, relatively few
studies have been conducted regarding map use in larger-scale environments. Devel-
opmental psychologists have suggested that children’s abilities to represent environ-
ments follow a developmental sequence from egocentric representations to abstract
allocentric representations [15, 16]. Recent studies have shown that there is a devel-
opmental progression in children aged 6 to 10 in route learning with younger children’s
wayfinding being more dependent on landmarks [17]. These developmental studies
suggest that by 12 years of age children are able to encode a route procedurally.
Comparison of way-finding ability between children of this age and adults of 22 years of
age have shown no appreciable difference between them in real world experiments [18].

We were motivated to see how children navigate in VR. Interaction methods should
be inclusive if VR technology is to benefit a wide range of societal needs. Even though
children at the age of 11 can find their way in the real world using directions it remains
to be seen if navigating in a virtual environment with the added cognitive load of using
a motion control device is as straightforward.

We used a between-subjects design and each child participant had four trials using
one or other of the two travel modes.

4.1 Participants

We contacted a local school to organize a class visit to the CAVE facility in order to
test whether children demonstrated any preference for either one of the two travel
methods described. Twenty-six (26) children (13 male and 13 female) aged between 11
and 12 years of age took part in the study. The children’s parents signed informed
consent forms that had been forwarded to them a week before the visit.

Summarizing the demographic data, in terms of computer use the majority of
children (54.2 %) said they used a computer several times daily and 29.2 % said they
used a computer during each week. In terms of computer games 45.8 % said they
played computer games sometime during each week and 45.8 % said they played
several times daily. None of the children had been in a CAVE display before. 80 % of
the children owned either a Nintendo Wii or Sony Playstation. It is therefore reasonable
to assume that the majority had experience with some form of game control device.
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4.2 Design

We used a between-subjects design to test the two travel modes with the routes depicted
in Fig. 1. Thus each child performed 4 trials using one of the two travel modes on an
alternately assigned basis. The accuracy metric was the number of successful trials.
Efficiency being measured by the time taken to complete a route. Control of movements
was assessed by the mean square deviation from the center of the path during travel.
Recording terminated when the participant reached within a fixed distance of the target
entrance or after 80 s, in which case the trial was considered unsuccessful.

4.3 Procedure

The children completed an adult-supervised pre-test questionnaire and were alternately
assigned to one of the two travel modes. They were individually familiarized with the
CAVE, fitted with the stereo glasses and instructed as to the use of the wand according
to their prescribed condition. They were allowed a short time to familiarize themselves
with the motion control device and the experiment commenced when they were ready.

4.4 Results

Data from 2 children (1 male, 1 female) was discarded owing to inability to complete all
four trials. Figure 2(a) shows the mean time taken to traverse each route for each mode
of travel (for both successful and unsuccessful trials). On inspection, the average trial
times appear to correlate with the length of each route although, interestingly, the travel
times for routes 1 and 3 appear longer than routes 2 and 4. In these trials the participant’s
start point and direction violates Levine’s (1984) forward-up equivalence principle and
indicates perhaps an increased cognitive effort required to encode and traverse the route.

Fig. 2. (a) Children’s mean trial duration (for all trials) for each treasure route. N = 12 for each
condition, error bars are 0.95 confidence intervals. (b) Mean number of successful trials for
children according to gender as function of steering mode. Error bars denote 0.95 confidence
intervals.
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In terms of the two motion control methods under consideration, trial times appear
similar for the two travel conditions. We performed a repeated measures ANOVA with
mode of travel as between subject’s factor. This showed that there was no significant
difference between the modes of travel in terms of trial time [F (3, 22) = 1.77,
p = 0.16]. In terms of timeouts (time limit being reached before reaching target) the
pointing condition produced 21 in total (relative frequency = 0.44) and the
gaze-directed condition produced 23 (relative frequency = 0.48).

We summed the number of successful trials for each participant and performed a
factorial ANOVA. Since we had a balanced design with equal numbers of males and
females performing each of the primed searches with both modes of travel we could
take gender into account. The ANOVA therefore consisted of two factors (Gender and
Travel Mode) with number of successful trials as the dependent variable. Figure 2(b)
shows the mean number of successful route traversals as a function of travel mode for
the two genders. Results of the ANOVA show that gender was significant [F (1,
20) = 4.55, p < 0.05] with boys having greater success than girls. The mode of travel
was not significant [F (1, 20) = 0.18, p = 0.67] and the interaction between these two
factors was not significant [F (1, 20) = 0.73, p = 0.4].

Finally, we look at the level of control afforded by each of the two travel methods.
We found that some participants used at least one ‘illegal’ route to reach the primed
destination (see inset in Fig. 3). These trials were removed from the comparison data.
We see from the overlays of the paths followed in Fig. 3 that the pointing method
allowed participants to stay closer to the center of the path. Figure 4 shows the mean
square deviation (from the ideal path) for all 24 children. For all routes participants had
lower mean deviations when using the pointing method of steering. A repeated mea-
sures ANOVA with 4 levels (corresponding to each route) and steering method

Fig. 3. The routes taken by child participants. Large deviations have been removed. Inset
picture shows all data. (Color figure online)
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(pointing, gaze-directed) as between-subjects factor showed that this difference was
significant [F (1, 22) = 5.72, p < 0.05].

Because of the elevated number of timeouts we considered that this may have
masked any difference between mode of travel and if enough time was given a pref-
erence for one method or the other would have been revealed. In order to further
compare the two methods, regardless of whether participants reached the treasure
location, we subdivided each route into a series of 10 equidistant waypoints and counted
the number of waypoints reached for each route. A waypoint was considered to be
reached if the user came within 15 world units of it (corresponding to 3 times the width
of the path). Averaging across routes, we found that children using the pointing method
reached 7.56 (SD = 1.45) waypoints and children using the gaze-directed method
reached 7.79 (SD = 1.54). A t-test for independent samples by group showed no sig-
nificant difference between the number of waypoints reached [t(22) = −0.37, p = 0.7].

4.5 Summary and Discussion

In terms of our measure of accuracy using each travel method we found no difference
between the pointing method and the gaze-directed method. Similarly there was no
significant difference between trial times for the two groups. However children were
able to control their movements better with the pointing method than with the
gaze-directed method.

Fig. 4. Mean square deviations from the center of the path (in virtual world units) derived from
children’s navigation data. Error bars show standard error of the mean, N = 12 for each
condition.
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The increased number of timeouts initially suggests that children did not have
enough time to complete the path traversals, although a closer look at the data in terms
of the waypoints covered regardless of whether they reached their target similarly
suggested no difference between the two travel modes. The increase in timeouts
reduced the amount of available data and so the results remain inconclusive. The fact
that children found the task difficult may be explained by one of two possibilities.
Firstly, it may be that children required more time to complete the routes and the time
allowed was insufficient to do so. Secondly, it may be the case that children in many
cases did not encode their route through the environment sufficiently to allow them to
reach the target and got lost. In the former case the mode of travel may have made a
difference, but not in the latter. Our analysis of waypoints reached for both groups
shows that travel mode was not a significant factor regardless of the time allowed.
Furthermore, visual inspection of path traversal behaviour of individual participants
who did not complete their routes showed that they had good control over their nav-
igation but simply made wrong turns and got lost. Nevertheless, further experiments
would be required to investigate this more comprehensively.

5 Conclusion

In this experiment we compared two commonly used steering methods in a wayfinding
task where the participants were children. In the gaze-directed method movements
through the environment occur along the direction in which the user is looking. In the
pointing method movement occurs in the direction of a hand-held pointing device
allowing independent head movements. Both methods have their advantages. For
example, the pointing method allows the users’ head to stay relatively still making it
more comfortable. On the other hand, the gaze-directed method allows changes in
direction simply by rotating one’s head and the user does not have to point with an
interaction device which may reduce arm strain.

Previous comparisons of these two methods have measured accuracy, efficiency and
control by measuring time to complete particular tasks correctly and the ability of users
to follow paths. These tasks however were carried out using head mounted displays and
have involved rather contrived tasks in non-realistic immersive environments. We were
motivated to carry out experiments in a CAVE display that does not restrict the users
head movements and in which the peripheral vision of the user is much greater. We also
used a realistic wayfinding task requiring the user to make head-movements to assess
where they were and where they were going. Wayfinding is a cognitively challenging
task in itself and any intrinsic benefits of either travel mode would be reflected in the
objective measures that we made. We were principally concerned with timing to reach a
destination, the number of successful route completions and the ability to maintain
trajectories along fixed paths. These measures, as well as the wayfinding task itself, can
be seen as encompassing the several parameters identified by Bowman et al. [12] as the
qualities of an effective motion control method; namely accuracy, spatial awareness,
ease of learning, ease of use and information gathering.

From our own subjective impressions the task was surprisingly difficult considering
the simplicity of the topology. The main confounding factor in navigation through a
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large-scale environment is that buildings can obscure the line of sight and the task
becomes one of using a cognitive map to encode where one is in relation to one’s
destination and to control how to get there. On presentation of the map we found that
the best strategy was to imagine facing the direction of travel and then navigating the
intended route by encoding which way to turn at each junction.

The data from our child participants shows that they found wayfinding in VR
difficult. They reached the target destination on approximately half of their trials using
either control method. Also, data from two children had to be discarded and this
inevitably made the comparison between the two travel modes difficult. However, with
the data available we can at least draw the conclusion that the pointing method allowed
greater control in path following.

The fact that our sample of children found this task difficult is intriguing. However,
on a trial by trial basis child participants appear more likely not to have had enough
time to reach the target destination suggesting that they either found motion control
more difficult in general or they did not encode their route sufficiently. The latter would
conflict with, for example, the results of Cornell et al. [18] who compared wayfinding
behaviour between 11 and 22 year olds. In Cornell’s experiment, children were walked
through a campus grounds and asked to find their way back. They therefore had prior
exposure to the scene they had to navigate. The cognitive demands of our task were
somewhat greater. The children had no prior exposure to the environment they had to
navigate in. They were shown a map and asked to navigate from one location to
another. A more suitable paradigm might have shown participants the routes to be
traversed in advance, perhaps using a virtual fly-through, rather than a map. This would
have provided them with additional information such as landmarks, which appear to be
important for children’s wayfinding [17] and thus a fairer comparison between travel
methods is possible.
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Abstract. The majority of tasks and processes at the workplace involve the
collaboration of two or more people, which explains that teamwork competence
acquisition has become a priority for educational institutions. In project-based
learning, student assessment is complex and generally focuses on the final
outcome delivered by the group, without paying attention to the contribution of
each individual or to the complete process. CTMTC is a methodology that
facilitates teamwork competence acquisition and individual and group assess-
ment in collaborative learning. This study describes and evaluates the applica-
tion of CTMTC for student assessment in group project-based learning in
Higher Education. The study also shows a particular case scenario of application
of CTMTC and evaluates the benefits derived from the use of CTMTC. The
results suggest that the methodology should be tailored to students’ needs and
course characteristics, and reveal a positive perception from students about the
application of the CTMTC methodology.
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1 Introduction

Development and acquisition of the teamwork competence (TWC) is essential in
educational and professional contexts because: (1) teamwork involves sharing of
information and discussion among students to build mental models in a cooperative
way, ultimately contributing to the improvement of students’ learning [1,2]; (2) com-
panies seek that prospective employees have developed the TWC because members of
an organization are working together in groups to achieve common goals [3]; (3) the
application of the Bologna process positions TWC as a key competence that student
should develop in Higher Education.

Despite all the institutional efforts to promote and foster TWC, assessment of TWC
acquisition is a difficult task.Most of the time, the assessment ofTWCis determinedby the
final result orwork that teams deliver, ignoringwhat happens during the different stages of
the process, variability between the amount and relevance of individual contributions, or
without any consideration about the different stages of the teamwork process.

From the above, a systematic and scientific study and assessment of TWC requires
methodologies that facilitate quantitative assessment. The present work describes the
application and evaluation of a methodology (CTMTC, Comprehensive Training
Model of the Teamwork Competence) that both improves TWC and facilitates its
objective assessment. CTMTC takes into account the group results and how each
individual has acquired the competence. The methodology relies on the analysis of
learning evidences from data generated by the use of IT-based learning tools by student
teams during a project development [4]. The application of the methodology entails
that teams develop the project in several stages adapted from the International Project
Management Association (IPMA) [5, 6].

The objectives of this research are to present and compare the tools used in courses
following the CTMTC methodology, to evaluate students’ perception about the
implementation of the CTMTC, and to show how the CTMTC contributes to improve
TWC and student assessment in teamwork-based courses. In order to do so, the study
presents the application of the CTMTC methodology to three degree and one masters’
courses, describes the implementation of the CTMTC on those courses, and compares
the results with previous editions of the courses that did not incorporate the CTMTC.

The study is structured as follows. Section 2 describes the CTMTC methodology.
Section 3 explains the practical implementation of CTMTC in the courses. Section 4
illustrates in more detail one of these implementations. Section 5 compares the imple-
mentation described in Sect. 4 with outcomes from previous editions of the course and
evaluates the methodology implementation from a qualitative perspective. Finally,
Sect. 6 summarizes the main results and the conclusions derived from the research.

2 The CTMTC Methodology

TWC assessment is complex, especially when examining how the individual acquires
this competence. There are several methods to assess TWC acquisition but they focus
mainly in the assessment of group outcomes. Such methods evaluate the individual
acquisition of the competence relies on observation of students’ perceptions through
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opinion surveys, self-evaluation questionnaires or peer evaluations to measure indi-
vidual evidences [7–9]. Ultimately, these methods evaluate the knowledge students
have about their task, their peers’ tasks, and project goals and milestones. However,
this approach may not be the best, because other elements have a high impact in group
outcomes: leader behavior, cooperation between peers, problems between team
members, performance of each member, etc. [10]. It is difficult to collect this kind of
information, which requires a continuous monitoring of how the group carries out the
activity. In order to ease and streamline this process, this study presents CTMTC and
its associated tools.

CTMTC is a proactive method that draws on three aspects of group-based learning:
teamwork phases (mission and goals, responsibility maps, planning, implementation
and organization of documentation), collaborative creation of knowledge, and cloud
computing technologies (wikis, forums, social networks and cloud storage systems)
[4]. In the CTMTC, faculty continuously monitors team members’ collaboration and
individual evidences along the teamwork phases. Monitoring also enables teachers to
guide students’ individual learning. CTMTC allows teachers to do partial summative
assessments of TWC [11]. This method has been tested in prior settings [10–13].

Assessment of students’ individual learning evidences requires a continuous
exploration of what they are doing during the learning experience, and a global analysis
once the course finishes. Controlled environments with a small number of students
allow teachers to easily perform monitoring and analysis but in courses with higher
number of students, it requires the use of automated tools due to its time-consuming
nature. This study includes one of these applications, designed as a learning analytics
tool that accesses, analyzes and structures the information about students’ interactions
stored in Learning Management Systems (LMS). Analysis and presentation of the
information follows the requirements of CTMTC: the learning analytics tool presents
the information about the group members’ forum interaction organized by course,
group, thread and person. This information allows instructors to check the evolution of
the group, average interaction of its members and the level of cooperation between
them. The tool also shows each member’s individual participation in a thread, if the
leader is acting as expected, etc. The main benefit of the application of this tool is that it
reduces the effort of assessing group and individual interaction and it makes it easier to
apply CTMTC [13–15]. As next section shows, the application of the methodology and
the technologies used in each of the courses vary from one to another.

3 Implementation of the CTMTC Methodology

All the courses under examination follow the CTMTC, with teamwork occurring online
along the course (using forums and wikis/Dropbox to communicate and share
contents/files, respectively). Every four weeks the students must make a presentation of
their work. Apart from interacting with other group members, students interact with the
different technological systems used. These interactions leave traces that teachers may
use as evidences, such as forum posts and WhatsApp messages, achievement of the
CTMTC phases (mission and goals, map of responsibility, planning, etc.) and outcomes
(final deliverables). At the end of the process, students must publish the final result of
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their work. Optionally, they can record a video (with a maximum length of 10 min) to
present the result, describe the way the team organized and coordinated, and show
individual and group work evidences.

One of the main benefits of the CTMTC is its flexibility. For this study, the authors
adapted it to the specific needs and features of each of the courses where CTMTC
implementation was decided at the University of León (4 completed courses, with 5more
ongoing courses using CTMTC at this moment). The four completed courses are part of
the Bachelor of Science and Master of Science degrees on Computer Science. Each
course has a different number of students and specific course goals, and therefore the
CTMTC methodology needs adaptation to adhere to the requirements of each course.

• Operating Systems. It is a second year course of the Bachelor of Science on
Computer Science degree, with a total of 110 students. The application of CTMTC
focuses on one activity that has a weight of 22 % of the final score. Although choice
of team members and coordinators is open, the group must choose one of the three
possible topics for the work. Groups have 3 or 4 members, who use the LMS
forums to interact between them; additionally, some of the students also use instant
messaging tools such as WhatsApp. Each group publishes its partial outcomes in
the LMS wiki and deliver their final outcome using Moodle LMS assignment block.

• Accessibility. It is a fourth year course of the Bachelor of Science on Computer
Science degree, with a total of 71 students. In this course, the application of the
CTMTC focuses on one activity with a 60 % weight of the final grade. The
instructor determines the composition of the groups, but students can freely des-
ignate their coordinator/leader and choose the topic between different possible
projects. Team members use the LMS forums and Wiki for interaction and publi-
cation of final results, respectively. Optionally, they may also send partial results of
their work to the teacher.

• Dedicated and Embedded Architectures. This is a fourth year course of the Bachelor
of Science on Computer Science degree, with a total of 15 students. CTMTC covers
all course activities. Groups consist of a number of members between 2 and 4, for a
total of 6 groups. Students can freely choose their group and their coordinator. The
project involves the same task for all groups. Students interact through a forum, use
the wiki to publish their results and Moodle assignment block to deliver the final
project.

• High Performance Computing. It is a first year course of the Masters in Computer
Science degree, with a total of 8 students. CTMTC is applied to a task with a weight
of 60 % of the final grade. Given the low number of students, they were all included
in one group, and student tracking did not require the use of learning analytics tools.
Group members freely choose their coordinator. The choice of tools to use to
complete the project is also open. The application of CTMTC includes GitHub as a
repository, Moodle Wikis as a means to publish group results and gitter as a space
for communication and interaction.

The above list shows the adaptation of CTMTC to the specific characteristics of
each course. The following section describes with a higher level of detail one of the
courses and compares the outcomes after application of CTMTC with those of previous
editions of the course.
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4 The Application of CTMTC in the Operating Systems
Course

Operating Systems is a first semester course in the second year of the Bachelor of
Science on Computer Science degree. In the past five years, there were more than 100
students enrolled per year. The course duration is 60 face-to-face hours (20 of them are
theory and the remaining 40 h correspond to lab classes). The objective of the course is
the acquisition of basic knowledge about how an operating system works, and therefore
it is strongly oriented to practice. The main topics covered include abstraction of
process, and analysis of problems related with concurrency and process scheduling.
Completion of tasks requires the use of C Programming Language and processes and
threads libraries.

Students’ final grade comprises two parts: theory (35 % of the final grade) and
practice (65 % of the final grade). Practice includes two assignments: the interim
assignment (35 % of the final practice grade) and the final assignment (65 % of the
practical grade). The application of the CTMTC focuses on the interim assignment
(with a total weight of 22.8 % over the final grade). Interestingly, the interim deliv-
erable is not mandatory (in other words, students can pass the course regardless of
completing it or not).

The 106 participating students freely formed groups (a total of 28 groups), with 3–4
members per group, and they named the person in charge of group coordination.

The teachers proposed three possible activities/projects for the groups to choose,
and thus different groups could have the same project as final assignment. Each of these
groups that completed the interim assignment had to follow the phases of the CTMTC
methodology, using Moodle Forum as main space for interaction. In the Moodle Forum
a group member can only read messages and threads created by their group partners,
and teachers may read all the messages in every group, and also read them on a per
group basis (as an example, Fig. 1 shows the list of threads for group 16). When the
interaction between students takes place in other systems, such as WhatsApp for instant
messaging, students have to upload the conversation as attached files in forum posts.

Students display the outcomes of the activities they complete on a wiki. The wiki is
private for group members and teachers. The work done in the wiki has to incorporate
the phases described in CTMTC, information about the activity and the name of the
group coordinator. Each phase is associated to a particular page in the wiki and a link to
the forum thread where the discussion about the issue took place. Figure 2 shows one
of these wikis. Finally, the students deliver the final result of their project through a
Moodle assignment block.

For an effective development of the course, teachers need not only to assess the
final outcomes of each group, but also the outcomes of each member of the group. In
order to do so the teachers can use the forum to see group members’ interaction, and the
wiki and a Moodle assignment to see the outcomes of the group work. The vast amount
of data available makes it difficult to analyze these evidences. For example, this course
has 28 wikis (with more than 4 pages each) and a forum with 245 threads and 1520
posts. Manually analyzing the work of a group and its group members is a
time-consuming task for instructors. For example, a manual inspection of each group’s
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activity takes lasted between 40 min and 1 h (this time does not include assessment).
That is, it requires between 19 and 28 h to complete the inspection of every group in
the course.

In order to face this problem, course teachers use a learning analytics tool that
provides a quick and effortlessly way to retrieve the information required for assess-
ment of groups’ and individuals’ outcomes (Fig. 3 depicts general information about
course and groups returned by the learning analytic tool for the interim assignment).

Fig. 1. Group 16 interactions in the Moodle Forum

Fig. 2. Wiki including group 16’s CTMTC outcomes
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Two rubrics enable student assessment of both group and individual work. The rubric
for group work assessment builds on prior studies using the CTMTC [4, 10, 12, 13],
while the rubric for individual assessment focuses on individual acquisition of TWC and
takes into account previous research related to teamwork behavior [10, 12, 13]. In this
sense, teamwork behaviour refers to performing individual activities that contribute to
the team work process: interpersonal behaviours (conflict and problem solving, collab-
oration, communication) and management behaviours (assuming leadership, establish-
ing goals, planning tasks, coordinating the other members in the group) [16, 17].

The next section evaluates the application of CTMTC in the Operating Systems
course, quantitatively (final grades) and qualitatively (student perceptions about
CTMTC), and compares the results with those obtained in previous editions of the
course that did not incorporate CTMTC.

5 Case Study

Table 1 shows participation, average assignment grades and average course grades in the
last three editions of the course (the most recent being the one implementing CTMTC).
Regarding participation, Table 1 reveals high participation levels in the interim
assignment in previous editions (around 80 %), rising to nearly complete participation
(96.36 %) after application of the CTMTC. The observation of assignment average grade
returns interesting results because the value in the 2014/15 edition of the course is much
higher than the one from the previous year and the one from the CTMTC course;
however, it is worth noting that the cause of this unexpected result might be that the
2014/15 edition used peer-review methods. Finally, Table 1 also shows that average
course grade is higher in the course using CTMTC. A possible explanation is that the
phases defined by CTMTC (i.e., definition of the mission and goals, planning, etc.) may
help to better plan and manage the group project. Because the study only includes one
edition of the course using the CTMTC, future editions of the course using the CTMTC
would confirm these results.

Fig. 3. Information returned by the learning analytics tool in the Operating Systems course
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As mentioned earlier, a qualitative evaluation of the CTMTC in this study also
entails students’ perception about the application of the methodology. In order to
collect this information participants were asked three open questions:

Q1. “In your opinion, what are the main advantages of the CTMTC?”
Q2. “What are the main problems you have encountered with the use of CTMTC?”
Q3. “What additional tools/systems (not included in the CTMTC) have you used in

the course?”

The qualitative analysis consists of an examination of the text from the responses
given by participants. This procedure includes grouping responses based on
topic-proximity criteria for Q1 (advantages of the application of the methodology or the
tools employed by CTMTC), Q2 (problems with application of the methodology), and
Q3 (tools used for assignment completion). After classification, we combined the
results in a matrix in order to extract conclusions [18]. Table 2 shows the first 20 (out
of 106) responses to the three questions.

Even though Table 2 just shows 20 results, most of the students perceive the
methodology as something positive, highlighting advantages related to teamwork
behaviors, as described by Tasa et al. [17]. Some responses correspond to interpersonal
behaviors (communication, problem solving, collaboration, organization, knowledge
sharing, helping other group members, etc.) and other have to do with management
behavior (distribution of tasks, deadlines, publication of results, planning, leadership,
etc.).

Students perceive that under the CTMTC they actually work as a group, and
therefore the methodology helps them to successfully complete the project. Interest-
ingly, participants are second year degree students with no prior knowledge about
project management, and thus they perceive the idea of working together and orga-
nizing their work as something positive. On the other hand, a group of students do not
find the methodology useful, showing a preference for individual work – three of them
were part of a group where they did not had any prior relationship with the rest of the
group members–, and only 9 out of 106 students (8.49 %) have negative opinions
regarding the usefulness of the methodology.

More than a third of participants (34.5 %) state that they do not encounter any
problem with CTMTC, while 44 % of students claim they have problems related to the
communication tools used in the course. The latter group finds that forums cannot
accurately represent actual interaction between group members, and express their
preference for integration of instant messaging tools (messaging tools are allowed as
group work evidence on the condition that students upload their conversations to the

Table 1. Participation, average assignment grade and average course grade of the last three
editions of the course Operating Systems.

2013/2014 2014/2015 2015/2016

Participation (Pct.) 88/110 (80 %) 100/128 (78.12 %) 106/110 (96.36 %)

Assignment Avg. Grade (Std. Dev.) 48.60/100 (37.1) 75.90/100 (26.59) 59.88/100 (21.1)
Course Avg. Grade (Std. Dev.) 34.62/100 (23.71) 46.81/100 (16.30) 49.30/100 (19.68)
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forum, an option that only 2 of the 28 groups chose). Some students (13 % of the total)
report problems with other members of the group. The main causes of these problems
are perception of different levels of implication between members, unfair/uneven dis-
tribution of tasks, and missing or nearly missing deadlines. These are all common

Table 2. Students’ perception about the use of CTMTC (truncated to N = 20 students)

Advantages Problems Tools

S1 Forces all group members to
contribute

Documentation None

S2 Includes project planning and
management

None, problems with other
group members

None

S3 Facilitates knowledge sharing None None
S4 Planning for development Time to define scheduling Instant

messaging
S5 Lesser complexity Application of the

methodology in general
GIT
Repositories

S6 Induces collaborative work Use of forums to register
participation

Chat

S7 Project management for goal
achievement

Methodology application
harder than development

WhatsApp,
Telegram

S8 Too much organization
required for a simple
assignment

Distribution of tasks Google drive

S9 Enables working as team Problems with partners None
S10 Facilitates coordination Communication via forums None
S11 Eases work Other means of

communication preferred
None

S12 Improves communication Demands lots of work for short
tasks

Dropbox

S13 Helps problem solving None Google code
S14 Facilitates distribution of

tasks
None None

S15 Grading does not only include
final result

Forum use for interaction Communication
tools

S16 None Problems with other group
members (distribution of
tasks)

None

S17 Includes planning and
deadlines

Leadership implies more work None

S18 Improves organization Publication of results is
time-consuming

None

S19 Publication of results forces
members to work

Agreement among group
members

None

S20 Emphasizes importance of
leadership

Phases None
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problems related to coordination and teamwork. Other problems mentioned include
higher complexity and difficulty to apply the methodology than project difficulty, unfair
grade weighing for leadership because group leaders have more workload, or lack of
knowledge about what they should publish on the wiki.

Concerning the use of tools, 73.6 % of participants report satisfaction with the tools
that application of CTMTC demands. A majority of the rest suggest the use of instant
messaging tools that provide information about real time interaction instead of using
the forum for interaction reporting. A reason for this perception might be that the
University of Leon’s Moodle instance does not publish the post immediately after
students post it, and therefore there is a delay that slows down communication. Finally,
six students propose the use of code repositories for each group member to upload their
code so teachers may check out individual contributions.

6 Conclusions

TWC is essential for educational institutions and in order to improve the employability of
students. This study describes and evaluates the application of the CTMTCmethodology
for student assessment in group project-based learning in Higher Education.

The study is part of a research project aiming to compare the effectiveness of
different methodologies applied to courses that involve work group and collaborative
learning. The research focuses on the application of CTMTC and reveals how its
flexibility enables adaptation to courses with very different characteristics (e.g. number
of students, types of assignments) by allowing the integration of different tools. The
research details a case study of one specific context of application of the CTMTC.

The case study suggests that application of CTMTC helps increasing students’
participation and final grades. Furthermore, students have a positive perception of the
application of CTMTC, and they feel that it helps them improve project management,
planning, distribution of tasks, and setting of deadlines and milestones. This perception
suggests that CTMTC may help developing teamwork behaviors that students shall
require in other courses and in their jobs in the future [17]. Some students report that
some of the problems related to teamwork, such as communication, collaboration, and
motivation, are not solved by the application of CTMTC. Even though most of the
students claim that the tools used in the course are appropriate for the methodology,
some of them point out problems that relate directly to the tools required for the
application of CTMTC. From a course design view, instructors should find ways to find
complementary technical solutions that cover this gap and address this issue in fol-
lowing editions of the course.

This study is part of an ongoing and constantly evolving line of work on course
design and implementation of methodologies to improve collaborative project-based
learning. Future avenues of research should address the influence of project selection, a
characterization of how students use the tools (and which ones best suit their knowl-
edge and abilities), or teachers’ perception of the application of CTMTC. It would also
be of interest to establish a comparison between the results returned by the learning
analytics system and other tools used for TWC assessment, such as self-perception
questionnaires and peer review techniques [7–9].
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Abstract. This paper aims to design a mixed-method evaluation study. The
target of this study is to analyze the implementation of the Building Information
Modeling/Management technology in the Architectural Engineering Curricu-
lum. We will use the mixed-method evaluation process based on quantitative
and qualitative approaches to measure the level of motivation, satisfaction and
performance of the students with Building Information Modeling/Management
(BIM) technology and obtaining the proper feedback to optimize the imple-
mentation of BIM in the Architectural, Engineering and Construction Man-
agement (AEC) curriculum.
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1 Introduction

BIM will be a milestone at the AEC programs in the near future. The AEC Industries
nowadays face an inflection point, as scholarship describes it: “twenty years ago,
AutoCAD pushed designers into a new era; BIM represents a new generation of virtual
model already widely accepted it by the industry [1] BIM’s multi-dimensional
approach allows to see how the pieces of their project fit together in real time” [2], that
gives the students the opportunity to understand how all the knowledge acquired
through the different courses fit together and the relation between them. The students
will use BIM technologies to create a model which contains all the information in a
single file to produce all the documentation that other-wise would be created in iso-
lation and duplication [3].

The purpose of this paper is to explain the design of the methodology to obtain the
data to analyze the implementation of BIM Technology in the AEC curriculum taking
into consideration these factors: The motivation of the students towards computer tools
technologies and the usability of BIM applications in their studies and career; the
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student proficiency with the tools required; the adaptability of these technologies to the
course where it will be introduced; and the students future intentions towards the
different software used after this experience.

The methodology of this study will be a mixed-method quantitative/qualitative,
where the student interaction with the BIM tools will be analyzed. The research will be
done in several courses related to the areas of design, construction and computer tools
where BIM is included. The analysis will quantify the motivation, and satisfaction of
the students and determine the reasons after this data.

2 Related Work

2.1 Enhanced Learning: Increasing the Motivation and Satisfaction
of the Students

The use of ICTs (Information Communication Technologies) in educational methods is
defined in the curricula of many undergraduate and master’s degrees, including the
architecture degree, the focus of this study [4]. These descriptions indicate that the
student be able to acquire both personal and collaborative competencies and skills
related to active learning, as well as information management, through applications and
devices that enable the adoption of Project Based Learning (PBL) approaches. These
methods should allow students to work using specific and effective roles much more
quickly than with traditional systems and should be able to apply them in their work
environment in the future. For all of these reasons, it is necessary to propose and
implement new methods through PBL and BIM systems, including the use of appro-
priate technologies that enable the student to more optimally dedicate him/herself to
project and time management.

We must approach the world and teaching of architecture as a component of
traditional teaching, which also includes law, medicine, the fine arts and politics. From
this perspective, drawing, painting and photography would be precursors to the main
technological innovation incorporated at the educational and professional levels: the
computer and the use of CAD (Computer-Assisted Design) applications [5, 6]. The
following evolution is much more recent and is, in a sense, the cause of the current
changing landscape and great need for much broader training in all types of tech-
nologies: the appearance of BIM (Building Information Modelling) [7]. Traditional
proposals, CAD, the more recent BIM, and other techniques, such as digital sketching
(DS) and digital infographics (also known as digital graphics, DG), are all aimed at
solving one of the main problems in architecture: the modelling and visualization of
complex elements. The acquisition and representation of data associated with land are
complex and incompletely documented aspects of modelling [8]. From an academic
viewpoint, these systems are used to improve the acquisition of skills and spatial
competencies to analyse the visual impact of any building or architectural project.

Numerous types of studies have linked the use of ICTs with improved student
motivation and, correspondingly, academic performance [9]. While focusing on the
study of user behaviour and emotions, we cannot forget its connection with the area of
widely documented knowledge corresponding to user experience and usability (UX).
These areas are historically related to the field of human-computer interaction (HCI).
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From that perspective, it would be interesting to analyse any innovation that involves
the use of new computer systems or technologies [10].

2.2 Building Information Modelling (BIM), in the Curriculum
of the Student

The implementation process of BIM in schools revealed that it should not be simply to
create a new course in the curriculum because, as claim Taylor et al. [11]: “BIM has the
potential to be introduced throughout the program”. Some schools in the AEC sector
are exploring BIM applications in their disciplines and struggling to integrate them
with other ones. This is what all the schools should do, in the opinion of Camps [12].
The schools can maintain the strengths of traditional education based on disciplines and
become multidisciplinary [13]. A separate integrative approach, in which the subjects
are divided into separate courses, but try to collaborate with each other, ensures no
insulation [14].

Thus the principles of BIM can be first introduced into a subject and then between
disciplines [15]. The first two years would focus on the individual skills of modelling and
analysis of the model [16] (BIM Course and DGR). The subsequent years could focus
more on teamwork and complexity through collaboration [16]. (BIM Course, Design
Studio and Building Technology). The last year could deal with actual construction
projects in collaboration with companies [16] (BIM Course and Management) [17].

As the great study cited [17] above explains, the BIM implementation at the AEC
curriculum has a lack of data. Our study will provide the methodology to collect
scientific data about the students’ motivation, satisfaction and performance after the
implantation of BIM technology in the courses of Design, Construction and Modeling
and Simulation. This data will be a perfect tool to analyze and design a solid BIM
implementation.

2.3 Mixed Methods Assessment in Educational Environments

Quantitative methods are vital for rapidly assessing the key factors from the design
perspective that are to be evaluated at the beginning, during, or at the end of the
development process. By characterizing and providing detail to the quantitative data,
however, qualitative methods provide a point of view that is more subjective and, at
times, complementary to the user. Whereas quantitative studies have traditionally been
linked to statistical and sociological studies, qualitative approaches have been used in
the social sciences and usability research, especially due to the personal input that can
characterize highly detailed responses. A combination of both approaches generates
what is commonly known as mixed-methods research, which has been widely tested and
continues to produce study results, filling gaps in each model and refining the obtained
results [18].

To analyze the proposed methods and assess the degree to which they were accepted,
we used a formula for data extraction that was previously validated in other educational
studies in the same field [19]. An initial pre-test was conducted to obtain the student’s
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profile and starting level of motivation/knowledge about the use of selected technologies.
At the end of the course, a post-test was conducted to assess the level of satisfaction and
completed use of each system, also a personal interview was conducted using the Bipolar
Laddering (BLA) technique [20], which allows us to identify and quantify the strong and
weak points of the proposed methods. The current proposal has a clear line of contin-
uation in future iterations because it reveals correlations between statistical results and
final grades in a way that allows us to evaluate the relationships between different
variables in the study and the student’s improvement. This proposal also allows us to
form conclusions in the future that can be extrapolated and validated in other areas of
knowledge. Likewise, the mixed approach will allow us to extract data and identify
noteworthy and adaptable aspects in future applications of the proposed system.

3 The Case Study

This section presents the development of the methodology to collect the data for the
analysis of the BIM technology implementation in the Architectural Engineering Cur-
riculum. This methodology has to deal with the difficulty of being applied in different
courses of the design, construction and computer tools areas of the architectural engi-
neering program. Every course has its own different teaching methodology, criteria and
objectives.

The main objectives of the study are to create a methodology to collect mixed data;
to measure the students motivation and satisfaction in the courses where we apply the
new proposal; to create a new method to collect samples of the student’s marks, from
the course designed; and finally, to create a method to analyze the performance of the
students.

3.1 Methodology

This research is based on a mixed-method research methodology. As Johnson et al.
[21] define it, mixed-methods research “is an intellectual and practical synthesis based
on qualitative and quantitative research; it is the third methodological or research
paradigm (along with qualitative and quantitative research). It recognizes the impor-
tance of traditional quantitative and qualitative research but also offers a powerful third
paradigm choice that often will provide the most informative, complete, balanced, and
useful research results”. The research that we are developing aims to provide real
quantitative and qualitative data as a tool for the AEC schools to decide how to
introduce BIM in their curriculum.

The methodology design in this paper will be applied during three semesters. In the
first semester it will be considered as preliminary, and we will use it to validate or
improve the final methodology for the study.

The study will have two main elements the tests and the exercises delivered by the
students. These two elements will provide us the data to evaluate the motivation,
satisfaction and performance of the students.

216 J. Ferrandiz et al.



3.2 Test Design

The design of the “test of user” is a common topic inside the scientific research and
experimentation based on user’s responses that will provide us the data. The main
objective of these tests is to assess the usability of the new learning environment. In this
specific case, the learning environment change is due to implementation of BIM
technology in the courses of design, construction and computer tools.

In the university framework there are successful studies to design the survey process
that we will take into account to develop this methodology. These studies analyze the
implementation of new technologies at the curriculum based on the user profile. The
focus of these studies is the efficiency and effectiveness of the course, and the level of
satisfaction and students preferences [22]. The most common parameters considered in
this type of survey are, the degree of knowledge of the technologies, the use made of
social networks, computer tools application level and theoretical knowledge of the
course applying the new technology studied that will be implemented [23].

For this specific research which is based on the implementation of the BIM tech-
nology at the architecture, engineering and construction management curriculum, we
will develop a two test survey; the pre-test to know the students proficiency and
expectations; and the post-test to know their motivation, and satisfaction.

We will develop a cyclical process in order to validate or improve the test
methodology for this study. This cyclical process is composed of three phases. The first
phase is the development, validation or improvement of the test. The second phase is the
extraction of the data for the main research. The third phase is the analyses of the results
of the survey looking for unnecessary and lost data that we should collect for the main
research.

To begin the research with a solid foundation, we developed the first test from the
one published at [23]. This test is used in several upstanding studies like [24, 25], and
already tested and validated. The first step was to analyze their test and check which
chapters could be useful and which ones we should replace for our specific research.

There were six chapters in their initial profile test, new technologies; Internet social
network and other tools; applications; computers and laptops; mobiles; and augmented
reality. After the analysis of the questions we decided that the last chapter would focus
on the technology they were implementing which is not the same as we were testing.
All the others are used to create a user profile that will be useful to realize a better
analysis of our results. For this reason we decided to change the augmented reality
chapter, creating a new chapter to analyze the students’ proficiency and expectations of
BIM technology applied to the courses. The chapters that we used from their test where
rewritten for an easier understanding of our students.

The BIM chapter that we developed aims to extract three main items: their level on
BIM before starting the course; their expectations towards BIM technology and finally
their technology preferences to be applied in the construction, design and other type of
courses.

The pre-test will be run during before the fourth week of the course, after the
students finalized their registration. This item will provide us the student profile of each
course that we are studying. It will help us to adjust and personalize the course to our
students (Fig. 1).
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The cyclical process to improve the methodology will be done for the whole
process as a set of elements. This process will be right after the results analysis of both
tables. This process aims to validate or modify the questionnaires to improve the data
collected. To develop the second test, we review the mixed-methods research literature
and choose the test from [19] as the base. We decided to implement their general
assessment part of the questionnaires, and create two specific new chapters about the
BIM technology.

The first chapter will test the satisfaction of the students in relation to the BIM
technology contribution in their studies and future career. During this first chapter we
will ask questions as: how useful will BIM be in your studies, and do you think that
BIM will improve your grades.

The second chapter will test the users’ perception of the BIM tools in the different
areas of the AEC (architecture, engineering and construction management) and the
usability of these technologies to improve the AEC curriculum. We will ask questions
as: Evaluate Revit as a tool to understand the building systems, components and joints;
and evaluate Naviswork as a tool to review your projects using clashes and comments.
With all these questions we will have a map of the students’ understanding and per-
ception towards the BIM tools and the courses where it is applied.

Fig. 1. Pre-test example design
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This second questionnaire will be delivered to the students during the last two weeks
of lectures before the final exams. We have developed the tests using Excel and Google
forms. The second tool gives us the possibility to run the survey online.

3.3 Performance Data, Collection and Analysis Design

As part of the methodology for our research, we develop criteria to collect the samples
of the exercises from the courses. This criterion is one of the key points for our
research. To provide it with the proper importance, we set up several attributes as a
must. The process to collect the exercise samples ruled by our criteria has to be
reproducible, measurable, objective, methodological, scheduled, and organized. All
these attributes of the criterion will give us a solid scientific foundation to begin our
research, and creates a common framework where the researchers will be able to share,
compare and validate the results.

To begin the solid foundation of our research we need samples from the courses
before the implementation of the new technology we are going to test. To collect these
samples, as stated before, we have created the following rules.

The first criteria to establish will be the type of samples that will be collected. The
samples from the previous courses will be graded exercises, which we will document by
PDF. To be methodological, standardized and organized we will add to these exercises
several pieces of information: the name of the institution where the course is done
(United Arab Emirates University), the country (United Arab Emirates), the semester
(Spring, Fall or Summer), the year of the course (2016), the course name (Intermediate
Design Studio), the number of students on each group (1, 2, 3…), the grade accomplish
(A+, A…), and the grading criteria if it is available.

The second criteria will be from where we will take these samples. The samples
will be collected from the official course file. This will create the possibility for any
other researcher to collect the same information to validate our experiment.

The third criteria will be the number of samples to collect. We will collect three
graded-samples, one from a very poor student, another one from an average student and
the last one from an outstanding student. When a very poor sample is not available, we
will collect only the average and good student samples.

The fourth criteria will be from when these samples can be taken. The samples will
be taken from the previous three semesters before the technology that we want to try is
implemented (Fig. 2).

To collect the samples from the actual course, we will follow the first three criteria
stated before. For the first one, we will collect graded-samples of the exercises in PDF,
adding all the relevant information. For the second one, we will do it in the opposite
direction, so the new graded exercises done with the new technology implementation that
we will use to compare with the old ones, will be the exercises that we will add in our
course file. For the third, we will collect the three graded-samples as explained before.

As this methodology is set up to be used by any course that wants to implement and
test a new technology, the criteria of evaluation will be defined by elements which are
stated in the syllabus of the courses. For this reason the evaluation, analysis and
comparison of the graded samples already collected will be done by following the
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criteria of the course that is written in the syllabus. The evaluation will use the out-
comes, milestones or objectives and grades given by the professor as the three different
resources to test the samples. We will test all the samples three times, evaluating the
level of accomplishment at each criterion. These criteria are set up by the professor in
the syllabus of the course. We are going to lay out one sample for each of the outcomes
and milestone criteria, understanding that it is a partial view of the real analysis. The
outcome and milestone criteria used as samples for the article was developed by
assistant professor Abdulaziz Banawi of the United Arab Emirates University, for the
intermediate course syllabus in the Spring of 2015.

The first analysis that we are going to introduce will be the outcomes analysis.
“Outcome 1: Students demonstrate proficiency in designing and developing detailed
construction drawings for their proposals including design of integrated profiles, material
selection and systems design [C, E, J]”. These letters makes reference to the ABET
accreditation program outcomes (A-K): http://www.abet.org/wp-content/uploads/2015/
05/E001-15-16-EAC-Criteria-03-10-15.pdf.

The analysis of this outcome as a criteria to analyze the graded-samples, gives us
this set of rules to evaluate the exercises of intermediate design studio. We should look
for detailed construction drawings, the integration of the elements in the design, applied
criteria to select the materials and systems alternatives, and selection criteria. It is very
clear from the outcome, so it can be analyzed and compared.

The second type of analysis that we will run, will be the milestones or objectives of
the course. The sample that we brought is a milestone that states what should be target by
the exercises, “Building Design Research: design issues, site factors analysis, spatial
analysis, case studies, design intent”. As stated in the milestone, we will look in the
samples for the site, spatial and case studies analysis, as well as the design approach. As
we can see, the outcomes and the milestones give us a totally different analysis approach.

The third and last analyses will synthesis of the other two previous analyses
introducing the variable of the grades given by the professor.

Fig. 2. Samples of previous graded exercises from the course building components
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4 Conclusions

As a result of this paper, we have created a mixed-method methodology to analyze the
motivation, satisfaction and performance of the students at a course that is implemented
with a new ICT technologies. This methodology gives everyone, the opportunity to
perform the same experiment and validate or discuss our data. In this paper we have
presented two separate methodologies, a test-based one that provides us the motiva-
tional and satisfaction analysis, and another one based on graded sample exercises that
test the performance of the students.

The test-based methodology is a mixed-method survey that gives us the “user
profile”, their motivation, and satisfaction based on two tests that are performed at the
beginning and at the end of the course and is specifically designed for the imple-
mentation of BIM.

We created a graded-sample methodology to analyze the performance and
improvement of the students in the course which is implementing a new innovative
teaching methodology. This methodology developed in this paper provides: a research
common framework based on available and official data; and a reproducible, mea-
surable, objective, methodological, scheduled, and organized system to collect and
analyzed the samples.

The combination of the test-based and the graded-sample methodologies provides
realistic and more accurate data about the implementation of BIM in the AEC cur-
riculum which has not been done before. This study will provide new insights and the
proper feedback to optimize the implementation of BIM in the (AEC) curriculum.
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Abstract. Personalization is important for online learning due to the ever
changing needs of online learners and because of its potential to reach a wide
variety of users. This paper describes the results of a literature review about the
personalization of online learning systems. It also describes results of user
studies of the prototype of a learning and performance support (LPSS) platform
developed at the National Research Council of Canada. Main findings are that
personalized learning systems can enhance learning effectiveness and motivate
learners, and that learners are looking for ways to better explore their learning
context through social network.

Keywords: Personal learning environment � Personalization � Collaborative
learning � Learning and performance support

1 Introduction

The National Research Council of Canada’s (NRC) Learning and Performance Support
Systems (LPSS) program is developing a personal learning and performance support
platform that crosses organizational boundaries to create a collaborative learning net-
work. The LPSS platform provides individuals with access to their own learning
resources and their learning records, allowing for job preparation and continued
learning. LPSS is built around the Personal Learning Record (PLR) which contains the
user’s learning records. The personalization of the LPSS is achieved via the Personal
Learning Assistant (PLA).

This paper is based on the findings of a literature review on Personal Learning
Environments (PLEs) including current learning needs analysis, and on the results of
LPSS user feedback studies. Selected articles were reviewed by researchers in order to
assess the state of the art functionality of existing PLEs, where the users personally
customize a framework to enhance their learning. The articles on Personal Learning
Assistants (PLAs) that involve the discovery, annotation and access to learning
resources within PLEs were also reviewed in order to validate future work on LPSS. In
the paper, we summarize the role of personalization in PLEs and provide a brief
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overview of the LPSS, including user feedback and evaluations related to personal-
ization. Future work on LPSS platform and on the Personal Learning Assistant is also
discussed in the conclusion.

2 User Learning Needs

Learning needs have changed over time due to the proliferation of instant communi-
cation and access to information [1]. Increased connectivity has led to a blurring of
both work and personal lives, especially with younger employees, who turn to social
media for professional and personal communication [2]. As a result of this change we
need to rethink how we learn; from traditional models of learning to digital education
through personalized learning paths [1] which include a wide variety of collaboration
tools for communication, team collaboration, writing/editing and engaging/networking
[2]. There is a need to connect and support people with a broad range of technologies,
processes and content as well as a need for on demand learning that doesn’t disrupt
workflow and productivity [3].

In traditional e-learning content, the learning units and the order in which they are
taken is decided by the provider. Learning management systems are course-centric.
Current trends in learning include: learners moving into different and potentially
unrelated fields over their lifetime; the rise of informal learning; lifelong learning –

learning as a continual process; and know-how being replaced with know-where as a
result of exponentially growing knowledge [4]. Trends in learning and communication
point towards the need for personal learning environments (PLE) where the learners
choose the content, their learning path and work at their own pace [5, 6].

PLE is a learner-centric ideology rather than a software application [6]. A PLE system
is: decentralized; places the individual at the center; grants user access to LMS systems as
well as other sources of information; allows for direct connections to collaborative
environments separate from LMS; and connects individuals with LMSs (which are
centralized).Within the PLE the individuals’ data is theirs tomanage and share as they see
fit and the data goes with them as they change jobs or training programs [7].

The literature on personalization shows a need to move beyond traditional systems,
as well as a shift towards lifelong learning that is not just personalized but also personal:
this is why LPSS was designed. LPSS is a single point of access for development and
training needs, and ultimately, career development and enhancement. The main
objective of the NRC’s LPSS program is to design, deploy, refine and commercialize an
online system for improving people’s learning and work performance [8]; however,
LPSS goes beyond the limitations of traditional systems. LPSS emphasizes an indi-
vidualized learning path with context-aware support. The platform places emphasis on
personal learning through self-guided learning (including the use of simulations and
simulation data), and will use social networks to create personal knowledge and learning
through a variety of different communication systems [9].
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3 Personalization

In the context of learning, personalization is an evolution of the concepts of differ-
entiation and individualization. There is no single shared definition of the meaning of
personalization; we define it as systems and methods that incorporate technology to
differentiate resources and processes, based on each learners’ skills, interests, needs and
learning profile in order to accelerate and deepen learning [10, 11]. The next step after
personalization learning is personal learning, which implies a custom-built learning
system for each user [12].

The need for personalization is not something new; in the paper Learning for
Mastery, the author writes “the basic task in education is to find strategies which will
take individual differences into consideration but in such a way as to promote the fullest
development of the individual” [13]. Personalization is important because online
learning reach a much wider variety of users than traditional environments and also
because users work with the system individually [14]. Personalized learning systems can
enhance learning effectiveness [14, 15] and help learners to feel more motivated [16].

We identify two main categories of research on personalization and learning. One
category focuses on structured learning in a specific context, like the Protus system
designed to help to learn specific programming languages which work with a prede-
fined set of learning contents [17]. The other category focuses on Personal Learning
Assistants (PLA) or other Personal Learning Environments (PLE), some examples are
the TRAILER where the main objective is to help learners manage competences
acquired through informal learning [18] and the LPSS project [8] shown in this paper.
These two categories are not exclusive, as more structured and formal learning can also
be provided through PLA or PLE; and both also have some common points, like the
type of variables that are considered to personalize the learning experience (learning
style, performance level, etc.). Personalization within PLEs can be achieved in different
degrees and in different ways depending on the nature of the system, the data gathered
or its purpose. The main concepts that are related to personalization in PLE are
described below.

Recommendation systems are a main point of research in relation to personaliza-
tion, and different variables are used to leverage the recommendations: learning styles,
performance, learner’s activities, browsing behaviors, learner’s interests or social
connections among others. Some research points to the value of considering context
(computing, location, time, physical conditions, resources, user and social relations) to
“better predict and anticipate the needs of users, and act more efficiently in response to
their behavior” [19]. Recommender systems are a crucial part of personalizing learning
as they aim to provide suitable resources to learners. The output of the recommenders is
usually in form of a list of resources (content, user actions, people) and in some cases
the learner can give feedback about the usefulness of the recommendations proposed in
order to improve future recommendations [14].

Collaboration is used as a mechanism for personalizing the learning experience
through different techniques. For example, a collaborative voting approach is used to
find the average difficulty of specific course contents [20] or a combination of social
network data and learner’s learning context is used in E-SoRS to provide the best
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connections to solve questions emerged while researching or studying [14]. Collabo-
ration is strongly related to the concepts of social connections and community [19].

The importance of defining the user model is emphasized in the research on per-
sonalization. The model could be inferred from behavioral data, as found in eTeacher
[21], or extracted from tests and surveys answered by the learner, like in Protus [17].
Learning styles are considered one of the most important factors influencing e-learning
and personal academic competence [16]. To personalize learning, one needs to per-
sonalize learning objects, learning activities and learning methods, which are all
interconnected with the learning style of the learner [22].

In PLEs there is a shift in control which comes from the move from institution-
alized learning environments to learning spaces centered on the user. In this new space,
users control the process of learning and create their own environment by searching,
aggregating, creating and sharing contents [23]. Research indicates that learning styles
can vary depending on the task or the learning content so the learner needs to be able to
change this information at any time [17]. To personalize the experience, the learner
should have control over the information and organization of the system.

Strongly related to the shift in user control, there is also the adaptation aspect,
which refers to the ability of the system to learn from its own use. The user controls the
system when he actively modifies it, but to empower the adaptation, the system needs
to use behavioral data, activities, paths, explicit feedback or other data collected for the
improvement of the system. For example, the system uses the feedback provided by the
user in order to suggest future actions [21].

The use of affective information is also a part of the research on personalization
[19]. Influence of emotions on learning and how they can be used to improve learning
experience [24], and the importance of using strategies to motivate learners, like
providing the opportunity for a second formative assessment [25] are relevant for this
subject.

4 LPSS and Personalization

Since the launch of the pre-release in 2014, the National Research Council of Canada
(NRC) is continually developing the LPSS platform, a system that shifts the learning
perspective from classroom learning to personal learning. LPSS creates a personalized,
dynamic and ongoing learning environment with access to enhanced learning resources
on demand. This learning platform goes beyond personalized learning towards personal
learning. Rather than offering a customized version of a generic offering, the goal of
LPSS is to enable each learner to develop their own custom learning program from the
ground up [26]. The LPSS pre-release version that was launched on October 21, 2014
(www.lpss.me):

provides individual learners with the tools and support necessary to access learning from any
number of providers – not just educational institutions, but also their friends and mentors, their
current and future employers, community and social programs, and much more. Built on
current and evolving learning technology standards, it is designed to provide access to
MOOCs, to traditional learning management systems, to stand-alone courses and software,
and even to the world of the Internet of things [26].
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Within the LPSS platform, a personal instance is created for each learner, designed
to keep track of everything related to learning – exercises followed, tests taken, games
and simulations attempted, web pages accessed, etc. LPSS stores all that in a single
location within the Personal Learning record (PLR). Unlike a learning management
system, LPSS plans to combine data from the user’s learning environment, the work
environment and the social environment, thus enabling adaptive learning software to
close the loop between learning and performance, and capture both formal and informal
learning. PLR manages user’s learning and training records, credentials and badges
over a lifetime, making it easier for employers to identify qualified candidates and for
prospective employees to identify skills gaps.

The LPSS platform aims at enabling features such as an automated recognition of
competencies and analysis ofworkflow and job skills, as well as contextual assistance and
access to references and learningmaterials on demand from any device. In addition, LPSS
aims to improve the personal learning experience by providing more insight into user’s
learning patterns [27]. A snapshot of a personal LPSS dashboard is provided in Fig. 1.

In the process of designing the LPSS platform, the NRC team conducted an
in-depth literature review on the personalization of adaptive learning systems [8]. This
study found the analysis of user characteristics to be an essential part of an adaptive
system development process and identified features that have been successfully
employed in many adaptive systems. Individual user characteristics are crucial to
consider in designing features that are relevant for the system’s adaptation, for
advancing personal learning experiences beyond the one-size-fits-all approach and to
ensure that user individual characteristics are taken into account to accomplish quality
learning with proper performance support mechanisms in place.

Fig. 1. Personal LPSS dashboard
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Since LPSS is a networked personal learning platform, user studies involving
collaborative learning spaces are relevant as well. For example, Höver et al. [28] looked
at various ways to link, share and filter learning resources; provide visualization;
archive resources and provide detailed levels of anchors for linking learning resources,
including the need for referencing paragraphs, sentences, words, timestamps, and
annotations. Other researchers [29] have also looked at linking course data to allow for
different recommendations for users with different educational backgrounds. This is of
particular relevance for the design of the LPSS personal recommender and a toolkit,
both designed to provide enhanced access to resources, activities and credentials in a
dynamic personal learning environment.

Since the launch of the LPSS pre-release, the research team has conducted various
user studies to collect information on system use, perceived usefulness, perceived ease
of use, and user satisfaction with the various tools and functionalities available within
LPSS. The parts of these studies relevant to personalization are described in the next
section of the paper.

5 LPSS User Feedback and Evaluations

In order to gather user feedback and evaluate the LPSS website, NRC researchers used
three methods. Firstly, a feedback email address was provided to the users of the
website to allow them to send their comments and suggestions. Secondly, surveys were
conducted with the users. Finally, an internal review of the lpss.me website was
conducted in the form of a usability study. This section provides details on the methods
used to obtain user feedback, followed by a discussion of personalization feedback and
recommendations from the users themselves.

5.1 Feedback Email

Since the launch of lpss.me, users have been able to communicate with NRC
researchers via a feedback email provided via a link at end of each lpss.me webpage.
Overall, 34 feedback emails were received since the launch of the system. These emails
can be divided in three categories: (1) promotion, which included emails that promoted
the user’s own technical skills or the skills of the company they work for; (2) im-
provements suggestions for the LPSS research team on what the system should do; and
(3) bug reporting, where the users email LPSS researchers when a feature isn’t oper-
ating as it should. The second category of feedback emails (improvement suggestions)
yielded several user comments related to the personalization of the LPSS system, and
will be discussed in the results section.

5.2 Survey

An invitation to participate in a survey was sent to 232 people who registered into the
LPSS platform. Between November 2014 and December 2015, 49 users responded to
the survey. The majority of respondents were male, from between 40 to 69 years old,
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involved in online learning and highly educated. As a result, the findings from the
survey cannot be seen as representative of the general population, but are sample
viewpoints from power users within the online learning community.

A total of 24 questions were asked, ranging from demographics questions (e.g. age,
gender, education, and familiarity with online learning, etc.) to more specific questions
about the LPSS system. Questions that elicited responses concerning personalization of
the system included the open ended text question: “What would you like a learning and
performance management system (like LPSS) to do for you? How would you like to
use it?”

5.3 Internal Review

An internal review of the website was conducted during the fall of 2015. This review
was designed as a usability study of the LPSS platform conducted with NRC
employees. It is the first step before conducting an external review of the platform.

When doing usability studies, the number of participants matter and the maximum
benefit/cost ratio comes from testing four users [30]. Therefore, four persons (3 men
and 1 woman) were recruited to participate in the internal review. They all had graduate
degrees and were employees of the NRC involved in the LPSS program.

Participants were asked to complete eight tasks within the LPSS platform while
thinking aloud in the presence of a researcher. The tasks were:

1. Log into the website, scan the information provided and report on what you think it
is offering and how you can benefit from it.

2. Go to the dashboard and look at it. Report on what you think is the purpose of the
different sections that you see.

3. Think about a topic/domain/skill you would like to improve and add it to your
competency profile.

4. Without looking at the system, report where you think you could find relevant
information about this topic.

5. Proceed to one credential you have in the learning record section and convert it to a
pdf.

6. Log into the system, access the dashboard and explain what you see. How do you
think it can be used? Would you like more/less or different information?

7. How would you filter the resources by type or keyword?
8. Now that you know more about the system, could you explain in your own words

what you think it does? Would you use it? Why?

The internal review was conducted on regular laptops running the Morae 3.3.3 usability
testing software. The screen display, mouse clicks and the webcam recordings (user’s
face and voice) were recorded for later review and analysis.

Before the study the users were given a short introduction to the study and its
methodology. They were then provided with a computer and asked to perform eight
tasks using the think aloud protocol. For some of the tasks, test accounts were created
to avoid spending time on the sign up process that was not in the scope of the test.
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5.4 Results

Some useful feedback on the platform was collected using the above mentioned
methods. Given the focus of this paper, we are reporting only the results that relate to
the personalization of the LPSS site.

Feedback emails. One user gave the following advice for improving the recom-
mendation system: “It may be convenient to allow for the rating of resources in terms
of relevance to the user. That may make the recommendations more intelligent. For
example, I like the recommendations by the aggregation website http://www.
elearninglearning.com/.”

Survey. Respondents were asked what they would like LPSS to do for them. The
answers related to personalization were:

• Provide a way to network around competencies; learn from what others interested in
similar competencies are studying.

• Highlight things of interest based on personal profile and activities.
• It could be interesting to browse competencies with the users profile associated, to

optimize the network effect.

Internal review. One issue reported was that the user expected his competencies level
would be determined by a third party organization, instead of having the user manually
adding his competencies.

Another reported issue was that users would appreciate an increase in the number of
options to filter and narrow their searches.

A third reported issue was that when you create a credential in the Learning Record
section, the system should automatically add your name, since the LPSS.me account is
personal.

A fourth reported issue was that when exporting his credentials to a pdf, a user
would have liked to have the option to tailor what is shown in the pdf, by selecting
specific credentials.

Beyond the need for additional tailoring, the users revealed via email, survey and
internal review responses the importance of social learning and the usefulness of rated
resources. Users wanted to see what others with similar competencies and interests are
learning in order to further their own learning. Also users wanted to see resources rated,
both automatically and by other users who have used the resources, as well as easier
filtering in the system.

6 Conclusion

This paper presented research and development underway at the National Research
Council of Canada to develop personalized learning technology for learning and per-
formance support. The paper provides an overview of the importance of personalization
in online learning and in the context of LPSS, demonstrates that personalization can be
applied in different ways within the learning platform.
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The paper demonstrates the importance of understanding end-user needs, expec-
tations and doubts when gathering personalization requirements, which can be
accomplished through different methods like feedback emails, surveys and internal
reviews. In the initial phase of LPSS development, considering the user feedback
received, the main personalization findings are related to the social aspect of compe-
tencies (exploring what others in the same context are doing), better filtering capa-
bilities and more options in relation to resources or user searches.

Future work on the LPSS platform will continue its focus on personalized learning
by strengthening the social network aspects of the platform, further allowing learners to
create and share information. External reviews will also be conducted to get user
feedback from external users. User interactions will be captured in order to allow data
analytics on them. Finally, researchers working on LPSS will continue exploring the
challenges and opportunities for creating a truly personal learning environment, cus-
tomized for and created by each user.
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Abstract. The ability to use digital technologies to live, work and learn in
today’s knowledge-based society is considered to be an essential competence. In
schools, digital technologies such as smart devices offer new possibilities to
improve student learning, but research is still needed to explain how to effec-
tively apply them. In this paper we developed an instrument to investigate the
digital competences of students based on constructs from the DIGCOMP
framework and in the contexts of learning science and mathematics in school
and outside of school. Pilot testing results of 173 students from the 6th and 9th

grades (M = 12.7 and 15.7 years of age, respectively) were analyzed to remove
unnecessary items from the instrument. The pilot study also showed preliminary
smart device usage patterns that require confirmation by a large-scale study.
Digitally competent use of smart devices may help facilitate widespread use of
computer-based resources in science education.

Keywords: Digital competence �Mobile learning � Use of smart devices � ICT
in education

1 Introduction

The ability to use digital technologies to live, work and learn in today’s knowledge-based
society is considered to be so essential that in 2006 the European Parliament and Council
specifically acknowledged digital competence as one of eight key competences necessary
for personal fulfilment, active citizenship, social cohesion and employability [1]. More
recently, a report commissioned by the European Commission entitled DIGCOMP: A
Framework for Developing and Understanding Digital Competence in Europe identified
21 digital competences and grouped them into 5 areas: Information, Communication,
Content Creation, Safety and Problem Solving [2]. The DIGCOMP framework was
developed based on a review of the literature on the concept of digital competence [3], an
analysis of 15 different case-studies [4] and consultations with 95 experts [5]. In the
context of the DIGCOMP framework the term ‘digital competence’ is defined to be a set

© Springer International Publishing Switzerland 2016
P. Zaphiris and A. Ioannou (Eds.): LCT 2016, LNCS 9753, pp. 233–244, 2016.
DOI: 10.1007/978-3-319-39483-1_22



of knowledge, skills and attitudes needed by citizens to use ICT to achieve goals related
to work, employability, learning, leisure, inclusion and/or participation in society [2].

In Estonia the DIGCOMP framework was used as a basis for introducing a new
general competence (digital competence) into the national curriculum in August 2014.
This general competency requirement defines digital competence as:

the ability to use new digital technology to cope in a rapidly changing society when
studying, acting and communicating as a citizen; to find and store information through
digital tools and judge its relevance and credibility; to participate in digital content
creation, including making and using text, pictures and multimedia; to use digital tools
and strategies to solve problems; to interact and collaborate in digital environments;
to be aware of risks and protect one’s privacy, personal information and digital
identity in online environments; to abide by the same morals and values in online
environments as in everyday life [6].

Now that education policy in Estonia explicitly expects schools to play a major role
in developing students’ digital competence [7], there is a need to understand digital
competence as it is defined in the national curriculum and study how it informs
teaching and learning. Since the DIGCOMP framework served as the basis for defining
digital competence in the Estonian national curriculum it is important to investigate
how that framework can be practically applied in schools to develop the various digital
competences listed in the curriculum requirements. At a practical level the suitability of
the DIGCOMP framework for school-age students has not been established. The
framework describes individual competences using analogous terms (e.g., I can browse
for, search for and filter information online) that may be perceived by some to actually
address separate competences. Unlike survey items about digital skills found in the
Eurostat Community Survey on ICT Usage in Households and by Individuals [8],
which asks respondents whether they perform specific activities (e.g., Do you use the
Internet to read online news sites?), the DIGCOMP self-assessment items tend to be
more abstract (e.g., I can browse the Internet for information; I can search for
information online). Therefore, there is a need to study whether the relatively abstract
terms used to describe digital competences in the DIGCOMP framework are under-
stood in a consistent manner by school-age students.

Especially important nowadays is to engage young people in science and mathe-
matics. These subjects are fundamental for building the next generation of innovators
in today’s technology-driven economy. However, studies show that students in Europe
[9], including Estonia [10], have low motivation towards learning science and math-
ematics. A potential solution is to seize upon the interest young people show with smart
devices (smartphones, tablet computers) and integrate new pedagogies such as BYOD
(Bring Your Own Device) in the science and mathematics classroom [11].
Computer-based science resources, such as those found in the online learning envi-
ronment Go-Lab [12], offer opportunities for students to learn science through per-
sonalized experiments and apply a scientific inquiry methodology using their
smartphone or a tablet. Initial results of implementing Go-Lab science scenarios on
Wi-Fi enabled tablets have shown positive results with 15-year-old students [13].
Further uptake of Go-Lab resources for large-scale use in education can benefit from a
better understanding of the digital competence of today’s students. There is still a lack
of research about the use of smart devices by students to learn science and mathematics
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[14]. The instrument developed in this study is a first step towards collecting accurate
data about the use of smart devices by students and provides data to make preliminary
inferences about the digitally competent use of smart devices by students to learn
science and mathematics.

2 Method

The instrument in this study aimed to collect data from school-age students about their
use of smart devices and their digitally competent use of smart devices to learn science
and mathematics. It adopts some useful layout formats and scales from the survey
instrument used by PISA to investigate use of ICT by students [15], and similarly uses
a self-report questionnaire to collect data about how often students perform certain
activities in specific contexts. The activities in this instrument are related directly to the
digital competences described in the DIGCOMP framework. The contexts include in
school and outside of school learning, as well as a context to measure use of smart
devices for activities not related to school learning.

2.1 Designing and Developing the Instrument

The DIGCOMP framework [2] was examined closely to determine which constructs
related to digital competence to study. The DIGCOMP framework identifies five main
areas of digital competence (Information, Communication, Content Creation, Safety and
Problem-Solving) which are interpreted in this study as our main constructs. The
21 individual digital competences in the DIGCOMP framework are then taken to be
subscales of these main constructs. Selection of which digital competences to include in
the instrument was influenced by our choice to employ a self-report questionnaire.
Maderick et al. [16] concluded that self-assessment of digital competences that can be
otherwise assessed through criterion-referenced tests are not accurate or valid. They
reported that participants in their study (preservice teachers) overestimated their digital
competence through self-assessment [16]. We decided that the constructs Safety and
Problem-Solving can be better assessed by tests and therefore excluded these two main
constructs from this instrument. Likewise, 6 of the 13 subscales in the remaining three
main constructs were also judged to be more appropriately measured by assessing actual
performance on a task rather than with a self-report usage survey. These subscales were
likewise excluded. The remaining 7 digital competences included in this instrument
were: browsing, searching and filtering information; storing and retrieving information;
interacting through technologies; sharing information and content; collaborating
through digital channels; developing content; and integrating and re-elaborating.

Definitions given in the DIGCOMP framework for each of the 7 digital competences
under consideration appear to include similar and perhaps redundant terminology. For
example, the digital competence Browsing, searching and filtering information is
described to be “To access and search for online information, to articulate information
needs, to find relevant information, to select resources effectively, to navigate between
online sources, to create personal information strategies.” [2, p. 17].Within that definition
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there are 6 separate clauses and even the title of the digital competence includes three
similar terms (browsing, searching and filtering). Hence, to create items for our instru-
ment based on the 7 selected digital competences we decided to write three versions of
each digital competence and test them in a pilot study. The three variations were gen-
erated by looking at the terms used in the DIGCOMP definition and choosing those
believed to be most readily understood by our target audience (school-age students).
Table 1 gives an overview of the instrument items that were developed. The item order
was chosen such that each version of a digital competence is asked once before asking
alternative versions of the same digital competence.

The question format and frequency scale for presenting the item in our instrument
are similar to the survey instrument used by PISA to investigate use of ICT by students
[15]. However, an important difference is that we were interested in studying how often
a student performs a certain activity in four differing contexts. These contexts not only
give information about the use of smart devices in school, where current teaching
practice may not yet apply such digital technology to a wide extent, but also on the use
of smart devices outside of school where usage may be more prevalent. The four
differing contexts are: (1) at school for tasks assigned by a science or mathematics
teacher, (2) outside of school for tasks assigned by a science or mathematics teacher
(e.g., homework), (3) outside of school for learning additional science or mathematics
information not required by a teacher, and (4) outside of school for activities not related
to school learning. These four contexts describe possible ways students are currently
using smart devices. Table 2 summarizes the structure of the instrument and shows
how a question about a single digital competence item is presented in a matrix layout
for the four differing contexts.

2.2 Implementing the Instrument

Considering the age of our target audience, the need to maintain their interest in
completing the questionnaire, our desire to record analytics data such as time spent per
question, our need for flexible styling and formatting options of content and a solution
that would be scalable for large numbers of respondents, it was decided that the
instrument should be administered electronically on tablet computers. In addition,
electronic administration of the instrument needed to work offline to ensure that
locations with poor or no Wi-Fi coverage would still permit data collection. Given all
the needs of this instrument we proceeded to create the technical solution ourselves.

The technical solution for administering the instrument on tablet computers is based
on saving an HTML file to a tablet computer’s internal memory and running the file
locally in the tablet’s web browser. The HTML file was created using the hypertext
markup language to define the layout and style of the instrument and the JavaScript
programming language to add interactivity to the instrument.

Figure 1 shows how the instrument appears on both iPad and Android tablets. The
interactive functionality in the HTML file included forward and backward buttons to
navigate between different items, checks to ensure only one response to single-choice
questions, checks for nonresponse and an alert message to a respondent that they cannot
continue until all questions are answered, calculation of a unique timestamp when a
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Table 1. Development of instrument items corresponding to 7 digital competences (construct
subscales) found in the DIGCOMP framework and grouped under three areas of digital
competence (i.e. main constructs in this instrument).

Main construct Construct
subscales

Instrument items (item number in parentheses)
Version 1 Version 2 Version 3

Information Browsing,
searching and
filtering
information

(1) I use a smart
device to
browse the
Internet and
find
information
…

(8) I use a smart
device to
search the
Internet for
information
…

(15) I use a
smart device
to search and
find
information
on the Internet
…

Storing and
retrieving
information

(2) I use a smart
device to save
files and
content (e.g.,
texts, pictures,
music, videos,
or web pages)
…

(9) I use a smart
device to store
files and
content for
later retrieval
(e.g., texts,
pictures,
music, videos,
and web
pages) …

(16) I use a
smart device
to organize
digital files
and content
(e.g., texts,
pictures,
music, videos,
and web
pages) …

Communication Interacting
through
technologies

(3) I use a smart
device to
communicate
with others …

(10) I use a
smart device
to chat online
…

(17) I use a
smart device
to
communicate
with others
using online
social
networks …

Sharing
information
and content

(4) I use a smart
device to
share web
links with
others …

(11) I use a
smart device
to send files
via email
attachments
…

(18) I use a
smart device
to upload
digital files
and share
them with
others …

Collaborating
through
digital
channels

(5) I use a smart
device to
participate in
group work
…

(12) I use a
smart device
to collaborate
with others …

(19) I use a
smart device
to contribute
to the
outcome of
group work
…

Content
creation

Developing
content

(6) I use a smart
device to
create digital
files and
content (e.g.,
texts,
presentations,

(13) I use a
smart device
to edit my
own digital
content (e.g.,
texts,
presentations,

(20) I use a
smart device
to improve
my own
digital content
(e.g., texts,
presentations,

(Continued)
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Table 1. (Continued)

Main construct Construct
subscales

Instrument items (item number in parentheses)
Version 1 Version 2 Version 3

pictures,
audio, video)
…

pictures,
audio, video)
…

pictures,
audio, video)
…

Integrating and
re-elaborating

(7) I use a smart
device to
modify the
digital content
of others (e.g.,
texts,
presentations,
pictures,
audio, video)
…

(14) I use a
smart device
to refine the
digital content
of others (e.g.,
texts,
presentations,
pictures,
audio, video)
…

(21) I use a
smart device
to improve the
digital content
of others (e.g.,
texts,
presentations,
pictures,
audio, video)
…

Table 2. Format and layout of a single question in the instrument. The question corresponds to a
single digital competence item and respondents answer for four differing contexts.

The question is first structured in a form that asks about frequency of smart device use in
various contexts that are found in the below matrix.

How often do you use a smart device to [insert digital competence item here] in the following
situations?
The question is rephrased in
the 1st person and ellipses
used to connect the question
to the four differing contexts.

I use a smart device to [insert
digital competence item here] …

A 5-point frequency scale
Never or
hardly
ever

Once or
twice
a
month

Once or
twice
a
week

Almost
every
day

Every
day

The four differing contexts are
presented to respondents.

(a) … at school for tasks
assigned by my science or
mathematics teacher.

○ ○ ○ ○ ○

(b)… outside of school for tasks
assigned by my science or
mathematics teacher (e.g.,
homework)

○ ○ ○ ○ ○

(c) … outside of school for
learning additional science or
mathematics information not
required by my teacher.

○ ○ ○ ○ ○

(d) … outside of school for
activities not related to school
learning.

○ ○ ○ ○ ○
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respondent selects their first response, and calculation of the time spent per question.
A submit button at the end of the instrument was also created and when pressed saved all
the data into a format that could be easily read by a spreadsheet application for data
analysis. Another HTML file was used to upload (when it was possible to establish a
Wi-Fi Internet connection with the tablet) all the data (multiple respondent data may
have been collected on a single tablet) to an online spreadsheet file.

2.3 Pilot Study

A pilot study was organized to test the instrument with the target audience and gather
data to improve the reliability, practicality and conciseness of the instrument. Recall
that three potentially redundant items were created for each digital competence con-
struct (see Table 1). Statistical analysis and feedback from the pilot study suggested
shortening the instrument via removal of unnecessary items.

A total of 173 students from the 6th and 9th grades (12.7 and 15.7 years of age,
respectively) from 2 urban and 2 rural schools participated in the pilot study.

The instrument was completed voluntarily by students who had returned an
informed consent form (the form required parental approval for participation and was
distributed at least one week before administration of the instrument). Two trained
university students familiar with the questionnaire traveled to schools on separate
occasions to administer the instrument. They were available to answer questions about
the instrument from students.

3 Results

The results of data collection from the pilot study were analyzed and used to remove
ineffective items from the instrument. Analysis of the pilot study data also revealed
some interesting preliminary usage patterns of smart devices by students.

Fig. 1. Appearance of the instrument on iPad and Android tablets. The instrument allows us to
gather responses offline, store the data locally and at a later time upload the data to an online
spreadsheet file.
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3.1 Time Spent Per Item

Included in the data collection was analytics dealing with the time spent per item. Since
each item appeared separately on the tablet screen it was possible to record the time
spent completing that particular item. Figure 2 shows the average time spent per item
(in seconds) for each of the 21 items. The figure distinguishes between 6th and 9th grade
students. It can be seen that in the beginning there is a learning curve to get familiar
with the questionnaire structure and format. After the first few questions the students in
general answer subsequent items more quickly. One concern of the instrument was
response burden. However, we see that even by the end of the questionnaire the
average time spent per item remains above 10 s. Thus, it does not appear that students
get tired or start rapidly making responses on the final items.

It should be noted that before students began answering these items related to digital
competences there was a section asking them to enter data about their background
(name, age, gender, grades, etc.) and a section about availability of smart devices. These
sections together took 6th graders an average time of 3.34 min to complete and 9th

graders an average time of 2.95 min to complete.

3.2 Final Version of the Instrument

Two stages of analysis were used to remove ineffective items from the instrument. The
first stage relied on calculating internal consistency using Cronbach’s alpha correlation
coefficient. The items were grouped under the three main constructs (see Table 1) and
analyzed to see if their removal improves the internal consistency (reliability) of the
instrument. Items 1, 2, 3, 6, 12, 13, 16, and 18 showed an increase in Cronbach’s alpha
correlation coefficient in at least one of the four contexts studied. All of items that
showed an increase in Cronbach’s alpha were removed except for item 6. Unlike the
other items, the frequency distribution for item 6 showed a greater number of ‘every
day’ responses compared to its two alternative versions. It also showed the least
number of ‘never or hardly ever’ responses compared to its alternatives. This suggested
that students better understand item 6 and were able to answer that they performed the
activity more often, in contrast to the alternate item versions where confusion may have
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prevented students from answering that they performed the activity as often as their
responses to item 6.

After the first stage of item removal there remained 3 items in the Information
construct, 6 items in the Communication construct, and 5 items in the Content Creation
construct. It was decided to perform another stage of item removal with the aim of

Table 3. Pilot study results of items selected to be in the final version of the instrument and
organized according to main construct, context* and grade level.

Main Construct Context Grade Frequency of use

Information

(average results of items 
8, 9 and 15)

(a)
6th

9th

(b)
6th

9th

(c)
6th

9th

(d)
6th

9th

Communication

(average results of items 
4, 5, 10 and 17)

(a)
6th

9th

(b)
6th

9th

(c)
6th

9th

(d)
6th

9th

Content Creation

(average results of items 
6, 7, 20 and 21)

(a)
6th

9th

(b)
6th

9th

(c)
6th

9th

(d)
6th

9th

Never or hardly ever Once or twice a mont

Once or twice a week Almost every day

Every day

0 20 40 60 80 100

Percentage (%)

0 20 40 60 80 100

Percentage (%)

0 20 40 60 80 100

Percentage (%)

*Note. Contexts in the above table refer to: (a) at school for tasks assigned by a science or
mathematics teacher, (b) outside of school for tasks assigned by a science or mathematics
teacher (e.g., homework), (c) outside of school for learning additional science or mathematics
information not required by a teacher, and (d) outside of school for activities not related to
school learning).
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obtaining 3 to 4 items in each construct. For the second stage of item removal it was
also decided that there must be at least one item representing each of the 7 digital
competences in the instrument. The second stage of item removal relied in part at
looking at levels of skewness in the distribution of responses to the items as well as on
consideration of item wording. Two researchers compared the remaining items using
this criterion and concluded that items 11, 14 and 19 should be removed. Thus, the final
instrument was reduced from 21 items to 11 items. Each of the of 7 digital competences
measured by our final instrument is represented by at least one item: browsing,
searching and filtering information (items 8 and 15); storing and retrieving information
(item 9); interacting through technologies (items 10 and 17); sharing information and
content (item 4); collaborating through digital channels (item 5); developing content
(items 6 and 20); and integrating and re-elaborating (items 7 and 21).

3.3 Smart Device Usage Patterns of 6th and 9th Grade Students

Although space limitations prevent a detailed presentation and discussion of the pilot
study results, some preliminary patterns are apparent. Table 3 presents the pilot study
results categorized by main construct, context and student grade level. It can be seen
that use of smart devices outside of school for purposes other than school learning
result in the highest frequency responses. Also, it is evident that use of smart devices
for Content Creation is considerably less than use of smart devices for Information or
for Communication. These results begin to show that the developed instrument is
useful for extracting usage patterns of students’ smart device use. More detailed
analysis with a larger representative sample size is needed to make generalizable
conclusions as well as to indicate which background characteristics of students can
explain the smart device usage patterns.

4 Discussion

Applying this instrument on a large scale in schools is expected to give us an overview
of the current situation of how students use smart devices and provide data to assess the
digital competence of primary and secondary school students. It is important to keep in
mind that this initial instrument is based on a self-report survey. Research shows that the
accuracy of self-evaluation instruments cannot always be assumed because students
tend to be overconfident in rating their skills [17]. It is also important to note that some
of the digital competences might not be assessed with high validity in self-report tests
[16]. For this reason we did not focus in our study on assessing two competence areas of
the DIGCOMP framework, namely the areas of Safety and Problem Solving. Interna-
tional assessments of computer and information literacy, such as ICILS [18], use
computer-based interactive tasks to assess how well students can solve problems. In
order to ensure that students can solve problems with ICT or problems in using ICT they
actually need to face these problems and come up with solutions. The solutions they
present should then be evaluated (how appropriate the solution is and how fast was it
obtained). For the same reason, it is not reasonable to ask if a student is able to use his or
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her smart device safely or can avoid safety issues like viruses. It is something that needs
actual testing or observation of students’ behavior in action. The tests and/or observa-
tions are also needed to increase the validity of self-report surveys in the competence
areas of Information, Communication and Content Creation. Therefore, we see a need
for future studies to evaluate the validity of the results of the current study by trian-
gulation while using other methods to characterize students’ digital competence. It is
also noted that assessment of digital competences appears to have logical links to
computer-based assessment, since demonstration of task-based performance of digital
competence is most reasonably done in digital environments. Computer-based assess-
ment of problem solving skills has been used by the PISA test since 2006, and more
recently in 2015 PISA began assessing collaborate problem solving skills using virtual
computer agents [19]. Thus, the assessment of digital competences in a computer-based
environment seems to be feasible and warrants further study.

Nevertheless, the instrument developed in the current study is an important first
step towards understanding the learning opportunities offered by smart technologies in
science and mathematics classrooms. It provides an essential overview of how students
are currently using smart devices. The next step is to integrate data collection tools in
smart devices so that automatic data collection can serve approaches for learning
analytics and support students in improving their digital competence. A better under-
standing of students’ digital competence will help facilitate quicker uptake of
computer-based science resources such as those provided by the Go-Lab project [12].
Initial results of implementing Go-Lab science scenarios on Wi-Fi enabled tablets have
shown positive results [13].

5 Conclusion

In conclusion, a self-report questionnaire was developed, pilot tested, refined and is
now ready for large-scale implementation. The instrument surveys how often students
use a smart device to perform a digitally competent activity in four differing contexts.
The contexts relate to in school and out of school learning of science and mathematics,
as well as a context about using smart devices outside of school for activities not related
to school learning. The results of a pilot study with 173 students from the 6th and 9th

grades were analyzed to select which items from the DIGCOMP framework are best
understood by school-age children. Implementation of this instrument on a large scale
will allow us to accurately determine how often, in which ways and for what digital
competent activities students use smart devices. Moreover, it is expected that data
analysis of large-scale data will reveal which background characteristics of students
best explain their smart device use.
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Abstract. This research investigates the user’s learning during interactive
searching process, to find out what search behaviors would be associated with
the user’s perceived learning, and whether or not the user’s perceived learning
could be reflected in the existing search performance measures, so that such
measures could also be used for indicating learning during searching process.
The research used a data set collected by a research project on searching, which
involved 35 participants at a major US university. The results show that the
number of documents saved is significantly correlated with perceived learning
for all search topics. None of the search performance measures is correlated with
perceived learning in general. However, for specific topics, one of the perfor-
mance measures, Recall, is significantly correlated with perceived learning. The
results and the implications of the findings are discussed.

Keywords: Searching interactions � Learning by searching � Perceived
learning � Searching behavior � Search performance

1 Introduction

The use of information technologies has dramatically changed the way people learn.
Online courses are now widely available to remote learners, who maybe students
enrolled in a formal education program for a degree or certificate, or maybe informal
learners who just want to learn something new.

In the meantime, information, including learning materials, has increased explo-
sively on the Web that is open to the public. Learning objects [3] have been created
specifically for supporting learning, and various digital libraries consolidate informa-
tion resources on the Internet in supporting learning [13]. Many people now learn
directly from internet sources for different learning objectives [7]. Because of the
support of information technologies and the accessible information on the Internet,
self-directed learning, informal learning, life-long learning, as well as formal education
in higher education, can happen as elearning in a technology-rich environment, which
is more convenient for learners.

This research considers search systems as an IT tool that can play an important role
in supporting learning. While it is not difficult to find literature on the use of technology
in general to support learning (e.g., [5, 6, 11, 14]), there has not been much research yet
on learning while conducting interactive searches. In this research, we investigated into
this emerging and important aspect of the learner’s use of searching systems such as web
search engines. Today’s web search systems provide fast access to the vast amount of

© Springer International Publishing Switzerland 2016
P. Zaphiris and A. Ioannou (Eds.): LCT 2016, LNCS 9753, pp. 245–255, 2016.
DOI: 10.1007/978-3-319-39483-1_23



information on the Web. Naturally, searching has become a common activity in both
formal classroom and in other informal learning settings. The combination of searching
and learning has created the phenomena that is referred to as “learning by searching”
[16]. For this research, specifically, we are interested in the relationships between online
searching and learning: whether there would be any user search behaviors that could be
indicative of learning, and whether or not learning during searching could be assessed
by using the existing search performance measures. While learning is a task by people at
a wide span of ages, the population that is considered in this study is adult learners.

2 Searching and Learning

Searching and learning behaviors have traditionally been two separate areas of
studying. To lay a foundation for the current research, a discussion on learning and
searching, and the relationship between the two, is necessary.

2.1 Searching is Part of Learning Process

Searching is a process of information seeking, in particular, for digital information.
Because search always starts with an information need or statement, which represents
the user’s intended information, searching also involves the evaluation or judgement on
the search results to see if the search results are indeed related to the search objectives.
A complete search process normally includes the following steps: forming the search
query (or transforming the internal information need into a formal, explicit search
statement); submitting the search query to the search system; evaluating the search
results; if not satisfied or the information need changed, revising the search query and
resubmitting it, and reevaluating the results. This information searching process has
long been recognized as part of the learning process because the information retrieved
is used as the input for learning. In [10] the author developed an information search
process model, describing different stages during the search process that people seek
information to learn the world around them. This model is part of people’s learning
process. If the search system could not provide the needed information in the learning
process, problems may arise which would hinder learning.

Despite the recognition of the importance of searching or information seeking for
learning, searching and learning have traditionally been viewed as two separate things:
searching is to collect information for learning, and learning is another process that uses
the information being collected.

2.2 Learning by Searching

Searching is not just part of learning process. Searching has become more than just
finding pieces of information: it shares learning activity features. People, particularly
students, often employ explicit search as part of the learning process in studying of a
specific topic. [12] argued that learning was a key process within the common activity
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of exploratory search, among three kinds of search activities: lookup (finding a fact,
etc.), learning (acquisition of knowledge, etc.), and investigation (analysis, evaluation,
discovery, etc.). As more primary materials go online, searching to learn is increasingly
viable. Exploratory search systems are needed to support the full range of users’ search
activities, especially learning and investigation, and not just lookup, which usually can
be completed by one iteration of query-results. This inseparability of learning and
searching is also promoted by “informed learning” [2], in which it is argued that
information activities and learning are simultaneous processes.

Further evidence to support that searching is learning process is provided by [9],
based on the cognitive processes involved. The cognitive processes involved in
learning are summarized in the “Taxonomy Table” in [1], which includes six major
categories of cognitive processes: remember, understanding, apply, analyze, evaluate
and create, in the order of from simple to complex. Based on these cognitive processes,
[9] classified 426 searching tasks according to cognitive process features in [1].
Seventy-two participants were asked to perform these tasks in a laboratory experiment.
The results showed that information searching was a learning process with searching
behavior characteristics specific to particular cognitive levels of learning. The results
indicated that applying and analyzing, the middle two of the six categories, generally
took the most searching effort in terms of queries per session, topics searched per
session, and total time searching. The lowest two learning cognitive processes,
remembering and understanding, exhibited searching characteristics similar to the
highest order learning cognitive processes of evaluating and creating. Based on the
findings, [9] suggested that a learning theory may be better to describe the information
searching process. Such a theory, however, will need to be based on more under-
standing of learning during the search process.

In the present research, “learning (by searching)” means acquiring new knowledge
about a topic through interactive searching activities. “Learning by searching” can be
evidenced by the use of digital content as well as search engines in classrooms: stu-
dents often employ searching as part of their classroom learning process when studying
a specific topic. In this scenario, learning happens during the search process, not after
searching.

There has been some research on learning by searching. To support learning by
searching, [16] designed a system that could do automatic analysis on the search results
for a particular course. This system combined searching and learning automatically,
and helped address the fundamental issue of supporting learning while searching.

The factors (other than the behaviors) that may be associated with perceived
learning were investigated in [17]. These factors include the user’s prior knowledge,
prior search skills/experience (because the searches were on genomics documents,
search skills/experience was restricted to Medline database search experience), search
task characteristics such as general/specific, and the user satisfaction with the search
results they found in relating to a specific search topic. The results showed that in
general (without considering the task characteristics), all three factors: prior knowledge,
prior search experience, and satisfaction, were significantly correlated with perceived
learning.
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3 Research Questions

Based on the previous work, the current work seeks to extend the scope of previous
research to the understanding of how users learn by investigating the relationships
between users’ learning and their search behavior and between learning and their actual
search performance in terms of search outcome. Although searching and learning share
common cognitive processes and are considered inseparable in this study, the learning
tasks are normally not explicitly defined, but are implied in searching tasks or topics.
Therefore, when investigating learning during searching process, instead of using some
actual learning tasks, this study uses “perceived learning,” i.e., the user’s feelings about
their knowledge gains from the searching process. Two research questions are addressed
in this research:

1. What search behaviors are associated with perceived learning?
Users’ behaviors on a search system have been studied for decades. These include
querying behaviors, search result accessing behaviors, and so on. Behaviors which
are significantly associated with perceived learning need to be identified. This
identification will help understand when and how when users conduct interactive
searching, they are actually learning.

2. Are user’s learning correlated with the search success as measured by typical search
performance measures, so that learning during searching could also be indicated by
using such measures?
For learning during interactive searching process, one possible solution for learning
assessment would be using the existing measures for search performance to assess
learning. Search performance has traditionally been evaluated using the classic
measures of Precision and Recall. These “relevance” based measures test the user’s
ability to find relevant documents using the search system. They do not relate to
learning directly. It is unknown if these measures would be able to be used for
assessing learning by searching. [4] demonstrated the correlation between users’
knowledge, represented by a pre-knowledge score, and search performance,
represented by a search score. Participants took a knowledge test before searching
and were scored by the proportion of items correctly answered. The same test
was applied after searching. It was found that the score after searching was posi-
tively correlated with the pre-search knowledge score. Their study [4], however,
did not explicitly evaluate the difference between the search score and knowledge
score. This study will compare these measures with the user’s perceived learning,
hoping to find out if the measures could also be applied to assess learning in
searching.

By answering the above research questions, the current research seeks to further the
understanding of learning by searching, and to provide evidence for developing needed
search technologies to support learning.
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4 Methods

This research used the data collected and shared by a large research project on user’s
information searching behavior at a major US research university. A detailed and
complete description of the research design and the user experiment for the data
collection can be found in [17]. In this article, we describe the resulting data and the
measures that are used in this study.

4.1 Data Set

The data was collected through a laboratory user experiment in which 35 participants
performed four search tasks using the standard Text Retrieval Conference (TREC)
Genomics Track data, which are PubMed documents. The search topics were also
adopted from the Genomics Track dataset [8]. The search topics are classified into two
categories: general and specific, based on each topic’s relation to the National Library
of Medicine’s controlled vocabulary, Medical Subject Headings (MeSH) tree. The
participants’ search behaviors were recorded by the system. Before and after each
searching task, participants were also asked to fill out the pre- and post-task ques-
tionnaires. The logged behavior data and the completed questionnaires consisted of the
primary data used in this research.

Based on the original research design [17], the collected data set included the
following types of data on two sets of search topics: general and specific topics:

• Users’ search behavior data, such as the number of queries submitted to the system
for a search topic, the average query length for a topic, the time spent on a topic, the
documents selected from the search results pages (SERPs), and so on.

• Users’ search performance data, mainly the number of documents judged and saved
by the user as relevant for a topic, and

• The questionnaire data, from both the pre- and post-task questionnaires, which
included questions on demographic data and a question of if the user felt that new
knowledge was learned through the search on a topic.

4.2 Measures

The following measures were used in the study:

• Perceived Learning
This was a user self-reported rating on a 7 point scale in the post-task questionnaire,
to the question if new knowledge was learned from the search, from 1 for Not at all,
4 for Somewhat, and 7 for Learned a lot (Extremely).

• Search Interaction behaviors/activities
In total, 11 behavior variables, as listed in Table 1, were analyzed in this study.

These behavior variables have been frequently used in information seeking
research.
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• Search performance measures
The classical performance measures, Precision and Recall [15], were used in the
study. Precision is the number of correct search results divided by the number of all
retrieved results, and Recall is the number of correct search results divided by the
number of all possible relevant results in the search system.

Each participant’s performance measures are included in the dataset. These per-
formance measures were calculated based on the participants’ evaluation of search
results. In the experiment that generated the data set, Participants were asked to conduct
searches on the experimental system and to find and save as many relevant documents
as possible. After finishing their search activities, they evaluated all saved documents.
Participants rated the relevance of the saved documents using a five point scale ranging
from “not relevant” to “highly relevant” with “somewhat relevant” as the mid-point.

4.3 Data Analysis

Pearson correlation analysis and GLM/ANOVA procedures were the main statistic
methods used in the study. The data analyses were performed using SPSS.

Table 1. Behavior variables

Behavior variables Description

#ofQs The total number of queries submitted to the search system
for a specific search task

q-Length Query length is the number of words contained in a query.
Here query length is the average length of multiple queries
for a search task

#ofDocs-Saved Number of documents/abstracts saved form the search results
for a task

#ofDocs-viewed Number of documents/abstracts opened and viewed from the
search results for a topic

Ratio-of-DocsSaved/Viewed The ratio of documents saved and the documents opened/
viewed

#ofActions-task The total number of actions during working on a search topic.
The actions include both keyboard and mouse actions

#ofSERPs-viewed Number of search result pages viewed or checked that were
returned by the search system

Time-for the task The total time spent on tasks
Ranking-on-SERPs The average ranking position of the documents opened in

SERPs. “1” is the top ranking, most related by the system
and the larger the number, the lower the ranking is

Average-dwell-time Average time spent on viewing document/abstract
Querying time Average time spent on working on queries
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5 Results and Discussion

5.1 Search Behaviors and Perceived Learning

The results of correlation analysis are presented in Table 2.

As presented in Table 2, among all the 11 behavior variables investigated, only
three variables have significant correlations with perceived learning: the number of
documents saved, the ratio of the number of saved documents and the number of
documents opened or viewed, and the average ranking position of the documents
opened.

Of the three variables, the ratio of the documents saved from all viewed is sig-
nificant at p < 0.01 level. The other two are significant at the 0.05 level (n = 140). All
correlations are positive. The results indicate that when more relevant documents are
being saved, without viewing too many documents, it is more likely the user will report
that they have learned. Since the number of documents opened alone does not have a
significant correlation with perceived learning, it seems that the significance of the ratio
mainly comes from the contribution of the number of documents saved. The significant
correlation between the ranking position and perceived learning indicate that the lower
(the larger the number) the mean rank of the opened documents in SERPs, the more
likely the user will feel they have gained new knowledge.

A follow-up GLM/ANOVA analysis identified that the ratio was the only variable
that had a significant effect on perceived learning (F = 10.838, p = .001). All other
behavior variables do not show significant effect on perceived learning.

The results show that stronger perceived learning is associated with more document
savings and lower ranking in the SERP list, which imply that more effort is needed
during the search interaction process. These two factors could be indicators of a user’s

Table 2. Correlations between perceived learning and behavior measures

Behavior variables Correlation with perceived learning (n = 140)

#ofQs r = −.085 (.320*)
q_length r = .060 (.482)
#ofDocs_Saved r = .180 (.034)**
#ofDocs_opened/viewed r = .082 (.336)
Ratio_of_DocsSaved/Viewed r = .311 (.000)**
#ofActions_task r = .107 (.206)
#ofSERPs_viewed r = .086 (.314)
Time_for_Task r = .031 (.714)
Ranking_on_SERPs r = .168 (.047)**
Average_dwell_time r = −.047 (.584)
Query_time r = −.049 (.567)

*Numbers in parenthesis are significance (p) value of the correlation.
**Correlation is significant (2-tailed).
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learning. The finding sheds light on how the system may predict how much users gain
knowledge through observable search behaviors.

No significant correlations are found between perceived learning and other user
behaviors or efforts, such as the amount of time spent on the task, time spent on each
page, number of pages viewed, number of queries issued, etc. Intuitively, learning
might be associated with some of these behaviors. Future work will need to continue
examining the relations between learning and these behaviors. If some additional
important behaviors could be identified, it will help the system infer users’ learning,
and adapt search accordingly for the user.

5.2 Perceived Learning vs. Performance

The correlation analysis found that perceived learning is not necessarily associated with
any of the search performance measures: Precision and Recall. There are no significant
correlations between the two sets of measures. The results are listed in Table 3.
A follow-up GLM/ANOVA analysis found no significant effect on perceived learning
from any of the performance measures.

One possible explanation for the result could be that a document judged relevant to
the search topic does not necessarily add new knowledge to the user, i.e., the relevant
document is not connected to the users’ knowledge status. “Learning” new knowledge
is a goal different from finding “related” documents. A document could be “relevant” in
many ways.

5.3 Effects of Topic Characteristics on Perceived Learning

The analyses described in the above sections did not consider the search task char-
acteristics, i.e., the difference between general topics and specific topics, which intu-
itively is related to learning.

The data was further separated into two subsets, one for general topics and the other
one for specific topics. The same statistical analyses were conducted separately for each
of the two types. The number of participants included in the data set for the general
topics is different from that of specific topics, due to the unbalanced number of topics in
each category. The correlations between perceived learning and search behaviors are
presented below first, which is followed by the results of correlation analysis on search
performance.

Search Behaviors. The results here are slightly different from the results in Sect. 5.1.
Table 4 presents the correlations between the three behavior variables (that are discussed

Table 3. Correlations between perceived learning and performance measures

Performance measures Correlation with perceived learning (n = 140)

Precision r = −.069 (.416*)
Recall r = .052 (.545)

*Numbers in parenthesis are significance (p) value of the correlation.
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below) and perceived learning, under the two conditions separately: one for general
topics and one for specific topics. All other behavioral variables that did not change from
the previous analysis are excluded from the table.

As Table 4 shows, for both general and specific topics, the average ranking on
SERPs is no longer a significant factor that is associated with perceived learning. One
direct consequence of slitting the data into two subsets is that the sample size in either
subset is much smaller than that in the whole data set. It is possible that while checking
down the search result list may be associated with perceived learning in large samples,
it may not be the case for smaller samples. Given that one individual user’s data size is
normally small, a document’s ranking position in SERPs may not be an important
factor to consider.

Interestingly, the number of saved documents was found significantly correlated
with perceived learning in the whole data set. But this further analysis found that it
actually is significant only for the specific topics, not for general topics. It could be the
case that specific topics are easier to learn than general topics because specific topics
are relatively clearer than general ones, which normally are vaguer than specific ones.

The ratio is still significantly correlated with both general and specific topics.
However, different from the test results from the whole data set where a significant
effect is found with the ratio on perceived learning, a GLM/ANOVA analysis does not
found significant effect of this variable. Again, it may be because the samples are not
big enough to draw the results. In fact, none of the behavior variables is found to have
an effect on perceived learning in either the general or specific topic case.

Performance Measures. A GLM/ANOVA analysis was first conducted to examine if
the search topic characteristic would have significant effect on participants’ perceived
learning, if a given topic is general or specific. Similar to the result from the analysis on
the whole data set, no significant effect is found on perceived learning from perfor-
mance measures in either general or specific topic case.

While the result is not significant from the GLM/ANOVA analysis, the correlation
analysis found some meaningful results that show significant correlations with per-
ceived learning. The results are presented in Table 5, which shows that Recall score has
significantly positive correlation with perceived learning for specific tasks, at p = 0.037,
which for some reason the GLM/ANOVA was unable to detect. This finding is different

Table 4. Correlations between perceived learning and behavior measures for general and
specific topics separately.

Behavior variables Correlation with perceived learning Specific topics (n = 50)
General topics (n = 90)

#ofDocs_Saved .126 (.235) .338 (.016**)
Raio_of_DocsSaved/Viewed .248 (.018**) 457 (.001**)
Ranking_on_SERPs .192 (.069) .122 (.399)

*Numbers in parenthesis are significance (p) value of the correlation.
**Correlation is significant (2-tailed).
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from the result with the whole data set, where no significant correlations were found
with either performance measures, despite a larger sample size of whole data set. It
shows that when searching for specific topics, whether or not to find as many as possible
all the relevant documents does seem to be related to whether or not the user would feel
having learned new knowledge.

It could be that in the case of specific topics users are able to gain more concrete
ideas and, thus, are more capable of identifying the relevant documents, are thus are
able to learn. In general topics, users may not be able to learn much in abstract terms on
the general topic. They might also have difficulty in gaining a clear idea of how much
they had learned about a general topic than from working on a specific topic.

6 Conclusion

In response to the two research questions, the research found that:

• Perceived learning is only associated with limited types of search behaviors: the
number of documents saved (as relevant). The more the saved documents, the
strong feeling of having learned. The ranking position of the documents opened in
SERPs can also significantly correlate with perceived learning, but only if the
sample size is large: the lower ranking positions of the documents opened, the more
the user would perceive learning. But when the sample size is smaller, the corre-
lation is not strong. Realistically for an individual user, this perhaps means the
ranking position is not a strong behavior factor to consider as an indicator of
learning.

• Perceived learning does not show, in general, significant correlation with search
performance, measured by the classical information retrieval metric: Precision,
Recall and F2 measures. However, considering the search topic characteristics and
focusing on specific topics, Recall is significantly correlated, at p = 0.05 level, with
perceived learning. This result suggests that for a specific search topic, a user’s
learning is related to the number of relevant documents the user can find: the more
relevant documents found the more the user may learn. Recall may be used as an
indicator of the user’s learning, if the search topic’s specificity could be determined.

It should be admitted that the study focuses on a narrow domain: genomics.
Therefore, the findings may not be appropriate to generalize to other subject areas.
Similar research is need in other areas to collect empirical evidences.

Table 5. Correlations between perceived learning and different types of topics

Performance measures Perceived learning Specific (n = 50)
General (n = 90)

Precision r = −.083 (.439*) r = −.040 (.785)
Recall r = .021 (.842) r = .296 (p = .037**)

*Numbers in parenthesis are significance (p) value of the correlation.
**Correlation is significant (2-tailed).
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The results of the study have significant implications for search-based technological
support for elearning. Supporting learning has been the major goal and in the meantime a
great challenge for the design of many information systems, particularly digital libraries.
Such systems need to develop and incorporate new, learning supportive functions.

Acknowledgement. The author thanks the Personalization of the Digital Library Experience
research team (supported by IMLS grant LG 06-07-0105-07) who collected and shared the data,
without which this work would not have been accomplished.
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Abstract. In a system development process, usability evaluation is a crucial
part of the process. The purpose of this paper is to test the usability of new
developed application called “DARSGAH” for getting optimum outcomes from
m-learning (Mobile Learning) technology. This application provides learning
opportunities to University students. Initially, pilot test was conducted with 10
participants. After slight word refinement and minor changes in the application
full scale usability test was conducted with other 100 participants who were
selected randomly from the University by generating random numbers (student
IDs) using SPSS. The data was collected using System Usability Scale
(SUS) questionnaire immediately after the test, to obtain students’ overall per-
ception about the application. The findings revealed that the application is user
friendly, effective, and efficient and the users were satisfied as the overall
average score of SUS is 84. The total task completion rate was 100 % which
means that the application was very effective.

Keywords: M-learning � Usability testing � System Usability Scale (SUS) �
Usefulness � DARSGAH � Mobile application

1 Introduction

1.1 M-learning

M-learning technology provides learning opportunities offered by mobile technologies
when user is not at predetermined location. By ubiquitous technology user can take
advantages to learn from anywhere at any time with the use of mobile devices [1].

The schools, colleges, universities and other educational institutions have been
motivated to switch towards m-learning due to omnipresent access through wireless
technologies to enhance learning and teaching methods [2].

GSM/2.5G technology had a limitation as lower speed caused slower adoption of
the m-learning technology. But recently 3G & 4G technology has been introduced in
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Pakistan so now there is a strong need to utilize the higher speed for adopting the
m-learning technology.1

The rest of the paper is divided into following sections: Subsects. 1.2 and 1.3
describe usability and SUS, respectively. Section 2 is about related work while Sect. 3
provides details about the application. Methodology has been described in Sect. 4 while
results and statistical analysis are given in Sect. 5 and finally in Sect. 6 conclusion is
given.

1.2 Usability

Usability is a degree of ease to use software technology and having user friendly
interface (UI). Common qualities regarding usability that define the degree of ease are
labeled as ease of use, efficiency, effectiveness, learnability, and user satisfaction.

For developers, the purpose of usability testing is to point out the interface char-
acteristics of the product, minimize the cost of development and support, and raise its
market attractiveness [3].

There is empirical evidence to suggest that usability testing is very compulsory to
eliminate usability problems [4–6].

1.3 System Usability Scale

The measurement of the usability is very complex; however, a simple, quick and dirty
usability scale has been developed by Brooke [7]. There is a suggestion that the SUS
survey questionnaire should be conducted immediately after the usability test. The SUS
scale consists of 10 usability items; these items are used to assess the ease of use,
efficiency, learnability, and satisfaction of an existing system. Each item of SUS scale
consists of 5 point Likert Scale. All odd items are phrased positively and to obtain the
result 1 has to be subtracted from participant’s response and all even items are nega-
tively phrased questions where to obtain the result participant’s response has to be
subtracted from 5, which scales each item from 0 to 4. The total score is multiplied by
2.5 to provide a score out of 100, which is interpreted as a percentile ranking and not as
a percentage.

Tullis and Stetson state that 68 SUS average score is threshold. If the score is above
68, it will be considered more than average and if the score is below 68, then score is
considered less than average [8].

2 Related Work

Fetaji et al. have introduced “Mobile Learning Usability Attribute Testing” (MLUAT)
which is the usability evaluation method and they performed the comparison of
MLUAT with two other usability evaluation methods. The goal was to test e-learning

1 www.pta.gov.pk/annual-reports/ptaannrep2013-14.pdf (Last accessed on: 20-11-2015).

260 A.A. Arain et al.

http://www.pta.gov.pk/annual-reports/ptaannrep2013-14.pdf


and m-learning. The results of comparison showed that MLUAT is more efficient
usability evaluation method [9].

Alelaiwi and Hossain have conducted a practical usability evaluation study on
specific e-learning tools. They formed two groups of real users, one group has HCI
knowledge and other without HCI knowledge. Usability evaluation questionnaires
were distributed to both groups. They concluded that the group without HCI knowl-
edge was more satisfied than the group with HCI knowledge because HCI knowledge
group has more expectations with e-learning tool [10].

Two alternative approaches were adopted by Summers and Watt are: 1. Mobile
applications are created and tested by students; and 2. Existing products are modified
by students using instructions/documentation rather than creating a new one from the
scratch. The Results were successfully achieved through both approaches and it was
recommended that both approaches could be easily adopted and adapted [11].

Lee and Salman have used Mobile Collaborative Learning (MCL) which is a
mobile learning application and it has more importance in educational environment.
They have presented both theoretical and technical fundamentals for designing and
developing an effective Mobile Collaborative Learning environment. They have also
introduced a new approach for building a mobile learning application. Finally, using
Android operating system they have designed and constructed a prototype with a
suggestive infrastructure for MCL [12].

The impact of a screen size of mobile phones on users’ efficiency, effectiveness and
ease of use was measured by Raptis et al., using System Usability Scale. They con-
ducted an experiment using same brand (Samsung) with three different screen sizes.
Sixty participants were involved in the experiment [13].

Baillie and Morton have tested two mobile applications; both applications are
designed on same concept, one application is designed with HCI other is designed
without HCI principles. Both applications were tested with users in a field to see which
was the simplest and most intuitive to use. Its usability was measured by using System
Usability Scale [14].

3 Introduction to DARSGAH Application

The name of the m-learning application developed is “DARSGAH”which means “Place
of Learning” in English. DARSGAH is a web based application and it is accessible with
native Android based mobile app. The core purpose for developing the DARSGAH
application is to test if the learning outcomes of (Higher Education Institute) students
can be enhanced. The application has been developed at Quaid-e-Awam University,
Nawabshah, Pakistan. The application has five features: Lecture wise videos, Lecture
wise notes, Lecture wise MCQ (Multiple Choice Questions) tests, Chat room for group
chatting and Forum for discussion about videos, Notes and MCQ tests.

Figure 1 shows three screens, first screen (a) is a login screen for authentication,
second screen (b) is a video lecture screen with Like, Rating and Total viewed options.
Users can also make notes about video and save permanently in their account for future
reference. Users can write comments about current video for other users. Third screen
(c) shows complete lecture wise notes.
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The application also has lecture wise MCQ tests for practice and students can rate
each question and they can write comments as well. The application also has chat room
for group chatting of online users. All chatting messages will be stored in database and
can be viewed by any student for a reference. Another feature of the application is a
forum, where Students can put questions and can also give answers for any question.

4 Methodology

Before conducting usability test of DARSGAH the m-learning application, pre and
post-test questionnaires were developed. After the pilot study by ten representative
users, minor changes were incorporated in the application and minor word refinement
was also carried out in the questionnaires. In addition to that System Usability Scale
questionnaire was used to get user perception on the m-learning application. In the full
scale test, hundred (n = 100) participants from the university students were selected
randomly having smartphones where 70 % are male and 30 % are female participants
who took part in the usability test. All the participants were university students having
smartphone usage experience and most of them had experience of internet use on
smartphone.

Among several usability evaluation methods, formal experiment was used due to its
wide spread use. Before performing usability tasks, all participants filled pre-test
questionnaire for collecting demographic information. During usability test all the
participants performed 5 given usability tasks one by one in the office of the university
lab on same smartphone and on same internet bandwidth. The model of smartphone was
Samsung Galaxy Grand Prime. The time duration and the tasks completion rate were
recorded for each participant. After performing the usability tasks, the test participants

(a)                                                (b)                                              (c)

Fig. 1. Screenshots of (a) Login screen (b) Video lecture (c) Lecture wise notes
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filled the post-test questionnaire to collect their opinion about the DARSGAH
m-learning application and System Usability Scale questionnaire has also been filled by
the same participants for general perception about the DARSGAH application.

5 Results

The results are presented below in the subsections.

5.1 Demographic Data

Figure 2(a) shows that all the participants are graduate studying in different depart-
ments and there is no participant studying in post-graduate studies. Figure 2(b) shows
three age groups from range 16–20 years having 65 % participants, from range 21–25
years having 35 % participants and from range 26 years and above having no partic-
ipant at all. Figure 2(c) shows male and female ratio of the participants.

Figure 3(a) shows 100 % participants using smartphone where 73 % participants using
smartphone from 1 to 5 years, and 27 % from6 to 10 years. Similarly Fig. 3(b) shows 51 %
test participants using internet on daily bases, 29 % weekly, 4 % monthly, 14 % occa-
sionally and only 2 % participants never used the internet on their smartphones.

(a)   (b)                                            (c)

Fig. 2. (a) Qualification (b) Age in years (c) Gender of participants

(a)                                                                            (b)

Fig. 3. (a) Smartphone experience in years and (b) Internet usage frequency
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Figure 4(a) shows three groups of users (1) 48 % users are using 3 to 5 applications
on daily basis, (2) 27 % users are using 6 to 8 applications and (3) 25 % users are using
9 or more than 9 applications daily. Figure 4(b) shows 100 % participants use their
smartphones for calls, 53 % for browsing, 38 % for emails, 70 % for Audio/Video
(Entertainment), 43 % for games and 20 % participants used other applications on their
smartphones.

5.2 Usability Test

In the usability test there were total five tasks to be performed by the participants.
Effectiveness was measured by the task completion rate. The total task completion rate
was 100 % which means that the application was so easy and effective that all the
participants completed all the five given tasks.

Efficiency was measured by task completion time, Fig. 5(a) shows male and female
participants’ performance time in seconds and Fig. 5(b) shows the overall result of the
tasks completion time with 5 given usability tasks. The performance ratio of male and
female participants is approximately equal. Task No. 2 has depth level 1 that’s why the
participants took less time to complete it while Task No. 1, 3 & 5 have same depth
(depth level 2) that’s why the participants took almost the same time for completion.
Task No. 4 has depth level 3 that’s why the participants took more time than other tasks
which shows that overall the application is efficient.

(a)                                                     (b)

Fig. 4. (a) Number of apps usage frequency and (b) Specific apps usage frequency

(a) (b)

Fig. 5. (a) Average time of tasks completion by male & female (b) Total average time of tasks
completion
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5.3 System Usability Scale

System Usability Scale (SUS) is most widely useable scale in HCI world.
Figure 6(a) shows average score of male which is 85, while for female is 83 and

mean is 84 which is more than average SUS score (68). Figure 6(b) shows 100 par-
ticipants’ score graph. It means m-learning application is very easy to use for new
users. This figure also shows participants may use this m-learning application effi-
ciently and almost all participants are satisfied.

Table 1 shows that the 91.7 % participants’ given response is 3 or 4 score (4 is the
best) that means the application is user friendly and efficient. Only 3 % participants’
response is towards 0 or 1, and 5.3 % participants’ response are neutral.

Results of Q1 & Q9 of SUS questionnaire show that almost all the participants are
satisfied. The result of Q5 shows that the application’s design is good and the appli-
cation is well integrated. Q6 shows that the application is consistent; Q4 & Q10 show
application’s learnability which is good and Q2, 3 & 8 show that the application is very
user friendly.

5.4 Statistical Analysis

SUS Score. The results were extracted using SPSS v.20. Table 2 shows group dif-
ferences on SUS scores.

(a)                                                              (b)

Fig. 6. (a) Average SUS score of male, female & total (b) SUS score of 100 participants

Table 1. Ten SUS items’ response from score 0 to 4

SUS score from
0–4

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Participants’ response in
%

0 1 0 0 1 0 1 0 0 0 0 0.3 %
1 0 4 0 10 0 9 0 1 2 1 2.7 %
2 0 12 0 6 7 14 2 3 1 8 5.3 %
3 51 50 34 35 69 52 32 32 53 53 46.1 %
4 48 34 66 48 24 24 66 64 44 38 45.6 %
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Table 3 shows effects of smartphone use and number of Apps use on SUS scores.

The result shows that there was no effect of smartphone use in years and number of
apps used on a smartphone on perceived usability. There was no statistical significant
difference across the groups on SUS scores. Since SUS mean score across the groups
was around 84 suggesting that the perceived usability is high across the group.

Task Completion Time. Table 4 shows mean and standard deviation of completion
time of each task.

Table 5 shows effect of smartphone use in years and number of Apps used on total
task completion time.

The results are consistent to the SUS scores; there was no statistically significant
difference across the groups on total task completion time as well.

Table 2. Group differences

Group Category Mean and SD

Smartphone use 1 to 5 years (M = 83.34, SD = 4.24)
6 to 10 years (M = 83.42, SD = 6.01)

Number of apps use 3 to 5 Apps (M = 83.96, SD = 6.96)
6 to 8 Apps (M = 82.67, SD = 5.39)
9 + Apps (M = 83.96, SD = 6.96)

Table 3. Independent T-test and one-way ANOVA

Independent T-test Smartphone use years t(90) = −0.07 p = 0.944

One-way ANOVA Number of Apps use F (2,97) = 0.610 p = 0.545

Table 4. Descriptive statistics

Task Mean Std. deviation

1. Play video of lecture no. 2 5.0300 1.00960
2. Enter into the chat Room 2.4800 0.62732
3. Open Notes of lecture no. 3 5.2100 1.02784
4. Add a New question into the forum 8.2900 1.42343
5. Take test of lecture no. 4 5.3300 1.03529

Table 5. Independent T-test and one-way ANOVA

Independent T-test Smartphone use years t(98) = -0.1.8 p = 0.06

One-way ANOVA Number of apps use F (2,97) = 1.009 p = 0.368
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6 Conclusions

This study investigated the DARSGAH application for testing the efficiency, effec-
tiveness and user satisfaction with two usability evaluation methods (a) Formal
experiment (b) System Usability Scale questionnaire. Both the methods show that the
application is very user friendly, efficient and effective and can be utilized for the
m-learning purpose. The total task completion rate for all the participants was 100 %
which means that the application was very effective. The application was equally user
friendly and efficient for the across the groups (smartphone use in years/number of
Apps use) on both SUS score and total task completion time.
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Abstract. This paper presents experiences on mobile devices in formal and
non-formal educational settings based on the relation among different ongoing
research projects involving the use of mobile devices, such as tablets in edu-
cational processes. The experiences addressed in this work are interconnected
through a common objective: to use of mobile devices as tablets in education to
enhance teaching and learning processes. Therefore, this paper presents our
experiences in two educational settings, regarding the challenges and issues we
face when including the use of mobile devices in educational processes. The
study uses a qualitative approach with results indicating three relevant aspects,
apart from the educational setting. Therefore, we concluded that the use of
mobile technologies in educational processes involve: the training of teachers or
educators; the selection, organization and planning of digital resources; and, the
profile of the students implicated in the educational process.

Keywords: Mobile learning � Formal education � Non-formal education

1 Introduction

The rapid technological and social changes, which are characteristic of our society,
bring technological advances that provide support for new social norms [1]. Education
is one of the areas impacted by this technological society [2]. In this way, the prolif-
eration of mobile computing devices and social networks are impacting on social and
educational habits [1–3]. Mobile technologies allow the user to take with him/her the
object of study or to access it from anywhere, intensifying the use of mobile devices in
education – it is called Mobile Learning [4–7]. The use of mobile technologies in
education facilitates the development of personalized educational processes, focused on
the needs and learning profile of the subject [8–10].

To keep up with technological and social changes, formal and non-formal educa-
tion spaces need to constantly reinvent themselves [11–16]. Formal education corre-
sponds to a systematic, organized educational model, structured and administered

© Springer International Publishing Switzerland 2016
P. Zaphiris and A. Ioannou (Eds.): LCT 2016, LNCS 9753, pp. 269–280, 2016.
DOI: 10.1007/978-3-319-39483-1_25



according to a given set of laws and norms, a curriculum with objectives, content, and
methodology, which necessarily involves the teacher, the students, and formal insti-
tutions, such as schools or universities [11, 14]. According to Eaton [8], Non-formal
Education is an educational process that involves flexible curriculum and methodology,
capability of adapting to the needs and interests of students, for whom time is not a
pre-established factor but is contingent upon the student’s work pace. Generally, this
educational process takes place in non-formal educational institutions and a qualified
teacher or a leader with more experience may conduct the learning process.

This paper presents experiences on mobile devices in formal and non-formal
educational settings based on the relation among different ongoing research projects
involving the use of mobile devices such as tablets in educational processes. We
understand that there is an interconnection between these types of educational pro-
cesses, which can improve the learning processes in both cases and increase the use of
mobile technologies in educational settings. In Brazil, previous work has reported on
the benefits of the use of mobile devices in formal education [9, 12, 13, 17–19] and also
for students undergoing oncological treatment (non-formal education) [20]. The
interconnect way in the process education in both cases can increase the use of mobile
technologies in educational processes.

The researches are developed in the region of Vale do Sinos, in the state of Rio
Grande do Sul, Brazil. With a focus on formal education, the research aims to inves-
tigate different opportunities of using tablets in the classroom in order to encourage
innovative educational practices. The study is conducted in two different elementary
schools involving teachers and students. With a focus on non-formal education, the
research aims to identify how mobile devices, as tablets, can be used to assist in
tutoring children and adolescents receiving treatment for cancer. The study is con-
ducted in partnership with the Support Association in Oncopediatrics (AMO), which
assists children and teenagers with cancer and a vulnerable social situation.

Therefore, this paper presents our experiences in two educational settings,
regarding the challenges and issues we face when including the use of mobile devices
in educational processes. The study uses a qualitative approach with results indicating
three relevant aspects, apart from the educational setting. The methodology research is
classified as applied, involving case studies and informal interviews and observation
methods. Therefore, we concluded that the use of mobile technologies in educational
processes involve: the training of teachers or educators; the selection, organization and
planning of digital resources; and, the profile of the students implicated in the edu-
cational process.

This paper is organized as follows. In Sect. 2, we present the research context, the
methodology proposal for applying mobile devices and the proposal for the selection
and organization of mobile technologies for tablets. In Sect. 3 we present our expe-
riences with the use of mobile devices in formal and non-formal context educational
and a reflection about the results. Finally, in Sect. 4, we present the research conclu-
sions and future works.
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2 Research’s Organization

2.1 Understanding Research’s Context

Considering the formal educational setting this study presents experiences in using
tablets in the classroom based on three different projects1. The Educanet project
happens in a private school and aims to enhance educational practices with the use of
ICT. The project Teaching and learning on the web: the architecture of participation of
web 2.0 in the context of face-to-face education, already finished, happened articulated
along with Educanet, and was focused on the investigation of the use of social software
in the final years of elementary school. Finally, the ongoing project Pedagogical
practices in cyberspace is involving students and teachers from the first years of an
elementary public school.

Considering the non-formal educational setting, this study presents experiences in
using tablets based on Mobile Learning project, conducted in partnership with the
Support Association in Oncopediatrics (AMO). AMO assists children and teenagers
with cancer besides having a vulnerable social situation and it offers a range of
activities involving cancer patients and their families, including a computer workshop
and tutoring. In order to accomplish this, AMO relies on social educators and a ped-
agogical educator. One of the main difficulties faced by those receiving assistance from
AMO is that of keeping up with the school curriculum during and after periods of
hospitalization or low immunity. So, the study seeks to identify how mobile devices
can be used to assist in tutoring for children and adolescents receiving treatment for
cancer and their families. The study involves subjects from the fourth and ninth of
elementary school.

2.2 Applying Mobile Technologies

The proposal for applying mobile technologies in formal and non-formal education
follows the Information and Communication Technology (ICT) Competency Frame-
work for Teachers, developed by Unesco [21]. The Framework is arranged in three
different approaches to teaching (three successive stages of a teacher’s development):
Technology Literacy, Knowledge Deepening, and Knowledge Creation.

It is also important that students develop competencies for the use of technology in
learning. In this paper, the proposal for applying mobile devices follows Unesco’s
framework including the student perspective (Fig. 1). Figure 1 shows how Technology
Literacy, Knowledge Deepening and Knowledge Creation are articulated for the mobile
learning perspective in Formal and Non-formal Education.

The first approach involves Technology Literacy. During this stage, the discovery
and free exploration of technologies is developed. For the teacher, this step is necessary

1 The educational system in Brazil is organized into basic education and higher education. Basic
education involves the elementary school (9 years – children from 6 to 14 years old) and the high
school (3 years – from 15 to 17). The beginning years of elementary school involve 5 grades
(children from 6 to 10 years old) and the final years of elementary school involve 4 grades (children
11 to 14).
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in order to appropriate the technology and consider and plan methods to integrate the
use of ICT in the standard school curriculum, pedagogy and classroom structures. From
the students’ perspective, this involves the acquisition and recognition of devices and
applications, the usability and development of the various necessary elements, such as
registration, profile, navigability, etc.

The second approach involves Knowledge Deepening. At this stage, from the
teacher’s perspective, the changes should be broad and have more impact on learning,
creating opportunities to develop skills in order to use more sophisticated method-
ologies and technologies, driving change into the curriculum. From the students’
perspective, this step enables students to acquire in-depth knowledge of their school
subjects and apply it to complex, real-world problems.

The third approach involves Knowledge Creation, which includes the 21st century
skills that are needed to create new knowledge and engage in lifelong learning – i.e. the
ability to collaborate, communicate, create, innovate and think critically [21]. From the
teacher’s perspective, the use of technology must be understood in terms of cultural
artefacts, surrounding both the subject student and the subject teacher. From the stu-
dents’ perspective is necessary to be prepared for the development of pedagogical
activities that will require the effective use of virtual communities, collaborative
applications, teamwork, tools for communication and creation and problem solving.

2.3 Selecting and Organizing Mobile Digital Resources

One of the fundamental issues for the use of mobile devices in education is the
selection and organization of applications. In this sense, frameworks or methodologies
can be sought in the literature for the selection of applications for mobile devices in
education. Most studies, in addition to addressing the pedagogical issue, analyze the
function of applications and their potential use [5, 18, 22]. In the other hand, the online

Fig. 1. Framework for applying mobile technologies
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stores (Google Play and iTunes - Apple Store), considering Android and iOS/Apple
platforms, use categories to allow specific applications to be found easily, according to
the needs of users. Considering these studies, we tried to select applications that were
focused on assisting teaching and learning processes in formal education, as well as in
tutoring in a non-formal setting. Firstly, applications were organized according to their
organization in the online store. However, during development of the experiments, we
identified the need for a categorization that supported the selection and organization of
applications on the devices, assisting in the planning of pedagogical activities. Con-
sidering this, the following categories were proposed for classification of the appli-
cations in our researches:

• Support: The Native applications already available on the devices and applications
used to assist and support pedagogical activities. These applications are, in general,
not the focus of the process, but rather support the use of other applications
or activity. The applications in this category are widely used in the Technology
Literacy phase, in which subjects adapt to using the devices. This category includes
many different applications. So, it is possible to create a subcategory in order
to group the applications according to their features. For Example, it can be sub-
categorized into Media Option group application voice recognition, audio files,
video, etc.;

• Education: Applications specifically focused on the themes to be developed within
the pedagogical proposal being applied. These are subcategorized according to the
themes to be worked on, such as Literacy, Portuguese, Mathematics, Spanish,
English, Music, Arts, etc. The applications in this category can be widely used in the
Knowledge Deepening phase;

• Entertainment: These may also include an interdisciplinary approach with respect
to other categories and involve applications used in a less restrictive approach to
take advantage of the devices. At the same time, they are fundamental to the process
of technology literacy the subjects undergo in order to use the devices. These can be
subcategorized into Action and Adventure; Sports; Casual, etc.

• Collaborative: Applications that make use of mobility, encouraging exchange of
knowledge and teamwork among subjects, involving activities focused on their
social interaction. This category can be subcategorized into applications for Social
Networking, Virtual Learning Community and Environment, Collective Writing,
Blogs, Creativity/Multimedia, etc. The applications in this category can be widely
used in the Knowledge Deepening and in the Knowledge Creation phase;

In our classification we do not explicitly use a Games category. In this paper, a game,
when applied with an educational goal, is considered to have the aim of involving the
player-student in a playful and entertaining, although formal, universe, with an edu-
cational objective to be achieved. In this way, we conclude that the game concept is
incorporated across categories. For example, a game can be classified as a Collabo-
rative as well as an Entertainment or Education resource.
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3 Using Mobile Learning in Education

3.1 Experiences in Formal Education

The use of tablets in education, in the context of the Educanet project, began in 2012,
when the school purchased 20 iPads. These are currently used in early childhood
education and in the initial years of elementary education, totaling 177 students and 9
teachers (in the third stage of the second cycle/fifth year of the double teaching system).
The teachers involved in the project were accompanied on a subject basis and/or in
small groups for studies on the use of tablets in the classroom. In the first phase of
using the iPads, focusing on technology literacy (2012/1st semester), student activities
involved entertainment and the use of several applications for tutoring. Entertainment
activities were performed for the first few occasions in order to assess students’
knowledge of the devices and to enable teachers to become familiar with the dynamics
of using iPads in the classroom. In this stage were used mainly applications from the
categories Education and Entertainment. In the second phase, focusing on knowl-
edge deepening (2012/2nd semester and 2013), the teachers began to use the tablets in
the classroom without any monitoring by the training staff. The activities proposed for
students involved the use of applications in order to reinforce the school curriculum in
development. The activities in this stage sought coordination between the applications
and the proposed lesson, but activities were still very much focused on the applications.
In this stage were used mainly applications from the category Support, especially
photography, video and text editing. The third stage, involving knowledge creation, in
development this year, seeks to explore pedagogical practices through the use of tablets
from the perspective of the digital cultural artefact. In this perspective, we seek to
overcome the emphasis on applications and create opportunities for activities effec-
tively integrated into content and the daily lives of students. Therefore, in this stage,
applications from Support and Collaborative categories were the most used.

The research called Teaching and learning on the web: the architecture of par-
ticipation of web 2.0 in the context of face-to-face education has begun in 2013 with the
acquisition of 17 tablets with Android. This research was developed during two years
(2013–2014) using the action-research methodology involving teachers and students in
the final years of elementary school. We understand that changes in the pedagogical
practices can’t be mandatory. This way, involving the teacher in the research process
and turning him the actor of his educational process could provide significant changes
through new teaching practices. The approach used in the teacher educational process
was based in according to the three phases of framework for applying mobile tech-
nology (Fig. 1). The first phase involved the Technology Literacy of the teacher. This
phase, which occurred in the first semester of 2013, involved experiences with the use
of tablets and with mobile applications with the purpose of allowing the teachers to
know the potential of mobile devices and the possibilities of the use of social software
in the classroom. The Knowledge Deepening phase was developed in the second
semester of 2013. During this phase we worked with the teachers in order to develop
class planning and to help them in the activities with the tablets and with the use of
social software in the classrooms. The third and more complex phase is the knowledge
creation. This phase occurred during 2014, when the teachers were challenged to use
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the tablets and the social software without the overseeing of the research team. This
proposal involved mainly applications categorized as collaborative like Evernote and
Pinterest. However, applications from the Support category also were necessary,
especially video, photography, and audio applications.

The research called Pedagogical practices on ciberspace has begun in 2014 with
the acquisition of 15 tablets with Android. The research is happening in a public school
involving students and teachers of the first years of elementary school. This school is
part of the One Laptop per Child program. In this program each student has his own
laptop to study. The school also has a laboratory with 15 computers, and wifi internet
access in the whole school. During the first semester of 2014, the activities involved the
organization of tablets, installation of applications, and teachers’ education in the
technological literacy perspective. In the second semester of 2014 the activities with
students began. The activities were conducted in partnership with the teachers. The
students’ first experience with tablets aimed to observe their previous knowledge in the
use of mobile devices. The students could freely explore the different applications
installed. We perceived that they chose applications from entertainment and collabo-
rative categories such as Facebook and Youtube. We understand that this free activity
can also be understood as a time when teachers could explore, along with the students,
the different possibilities of the tablets, and to learn more about the applications. From
the second semester of 2014 until the present many activities were conducted with
students. The most used applications were those, which allow the production of stu-
dents, such as text applications (Bamboo Paper), photography (camera, Paper Artist),
video (VideoShow), and others. Therefore, in this stage, applications from Support
category were the most used.

It is important to highlight that in all the three-presented cases the proposal of the
activities and the selection of applications were guided by the learning goals.

3.2 Experiences in Non-formal Education

The research called Mobile Learning Project has begun in the first semester of 2013
with the acquisition of 7 tablets with Android. In the case of this research the tablet
devices are shared.

During 2013 year, twelve subjects in the age range of eight to sixteen participated
in this research, which also involved the AMO. Of these, seven subjects are undergoing
cancer treatment and the others are family members. Seven of them were patients,
while the others were family members. The patients were undergoing medical treat-
ment for cancer problems such as leukemia, lymphoma and bone cancer. The work has
been developed through weekly classroom-based workshops in according to the three
phases of framework for applying mobile technology (Fig. 1) and was integrated with
the basic computer course offered to patients and families. The educator responsible for
the course was involved in the process and assists researchers in the proposed activities.

In the Technology Literacy phase, free entertainment and appropriation work-
shops were held for use of the mobile devices. During this phase, the subjects were
observed to have no great difficulty using the devices. In this stage, applications from
Support category were the most used. The Knowledge Deepening phase took place
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from April to October 2013. Planning is conducted for each workshop, in which
subjects are asked to develop the proposed activities, according to the themes to be
addressed. The workshops to use the applications related to the teaching Mathematics,
Portuguese, Entertainment, as well as basic computer and office tools. For example, we
used an educational application called “Jogo da Forca” (hangman game) that improves
Portuguese skills. As a result of using the applications in this phase, we realized the
need to develop mobile educational games that addressed more specific content focused
on the needs of the subjects – in Portuguese and Mathematics. Accordingly, the project
team developed two games, called “Corrida Gramatical” (Grammar Race) and
“Navegática” [10]. These applications are also used in the workshops and are con-
tinually updated. Therefore, in this stage, applications from Education and Enter-
tainment category were the most used. The Knowledge Creation phase began in the
second semester of 2013 and made use of collective and collaborative writing with
Evernote. During this phase, each subject created a note in the Evernote. In this note,
they wrote about things that they liked, as music, sports, friends, etc. So, in this stage,
Collaborative category was the most used.

During the second semester of 2014, five subjects in the age range of six to fourteen
participated in this research. The subjects were students from the fourth to ninth year of
elementary school. The subjects used tablets containing applications for entertainment
and for stimulating skills of the reading, the writing and the logical reasoning. During
this year the workshops were developed only by the researcher’s team. Sometimes
AMO’s educator (a pedagogue) used to observe the work being developed. The edu-
cator did use tablets or participated in the activities.

The activity that all of them developed was a Fanzine. The objective of this activity
was to stimulate skills of reading, writing and text structure. This activity also was
chosen because it provided the authors expressing their interests on various subjects
such as music, toys, drawings and hobbies. Each workshop had a plan, which was
required to subject them to develop the proposed activities, as the project developed.
First the subjects passed the Technology Literacy phase where the tablet and its
resources were used freely. During this phase the subjects were motivated to use the
applications that involve Mathematics and Portuguese, as well as explore device
capabilities, surf the Internet and access to Google Play to suggest new applications.
Therefore, in this stage, applications from Support, Education and Entertainment
category were the most used. In the Knowledge Deepening phase, the Fanzine project
was development. For this, we used the Supernote application, which allowed the
inclusion of images, audio and drawings, as well as written with keyboard and hand.

The subjects also used the device features such as the camera, to photograph objects
and put in the magazine. The teachers pointed out areas for improvement and the
correction during the writing, so that participants were able to learn rules and apply
them appropriately in their texts. They also play during this phase the games that the
project team developed (“Corrida Gramatical” (Grammar Race) and “Navegática”). We
evaluated these games during workshops and we used the information for update them.
As the first phase, applications from Support, Education and Entertainment category
were the most used. The Knowledge Creation phase was development interchanging
with the Knowledge Deeping, because during the workshops, the participants also
used the browser to process the information on the Internet and capture images,
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manipulated through the photo application. They used e-mail to share their fanzines
with each other, using for this applications classified in Collaborative category. So, it
was observed that the fanzines’ productions reflected the personality of each author.

3.3 Analysis

The autonomy becomes an important element in the meaning of learning for the
subject. The subject, responsible for their own education, develop and redevelop the
elements of the learning, making choices and interacting and selecting meaningful
elements to assist in their learning. This process of meaningful learning and the sub-
ject’s engagement with teaching and learning are present in both formal and nonformal
education settings. In the formal setting, we realize that the more the teacher coordi-
nates the technology with the curriculum and pedagogical practices, the more students
engage and perceive meaning in pedagogical activities, including relating with other
areas of knowledge. In the non-formal setting, we see that coordinating technology
with the pedagogical objective to be achieved, together with the social context and
health of the subject (in the case of this study, considering the stage of cancer treatment
of the subject) is fundamental to the proposed objectives. In addition, regardless of the
context, we observe students exploring the potential of tablets, making choices and
using resources and applications beyond those proposed for the pedagogical activity,
collaborating to achieve the proposed objectives. In many cases, teachers or educators
find themselves learning new tools that had not been considered in the context of the
proposed activity. It can therefore be seen that the effective use of technology in an
educational context involves the training of teachers or educators and the appropriation
of technologies by students, with the involvement of both subjects as active players in
the educational process.

Pedagogical actions that involve meaningful learning and student autonomy have
specific characteristics in formal and non-formal education settings. In formal educa-
tion, the fact activities are aimed at organized groups, with similar ages, interests and
knowledge, which is a facilitating factor. For example, the activities generally involve
classes of students who are in the same school year and have been together for a longer
period of time – usually one year. In addition, teachers often have a “history” of the
student or class since they have attended the school for a long time. Accordingly, this
scenario is seen to facilitate the planning of pedagogical activities involving tech-
nologies and the evaluation of results, impacting new activities to be proposed. In a
nonformal educational setting, planning, observing and evaluating educational activi-
ties with the aid of technologies involves a broad diversity of subjects and interests.
Generally, groups are heterogeneous both in terms of interests and knowledge. For
example, in the same group we have subjects from the fourth, fifth and ninth years of
elementary education. Consequently, the same activity needs to involve different
subjects, content and objectives.

Whether in a formal or non-formal context, we observed that the student subject
truly perceives and uses technology, to a greater or lesser degree, as a part of their
culture. So, the subjects in school or in social projects today were born and live in a
digital culture in which digital technological artefacts, according to Bassani [9], are
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natural elements, embedded in the lives of these subjects, to a greater or lesser degree.
From the perspective of the subject teacher or educator, technology is an element to be
understood, explored and reworked, given that it is not a “natural” part of the culture.
According to Prensky [16], these subjects, who are generally teachers or educators,
tend to speak a digital language with an “accent” and may demonstrate difficulty in
understanding and expressing themselves digitally, need to adapt to this new digital
culture and appropriate digital technological artefacts. In both research settings, we
clearly see the differences related to digital culture among teachers or educators and
students. For the teacher or educator, considering the use of technology in the edu-
cational process always involves knowledge of this technology and a level of comfort
with the resources to be used. This aspect limits use of the available resources, even if a
team of experienced researchers supports the teacher. This occurs more clearly in a
formal setting since the teacher has responsibilities with regard to the formal school
process and needs to reinvent and rework the educational process. The teacher therefore
needs to deal with the new and the unknown. In the context of non-formal education,
although researchers also support educators, they feel less restricted to experiment with
technological resources, learning along with the student and changing the pedagogical
activity during the process. In addition, since this occurs in a more informal setting with
more varied subjects, it naturally creates an environment in which living with diversity
is natural. The autonomy of the student in this case is fundamental since it the educator
needs to take account of the different objectives and needs present in the same class,
within the context of a single activity. The same activity can therefore achieve the
objectives of one group, but needs to be adjusted for another. Accordingly, both the
student subject and the educator subject are more comfortable in exploring the pro-
posed digital resources.

4 Conclusions and Future Works

This article presented the relation between the formal and non-formal educational
settings regarding the challenges and issues we face when including the use of mobile
devices as tablets in both educational processes. The experiences were interconnected
through a common objective: to use mobile devices, as tablets, in education to enhance
teaching and learning processes. According to our studies, we identified that the main
issues regarding the use of mobile technologies in educational processes are related to
three aspects: (1) The training of teachers or educators. The use of technology in the
educational process always involves knowledge of this technology and a level of
comfort with the resources to be used. It is important that teachers or educators make
use of mobile technology and identify how this technology can support learning pro-
cess. For this, the training for the use of technology in teaching is necessary; (2) The
selection, organization and planning of digital resources. It is important to identify and
organize the mobile application considering the learning objective. So, teachers and
educators need to be updated about applications and its possibilities; (3) The profile of
the students involved in the educational process. Pedagogical actions that involve
meaningful learning and student autonomy have specific characteristics in formal and
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non-formal education settings. Therefore, it is necessary that teaching and learning
process take this into consideration.

The research has not been concluded yet. We are analyzing the data collected
considering the learning process. Regarding formal education, it is necessary to identify
how the tablets have improved the pedagogical practices of teachers and how students
were involved in the proposed activities. On the other hand, considering the non-formal
education, it is necessary to analyze how the activities with the use of tablets have
assisted tutoring and how the reading and logical reasoning skills have been developed.

Moreover, it is important to review the proposal for the selection and organization of
applications in mobile devices. During the research we concluded that there are different
needs in formal and non-formal educational settings. In addition, we must evaluate
effectively if this proposal helps teachers and educators in the applications’ selection.
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Abstract. Undoubtedly, MOOCs have the potential to introduce a new wave of
technological innovation in learning. In spite of the great interest among the
educators and the general public MOOCs have generated, there are some
challenges that MOOCs might face when it comes to examining and deter-
mining the best pedagogical approaches that MOOCs should be based on.
Moreover, MOOCs are facing also challenges towards building a consistent
business model. The main objective of this paper is to shed more light on the
MOOCs phenomenon, by analyzing and discussing some benefits and draw-
backs of MOOCs from the pedagogical and business perspectives. Therefore, in
this paper we provide an in-depth analysis of MOOCs challenges and oppor-
tunities towards determining pedagogical innovations. We also analyze current
trends of MOOCs expansion to create new educational markets by overpassing
the bricks-and-mortar educational institutions. To do so, we conduct a SWOT
analysis on MOOCs. Finally, we provide possible directions and insights for
future research to better understand how MOOCs can be improved to lead to
greater innovations in the higher education landscape to answer the needs of a
knowledge-based economy.

Keywords: MOOC � SWOT � Pedagogy � Business model � Challenges �
Opportunities

1 Introduction

Massive Open Online Courses (MOOCs) represent online courses aimed at unlimited
participation and are open access on the Internet. In particular, MOOCs represent a
stage that led to dramatic changes in the development of web-based education systems,
which have been enabled by the rapid growth of Internet use, and increase in band-
widths over the past decade [1]. MOOCs remained relatively unknown until 2011 when
a number of the most prestigious universities in the United States started to offer
MOOCs by putting their courses online and by setting up open learning platforms, such
as edX, Coursera and Udacity. That year will be remembered as the year of disruptive
innovation, when Internet technology enabled the popularity of MOOCs, a form of
disruptive or transformative education, currently growing at an alarming rate. Besides
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Coursera, edX, and Udacity, many other companies providing different platforms have
emerged, such as Course Builder, Khan Academy, iVersity, and every month there
seems to be a new platform available. They all claim they are committing their best
resources to making education freely available to anyone who seeks it.

Nevertheless, all these platforms are still facing various challenges in many
directions, most importantly towards building consistent business models and deter-
mining best pedagogical approaches. What is common to each of the platforms is that
they are not offering qualifications or degree level programs. Whether MOOCs will
achieve the level of success within next five years as some educators are predicting
depends entirely on how well the new technology based method of teaching clear some
very high hurdles [2]. These hurdles to some extent are remaining unsolved completely
in recent times. We address them below with the following questions:

How to manage teaching a course effectively with hundreds or thousands of stu-
dents? How to pedagogically design courses for such enrollment? How to assess the
learning outcomes? How to combat the low completion rate with MOOCs? How to
know that a student taking exams and quizzes is really the student enrolled in the
course? How does social media like Twitter or Facebook play role in this? How does
the big data and learning analytics influence higher education, and how to address this
issue? Will MOOCs replace accredited curriculums? How to build financial models for
MOOCs? How to understand what the costs are? Shall MOOCs be designed in-house
or be outsourced completely? How does open education resources relate to MOOCs?

In this paper, we address some of these challenges in developing and utilizing
MOOCs, by providing a thorough analysis of each challenge. Consequently, we
believe MOOCs offer the potential to influence the traditional universities in providing
improved education even though there are the stated concerns and questions sur-
rounding MOOCs and their use in higher education.

The rest of the paper is structured as follows. Section 2 covers the related work.
The SWOT analysis is provided in Sect. 3. Section 4 addresses some of the peda-
gogical approaches and challenges of MOOCs. In Sect. 5, we discuss the current
developments with MOOCs from the business model viewpoint. Section 6 concludes
this paper.

2 Related Work

MOOCs have been in eLearning business for a while now but whether they are as
effective as face-to-face pedagogy and how MOOC affordances such as interactive
exercises, social networks, and rich multimedia content can be harnessed in
face-to-face education are some of the questions that have intrigued many of the
researchers recently.

To understand the effectiveness of MOOCs, which is measured as “meeting the
user’s learning goals,” Gamage et al. has proposed a framework to analyze the
effectiveness of eLearning in MOOCs from a learner’s perspective [3] using a
Grounded Theory (GT) methodology [4]. In their study, the authors have proposed a
ten-dimensional framework consisting of pedagogy, usability, motivation, interactivity,
collaboration, network of opportunity, support for learner, content, technology, and
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assessment. They found that participants showed a keen interest in collaboration and
interactivity, and that careful attention to pedagogy and the assessment is an effective
support to their learning in MOOC. MOOC affordances are other criteria to measure the
usefulness of the system studied by Delgado et al. in their research [5]. The authors
have shared some of their experiences combining MOOC-like content in on-campus
courses in this study. According to the authors, the effectiveness of the MOOC
affordances depends upon the composition of curriculum mode such as interleaved or
sequential and the specific needs of the subject. Even though the efficacy and the
affordances of MOOCs are an alternative to face-to-face pedagogies [4, 5], other
challenges influencing blended learning experience include student’s attitude to
learning, learner group dynamics, interactions among learners and a lack of
well-known learning script [6].

The authors conclude that MOOC technologies hardly support blended learning
experiences due to the lack of social interaction, monitoring, and intervention by
instructors. There is a general perception and to some extent the expectation that
learning technology will be able to solve the problem of worldwide demand for higher
education [7]. Having said that, requiring MOOC to be part of learning technology
poses another challenge in the field of learning design (LD) i.e. how to design peda-
gogies to support students on a large scale. This requires addressing all the attributes of
the field which were set out in the Larnaca Declaration, as suggested by Laurillard [7].
These include: “the focus on pedagogy in all its forms; the description of LD as
computational objects; the sharing of ideas; the scope across all sectors and subject
areas; the pedagogic categorization of learning designs; the attention to what students
do in order to learn; the mapping to implementations, and the focus on effectiveness”.
In another study by Goto et al., MOOCs were used to increase pre-service teachers’
knowledge about LD [8]. The authors using a case study showed how the reflections of
pre-service teachers inform (via LEAP21) the teachers’ understanding of LD after
going through a 3rd-year bachelor level MOOCs module themselves.

Shang and Zue argue that “the size of the learner population and the heterogeneity
of the learner’s backgrounds make conventional one-size-fits-all pedagogies inappro-
priate” [9]. They propose a conceptual model where educational resource linking with
the goal of satisfying various learning needs are addressed, by building a rich platform
integrating abundant and open online resources. This work is similar to the one pre-
sented in [10].

Subbian in his research has identified the key elements of MOOCs that can
influence pedagogy and learning in STEM disciplines [11]. Iwamoto, studied the
learning infrastructures on businesses in service industries [12]. The authors in [13]
have introduced the design of a MOOC for Entrepreneurship education in the form of
Serious Games (SGs). In another study, the same authors analyzed the entrepreneurship
skills developed in a Game-Based Learning MOOC (GBL MOOC) according to five
assessed activities developed during the course [14]. According to them, the
GBL MOOC for entrepreneurship studies resulted in an acceptable overall degree of
satisfaction with the use of SGs during the MOOC.
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3 SWOT Analysis: A Way to Understand the Logic Behind
MOOCs

We use a SWOT analysis to identify, describe and analyze some of the advantages and
limitations of MOOCs, in terms of strengths, weaknesses, opportunities and threats,
presented as in Fig. 1.

3.1 Strengths

In the strength section, we have identified the following characteristics of MOOCs:
source of lifelong learning, reputation and brand recognition, global presence,
improving education accessibility, low prices, and creating large online communities.

Taking a MOOC offers a major benefit particularly to lifelong learners. People from
a wide range of age categories and backgrounds from all over the world can engage in
learning via MOOCs. They provide an advantage to universities to develop a more
strategical approach to online learning and to improve reputation by enhancing
classroom teaching practices and developing new revenue models. MOOCs represent a
fantastic international recruiting tool for the universities having audience from every
corner of the world. Additionally, the teachers get an opportunity to reach people
around the world like never before and continue to grow themselves through crowd-
sourced feedback about their teaching styles and lesson plans, content, and learning
outcomes. MOOCs will make knowledge and quality education more accessible for
people who would never be able to attend a prestigious educational institute. Classes

Fig. 1. SWOT analysis on MOOCs
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can be followed at any time, without a transportation cost and there is no need to
participate physically in the classroom. They are generally free of charge [15].

3.2 Weaknesses

The weaknesses that we see as significant are: large number of dropouts, certification
and accreditation, not suitable for complex education, interaction and creativity, and
verification of the learner’s identity. Unlike MOOCs are able to enroll more students
than the traditional universities, they suffer from much larger drop-out rates [16, 17].
Some of the reasons for the low graduation rates are course methodology, lack of social
interaction and creativity. Furthermore, certifications that MOOC companies deliver
are not accredited by any relevant quality assurance organization. As suggested by
Daniel [18], special organizations with extensive experience in accrediting web based
learning should be engaged to certify the acquired knowledge. Teaching a complex
engineering class to thousands of students requires professors and teaching assistants to
perform labor-intensive tasks such as preparing laboratory experiments, examining
project demonstrations and assessments, and performing workshops and consultation
with students. Due to the demanding aspects of these activities, there raises the question
of the adequacy of MOOCs to meet these specific needs of MOOCs courses.

Various control mechanisms are required for incorporation into MOOCs platforms
to ensure and verify correct identity of learners. Formal exams also demand a con-
nection between student and exam and makes institutions responsible for issuing
certificates only to persons actually taking exams. In this context, Coursera applies
biometric identification methods to verify students through photos and text samples
[19]. The challenge here is on managing and administering biometric data while pre-
serving the privacy of people whom provide such data.

3.3 Opportunities

Through developing MOOCs, universities have the possibility to extend reachability
and accessibility of their teaching activities globally. Having the ability to create large
online communities MOOCs allow capturing large amounts of data. Such data may
bring useful information to institutions in many different ways. For instance, having
early access to global talent pool can help employers in their recruitment process in
finding desired profiles. Companies may also see MOOCs as flexible and cheap options
to train their most enthusiastic workers with desire to advance their knowledge.
MOOCs also can help higher education institutions to enhance learning outcomes,
thanks to new pedagogical innovations and research. Besides, advertisers can also
benefit by having access to these platforms. Due to the large amount of time that
learners spend on such platforms, advertisers can simultaneously receive more clicks
on their ads.

Finally, the abundance of data collected on MOOC platforms enable institutions to
identify and facilitate various learning patterns of learners. Collection and analysis of
data about learning patterns and contexts is referred to as learning analytics process.
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3.4 Threats

While there are many positive aspects that MOOCs can offer, there are also ethical and
privacy implications arising from various initiatives. Some of these concerns are listed
by Marshall [20], including commercial exploitation of learners, as well as research
ethics concerns arising from analysis done by academics and institutions. The lack of
quality and standards can damage the reputation of an institution. Consequently, this
brings a false picture of MOOCs as being the best e-Learning choices for universities.
Moreover, new technological and policy solutions are required in practice in order to
protect and secure learner’s data, to maintain anonymity of such data, and to ensure
data is not shared or served as a subject of commercial purposes.

Since MOOCs are massive and open, it is difficult to maintain copyright laws. So
far, definitive answers and solutions are lacking in terms of having proper copyright
laws in place. The authors in [21] give the suggestion of shared copyright vision to best
allocate and manage copyrights in online courses. The assessment of learning and
cheating in MOOCs is also a major remaining challenge, and mature solutions to
address this issue are still lacking [22].

4 Pedagogical Challenges and Novel Teaching Approaches

The MOOC phenomena has produced a lot of interesting information and experiences
about course design and delivery in online context. The most popularized catego-
rization of MOOCs is based upon two distinct pedagogical foundations: connectivism
(cMOOCs) and behaviorism (xMOOCs) [23]. The literature reports that in MOOCs
development, to some extent, all the three learning theories, behavioristic, cognitive,
and sociocultural theories have been taken into consideration. Regardless of this, we
believe that the sociocultural component, which puts emphasis on the interaction
between lecturers and learners, cannot be fully applied here. MOOCs pedagogy is
lacking in innovation since it is limited to video-watching, testing knowledge via
multiple choice questions and provides little guidance to the students. Up to now,
research is very scarce towards examining and determining the best pedagogical
approaches that MOOCs should be based on [24–26]. In this context, there are
numerous factors and challenges we have identified:

• MOOCs platforms, from the technological point of view are still not close to
replicate the interaction and community building, taking place in the traditional
higher education sector, which represent the heart of the education.

• Due to large number of audiences, such massive learning is not suitable for focusing
on the particular needs of each learner. Limited feedback is provided to learners on
individual basis.

• New instructional design is required for assessment and promotion of interaction
with the MOOCs content.

• Application of social learning is necessary to take advantage of online collaborative
learning tools and to keep learners motivated.

• In spite of interactive user and discussion forums MOOCs provide, students need to
use learning content as a context to engage in intellectual discussions, to debate,
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to argue and to develop critical thinking skills. New methodologies of utilizing
MOOCs in blended learning need to be examined.

• Students are offered continuous support in terms of guidance, mentoring, and
providing instructions in traditional education. This support cannot be fully emu-
lated by MOOCs.

• Quite a low number of students actually take assessment exams at the end of a
MOOC which makes it difficult to assess whether students joining a MOOC are
actually learning the content, and hence whether the MOOC is achieving its goal.

Among research proposals towards identifying significant opportunities for using new
alternative pedagogical approaches that would take full advantage of MOOCs, we
consider the work by [27], where authors address pedagogical opportunities and
learners’ choices. Some of the novel aspects offered by MOOCs in this context are
given in Table 1. However, there is not much research work related to using MOOCs
as a basis for developing novel teaching approaches.

As far as blended learning is concerned, we believe that the integration of MOOCs
with classroom teaching as part of blended learning, rather than full replacement for
traditional courses, will be an interesting and innovative pedagogical alternative.
Research initiatives towards this issue are in very early phases [28] and little infor-
mation exists on using MOOCs for blended learning.

5 Are Business Models for MOOCs Sustainable?

The creation of consistent business models for MOOCs is one of the most discussed
issues that has arisen so far in MOOCs history [29, 30]. From the early stages of their
development, commercial MOOCs adhere to what is known as ‘freemium to premium’
business model. This model offers core services and products to a large group of users
being initially free of charge. Once a consumer base has been established, a fee is then
charged for premium or advanced services and products to a smaller portion of this user
base. In the context of funding, MOOCs were established by funds originating from
venture capitalists, universities and foundations, which aim to generate revenues by
taking advantage of the innovative approach these platforms provide.

Table 1. Pedagogical approaches [27]

Pedagogic
dimension

Dominant Emergent opportunities

Academic
role

Lecturer Instructional designer, facilitator and
co-learner

Assessment Teacher assessed
examinations and essays

Automated assessment and peer and teacher
validated portfolio

Teaching
design

Content focused, teacher
controlled, specified
tasks

Learner determined curriculum with full use of
open educational resources and online
communities
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As is usually the case for Internet start-ups, where there is no “one-fits-all” business
model for the sector, MOOCs are also facing challenges on adopting business models
in order to generate revenues in a sustainable manner. In addition, only few potential
business models of MOOCs are proposed in literature. Recently, Fischer et al. [31]
analyze the business model of Coursera, edX and Udacity by applying the business
model concept of [32]. They propose this model to be used as a conceptual framework
while analyzing and comparing business models in order to extrapolate a best practice
business model. Belleflamme and Jasqmin [15] see MOOCs as multi-sided platforms
by identifying four groups or sides that are likely to gravitate around MOOCs, i.e.,
students, professors, universities, and private actors. Moreover, authors describe five
potential business models to monetize the value of these platforms: certification model,
freemium model, advertising model, job-matching model, and subcontractor model.
The most promising way that authors suggest to monetize MOOCs businesses is the
subcontractor model, potentially combined with some elements from the other models.
In his work of potential future business models for MOOCs [33], Kalman refers to the
sale of learners’ data, advertising, and income from “superstar faculty” giving video
lectures. Van Dijck and Poell [34] go further to acknowledge that the freemium model
will cause a disruption of the entire educational system, also considering that it may not
be long before MOOCs implement personalized ads in online educational environ-
ments and sell the learners’ data to businesses competing for global talent.

Presently, three of the most preferred motivations for introducing and offering
MOOCs include charging for certificates, linking students with potential employers, and
charging for additional services. Table 2 provides a broader overview of current busi-
ness models by three of the most famous xMOOCs, i.e. Coursera, edX and Udacity.

Despite all the mentioned research efforts carried out towards establishing business
models for MOOCs, we still lack coherent and systematic knowledge on creating a
fully-fledged business model, which will overcome the uncertainties about how to
monetize MOOCs platform businesses and qualify them as a valid alternative to
traditional higher education institutions.

Table 2. Variety of xMOOCs business models

Coursera edX Udacity

Certificate fee Certificate fee Certificate fee
Sale of participant data Self-service fee Recruiter program for companies
Sharing learners CV with
companies

edX-supported
fee

Sponsorships or fees for high-tech courses
from employers

Secure assessments Job match services
Training courses for
employees

Course sponsorships
Tuition fees
Advertisements
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6 Conclusions

The aim of this paper was twofold. Firstly, it provided a SWOT analysis on MOOCs in
general. Secondly, it aimed at identifying and analyzing the MOOCs challenges and
opportunities from pedagogical and business standpoint. The analysis also includes the
current trends of MOOCs expansion to create new educational markets for both sup-
porting and sometimes overpassing the traditional educational institutions. Neverthe-
less, in doing so, MOOCs providers face challenges that need to be overcome even if
partially to benefit from the foreseen opportunities of MOOCs. Such challenges include
the sociotechnical aspect, since MOOCs are still not close to replicate the interaction,
and community building taking place in the traditional higher education sector. As far
as learning challenges are concerned, we see that learning is not customized for
individual needs and differences, and feedback provided to learner is limited. New
instructional designs are required to promote interaction. Social learning needs also to
be promoted where students will engage in intellectual discussions, debate, argue and
develop critical thinking skills. More guidance and mentoring, continuous support and
instructions should be offered to learners. Furthermore, encouraging more learners to
take assessment exams and when necessary understanding the reasons for learners to
avoid taking exams is required. Considering the business challenges, developing
business models in order to monetize MOOCs is another challenge to overcome since
MOOCs business models are far from being sustainable.

Currently, as regards achieving pedagogical innovations with a basis in using
MOOCs, a lot of research is underway on applying machine learning approach on
building assessment techniques followed by smart and interactive interfaces. In this
context, big data learning analytics is another flourishing area as the candidate for
promoting pedagogical innovation.
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Abstract. Information and communication technologies are becoming a com-
mon instrument of daily life. They are available to more and more people
everyday, but that does not imply that they are usable and useful for everyone.
There are specific groups such as older people, with specific characteristics, such
as motor control problems or reduced vision, that affect both the way they use
these technologies and also how they learn how to use them. In this paper, we
propose to use massive open online courses in order to show older people how
to take advantage of the resources available through new technologies. This
proof of concept shows that the use of ICT for learning about ICT can be an
adequate solution for older people.

Keywords: ICT � Older people � MOOC � Usability � Mobile devices

1 Introduction

Information and Communication Technologies (ICT) have emerged and their use is
affordable for almost everyone. That involves a change in individuals’ daily lives.
Internet use has become popular, mobile devices are used with different aims and not
only as phones. It is essential to be always online and connected with friends and
family by using social networks. We are continuously using texting tools to contact
people, sending pictures, microblogging, etc. However, this landscape is not the same
for everyone. People with disabilities or older people do not always see technology in
the same way as other users do [1, 2]. In fact, this last collective, that is continuously
growing, use ICT in a different way and pursue different aims [3, 4]. Older people were
not born in an ICT context but they have to use it because of its high popularity. In this
case, ICT, which has, as one of its goals, to promote integration and enhance rela-
tionships between people, is not having the expected effect with them. For older people,
the use of technology can become something exclusive instead of inclusive [4]. The
main problem is that technology has been developed in many cases without taking into
account the special needs of older people, and that they have no previous training in
this kind of technologies [5].

Given this context, the paper presents a project developed at the University of León
that aims to define a learning program about ICT use for older people. The key issue of
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this project is that, instead of teaching older people in face-to-face sessions, what we
have done is using ICT to teach ICT. As this learning program should have the higher
dissemination possible, we have used MOOCs (Massive Open Online Course) as the
way to deliver this knowledge. MOOCs allow an undefined number of students, are
carried out in online contexts and the contents are available by using the Internet [6].
These type of courses provide significant benefits for older people such as that they can
easily access new knowledge, contact with peers with similar aims and reuse and see
the contents as many times as needed. Moreover, this type of courses has a key element
for older people: Videos. This type of users are used to watch TV, so videos are not
something strange to them so that learning can be focused on how to do the things and
not only on the concepts. With this in mind, in the University of León, a MOOC
experience was developed.

This MOOC shows to older people how to use iOS and Android devices. The
researchers explore the main functionalities used by older people, and based on them,
they developed the videos and activities to include in the MOOC. The contents are
deployed in a learning platform of the University of León and have been tested by an
older people group (with individuals with ages from 60 to 85).

This paper is structured as follows. In the following section, the background of this
research is described. Later on, in Sect. 3, the contents development and how they have
been deployed in aMOOCplatform are described. In Sect. 4, a pilot carried out as a proof
of concept is presented and the results of that pilot are discussed. Finally some conclu-
sions are posed.

2 Research Background

This section aims to describe what can be understood as older people and their rela-
tionship with technology. After that, some learning experiences are commented, with
special attention to those related to older people and MOOCs.

2.1 Older People and ICT

As commented above, ICTs can help people during their daily life. However, not
everyone use the technology in the same way, and this is especially noticeable when
talking about older or disabled people. But what do we mean by older people, also
known as elderly people or senior citizens? This depends on issues such as the life
expectancy or quality of aging that are related to the context. This context can have
different levels of development; can have different quality of health services, etc. For
instance, in Europe, an older person is not the same as in Africa. Most developed
countries set the age of 65 years to define when a person is older.

At the moment, there is not a United Nations (UN) standard numerical criterion, but
the UN agreed the cut-off is 60+ years to refer to the older population [7]. For this
research, this will be the age used to define an older person. However, we should not
forget that older people is a very heterogeneous group and for this research we will take
also into account the following categories inside the older people group [8]: 1. Age more
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or less close to retirement (period of pre-retirement); 2. Autonomous age as a pensioner
(period of independent living); 3. Age with increasing handicaps (start of period of
dependent living) and 4. Dependent pensioners’ age (period of dependent living up to
the end of life).

It should be noted that older people is a collective that is continuously growing. An
example of this can be observed in the European Union (EU). Due to the dynamics in
fertility, life expectancy, and migration, the age structure of the EU population will
change strongly in the coming decades. The overall size of the population is projected
to be slightly larger by 2060 but much older than it is now [9].

Older people have special features and use ICT in a different way from people that
have grown surrounded by ICT [3, 5, 10, 11]. This means that there is an important gap
between them [12, 13]. In order to bridge this gap between older persons and digital
natives, the different countries and institutions have developed several initiatives. For
instance, the European Commission funds research and applied research under The
Seventh Research Framework Programme [14] and its successor, Horizon 2020 [15].
For instance, with Member States, the European Commission participates in the Active
and Assisted Living Joint Programme (with a grant of 700 million euros) [16]. In 2011
the Commission started the European Innovation Partnership on Active and Healthy
Ageing that promotes several projects.

But, is so much money needed to make ICT more accessible and useful for older
people? The answer is obviously yes. ICT has a high potential for inclusion of older
people but it can also be associated to exclusion. ICT can be inclusive because it
promotes social interaction, gives them lots of helpful apps for their daily lives, provides
them with new ways to keep contact with family and friends, etc. [17, 18]. However,
there are several issues that make difficult for older people to use ICT [3, 11, 19, 20]:

• The older people group is not an homogeneous one concerning education, income
or even the different types of disabilities often associated with age. Elderly people
as a group are the ones at the greatest risk of being excluded from the benefits of the
Information Society.

• They have not directly been involved in the evolution of ICT or the Internet, and
they have to learn to use something that has been developed without taking into
account their specific needs.

• Older people have problems to use the technology and learn how to use it because,
ICT does not always take into account their age-related sensory, physical and
cognitive features, and neither possible motor control and cognitive impairment.

• The affordability of ICT. Older people income can be a limitation for using and
accessing ICT.

• The availability of ICT services is also a problem because of geographical
restrictions. For instance, people with a limited access to Internet in rural areas.

• Accessibility and usability issues are essential for the success of any ICT solution
and especially critical with older persons that, as mentioned above, have age-related
special features.

A clear example of how this issues influence older people can be how they use
mobile devices. This kind of ICT solutions has high penetration and acceptation in our
society. By the end of 2015, there are more than 7 billion mobile cellular subscriptions
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in the world and more than a mobile device per person in the developed countries [21].
These devices provide access to a complete set of services that can be employed with
different purposes. A high percentage of older people in developed countries owns one
of these devices, however they use only mobile phones for very limited purposes, such
as for calling or texting in emergencies. This is mainly caused because the devices are
not adapted to their needs, because they need to learn how to use the device and such
tools have not been designed thinking of their special features [2, 3].

Given this context, and in order to reduce this exclusion, several initiatives have
been defined. For this research, the most relevant ones are those related to learning
activities for older people.

2.2 Older People and ICT Learning

As commented above, older people need to use ICT and these persons have several
constraints that make it hard for them. Learning initiatives are essential to address this
problem, and to make ICT something inclusive for older people, learning is something
that does not only happen linked to an institution (university, high school, etc.). People
can also learn in non-formal contexts and during their daily life [22–24]. The European
Commission, through the lifelong learning program, has defined different initiatives to
help older people to learn [25, 26] and also the different countries are enhancing this
kind of learning actions [3].

Older people are quite interested in participating in these learning activities. They
value the role of ICTs for keeping them in touch with family and friends, using the
Internet for information searching, for hobbies and interests, and to make the
mechanics of daily life easier [10].

However, older people present also difficulties to learn about ICT. Some common
problems are: lack of confidence and fear of using ICTs (they are worried about doing
something wrong or break something); the absence of support after the learning action;
the high cost of training (although learning initiatives are addressing this problem);
memory problems; problems with understanding technical jargon; etc. Some of these
barriers are reduced with growing familiarity with ICT’s, but some persist and some
others are affected by aging constraints (physical and cognitive changes, motor control
problems, reduced vision, etc.) [8, 10].

Given these barriers, what is clear is that older people has to be considered in the
definition of ICT-based learning solutions and learning activities [11]. Moreover,
learning plans should be flexible enough to support technology evolution and the
change of older people conditions due to their age [8].

With this constraints, what has resulted to be a good solution is the use of visual
contents that older people can see as many times as they want to, and demonstrative
videos are specially useful [27]. In Spain, Fundación Telefónica and the regional
governments have carried out several initiatives in this sense [28], such as courses
about how to use an iOS or/and Android smartphone [29].

However, lots of these courses are carried out in face-to-face modality, and for the
online courses, a learning platform is not always used [29]. In those cases, the inter-
action of older people with their peers is missed, and this issue is important in learning
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activities. Keeping this in mind, a possible solution would be the use of a learning
platform that supports video based contents, facilitate older people evaluation and
interaction with their peers.

This solution could be the MOOCs (Massive Open Online Course). This kind of
courses can be easily accessible for older people, provide them with tools to interact
with others and with contents based mostly on videos that can help them to learn how
to use different systems [30]. MOOC courses bring great opportunities to enhance the
quality of life of elderly people by enabling lifelong learning and inclusion in learning
communities [31]. There are several initiatives of MOOCs for older people, for
instance, the ones proposed by some regional governments of Spain such as
CyLDigital [32].

However, the use of a MOOC is not necessarily associated to learning success, it is
necessary to take into account that each user is different and the contents should be
adapted to their specific needs (in what can be known as an adaptive MOOC). In this
way, it is possible to mitigate several traditional problems of MOOCs such as: dropout
rate; low number of cooperative activities; and the continuity of learning communities
beyond the MOOC [33]. Moreover, with older people also MOOC platforms should be
adapted considering accessibility issues.

Taking this into account, in the present research several contents were developed
and they were deployed on a learning platform as part of a MOOC. This is done with
the aim to test if this kind of courses can help old people to learn about ICT.

3 Development and Deployment of a MOOC

Once decided to apply a MOOC solution for older people learning, the next decision
was which contents to use as a proof of concept. Taking into account the popularization
of mobile devices, our idea was to develop a MOOC about smartphones, including
both iOS and Android as the most common operating systems. The main aim of this
course was to introduce the use of a smartphone to people that was not using it, or to
improve the use of those persons that only use a very limited set of functionalities. This
means that: (1) It was necessary to know if the course student uses the smartphone or
not; (2) Define contents for both beginners with smartphones, and older people with
some previous experience; (3) Deploy the contents in a learning platform and present
them depending on the student profile, that is, in an adaptive way.

Regarding the first issue, the MOOC included, as the first module, a learning guide
with information about the course and a questionnaire. It asks older people about their
age, about their experience with smartphones, and about their smartphone operating
system (Fig. 1). With this information, two different learning pathways were proposed;
a simple one and an advanced one.

The definition of the contents requires to decide which functionalities would be
described and what would not. In order to do this, the researchers of this project use
studies such as [5, 34] and initiatives such as [29, 32] and the list of functionalities
considered were: physical management of the device (buttons and touch-based
movements); Basic Settings (main screens, icons management, alarms, apps installa-
tion, etc.); Contacts and email management; SMS (management and delivery of SMS);
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Instant Messaging Systems (Whatsapp is used as an example); Web Browsing; and
Integrated Camera Usage (take photos, make videos, store and manage media files).
The authors carried out a presentation video for each of those functionalities and at
least two additional videos describing the specific functionality for iOS and Android
(although some functionalities are divided into several videos). Each video lasts up to
five minutes and has some tasks associated that students can carry out and assess by
themselves. Moreover, the student has always a jargon glossary available. In order to
evaluate the acquired knowledge, the MOOC is finished with an evaluation
questionnaire.

Finally, once the contents were developed, they were deployed in a learning
platform. The best option would have been a MOOC platform, but the university did
not have a contract with any MOOC platform. Given this situation, the authors decided
to use Moodle as a MOOC platform (only for the proof of concept) and its lesson tool,
and Google Forms to gather the information about the user and provide them with
proper content (Fig. 2 shows the content once deployed).

Fig. 1. Questionnaire to gather information about older people profile
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4 Experiment

In order to check the solution proposed, an experiment with a group of older people has
been carried out. It involves 10 individuals that will be considered the experimental
group, and 10 individuals that would be the control group. The experimental group
members answered a questionnaire after carrying out the MOOC. The control group
members did not participate in the course but most of them have a smartphone. 8 of the
10 older persons form the experimental group are between 60 and 75 years old and all
of them have a smartphone (7 Android and 1 iOS). Besides, in the experimental group
there are 2 older persons with an age between 75 and 85 that do not have a smartphone
but aim to learn how to use it before buying one. The control group consists of 7
persons with an age between 60 and 75 and 3 more with an age between 75 and 85 that
have not a smartphone.

From this experiment it is possible to explore students’ perception taking into
account the usability of the system (in this case the mobile device).

4.1 Methodology

The methodology aims to explore if the perception of the mobile device usability
changes when participating in the MOOC.

Fig. 2. Video and associated task for the Agenda Management in iOS
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Usability evaluation may involve the study of several issues such as: the user
satisfaction, the perception of use, the efficiency of the system, etc. In this case the issue
to consider was satisfaction. It was analysed using a System Usability Scale (SUS).
SUS is a simple ten-item scale that gives a global view of subjective assessments of
usability [35]. In the experiment, the members from both the experimental and the
control groups fulfil the SUS form. In this way, it was possible to compare those that
participate in the course and those that do not. Moreover, it would be possible to
compare those older persons with a smartphone to those that do not have one.

4.2 Results and Discussion

As commented above, SUS form was applied to the experimental and the control group
so that different results were expected.

The results for SUS in the experimental group was a 76,4 %, which is above the
acceptable satisfaction level of 68 % described by Sauro [36]. It could be higher but the
contents have been deployed in a platform that is not defined specifically for MOOCs,
and there are only 10 students involved in the course, while a MOOC usually has
hundreds or thousands. That is, the interaction with peers was poor in this proof of
concept.

The results in the control group were of 39,4 %. That can be normal because this
group is formed by older people that, although have a smartphone, do not usually use
all the functionalities of the device. They perceive the smartphone as a complex device
to use and they require the support of expert people in order to use it properly [3, 5].

Figure 3 shows a comparison in the average values of each answer for the
experimental and control groups.

It should be noted that there are differences of 1 or more Likert scale level for all
questions except for question 1 (q1). This question is “I think that I would like to use
this system frequently”. These answers can be similar because both the people of the
experimental and control groups would like to use the system frequently, mobile
devices are something they use and want to use everyday although in this question is

Fig. 3. Comparison between the average answers for each question of the SUS questionnaire
(Color figure online)
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not defined how easy is to use it. From this comparison, it is also possible to see that
there is a special difference for question 7 (q7). That is, “I would imagine that most
people would learn to use this system very quickly”. People in the experimental group
think that it is easy to learn to use the system, but the persons in the control group have
not carried out the course, so they have a very different perception.

From this experiment it is also interesting to compare the SUS average score for the
older persons with ages between 75 and 85 years old and that have not a smartphone.
These persons in the experimental group have an average score of 71,2 % with a
difference of 5,4 % from the average value for the group. This kind of older persons in
the control group has a score of 22,5 % with a 16,9 % of difference from the average
value of their group. This could be caused because the persons without a smartphone in
the experimental group have learned to use it after the course and they have a similar
perception of satisfaction with the device; while those in the control group have even
more difficulties than their peers because they have not a smartphone to interact with.

5 Conclusions

The present research has dealt with an issue as learning ICT by using ICT, but in this
case the students involved in this learning activity are older people. People from this
collective have very specific needs and special features related to their age. In order to
guarantee a successful use of ICT it is necessary to carry out learning actions oriented
to them and to take their reality into account.

This paper has explored some of the problems that older people has regarding the
use of ICT, and also while carrying out online learning activities. Given this context,
we consider that the best learning strategy can be MOOCs because they are oriented to
video-contents, are usually free and allow older people to interact with peers with
similar problems and/or motivations. In order to test this MOOCs about ICT for older
people, we have carried out an implementation as a proof of concept. After assessing
the usability of the action, it was possible to see that the satisfaction of the older people
was higher in those students that have participated in the MOOC.

However, the pilot carried out has several limitations, most of them because it is
only a proof of concept. These limitations are: (1) It should include more older people,
because a population of 20 persons is not very meaningful; (2) With only 10 older
persons in the experimental group, the interaction into the MOOC is not high; (3) We
should use a MOOC oriented platform to achieve all the expected benefits of this kind
of courses; (4) The platform was not adapted taking into account usability issues [31]
because we were using an institutional environment that can not easily be changed.

As future research lines, it would be useful to explore, in a qualitative way, students
perceptions after the learning activity. Moreover, the deployment and publication of the
contents in a MOOC platform could be interesting to analyze the results in real
contexts.

Acknowledgments. This work is partially supported by Cátedra Telefónica – Universidad de
León and Spanish Ministry of Economy and Competitiveness under grant DPI2013-40534-R.

300 C. Fernández et al.



References

1. García-Peñalvo, F.J., Conde, M\’{.A}., Matellán-Olivera, V.: Mobile apps for older users –
the development of a mobile apps repository for older people. In: Zaphiris, P., Ioannou, A.
(eds.) LCT. LNCS, vol. 8524, pp. 117–126. Springer, Heidelberg (2014)

2. Kurniawan, S.: Older people and mobile phones: a multi-method investigation. Int. J. Hum.-
Comput. Stud. 66, 889–901 (2008)

3. Fundación-Vodafone-España: TIC y Mayores (2012)
4. Fundación-Orange: eEspaña 2014, Madrid (2015)
5. Fundación-Vodafone-España, Red.es: Tecnologías orientadas a la movilidad: valoración y

tendencias, Madrid (2014)
6. Pappano, L.: The Year of the MOOC. The New York Times 2 (2012)
7. Definition of an older or elderly person. Proposed Working Definition of an Older Person in

Africa for the MDS Project. http://www.who.int/healthinfo/survey/ageingdefnolder/en/.
Accesed 03 Feb 2016

8. Ala-Mutka, K., Malanowski, N., Punie, Y., Cabrera, M.: Active ageing and the potential of
ICT for learning. European Commission, Seville, Spain (2008)

9. European-Commission: The 2015 Ageing report - Economic and budgetary projections for
the 28 EU Member States (2013–2060). Publications Office of the European Union,
Luxembourg (2015)

10. Sandhu, J., Damodaran, L., Ramondt, L.: ICT skills acquisition by older people: motivations
for learning and barriers to progression. Int. J. Educ. Ageing 3, 25–42 (2013)

11. Amaro, F., Gil, H.: ICT for elderly people: “Yes, They Can!”. In: Conference ICT for
Elderly People: “Yes, They Can!”, pp. 3792–3803 (2011)

12. Prensky, M.: Digital natives, digital immigrants. On the Horizon 9(5), 1–6 (2001)
13. Prensky, M.: Digital natives, digital immigrants, part II: do they really think differently? On

the Horizon 9(6), 1–6 (2001)
14. European Union’s Research and Innovation funding programme for 2007–2013. https://ec.

europa.eu/research/fp7/. Accessed 26 Jan 2016
15. HORIZON 2020 - The EU Framework Programme for Research and Innovation. http://ec.

europa.eu/programmes/horizon2020/. Accessed 26 Jan 2016
16. The Active and Assisted Living Joint Programme (AAL JP). https://ec.europa.eu/digital-

agenda/node/50829. Accessed 26 Jan 2016
17. White, H., McConnell, E., Clipp, E., Bynum, L., Teague, C., Navas, L., Craven, S.,

Halbrecht, H.: Surfing the net in later life: a review of the literature and pilot study of
computer use and quality of life. J. Appl. Gerontol. 18, 358–378 (1999)

18. Weatherall, J.W.A.: A grounded theory analysis of older adults and information technology.
Educ. Gerontol. 26, 371–386 (2000)

19. Czaja, S.J., Lee, C.C.: Designing computer systems for older adults. In: Julie, A.J., Andrew,
S. (eds.) The human-computer interaction handbook, pp. 413–427. L. Erlbaum Associates
Inc., Hillsdale, NJ, USA (2003)

20. European-Commission: Active Ageing in the Information Society: e-Inclusion – Be part of
it!, Brussels (2007)

21. ITU: ICT Facts and Figures, Geneva, Switzerland (2015)
22. García-Peñalvo, F.J., Colomo-Palacios, R., Lytras, M.D.: Informal learning in work

environments: training with the social web in the workplace. Behav. Inf. Technol. 31, 753–
755 (2012)

23. Halliday-Wynes, S., Beddie, F.: Informal Learning. At a Glance. National Centre for
Vocational Education Research Ltd., Adelaide (2009)

ICT for Older People to Learn about ICT 301

http://www.who.int/healthinfo/survey/ageingdefnolder/en/
https://ec.europa.eu/research/fp7/
https://ec.europa.eu/research/fp7/
http://ec.europa.eu/programmes/horizon2020/
http://ec.europa.eu/programmes/horizon2020/
https://ec.europa.eu/digital-agenda/node/50829
https://ec.europa.eu/digital-agenda/node/50829


24. Otero, M.S., McCoshan, A., Junge, K.: European inventory on validation of non-formal and
informal learning. ECOTEC Research and Consulting Limited (2005)

25. COM: COM(2001) 678 final. Making a European area of lifelong learning a reality.
Communication from the Commission (2001). http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=COM:2001:0678:FIN:EN:PDF

26. Davie, R.: Older people in Europe - EU policies and programmes. European Parliamentary
Research Service, European Union (2014). http://www.europarl.europa.eu/RegData/
bibliotheque/briefing/2014/140811/LDM_BRI(2014)140811_REV1_EN.pdf

27. Struve, D., Wandke, H.: Video modeling for training older adults to use new technologies.
ACM Trans. Access. Comput. 2, 1–24 (2009)

28. European Regional Development Fund. http://ec.europa.eu/regional_policy/en/funding/erdf/.
Accesed Feb 2016

29. Fundación Vodafone con los Mayores - Curso smartphone. http://www.fundacion
vodafoneconlosmayores.com/. Accessed 2 Feb 2016

30. Arguel, A., Jamet, E.: Using video and static pictures to improve learning of procedural
contents. Comput. Hum. Behav. 25, 354–359 (2009)

31. Sanchez-Gordon, S., Lujan-Mora, S.: Web accessibility of MOOCs for elderly students. In:
Conference Web Accessibility of MOOCs for Elderly Students, pp. 1–6 (2013)

32. CyL Digital. https://www.cyldigital.es/formacion/formacion-on-line. Accessed 02 Feb 2016
33. Fidalgo-Blanco, Á., García-Peñalvo, F.J., Sein-Echaluce, M.: A methodology proposal for

developing adaptive cMOOC. In: Proceedings of the First International Conference on
Technological Ecosystem for Enhancing Multiculturality, pp. 553–558. ACM, Salamanca,
Spain (2013)

34. Strengers, J.: Smartphone interface design requirements for seniors. Master Information
Studies - Program Human Centered Multimedia, University of Amsterdam (2012)

35. Brooke, J.: SUS: a quick and dirty usability scale. In: Jordan, P.W., Thomas, B.,
Weerdmeester, B.A., McClelland, I.L. (eds.) Usability Evaluation in Industry. pp. 107–115.
Taylor & Francis, Abingdon (1996)

36. Sauro, J.: A Practical Guide to the System Usability Scale: Background, Benchmarks and
Best Practices. CreateSpace (2011)

302 C. Fernández et al.

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do%3furi%3dCOM:2001:0678:FIN:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do%3furi%3dCOM:2001:0678:FIN:EN:PDF
http://www.europarl.europa.eu/RegData/bibliotheque/briefing/2014/140811/LDM_BRI(2014)140811_REV1_EN.pdf
http://www.europarl.europa.eu/RegData/bibliotheque/briefing/2014/140811/LDM_BRI(2014)140811_REV1_EN.pdf
http://ec.europa.eu/regional_policy/en/funding/erdf/
http://www.fundacionvodafoneconlosmayores.com/
http://www.fundacionvodafoneconlosmayores.com/
https://www.cyldigital.es/formacion/formacion-on-line


The Design and Implementation
of a Cross-Platform Teaching System

Songfeng Gao and Yonghao Xie(&)

Beijing University of Civil Engineering and Architecture, No. 1 Museum Road,
Xicheng district, Beijing, People’s Republic of China

gaosongfeng@bucea.edu.cn, 2418636274@qq.com

Abstract. With the development of computer technology and network tech-
nology, the traditional test mode is not able to fully meet digital, standardized
test requirements. Traditional exam modes include artificial test paper, artificial
marking, several processes statistics and performance analysis papers, results
statistics, papers analysis etc., The whole process is cumbersome and inefficient.
Moreover, with the change of examination techniques and carrier landmark, we
can say the traditional examination method is no longer suitable for today’s
exam. Now appears online examination system is an extension of the traditional
examination and change, with its own efficient and convenient, flexible benefits,
widespread concern various institutions. On the other hand, with the rapid
development of mobile communication technology and intelligent portable
device innovation, appearing more and more sophisticated intelligence products,
marking the arrival of the mobile Internet era. As a smart phone operating
system, Android platform by virtue of its open source, openness and stability, it
has become the current most users, the fastest growing mobile smartphone
operating system.
In summary, The campus of the previous examination system is applied to the

mobile client, not only can make full use of space, anytime, anywhere to exam,
not too much limited by time and space. And greatly simplifies the examination
process, reducing the onerous test management work, which is a mobile Internet
application development model better.
In order to make the examination system to have flexible scalability and

cross-platform portability, At the same time convenient for each subsystem
integration, based Android platform and application software technology Web
application server communication, combined with the actual traditional exam-
ination process, design the overall structure and function of the system to
achieve the main module, in order to develop versatility, flexibility, ease of
maintenance of the mobile phone side of the school examination system. The
system includes system settings, test status, clear examination, re-examination,
the online exam, the student information maintenance and queries, bank
maintenance, query results, review papers, exit multiple module systems, it can
enter their own questions and its related the freedom to create and delete, save
students answer timely information, the system uses a manual marking and
automatic scoring combination to provide a more objective reference points.
The system uses Android as an operating system, using J2EE as a develop-

ment framework, JAVA as the system development language, using the B/S
structure of the network architecture model, applicating SQL Server2005
database management system to store student information and questions as to
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achieve different people, from different locations (such as LAN, WAN,
Internet/Intranet), with different access methods to access and manipulate a
common database. It can effectively protect data platform and access manage-
ment, as well as its own security server database, to better improve the overall
security of the system.
In this paper, based on the Android platform school examinations system

design, development and related technology is described and discussed. First of
all, the analysis shows that schools in the past exam mode, so as to define the
overall layout of the system and its related processes. Secondly, using the JAVA
language for the completion of the layout of the main module for development,
implementation steps are discussed in detail. Finally, the system is optimized
and the relevant contents are summarized. After the completion of the system
development, the function of each function should be checked to ensure that the
system can achieve the expected purpose, better guarantee the availability and
safety of the system.
The realization of the Android platform of school examination system, not only

to meet the school standardized tests of functional requirements, and well solves the
shortcoming of lack of portability of the original system. It is able to improve the
flexibility and practicality of the system, teachers and students can use and search
examination system related information anytime and anywhere, to a greater extent
save time and space occupancy. In the implementation of the Android examination
system, there are still many problems, but also need to continue planning and
design. But the whole process of its development, this is a familiar and the process
of exploration, and it is proved that this is an effective research and development
process, at the same time,, it has important guidance and reference for the future
development of a more excellent and more efficient system.

Keywords: JAVA � Examinations � System � Android

1 Introduction

1.1 Research Background

With the development of mobile Internet technology, not only changing our way of
life, but also changing the traditional test pattern. In the forefront of mobile Internet
wave Android mobile intelligent operating system, more and more widely be applied to
today’s test model.

Past the traditional examination mode after artificial group volume, manual
marking, score statistics and papers and tests, analysis process, often need to spend a lot
of manpower and material resources and financial resources, the whole process cum-
bersome and inefficient. So the traditional examination way has not fully meet the
needs of education informatization construction and modern teaching [1]. Now college
students for mobile Internet cognitive degree is self-evident, the traditional exam mode
and the combination of mobile networking, developed an Android based smartphone
operating system under the test program, can reduce the test cost, easing the burden on
teachers, greatly improve the work efficiency, ensure the quality of the exam. At the
same time, based on the test pattern under the Android mobile intelligent operating
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system, has become a trend of assessment of students’ academic level of higher edu-
cation, the examination is the original way of development and innovation, conform to
the requirements for the development of the information age [2], will also was wel-
comed by college students.

1.2 The Development of Mobile Internet

Today is the era of Internet, the Internet has become the essential element in life, in
almost every corner around us. Especially in recent years, the popularity of cell phones
and other portable devices, especially the rapid development of mobile smart phones,
mobile Internet concept of thorough popular feeling, is bound to lead a new wave of
technology.

From the user perspective, the so-called Mobile Internet refers to the way the
application of mobile, portable tablet PCs and other mobile devices to access the
Internet over a wireless connection, although it seems that only the access equipment
has changed, and in fact has prompted the Internet occurred a lot of fundamental
change. Acceleration in the pace of life, people today need to be more precise and more
direct service, “small and light” and “Communication and convenient” determined by
the characteristics of the mobile Internet and PC Internet fundamentally different place,
and trends associated with the Department.

First of all, the mobile Internet, its biggest feature is the characteristics of easy to
carry, compared to the massive PC or laptop, mobile phone and tablets and weight are
more appropriate people carry in the body. Especially mobile phones, today’s main-
stream contact tools, mobile phone is almost 24 h a day with people around you.
Mobile phones as a tool of mobile Internet access, to search information resources
required for people at any time, make full use of the fragmented time in the life, work,
accept and deal with all kinds of Internet information.

Second, different from the PC model of human-computer interaction process, the
mobile Internet in the unique way of human-computer interaction, since mobile portable
devices have small screens, and no keyboard input devices such as external, shown to
result in the user’s information or controls are relatively few. While the terminal capa-
bilities by the terminal size, processing power, battery capacity and other limitations. This
requires that mobile Internet devices will be needed to refine the content as much as
possible, to reduce the user’s input operation. However, in general, for a large number of
formal jobs, people will still choose PC. Therefore, mobile communications equipment to
provide users with more entertainment and communication. So when making interactive
users prefer the multi-touch and gestures, body feeling.

Finally, because of the mobile Internet business has received the network and
terminal capacity constraints, therefore, its content and form also needs to be suitable
for a particular network technical specifications and terminal type, therefore, when
using mobile Internet business, the use of content and services more intimate, espe-
cially in mobile phone as the client access to the Internet, including users mobile phone
number, real information and user directories contain user information at any time are
likely to leak, social relations, therefore, mobile Internet users for its information
security requirement is extremely high, generally do not reveal information risks install
new applications.
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1.3 The Android Platform Development

Android is an Open source mobile devices operating system based on Linux, mainly
used for smart phones and tablets and other mobile devices, set up by Google’s Open
Handset Alliance (smaller companies, Open Handset Alliance) continued leadership
and development.

Android was originally founded by Andy rubin, originally developed the purpose
of this system is to create a digital camera’s advanced operating system; But it was
found that the market demand is not big enough, and the fast-growing smartphone
market, so the Android was transformed into an operating system for smartphones. In
August 2005 to be bought by Google technology businesses in the United States. In
November 2007, Google and 84 manufacturers, developers and telecom operators set
up the Open Handset Alliance to jointly develop improved Android system, then
Google to Apache free open source license authorization way, released the source code,
Android allows producers running Android smartphone, then gradually expand to
tablets and other fields.

On the one hand, the development of the Android system in the country mainly for
secondary development on the Android system, based on the Android source code, and
the depth of the customized version of the operating system.

Second, the openness of the Android platform allows any mobile terminal manu-
facturers to join the Android alliance, significant openness can make its have more
developers, with users and applications is growing, more and more get the welcome of
the masses, the Android platform.

1.4 JAVA EE Platform

Java EE (Java Platform, Enterprise Edition) is the sun’s Enterprise application version.
This version is formerly known as J2EE, can help us develop and deploy a portable,
robust, scalable and secure Java application server.

Along with the rapid development of science and technology, Java EE has evolved
into the current enterprise development is actually one of the standard platform,
Java EE application because of its high degree of development, stable performance,
high safety etc., by the enterprise spirit domain relevant personage, the more the more
enterprises to choose the Java EE as a development platform.

The advantages of Java EE platform is more outstanding, such as: JUnit and TestNG
to test code (including unit, integration and function test) write created conditions; The
implementation of continuous integration can rely on the continuous integration server,
and so on. Now existing Java EE technology is very mature, the vendor containers tend
to be more homogeneous, so the Java EE is the mainstream of development enterprise
Web application frameworks technology, in today’s enterprise project development and
Microsoft’s MS.NET together form the two core framework technology.

1.5 Study the Significance of School Examinations System Design Based
on the Android System

Because previous test mode after artificial group general volume, manual marking,
score statistics and papers and tests, analysis process, the whole process is complicated
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and inefficient, already can not fully meet the demand of digital and standardized test.
Not only that, as the school examination technology and carrier of epoch-making
change, to say the traditional way of examination is no longer suitable for today’s
exam.

And now with the rapid development of mobile communication technology and
intelligent portable device of continuous innovation, the emergence of more and more
intelligent and advanced products, marks the arrival of the era of mobile Internet. As a
smartphone operating system, Android platform, with its open source, openness and
stability, has become the current user, most of the fastest growing mobile smartphone
operating system.

So to school examinations system based on the Android system design of the
related research and implementation, not just to satisfy the functional requirement of
standardized tests in school, and very good solve the disadvantage of the lack of
portability of original system, to improve the flexibility and practicability of the system,
the teachers and students can use anytime and anywhere, processing, search relevant
information in the test system, more save the time and space.

2 System Builds Related Technologies

2.1 JAVA

Java is a simple, cross-platform, object-oriented, distributed, explains, the robust
security, the structure of the neutral, portable, performance is very excellent
multi-threaded, dynamic languages. Suitable for large enterprise applications and
Internet applications, especially application system based on B/S agency.

2.2 B/S Structure Mode

Structure B/S (Browser/Server), is one of the Web after the rise of the network structure
model, a Web Browser is one of the main client application software, the model unified
the client, will be the core of the system function realization part focus on the Server,
simplify the development, maintenance and use of the system. Client only need to
install a browser and Server installation, such as SQL Server database, the browser can
interact through the Web Server and database data.

B/S mode is divided into three levels [3]: the first layer is the client browser, for the
presentation layer. The second layer is a Web server, it is the business logic layer. The
third is the database server, this layer is the data access layer.

2.3 The Database

Database designer performance evaluation, the basis of information management
information system implementation to do try to use the least amount of data table, the
optimization to realize the function of demand, and the retrieval database to be simple
and colleges and universities. The test system based on Android system under
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application of the database is SQL Server2005. The database is easy to use, good
scalability, high and related software integration degree, etc.

3 System Overall Design

According to the requirements in the test, the system needs to be done function module
mainly includes:

Test information. After the examinee input information in school, to the system, the
query to participate in the test project, choose to take an examination after entering the
examination. Exam questions from the backstage database according to the format of
the list, and prompt the exam time. Candidates can submit after finish the test paper, if
the test time, test paper automatically submit.

Course maintenance. The examinee exam content according to the courses for the
progress and questions from the backstage database and maintenance related.

Query. Examination after landing, can query before the test information, through this
function, the examinee can query the corresponding standard answer questions.

Test condition. The examinee when log in problem solving, according to the length of
the examinee answer the time required for each question and problem of simple and
easy degree, corresponding to the examinee state judge, for students in terms of which
type of class, to make a more objective basis.

Re-exam. Test for examination, unqualified candidates system will give the chance of
the second test, students can login, you can test.

Paper review. The examinee answer all the questions, under the condition of the test
time allowed, can choose paper review. According to test yourself to answer to
determine degree, choose the check part of the paper.

Teachers’ information management. Management teacher after login, can undertake
maintenance of examinee’s information, including adding information, query, modify
the examinee information candidates on the history of the exam and reply to the
original information and password.

Demand analysis of the test, can design the overall structure of this system include
two aspects: the examination system at the front desk and the background system.

Examination system at the front desk includes: login, examinee examination, the
exit examination, scores query, information query. Exam system background include:
the examinee information management, test management and test question
management.

In short, the system of separating performance and the database, the examinee users
through the Android client input and query information, from all walks of life to get the
data in the database.
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4 Summarizes

Due to the limitation of research time and ability, the system is the basis of the
examination system module, the design of the other modules such as question bank is
not very standard, and automatic marking function in volume and stay in the most basic
level, the examination process confidentiality also need to be better improved. To sum
up, this system still has many problems, its need to improve, need to accumulate
experience in practice, in turn, strengthen perfect, I hope one day, can truly implement
such a system, provide convenience for future examination.
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Abstract. Two fast growing areas for technology-enhanced learning are serious
games and mobile instruction (M-instruction or M-Learning). Serious games are
ones that are meant to be more than just entertainment. They have a serious use to
educate or promote other types of activity. Immersive Games frequently involve
many players interacting in a shared rich and complex – perhaps web-based -
mixed reality world, where their circumstances will be multi and varied. Their
reality may be augmented and often self-composed, as in a user-defined avatar in
a virtual world. M-instruction and M-Learning is learning on the move; much of
modern computer use is via smart devices, pads, and laptops. People use these
devices all over the place and thus it is a natural extension to want to use these
devices where they are to learn. This presents a problem if we wish to evaluate
the effectiveness of the pedagogic media they are using. We have no way of
knowing their situation, circumstance, education background and motivation, or
potentially of the customisation of the final software they are using. Getting to the
end user itself may also be problematic; these are learning environments that
people will dip into at opportune moments. If access to the end user is hard
because of location and user self-personalisation, then one solution is to look at
the software before it goes out. Heuristic Evaluation allows us to get User
Interface (UI) and User Experience (UX) experts to reflect on the software before
it is deployed. The effective use of heuristic evaluation with pedagogical software
[1] is extended here, with existing Heuristics Evaluation Methods that make the
technique applicable to Serious Immersive Games and mobile instruction
(M-instruction). We also consider how existing Heuristic Methods may be
adopted. The result represents a new way of making this methodology applicable
to this new developing area of learning technology.

Keywords: Heuristic evaluation � Serious games � M-instruction � M-learning

1 Introduction

Throughout education, there is a growing focus ways to improve student engagement
[2], which may be through utilising different pedagogic approaches [3] or technologies
[4–8]. Serious Games are one approach to improve engagement through the benefits of
a typically fun based, interactive environment where the learning is embedded within
playful activity; the game has the aim of delivering some knowledge and/or skill as the
student progresses through the game [4].

© Springer International Publishing Switzerland 2016
P. Zaphiris and A. Ioannou (Eds.): LCT 2016, LNCS 9753, pp. 310–319, 2016.
DOI: 10.1007/978-3-319-39483-1_29



The technological developments – primarily through computer and related IT –

have led to Technology Enhanced Learning (TEL) [9], which encompasses software of
computer based learning approaches, as well as the internet based eLearning.

One particular approach to technology enhanced learning is to utilise immersive
environments – ones in which the learner is placed in a simulation of the real world
[10], so that the student behaves as though in a real world context which is identified as
improving learning in various ways. Combining the notion of serious games and
immersive learning, serious immersive games utilise game-like (or actual game)
environments to provide learning opportunities.

Computer Based Instruction in its general sense leads on to the more specific
concept of Mobile-instruction (M-instruction) - also known as mobile learning
(M-learning). In this paper, we consider such M-instruction as learning that utilises
mobile devices [11]. As these have become increasingly sophisticated, the distinction
between M-instruction and other e-learning is reducing. An example of the conver-
gence of eLearning and M-instruction is that tablet and mobile devices can now rou-
tinely access server-based material. Modern learning environments support mobile
friendly formats and interfaces. However, there are some distinct characteristics –

particularly when considering the interface specific elements of eLearning designed for
a computer (desktop or laptop), as opposed to the types of interaction that are more
suited to mobile devices.

The game based and mobile approaches to software to support learning are
examples of ubicomp. Ubiquitous computing and applications (also known as perva-
sive computing, or as ubicomp) relates to the concept that computing (and in particular,
computer science and software engineering) appears everywhere [12]. Users may
interact with this in a variety of forms, and the issue of evaluating such ubicomp
applications becomes complex – since there are a myriad of platforms and instances of
use. Moreover, as noted by Gordon [13], where ubicomp is applied to give students
choice (i.e. flexible education), the location and time of study, so the context of use,
will vary. Thus, the issue of evaluation becomes a multi-dimensional one. One
potential approach that is explored in this paper is heuristic evaluation.

To support changes and innovations in teaching and learning, software and systems
have been, and continue to be, developed. For software and system development, there
are a number of potential ways to help in designing and evaluating them, from func-
tional behaviour through to the acceptability to the users. Regarding the learning
software considered in this paper, this may be evaluated as general software, through
usability requirements, or, as considered in Brayshaw et al. [1], may be evaluated
through heuristic evaluation. Usability testing is well established in software engi-
neering, that focusses on the user interaction with the system [14]. This typically
requires that a scenario be created for the users to work within, carrying out specific
activities, which can be observed and measured to indicate the usability of the system.
The clear difficulty here, when considering ubicomp – is that there is a multitude of
possible scenarios, and each may have its own characteristics.

Heuristic Evaluation [14] offers an approach that uses evaluators to identify
potential issues in the system, in relation to a set of identified principles that reflect
usability characteristics.
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2 Utilising Heuristic Evaluation as an Approach to Evaluation
Pedagogic Software: An Empirical Application

Heuristic Evaluation is an informal method of usability analysis that lends itself to
domains like serious games and M-instruction. Whilst we strongly support the use of
more traditional, empirical methods there are circumstances when this is not always
possible. The use of traditional evaluation methodologies presupposes that we have
access to the end users. In an education context, this could be in a direct classroom
scenario or by bringing learners into a laboratory under controlled conditions. How-
ever, with modern computer connectivity our “end users” can literally be anywhere.
Indeed the underlying presupposition of M-instruction is that they are anywhere and
mobile to boot! Therefore, we have to develop ways of evaluating our solutions before
they go out. Heuristic evaluation allows pedagogical solutions to be tested at source –
before they are shipped – by getting experts to evaluate the solution ahead of time.

2.1 Benefits of Heuristic Evaluation

Four major advantages of Heuristic Evaluation are

• Heuristic Evaluation, as opposed to a traditional evaluation, is cheap and providing
the relevant expertise is readily to hand, easy to perform.

• The task is itself easy to grasp and once explained the required expertise from the
identified cognoscente is usually happily given.

• The planning and control of conventional evaluation is not needed, something we
will exploit in the work outlined here.

• It is useable through the project development lifecycle. It thus does not need a
completed system. From first design, to iterative prototyping stages, the final
deliverables it is a usable evaluation methodology.

2.2 Heuristics for Software Design

The most received version of Heuristic Evaluation is by Neilson [15–17]. It consists or
a series of heuristics or rules of thumb that advise on design. They are as follows

• Transparency of system status – can the user see what state they are in?
• Correlation between the system and the real world – the desktop metaphor is

frequently used here as a good example. It gives a good mapping between the
computer and what they are trying to achieve in the real world.

• User Control and Freedom.
• Consistency and Standards. Consistency in a user interface is clearly vital as are the

application of relevant standards.
• Error Prevention. Can errors be anticipated and designed out of the equation.
• Recognition rather than recall. Having to remember or recall is problematic. If users

can work things out live - this is better.
• Flexibility and Efficiency of Use.
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• Aesthetic and Minimalist Design.
• Help Users Recognise, diagnose, and recover from errors.
• Help and Documentation.

2.3 Heuristics for Educational Applications

In the context of educational evaluation, [18, 19] added the following:

• Feedback and designer/learner models (Squires and Preece):- In an education
context, feedback is incredibly important. It needs to be cogent and timely.

• Cosmetic authenticity (Squires and Preece):- avoid interface components that the
learner could misinterpret.

• Representational forms (Squires and Preece):- The interface should place a “low
cognitive demand on the learner and functionality should be obvious” (Squires and
Preece). The system should be transparent and encourage learning.

• Multiple views/representations (Squires and Preece):- does the learning software
support different forms of learning? Is there one content model or can others be
supported?

• Interaction flow (Squires and Preece):- extrinsic feedback e.g. error messages can
cause distractions. Is there a consistent and uninterrupted flow to learning?

• Navigation (Squires and Preece):- can the learner easily navigate through their
learning episodes with appropriate feedback given at critical points on this journey?

• Learners Control and Self-Directed learning (Squires and Preece):- can learners
express their autonomy and ownership of their journey?

• Subject Content [19]:- The preamble and context setting should be relevant to the
questions and tutorials and to the appropriate skill level. Is choice of media delivery
right and addresses targeted learning outcomes?

• Assessment (Benson et al.):- is self-assessment available and the feedback to that
assessment at the correct level. In what terms can we look at the quality and content
of the assessment and feedback?

These heuristics are the starting point to evaluation. Based up these we are in a position
to reflect critically upon what would otherwise be hard to evaluate empirically software
solutions.

2.4 Existing Work Utilising Heuristic Evaluation

As reported in [1] we have used Heuristic Evaluation extensively and successfully in
the past. In particular, we have used it to evaluate a Semantic Web Based Person-
alised VLE [20] that looked to semantically synthesize multiple sources of media to
produce a personalized learning experience for evaluating software for those with
disabilities [21]; and as a design tool in an evolving iterative prototyping tutoring
system for teach computer programming [22]. Each time it provided a flexible tool to
evaluate and reflect upon the work undertaken. It is in this context that we sought to
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again use this technique and apply it in contexts where simple end user evaluation is
less straightforward.

3 Technology Enhanced Learning Through

3.1 Serious Immersive Games

Introduction to Serious Immersive Games. Serious games are games intended to do
more than simply entertain; they have a serious use to educate or promote other types
of change [23]. This approach is known as edutainment – and offers the potential to
motivate learners by making learning a fun experience [24]. Whilst the games may be
based on human-to-human interaction, card or other activity based, the arrival of
computer video games in the 1960’s onwards has enabled the richer and more varied
set of interaction and automatic gameplay to enable different approach. A variant of
utilising games to teach is to utilise game mechanics in other areas – such gamification
[25] can offer benefits in designing learning material. In this paper, serious games will
focus on computer-based games for teaching.

One particular approach, as computer graphics and sound have evolved, has been
the rise of immersive games, that can use 2D or 3D graphics and stereo sound, fre-
quently involving many players interacting in a shared rich and complex (often
web-based) mixed reality world, where the player circumstances will be multi and
varied. The player reality may be augmented and often self-composed, as in a
user-defined avatar in a virtual world. The technology for this can range from the 2D
representation on a traditional monitor -where the immersion is more limited though
with modern large curved screens can still effective – through to a CAVE (Cave
Automatic Virtual Environment) where the player is surrounded on multiple sides
giving a more complete illusion.

In this context, education and training can overlap – the value of many immersive
environments is in the ability to simulate a real world scenario so that the player can
learn from the experience, whether the focus is on learning knowledge, developing
physical skills, or a mix of the two.

Challenges in Evaluating Immersive Games. Evaluating serious games can be
considered in several dimensions. As a game, there is the question of how fun and
playable the game is. As an educational platform, the attention is on how effectively the
learner engages and learns. Finally, as a piece of software, the focus is on how well the
software achieves the functional requirements – for both gameplay and learning.
Assessing the learning functionality is beyond the scope of the current work; instead,
we focus on the engagement as we can measure it through the usability of the software.
There are numerous HCI approaches, but as noted above, typical usability testing
depends on being able to create typical user scenarios. The key benefit of serious
immersive games is that the user – the player – may be in a wide variety of contexts.
Moreover, in the case of multi-player games, the gameplay and experience will vary
depending on a wide set of variables. Where serious games are used outside of a
controlled educational setting, the variables will include not knowing the nature or
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profile of the user, nor their own motivation. Where players are joining and leaving the
game environment because of their other commitments, it is difficult to monitor their
experience of using the system. Monitoring of their activity may be useful in indicating
engagement and the apparent success of the system – but too late to improve it.

3.2 M-instruction

Introduction to M-instruction. M-instruction, also known as mobile learning is about
being able to learn on the move [26]. An increasing amount of modern computer use is
via smart devices, pads, and laptops – indeed, in some contexts this is the preferred and
main route for access to computing. People use these devices in a wide variety of places
and contexts, giving them flexibility in when and where they access content; thus it is a
natural extension to want to use these devices to learn: M-instruction encompasses the
concept of utilising mobile computer devices to support teaching and learning
anywhere.

Mobile technologies allow for a wide variety of learning support, from static content
(web pages, course notes through PDF etc.), with interactive content, and apps and
internet based material.

M-instruction is of particular relevance to lifelong learners who are not situated in a
traditional learning environment [28]. However, it can also allow more choice for
students on traditional courses, enabling blended learning, with some traditional on-site
provision, supplemented and complemented by mobile.

What Challenges Are There When Evaluating M-instruction? Whilst M-instruction
has its own characteristics, it shares some of the challenges of serious games when
considering how to evaluate it; if the aim is to evaluate the effectiveness M-instruction,
then the first issue is how to measure that value. The dimensions to consider for
M-instruction are around the usefulness of the material for users to access, and to what
extent the material is effective in enabling the user to learn.

We have no way of knowing their situation, circumstance, education background and
motivation, or of the customisation of the final software they are using. Getting to the end
user itself can also be problematic as these are learning environments that people will dip
into at opportune moments. As with serious games, we will not consider the effectiveness
of the learning itself here, but rather how to attempt to ensure the system is providing
suitable functionality, enabling and encouraging engagement and use.

3.3 Ubiquitous or Pervasive Computing Solutions for Learning

Ubicomp and Pervasive Computing. The previous two sections have illustrated two
areas where computer science has enabled new opportunities for established learning
(game based and more general teaching) to take new forms – with computer games and
mobile as platforms. As noted, these share characteristics in what they offer – flexible
access, the ability to choose if and when to use them, and for how long. Indeed, the two
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examples overlap where virtual environments are accessed via mobile devices – with
technologies such as Google Glass and Oculus Rift showing that the convergence of
these is accelerating.

Evaluating Ubicomp. As software and systems become more pervasive, integrated
and sometimes hidden, the challenge of how to evaluate them grows. The features
already noted in the two examples of this paper show certain commonality – with
varied users, in a wide variety of potential use scenarios. Amongst the toolkit of
evaluation techniques, user focussed approaches [29] and frameworks [30] rely on
being able to identify and observe users. For the serious immersive games and the M-:
Learning examples considered in this paper, the problem remains that identifying users
and being able to monitor and measure their use to evaluate the system. Here we
propose a hybrid approach of usability and heuristic evaluation.

4 Heuristic Evaluation as an Approach to Meet
the Challenges in Evaluating Serious Immersive Games,
M-Instruction and Ubicomp

4.1 Heuristic Evaluation

If access to the end user is hard because of location and user self-personalisation, then
one solution is to look at the software before it goes out. Heuristic Evaluation allows us
to get User Interface (UI) and User eXperience (UX) experts to reflect on the software
before it is deployed. As summarised above, we have demonstrated before its use with
pedagogical software [1]. In this paper, we propose an extension to existing Heuristics
Evaluation Methods that make this technique applicable to Serious Immersive Games
and M-instruction. We will also propose how existing Heuristic Methods may be
adopted. The result represents a new way of making this methodology applicable to a
new developing area of learning technology.

4.2 A Hybrid Evaluation Approach

The system proposed here utilises elements of traditional usability testing - selecting
the categories for measurement and evaluation – but then uses a heuristic approach
where expert users then evaluate their experience against these measures. This com-
bination approach has been developed for health M-instruction applications [27], which
is a more specialised form of M-instruction. Evaluation here – as in the cases described
in the case studies considered in [1], is carried out through a process of questionnaire
and interview of the experienced and expert users.

This type of approach – with a selective set of usability metrics, evaluated through
use by experts – benefits from the utilisation of specialised users, where the general
interface and environment can be assessed in the light of longstanding relevant
experience.

In an ideal world, it would be desirable to triangulate this approach with experi-
mental based empirical work. This is possible where we can produce an experimental
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design with clearly identified variables, sufficient balance control and numbers to carry
this off in a defensible scientific manner. Running this study alongside a heuristic
evaluation would give a way of adding confidence to a heuristic evaluation story.
Indeed comparing the two approaches would be insightful. However, it is the very
nature of the topic of this paper that make this approach very problematic. The
end-users of serious immersive games and M-instruction technology are going to be
hard to get into the lab. If you did manage to do this, it would still be such an unnatural
environment for them to engage in their normal interaction it is not clear what would be
actually learnt. If we want to study, serious immersive games and M-instruction in the
large, other triangulating techniques need to be investigated. Heuristic Evaluation gives
a handle on looking, from a designers and experts perspective, on the software solu-
tions we have made. The actually experience of the users out there in cyberspace is a
harder thing to judge.

5 Conclusions and Future Work

5.1 Outcomes and Conclusions

What have we learned from this effort so far is that the identification of suitable metrics
and usability measures is non-trivial, but can lead to a more rapid evaluation in the process
of development, and so can aid the software engineer in developing the user side func-
tionality? Of course, the heuristic evaluation is just part of the picture, and that user-based
evaluation is still needed as a part of the entire process, especially when it comes to
evaluating the learning benefits of the serious games and mobile systems. Some raw data
might be gained from usage metrics and performance. The trouble with M-Instruction is
that people often only use an online tutorial to find the information that they need. They do
not intend to finish the tutorial – they will quit it when they have found what they were
after. Therefore, a metric that looks to completion rates or final marks is going to be wide
of the mark on many occasions. The social interactions and social computing aspects also
means that in a game scenario what can be learnt from scores or levels is also not going to
tell the full story. They may however give us a limited part of the picture – so as means of
triangulating our data there is some potential here.

5.2 Future Work

To the future - Serious Games and M-Instruction are just two instances of Pervasive
and Ubiquitous Computing. Further work is needed to evaluate how effective Heuristic
Evaluation is as a tool in evaluating these applications where the end users are at a
distance and we cannot monitor them closely by traditional usability terms. One area of
particular interest here is the potential to gather information on usage patterns – time,
place, duration – and utilise big-data to attempt to gauge the effectiveness. The
importance of Big Data to this endeavour is that it has the potential to look at users in
the large. Larger samples will give a better broad-grained picture of user behaviour
from which to judge what typical behavioural patterns are. If we have these more
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general views, we can then compare and contrast them with the insights that heuristic
evaluation have given us and potentially confirm our views.

Another area for further work is that of embedding formative and diagnostic
assessment within the game environment (for serious games), and within the learning
pathway for M-instruction, to attempt to address the question of how to determine the
effectiveness of these systems in teaching. Thus, the act of engaging in the use of the
software will give us valuable data. By placing implicit performance, gathering spies
within an application we have target the questions we want answered. This way the
insights that we need into learning experience can be made to flow from our software as
a natural consequence of use.
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Abstract. Many devices using ICT seem to bring students much information.
They look up a lot of information and feel as if they already know the places or
things using their PC. However, it is not all of the objects or is much for students
to select high quality ones. Some cannot find interesting points among too much
information. On the other hands, human beings take an interest in uncompleted
or interrupted tasks. Using this human disposition, we create new application for
outdoor studying in order to make some remarkable points using the Zeigarnik
Effect. A little lack of information becomes a trigger to their interesting study.
According to the effective results of our trials, we put it to practical use. In
addition, we verified the safety mobile phone’s usage during walking by EEG
measurement for practical application.

Keywords: Outdoor study � Application � Mobile phone � Zeigarnik effect �
BLE beacon � EEG measurement

1 Introduction

Many devices provide information through information and communications technol-
ogy (ICT). Using Internet, ordinary life style expands into sightseeing areas by some
navigation, SNS etc. Such information makes tourists safety. However, Some attractive
points of the travel are beyond the ordinary life. Visiting unknowing place or finding
new things makes us pulsate. It is a new experience. Therefore ICT always does not
make trips attractive to people.

In addition, information on traditional themes information is not so enough. There
is a huge numbers of information. However, many of them are written by new tourists
who don’t know the place well.

In Japanese schools, history and nature learning is supplemented by several day
trips, which provide a more positive learning experience than the classroom. For this
purpose, 87.3 % of junior high schools allow students to walk around the area by
themselves in small groups [1]. Prior to the trip, students study the visited area in the
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classroom using books and the Internet. However, they find more information than
what can be processed and remembered, and often fail to extract the important infor-
mation. As a result, their interest may be diminished when visiting the area.

To overcome this problem, we have developed a new learning model for outdoor
studies based on the Zeigarnik effect [2], i.e., the positive effect of incomplete or
interrupted tasks on human interest. This paper examines our learning model for out-
door study, our original application system, and the practical evaluation of the system
in outdoor trials.

To gratify teachers and parents, who are responsible for students’ safety, we must
also verify the safety functionality of the device. The learning tools are selected by
teachers and purchased by parents. Therefore, the device must not only satisfy the
students but also include safety functions that reassure teachers and parents.

We focus on two applications of our model. One is a Bluetooth low energy
(BLE) Beacon system in Nikko, the world heritage site in Japan. And the other is an
application using GPS. Both applications exploit the Zeigarnik effect. Section 2 of this
paper presents some essential background, and Sect. 3 discusses related works. Sec-
tions 4 and 5 present our original system and the results of three trials, respectively.
The third trial evaluates the safety of using a mobile phone while walking, and is
accompanied by electroencephalography (ECG) measurements. In the concluding
section, we discuss the effectiveness of our scheme as an outdoor learning tool and
further issues of mobile studying.

2 Background

2.1 Mobile Phone Usage by Children in Japan

Japan’s Ministry of Internal Affairs and Communications has stated the importance of
incorporating ICT into the learning environment. When used effectively, the distinctive
features of ICT are expected to foster the required abilities of children living in the 21st
century, a period of drastic changes [3]. Governmental guidelines were enacted and
digital contents and instruments are now being integrated into school curricula.

On the other hand, to halt the rising incidence of mobile phone crimes, the Ministry
of National Education stipulated in 2009 that children should not bring mobile phones
to school [4]. This rule remains valid in 2015. There are over 1 million mobile phone
subscribers in Japan. According to the Internal Affairs Ministry of Research (2015),
94.5 % of Japanese households have mobile phones and 67.4 % of households have
smartphones. Smartphones are especially popular among the younger demographic.
94.1 % persons from 20 to 29 years old have smartphones and 68.6 % persons from 10
to 19 years old have their own smartphones [5].

As an ICT instrument, the mobile phone is considered to be of dubious value [6].
Whereas the use of digital textbooks and tablets is encouraged, the use of smartphones
is disfavored for several reasons. Therefore, despite being the most familiar ICT
instrument, smartphones are not being used for learning in schools.

However, students sometimes contact their teachers through mobile phones during
outdoor study. Before visiting the area, students learn the history, art, architecture and
special features of the area in the classroom. Students conduct Internet searches on the
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area through their personal computers, and record the important points in their
note-books. They might create a leaflet for the school trip. When visiting the area, they
are provided with a map and the leaflet, but they seldom consult this documentation.
Students bring their mobile phones for emergency contacts.

After the large 2011 earthquake at Fukushima, Japan, many parents hoped that their
children’s schools would allow mobile phones with GPS during the school trip. Tele-
phone numbers, e-mail addresses and location technologies on mobile phones provide
essential information in disasters. However, such specialized use means that mobile
phones are merely safety boxes while students are in school. We propose that mobile
phones not only ensure students’ safety, but could also enhance their formal learning.

3 Related Works

In 2009 the Ministry of Education, Culture, Sports, Science and Technology (MEXT)
issued a notification forbidding school children to take mobile phones to elementary
schools in Japan.

In a randomized study called Project ABC, Aker and co-authors investigated the
effectiveness of mobile phone learning in Niger, Africa [7]. Besides the experimental
results, they discussed the price and mobility of mobile phone learning. The results
suggested that mobile phones can serve as an effective and sustainable learning tool.
However, the study subjects were adult students rather than children.

Many schools have adopted tablets as a learning tool. For example, all secondary
school students in Saga Prefecture (Japan) are required to use tablets. Some elementary
schools in Takeo (a city of Saga Prefecture) have also introduced tablet learning [8].

We suggested that 21 skills can be acquired by mobile phones, the most popular
instruments [9]. Mobile phone learning can be especially effective in outdoor study
[10]. The present paper is a continuation of this study.

Evidence of the Zeigarnik effect was reported by Schiffman and Greist-Bousquet in
1992 [11]. The subject has also been studied from an environmental psychology and
tourism perspective. Pearce and Stringer [12] investigated the Zeigarnik effect in
physiology, cognition and individual variation. Similar studies were conducted by
Fridgen [13], van Raaij [14], and Sasaki [15]. Sasaki proposed that a trip can be divided
into 3 scenes: before the trip, during the trip, and after the trip [15]. Our new system
focuses on the experiences before and during the trip.

4 Our Research and Original System for Outdoor Studying
in the School Trip

4.1 Our Research About ICT Instruments at Junior High School
and High School in Tokyo Area

We questioned teachers on the use of ICT instruments in junior and senior high schools
in the Tokyo area, Japan. From 10th to 18th February, 2015, we disseminated ques-
tionnaires to 300 schools and received responses from 85 teachers (response percentage
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28.33 %) and valid responses are 83. According to the results of these questionnaires,
we found some characteristic points.

(1) During ordinary lessons
Teachers considered that ICT instruments should be used in classroom lessons.
However, 42.17 % of the respondents felt uneasy about using ICT instruments in
their own classes. PCs and projectors are the main learning tools at present, but
many teachers would adopt digital texts and tablets for classroom learning.
Despite the governmental guidelines, tablets were used by only 20.48 % of
respondents. Some of the teachers, while understanding that ICT instruments will
become mandatory learning tools in the near future, reported on the poor quality
of ICT contents. Some teachers regarded paper and pencils as the best current
learning implements, and did not feel competent in making ICT contents. Mobile
phones are prohibited in public junior high schools, but are permitted in some
private schools outside of class hours (for family contact purposes only).

(2) During outdoor study (school trips)
Neither teachers nor students do not use tablets at all on school trips. However,
59.04 % of the schools permit students to bring their mobile phones (future
phones or smart phones) on the school trips, in order to contact to teachers when
they walk around the area with 4–6 persons.

4.2 Our Original System for Outdoor Studying on the School Trips

Our aim is to develop an active learning system for students. ICT instruments inclosing
smartphone are important tools to live in the 21th century. Students must appreciate the
strengths and weaknesses of smartphone use.

According to our questionnaire results (Sect. 4.1), the majority of students take
mobile phones on their school trips. Therefore, we considered that our mobile
phone-based system would be widely accepted during school trips. Our system is
described below and summarized in Fig. 1.

Fig. 1. Overview of our outdoor study system
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There are 2 main scenes: before the trip and on the trip. Students prepare for their
outdoor studies as an incomplete experience. Before the trip, they learn the history and
specific arts in the area and prepare quizzes for their classmates on their PCs. The
prepared quizzes are unknown to the other students. In other cases, teachers prepare
missions for the students and inform them that the tasks will be completed at the visited
site. Such incomplete experiences rouse human interest in the topic. One version of the
Zeigarnik effect maintains that completed tasks are less well recalled than uncompleted
tasks. Whereas some engineers have created detailed navigation systems for trips, we
deliberately exploit the Zeigarnik effect to create incomplete experiences for students.
During the trip, students undertake tasks using their smartphone or tablet. In addition,
teachers can easily locate the students. The sense of safety of teachers is an important
aspect of the system in practical use.

We created this system (Fig. 1). Then Kyowa Exeo Inc. attempted to create such
system in practical stage. We collaborated this company and continued researches. In
addition, we made a quiz course in the application of SCOPE (Strategic Information
and Communications R&D Promotion Programme) project [16] in Nikko.

5 Trials Using the System

5.1 The Trial at a High School in Hawaii

(1) Summary of the trial
We had a trial with tablets at a high school class using new application by Kyowa
Exeo Inc. In this application, the moving information of the present position can is
captured by GPS accessible via the Internet. Students (n = 29) ordinary used
tablets in their class and were issued with questionnaires before and after using the
system. The functions of the application were map, mission, quiz, photo, video
and chat.

• Before the school trip (November 2014)

Students learned about Hawaii and input their walking root by each group. In addition
they tried to walk around the school using the application. Finally, they answered the
first questionnaire.

• During the trip to Hawaii (December 2014)

Completing the missions specified in the application, students walked for half a day
in Hawaii.

• After the trip (December 2014)

Students answered the second questionnaire.

(2) Results of questionnaires
The questionnaire results were evaluated on four-level scales. The missions and
quizzes yielded very interesting results. Students favorably anticipated the mission
and quizzes before the trip (3.1). After the trip, their evaluations were lower than
before (2.9), but many of the students recorded their interest in the mission and
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quizzes in their free comments. The contents of the missions and quizzes in the
Hawaii trip may not have fully engaged the students, although the functions were
interesting and they would like to write comments freely. These results suggest
that we should reconsider the contents of the mission and quizzes.

Students rated Map high in Hawaii, too. Map with direction made students at ease
in the first visiting place. Comparing before and after the trip, they enjoyed the
application more in Hawaii. However, group cooperation was lower during the trip (see
Fig. 2).

After the school trip, 26 students (90 %) assessed the application as useful.
Although 16 students did not anticipate special use of the application before the trip,
28 students (96 %) answered that they would use this application again after the trip,
and 28 students would highly recommend its use to juniors. However, some students
and one teacher reported that the tablet was overly large and heavy.

5.2 A Trial in Nikko, the World Heritage Site in Japan

We implemented another trial in Nikko, a world heritage site in Japan. Setting BLE
beacons on the poles by the roadside, we constructed course quizzes and applied them
on iPhones on September 26–27, 2015. An application screen and a BLE beacon on a
roadside pole are presented in Figs. 3 and 4, respectively. This system is designed not
only for Japanese students but also for foreigners with limited access to Wi–Fi. The
application can be installed at Wi–Fi-providing hotels and cafés, enabling its use
without the Internet (see Fig. 5).

Twenty-eight students participated in the trial. Twenty-three students were required
to complete 10 quizzes on the road, whereas 5 students walked without the application
for comparison. Before looking at some important objects, students were provided with
quizzes on the nearby locality, which they answered by viewing objects at the sites.
Memory is thought to be largely visual [17]. Therefore, besides answering the ques-
tionnaires, students were requested to draw a map and to check some points on the map.

After the walking exercise, students answered the questionnaires and drew their
maps of the area [18]. The answers of the application users were more concrete than
those of the 5 students not provided with the application. On average, the application

Fig. 2. Example of evaluations before and after the Hawaii trip
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users placed 9.18 objects on the map from the station to the shrine, whereas the
non-application participants placed an average of 5.80 objects. The application users
tended to remember not only the answers to the quizzes but also the shops around the
beacons where they answered the quizzes.

After one month, the same students answered another questionnaires and checked 3
points in each photograph of the area walked in Nikko. We then constructed heat maps
from the students’ checks.

Figure 6 is a heat map of the way to the main shrine in Nikko. Architectures on the
road were scarcely recalled by the students. Students recognized the street as the way to
the main shrine and examined the local signs. A small BLE beacon, on which no letters
were visible in the photograph, was remembered by the students. For comparison with

Fig. 4. Map and quiz screen of the applicationFig. 3. Beacon on a pole

Fig. 5. Distance between beacons

Fig. 6. A heat map on the way to the main shrine (by application users)
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users viewing the same photographs without having visited the area, we also recruited
unrelated third parties (n = 19). The heat map of the unrelated subjects exhibited no
warm areas on the way to the main shrine.

As shown in Fig. 7, students noticed the architectures in the shrine, especially the
upper right section, which was quizzed in the application.

The same photo is used as Figs. 7 and 8. Figure 8 is a heat map of unrelated third
parties. Comparing Fig. 7 with Fig. 8, we can conform that the application users
remembered the quiz point. The unrelated students focused main structure as same as
application users. However, they seldom paid attention to right one. The application
users paid special attention to the section on which they were quizzed.

According to the results, we confirmed that our quizzes’ application using
Zeigarnik effects is effective for memory. Students remembered BLE beacon and the
object at the quizzes. The results confirmed that the use of the quizzes exploiting the
Zeigarnik effect improves recall.

In addition, the evaluation of the questionnaires showed us important points.
Students evaluated the quiz when traditional object in front of them linked to their daily
life. Students who evaluated quiz contents kept higher score than students who eval-
uated interface of the application after 2 months. It is assumed as the Zeigarnik effect.

Fig. 7. A heat map in the shrine (by application users)

Fig. 8. A heat map in the shrine (by unrelated students)
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5.3 For the Practical Use -Safety-

(1) For safety in the case of disaster
Although learning is the most important purpose of the proposed application, its
introduction to schools requires further consideration. In most cases, the pur-
chasers are the parents, not the students. Therefore, the use of mobile phones on
students’ school trips is financed by parents and decided by teachers. The merits
of mobile phone usage must be considered from the viewpoints of students,
teachers and parents. The basic requirement of school trips is safety (Table 1).

According to our research (4.1), tablets are not currently employed in school trips.
Teachers need to know the locations of small groups of students separately
walking around the visited area. The system must accommodate these demands.
The system developed by Kyowa Exeo [19] has a new function that directs
students to the nearest shelter when disaster strikes. This functionality has been
recommended by parents and teachers. (See Fig. 9.) Students use the right side of
the mobile as a chat space. The emergency announcements are indicated the space
in the time of disaster.

(2) Safety evaluation of walking with a mobile phone by EEG measurement
Walking with a mobile phone may be dangerous. In addition, students and one of
the teachers reported that tablets were large and heavy in the Hawaii trial. To
assess the practical use of mobile phone learning, we experimentally tested the
safety of mobile phone use using a simple EEG measuring instrument (head set
type). We tested two differently sized tablets; an iPad mini (200 mm � 134.7
mm) and an iPad2 (240 mm � 167.5 mm). The subjects (2 male, 2 female, aged
in their 20’s) walked around an area in Tokyo for approximately 3 h, while using
the application installed on the tablets. The experiment was conducted on March
12, 2015.

Table 1. Targets and required functions

Fig. 9. The screen of emergency
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Figure 10 presents the brain waves of one subject (male). When he arrived at the
point, he was relaxed and carried out the mission with attention. There were sudden
changes several times. When he walked across the road, walked in the crowded street,
found the favorite things and arrived at the destination. Another 3 persons showed same
tendency. However, the brain waves of 2 women were often lacked (missing value). The
points of high attention and sudden changes indicate awareness of potential danger.

After the walking exercise, the subjects were presented with questionnaires. The
questionnaire evaluations are summarized in Fig. 11. The usefulness and interest of the
application were highly rated, but the safety was ranked lower than the other factors,
especially on the iPad 2 (average rating 2.75 out of 5). Subjects judged that the iPad 2

was too large for the exercise and compromised their safety.
According to the result, we have to consider about safety walking with mobile

phone. To improve the safety of mobile phone learning applications, we could equip an
accelerometer that notifies students of potential danger when walking with the mobile
phone.

Fig. 10. A part of brain waves patterns of one subject

Fig. 11. Evaluation results of the 20th user trial (5-point Likert scale)
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6 Conclusions

In several trials, we demonstrated the effectiveness of our outdoor study scheme based
on ICT. Although ICT provides numerous information, much of that information is
superfluous or uninspiring. We need to trigger students’ interest in their studying.
When students were required to seek unknown information, they became actively
engaged with the target objects. Students using the application looked around the area,
noted the architectures, and identified site-specific arts more positively than students
not using the application. We hope to design opportunities for students to learn about
and appreciate objects.

To realize such services, the functions and targets of the application must satisfy
not only students but also their teachers, whose requirements may differ from those of
students.

Our outdoor study scheme was highly rated in the trials, but several issues have yet
to be resolved. For safety purposes, students could be equipped with an accelerometer
that notifies them or switches off the screen in potentially dangerous situations. The
small screen of the mobile phone narrows the viewing angle of users. We will also
research the quality of the missions and quizzes installed in the device, and consider the
suitability of ultra-modern functionalities, such as augmented reality (AR), for outdoor
study.

Mobile internet use is increasing annually around the world. We intend to introduce
Japanese culture to students in other countries, too. Mobile phone is suitable device to
connect their classroom and real outdoor study.
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Abstract. Many online learning websites and learning management sys-
tems (LMS) provide social collaboration and networking tools to aid
learning and to interact with peers for knowledge sharing. The benefit
of collaborating with each other is certainly undeniable, such tools, how-
ever, can be a distraction from the actual tasks for learners. The paper
presents a study on social media tools supported by various eLearning
systems to understand the impact on students learning activities. A sur-
vey questionnaire is designed for this purpose. The data is collected from
students who have had experience using different massive open online
course (MOOC) eLearning platforms and LMS from various universities.
The results of the survey indicate that more than 95% of the partic-
ipants use at least one of the social tools in their daily life activities,
and almost 84 % of them have used these tools in connection with the
eLearning systems. It is also interesting to note that 92 % of the partici-
pants intend to use social tools for study purposes. The results indicate
that there is a need to integrate more of these social media tools into
eLearning systems.

Keywords: Social media · Networking tools · Collaborative tools ·
eLearning

1 Introduction

The emergence of web 2.0 in 2004 lead to the development of interactive social
media tools that allows users to indulge in a social discussion. These tools aid
pedagogy by utilizing social media on the web and facilitate the learning process
further through interaction among users, making education more convenient and
widespread. The social media tools including collaboration tools and network-
ing tools help learners and instructors indulge in a formal and informal way
of knowledge acquisition. These tools recently have become an integral part
of today’s educational system, including learning management systems (LMS),
such as Moodle, Blackboard, Atutor, Fronter, and massive open online course
(MOOC) eLearning platforms such as Coursera, edX, Udacity, Khan Academy.
c© Springer International Publishing Switzerland 2016
P. Zaphiris and A. Ioannou (Eds.): LCT 2016, LNCS 9753, pp. 332–343, 2016.
DOI: 10.1007/978-3-319-39483-1 31
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The social tools not only provide an easy way of communication between users
to collaborate on various tasks, but they also are a good way to share knowledge
by promoting distance and blended education.

Social media is a broader term that can be defined as a collection of com-
munication, networking, sharing, and collaboration tools on the web 2.0 [1]. As
shown in Fig. 1, social media encompasses social networking platforms such as
Facebook and Google+; collaboration tools such as blogs and wikis; and com-
munication tools such as discussion forums and chats - among others. Social
media, therefore, provides an umbrella of services, from posting ideas on the
web to collaborative group tasks. In this paper, we categorize social media into
two categories: (i) social collaboration tools; i.e. those tools which provide some
collaboration work among peers such as discussion forums, wikis, blogs, virtual
classroom, and (ii) social networking tools; i.e. those tools which provide net-
working capabilities including file sharing such as chats, Facebook, Twitter, SMS
feature. In the rest of the paper, we collectively refer social collaboration tools
and social networking tools as ‘social media’.

With the advancement of web 2.0 technology, particularly of social media,
many eLearning systems are competing to offer social tools and other collabo-
ration and networking services keeping in view today’s educational needs. With
this growing trend, the use of open-source educational platforms (such as Moodle),

Fig. 1. Social Media and its components
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freely available educational resources (such as Wikipedia, Youtube videos), online
collaboration utilities (such as Google apps), and the use of a variety of social
tools especially those that are offering personalized services through recom-
mender systems [2] and other artificial intelligence techniques [3], are becoming
very popular. These personalized features are being integrated into eLearning
systems to facilitate the learning process by promoting collaboration among
peers and interaction between learners and teachers while performing all in one
service.

The social media, despite the socialization, are extensively used for collab-
oration work on different education topics in addition to commenting, sharing,
liking, discussing and interacting with each other. Table 1 shows a list of social
tools provided as part of various LMS and MOOC platforms.

Table 1. Support for social tools provided by various LMS and MOOC

eLearning Systems

LMS MOOC

Social col-
laboration

and
networking

tools

M
o
o
d
le

B
la

ck
b
o
a
rd

A
tu

to
r

F
ro

n
te

r

C
o
u
rs

er
a

ed
X

U
d
a
ci

ty

K
h
a
n

A
ca

d
em

y
Discussion

Forum
� � � � � � � �

Wiki � � � � � � � �

Blog � � � � � � � �

Chat � � � � � � � �

Quiz � � � � � � � �

Virtual
classroom

� � X � X � X �

Twitterfeed � � X X X X X X

SMS
feature

� � � � X X X X

Facebook
integration

� � � X X X X X

Peer
assessment

� � X � X � X �
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Social tools such as discussion forums, wikis, blogs, and chats are used widely
by almost all the eLearning systems. Most LMS have also seamlessly integrated
fully featured social networking tools such as Facebook for collaborative learning
while the MOOC platforms mostly rely on the discussion forums.

In this paper, we focus our attention on identifying and evaluating such
educational systems which use social media tools to aid collaboration, knowledge
sharing and group activities. This, in turn, helps us determine the impact of these
social tools in today’s eLearning systems, and to understand better whether
these tools are helping students learn better or are just diverting them from
their principal objective.

The rest of the paper is structured as follows. In Sect. 2 we present literature
review. Section 3 gives an overview of the survey followed by analysis and results
discussion in Sect. 4. The last section presents conclusion and some insight into
future directions.

2 Literature Review

Social media has been investigated as a promotional tool for higher education, as
the print and broadcasting media is fading out [4], and more and more universi-
ties are adopting social media tools to reach out to a bigger number of audience.
Could this mean that the social collaboration and networking tools provided by
social media are going to play a significant role in education in years to come?
Also, what impact they are going to have on the learners’ activities? This section
explores some of the recent research works concerning social media and use of
social collaboration and networking tools in education to find out the answers.

Most social media are developed for promoting socialization through collab-
oration, social interaction, content sharing and discussion. An extra push for
enhancing the use of social media in education was a result of the advances in
mobile data usage, the high penetration of internet [5], and the high percentage
possession of smartphones [6]. The portability of smart devices has increased
the use of social media in everyday life, giving users the opportunity not only to
access the educational content from anywhere and anytime but also to interact
and collaborate on the educational tasks via social interaction tools through dif-
ferent eLearning systems. The benefit of using social media for communication
and collaboration has influenced the idea of integrating the social tools in edu-
cation, by pushing the class discussion further, through social platforms, such
as Facebook, LinkedIN, GoogleApps, YouTube, and Twitter among others.

Some work has been reported in recent years about social platforms and
eLearning, and how the first component is affecting the learning process [7–
10]. For instance Hitrec et al. conducted a survey and analyzed how the use of
social software (such as wikis, blogs, VoIP, social bookmarks) in combination
with social networks have modernized the way of learning, and how their usage
determined the group approach toward the accomplishment of their goals [7].
Tulaboev and Oxley presented a study to explore the factors that affect the
acceptability and effectiveness of using web 2.0 social networking tools as an aid
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to learning [11]. In a similar study by Kaeomanee et al., investigation of the use of
social software for knowledge sharing among students in Malaysia is carried out
[12]. Roreger in [9] emphasized the importance of integrating learning content
management with online social platforms, and how this can impact education
in the longer run. Klimova et al. discussed the potential contribution of social
networks to learning. Eight people took the survey via a focused interview for
their study on five social networks. The results emphasized that Facebook is a
preferable social network choice by participants among other tools, and mainly
students with ICT background uses the social networks for education purposes
[13]. Whereas [9], concluded that even learners with a strong background in ICT
are not utilizing the opportunities offered by social platforms such as better
collaboration and interaction services, which brings an added value to eLearning
systems. However, in paper [14] authors have raised another issue, they thought
that social networks and the collaboration through them have grabbed learners
concentration and attention by diverting them toward non-educational activities,
and concluded that this could affect the education in a bad sense.

There is no denying that these social media tools are going to play a sig-
nificant role in the teaching in years to come - be it the distance and blended
education or face-to-face. This is evident from the fact that more and more uni-
versities are incorporating social media tools into their educational activities, as
the popularity of social networks combined with social tools is increasing with
the advancement of web 2.0. Seeing this growing trend, in this paper, we try to
figure out how often student across different universities uses these social tools
for education purposes and how satisfied are they with these tools. This study
will help us better understand how important it is to integrate a diversity of
social tools within eLearning systems, and what impact they could have on the
learning activities. For this purpose, we conducted a survey asking participants
about their experience of using social media tools for educational activities. The
next section highlights the survey.

3 Methodology

An online survey was conducted for this study. Students from 13 different insti-
tutes in 12 countries participated in the survey. A country-wise distribution of
participants is shown in the Fig. 2. The survey consists of 20 questions, out of
which first five questions focused on the personal and background information
of the participants while the rest focused on the use of social media tools. The
survey questionnaire is designed in a way to identify the extent of social tools
involvement in personal life, as well as in educational activities. The following
are some of the questions asked in the questionnaire:

1. Are you familiar with social networking tools? Yes/No.
2. Are you using any social tools supported by the eLearning systems in the

learning process? (If Yes, answer following questions)/No (go to question 3)
2.1. Which one is your preferred communication tool?
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2.2. What are the main purposes of using it?
2.3. How long have you been using it?
2.4. How useful do you find it?
2.5. Do you counter any problems or difficulties using it?
2.6. Will you invite your friends/colleagues to use one of these communication

tools?
3. Do you intend to use them?
4. To what extent do you think that social collaborative tools could contribute

to learning process within an eLearning platform?
5. What are the barriers to using these tools?

Fig. 2. Country wise distribution of participants

4 Analysis and Results

This section presents the survey results and their analysis. The survey data is
collected from 218 students in total out of which 198 are enrolled in bachelor’s
program, 17 are in masters, and 3 are doing Ph.D. There were 163 male and 55
female participants with an average age of 24. As many as 183 students are from
computer science domain, 19 from engineering while the rest of them are from
social sciences group.

The social networking tools are currently very much popular and in use by
almost everybody. Students use these tools quite frequently on a regular basis
as shown in Fig. 3.

This reflection is in line with the findings of our questionnaire which shows
that more than 95 % (207) of the respondents are familiar with the social net-
working tools as shown in question 8 of Fig. 4. Apart from Facebook, the pre-
ferred social networking tools of users are those which are supported by the
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Fig. 3. How often users use the social tools

MOOC eLearning platforms such as discussion forums and blogs while tools
backed by other systems including most LMS such as virtual classroom, built-in
chat, SMS are not that popular. This finding is reflected in Fig. 5 and is also
evident from the answers to question 9 and question 12 in Fig. 4, where around
84 % of users use the tools supported by MOOC eLearnig platforms while only
53 % of them use the tools supported by LMS or other platforms.

Fig. 4. Students feedback on the usage of social tools

Even though these tools are widely used by students in their daily activity,
however, some of the students find difficulties using these tools for learning. The
difficulties students usually faces include keeping up pace with group discussions
and ongoing activities, keeping track of tasks on multiple forums, lack of fully
integrated social tools, and distractions caused by some tools. In connection with
this, around 39 % (87) of the respondents claim that they have encountered such
difficulties using the social networking tools.
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Fig. 5. Preferred communication tools

Despite encountering difficulties, many students favored these tools for
eLearning activities and would love to use them for study purposes, as can be seen
in question 17 and question 18 of Fig. 4. They believe that using social network-
ing and collaborative tools will help them to further enhance learning, as also
claimed in a study performed by [15]. Additionally, the 195 ‘yes’ answers out of
218 that responded to the question of whether they will invite friends/colleagues
to using these tools enforce further the idea of integrating the social tools in the
educational system.

Facebook without any doubt stood out as the excellent communication, net-
working and socializing tool for education purposes, as it allows students to
create close and open groups with similar interests, freely share documents, dis-
cuss ideas and be in touch with each other all the time. The students realized
that they can easily use and adapt to the social media tools for learning since
they communicate, search for information and socialize in everyday life through
the same platforms [6]. Figure 5 shows this trend, where 168 of total partici-
pants said that they prefer Facebook as an extra social collaborative tool within
eLearning platforms, followed by the traditional discussion forum and blog.

Not surprisingly many students use social tools to study these days, and it is
encouraging to see that the trend in the use of social media has shifted towards
education. This is most likely because many educational activities make use of
social media and social tools in one form or the other. As is shown in Fig. 6,
almost more than 2/3rd of the participants today use social tools to study in
their universities.

On a scale of 1 to 5, where 1 being extremely dissatisfied and 5 being
extremely satisfied, 42 of the total participants were extremely satisfied. 90 were
very satisfied while around 65 of them were neutral and only a bunch of the total
participants were not satisfied at all with these tools for studying, as shown in
Fig. 7. Almost same number of participants found these tools useful as well.
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Fig. 6. The main purpose of using social tools

Fig. 7. The satisfaction and usefulness of social tools

Fig. 8. The contribution of social tools in learning process
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Fig. 9. The barriers faced using social tools

The results are more or less the same on the question of ‘contribution of social
tools in learning process’ as can be seen in Fig. 8. As many as 150 participants
think that the social collaborative tools could contribute to learning process
within an eLearning platform while 54 took a neutral stance and only 6 disagree.
The graph uses a scale of 1 to 5, where 1 being no contribution at all and 5 being
the highest contribution.

Using and being familiarized with new social tools usually have prejudices
of different nature. Most of the students opted for ‘concerned about the privacy
issue’ from four given options when they were asked about the barriers they face
in the use of social tools for education, as shown in Fig. 9.

5 Conclusions

This paper sheds some light on the use of social collaboration and networking
tools provided as an integral component of today’s eLearning systems and the
impact of such tools for the learning activities. For this study, students of various
institutes were asked a series of questions to share their experience of working
with different eLearning systems, and whether they have used any of the social
tools in connection with educational activities. The study indicates that almost
84 % (157 of 218) of the participants have used at least one of the social media
tools in connection with learning. Since these tools have become an essential
part of today’s lifestyle and students are familiar with them, so most of the
participants recommended to make use of them for educational activities.

Almost 60 % of the participants were satisfied and extremely satisfied with the
usage of social media tools in eLearning while nearly 1/3rd of the participants
were neutral, and only 10 % disagree. More than half of the participants also
agree that social media tools could contribute effectively to learning process
within eLearning systems, although many of them showed concern about their
privacy when using these tools in connection with educational activities.
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Facebook as evident is the preferred choice for many followed by discus-
sion forums and blogs. Facebook is mostly supported by LMS while discussion
forums and blogs are features commonly found in MOOC eLarning platforms.
Incorporating more of these tools in today’s educational systems is going to help
students collaborate on various educational tasks better, however, how effective
these tools can be for study purpose is a question that needs to be answered.

By examining the impact and evaluating the advantages and disadvantages
of such social media tools in educational activities, better ‘personalized services’
can be provided to learners. Such as, artificial intelligence based pedagogical
chat bots that can mimic the responses of a live instructor for one to one com-
munication with learners.
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Abstract. In investigative learning with Web resources, learners need to define
the relationship between the topic and sub-topics through the creation of
learning scenario. However, the Web space is not well-structured for learning. It
is accordingly difficult for the learners to construct a learning scenario by
themselves. The main purpose of this paper is to build up Micro Web inheriting
the characteristics of the Web, which involves automatic generation of learning
scenario by means of DBpedia Japanese as Linked Open Data (LOD) for
Wikipedia. Such generated scenario enables an adaptive support for the learning
scenario creation.
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1 Introduction

On the Web, there are currently a great number and variety of existing information
resources suitable for learning. These Web resources allow learners to investigate any
topics to learn, which would promote learning in a wider, deeper, and timely way [1, 2].
Such investigative learning involves navigating the Web pages in the resources to con-
struct knowledge about a topic investigated. In recent years, investigative learning with
Web resources has been introduced into primary and secondary education classes [3].

In the investigative learning process with Web resources, the learners need to
reconstruct the contents to be learned by themselves since most Web resources are not
well structured for learning. In addition, these resources do not always provide a
learning scenario indicating the topics and the sequences to be learned. It is accordingly
necessary for the learners to create their own learning scenario while investigating
learning process. In investigating a topic with Web resources, the learners are expected
not only to integrate and construct knowledge learned at each resource, but also to find
out related topics to be further investigated that can be viewed as the sub-topics. In this
way, investigative learning process involves decomposing the topic into the sub-topics,
which is regarded as creating a learning scenario. Such topic decomposition would
make the investigative learning process more structured. However, it is not so easy for
the learners to conduct the topic decomposition concurrent with the navigation and
knowledge construction process.
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We have accordingly developed a system called interactive learning scenario
builder on iPad (iLSB-tablet for short), which scaffolds learning scenario creation.
iLSB-tablet follows the model of Web-based investigative learning we have built
up. This model expects learners to search for Web resources with search engine to
navigate the Web pages and construct knowledge and to create a learning scenario. The
results of the case study with iLSB-tablet suggest that the learning scenario creation can
be promoted while investigative learning process, and also that it is not so easy for the
learners to create more proper scenario by themselves.

The main issue addressed in this paper is how to help learners create a proper
learning scenario. Our approach to this issue is to design a micro-Web, which is a
micro-world for the Web. The micro-Web provides learners with a scaffold for their
investigative learning where they can be supported by means of a scenario suitable for
learning a topic. It also prepares a limited number and kinds of Web resources related
to the topic. A challenge in this work is how to generate such learning scenario from
the unstructured hyperspace provided on the Web.

In this paper, we propose a promising method of the learning scenario generation
with Linked Open Data (LOD for short) of Wikipedia, which is provided by DBpedia
Japanese. It is possible to use SPARQL queries to get the data (or keywords) linked to a
topic, which are found in the Wikipedia pages. The procedure of generating a learning
scenario involves the following four steps. In the first step, an instructor is expected to
select an initial topic and its related topics to provide a topic set involving the related
topics. The second step is to generate a SPARQL query with the initial topic to obtain
the related data that includes a lot of related keywords. The third step is to extract the
topics commonly included in the obtained data and the topic set, which correspond to
the sub-topics. In the fourth step, the part-of link between the initial topic and each
sub-topic is generated. Generating the SPARQL query with each sub-topic and
repeating from the second step to the fourth step, a learning scenario is automatically
generated.

This paper also describes a case study with the learning scenario generation, which
involves several trials of generating scenarios for learning different topics. The results
would suggest its effectiveness. In addition, we will discusses how to build up the
micro-Web involving the learning scenario generation in detail, and how to use
iLSB-tablet on the Micro-Web.

2 Model of Web-Based Investigative Learning

Let us first introduce the model of Web-based investigative learning proposed in our
previous work [4]. As shown in Fig. 1, this model includes three phases, which are
phase of search for Web resources, navigational learning phase, and phase of learning
scenario building.

In the phase of search for Web resources, learners would use the search engine such
as Google with a keyword (called topic keyword) that represents an initial topic, and
explore the Web resources. In the navigational learning phase, the learners would
navigate across the Web resources to investigate the topic and learn the contents of the
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Web resources. Such navigational learning involves constructing knowledge that they
have learned from the Web resources.

In the phase of learning scenario building, the learners would find out related topics
from their knowledge constructed, which can be considered as sub-topics of the initial
topic. They would build the learning scenario by decomposing the topic into sub-topics
and relating the topic and the sub-topics. The learning scenario building is continued
until the topic decomposition does not occur anymore.

3 Learning Scenario Generation for Micro-Web

This paper proposes an automatic method to generate a learning scenario for the
Micro-Web. Toward building the Micro-Web from the unstructured Web, we use LOD
of Wikipedia presented by DBpedia Japanese.

3.1 Micro-Web

The Micro-Web is viewed as a micro-world [5] for the Web. It provides learners with a
scaffold for their investigative learning where they can be supported by means of a
scenario suitable for learning a topic. The Micro-Web could also include unstructured
and unreliable Web resources in addition to the ones useful for learning.

In general, the learners have difficulties in finding out the resources necessary for
investigating the topic because of the enormous ones on the Web, and often finish
learning with insufficient knowledge. In contrast, the Micro-Web allows an instructor

Fig. 1. Model of Web-based investigative learning
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to beforehand restrict the number of Web resources. The instructor is also allowed to
choose the sub-topics to assume the learning scenario that the learners should follow in
investigating the topic. The learners are accordingly allowed to construct their
knowledge appropriate to the topic.

In this way, the Micro-Web provides learners with a structured micro-world for the
Web, which includes the Web resources useful for their investigative learning process.

3.2 Learning Scenario Generation with LOD of Wikipedia

Our approach to automatic generation of learning scenario is to use LOD of Wikipedia
provided by DBpedia.

– Linked Open Data (LOD)

LOD provides the method to publish and share the data on the Web, and link the data
each other to represent Web information. It is generally under the open license.

Representative LOD services include DBpedia and Freebase [6]. In this work, we
use DBpedia Japanese [7] presented by the national information science research
institute [8]. This LOD processes the data of Japanese Wikipedia such as infobox,
category information, images, geographical coordinate, and links to the outside Web
pages. Such information is structured and converted into linked data, which is also
represented with RDF (Resource Description Framework). RDF is a machine-readable
data model for describing the Web information. In RDF, data is described by means of
triplet form such as subject-predicate-object. More specifically, it means resource (as
subject), property (as predicate), and resources (as object). The RDF triplets describing
the data in LOD is obtained with query language SPARQL [9].

Figure 2 shows an example of RDF triplet description. This triplet describes a
property “wikiPageWikiLink” of DBpedia Japanese as the predicate in a resource of
“Global Warming” as the subject, and describes a resource of “Kyoto Protocol” as the
object. The property “wikiPageWikiLink” means the link from a certain Wikipage to
different one [10]. In this triplet, the predicate means that there is a link from the
resource “Global Warming” to the resource “Kyoto Protocol”. All resources dealt with
by DBpedia Japanese have the corresponding Wikipedia pages. As shown in Fig. 2, we
can search many resources including “Global Warming” (such as greenhouse gas,
carbon dioxide, etc.) when we put the query about the “Global Warming” into the
SPARQL endpoint [11] to get the information of relevant words.

– Procedure of the learning scenario automatic generation

Let us next explain the basic steps for the automatic generation of learning scenario
from SPARQL query.

1. An instructor is expected to select an initial topic and its related topics to be learned,
and to provide a topic set involving the related topics.

2. A SPARQL query with the initial topic is generated and sent to DBpedia Japanese.
The related keywords are then obtained from the LOD.
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3. The topics commonly included in the obtained keywords and the topic set are
extracted as the sub-topics.

4. The part-of link between the initial topic and each sub-topic is generated.

The SPARQL query with each sub-topic is continuously generated, and the process
from the second step to the fourth step is repeated. Then, a learning scenario is
automatically generated.

As shown in Fig. 3, for example, consider the case where the instructor selects
“Global Warming” as an initial topic. He/she also prepares “Greenhouse Effect Gas”,
“Kyoto Protocol”, “Carbon Dioxide”, etc. as related topics that the learners should
investigate about the “Global Warming”. These related topics will be included in an
automatic generated scenario. Then, a SPARQL query about “Global Warming” is
generated, and the Wikipedia resources linked from “Global Warming” are obtained as
the related keywords from the LOD by means of the property “wikiPageWikiLink”. If
there are common keywords included in the related topics and obtained keywords, they
are extracted as the sub-topics. In Fig. 3, “Greenhouse Effect Gas” and “Abnormal
Weather” are extracted as the sub-topics of “Global Warming”. In the same manner, the
next SPARQL queries including “Greenhouse Effect Gas” and “Abnormal Weather”
are generated and the related keywords are obtained from the LOD. As shown in
Fig. 3, the sub-topics for “Greenhouse Effect Gas” are detected as “Kyoto Protocol”

Fig. 2. Example of RDF description
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and “Carbon Dioxide”. Repeating these processes, we can obtain a topic tree structure
representing a learning scenario about “global warming”.

– Framework of the Micro-Web

Figure 4 shows a framework of the Micro-Web involving the automatic learning
scenario generation. In this framework, an instructor selects a topic and related topics
necessary for the automatic scenario generation. The learning scenario is generated
with the LOD provided by the DBpedia Japanese.

Fig. 3. Example of topic keywords acquisition every hierarchy

Fig. 4. Framework of the Micro-Web
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If the generated scenario structure does not satisfy the instructor, he/she could edit it
to re-generate the appropriate scenario. After the scenario is decided, the instructor
could integrate the Web resources, which are contributory to investigative learning with
all the topics included in the scenario.

3.3 Topic Keyword Extraction by SPARQL Query

Figure 5 shows an example of a query that queries the SPARQL endpoint of DBpedia.
The resource (subject) in this example is represented as “dbp:global warming”, and the
property (predicate) corresponds to “dbp-owl:wikiPageWikiLink”. The resource (ob-
ject) to be extracted is represented as “?thing1”, which is a variable in the query. The
results of the query are stored in this variable. The “prefix” in the query is used for
shortening the description of the URI. The names of the resources stored in “?thing1”
are shown in the property “rdfs:label”. The resources is also stored in the variable
“?thing2”.

Figure 6 shows an output of the query in Fig. 5, which includes the URLs obtained.
After the SPARQL query is inputted, the JSON format of the keyword data is extracted
as the output.

Figures 7 and 8 show examples of learning scenario generation. In Fig. 7, 16 topics
out of 20 related ones are extracted as the sub-topics from the initial topic “Global
Warming”. 12 topics of these 16 topics are also extracted at the first layer, and there are
only the 3 sub-topics that have the sub-topics at the second or third layers. The
remaining 4 related topics are not extracted in the scenario.

In Fig. 7, most related topics are extracted at the first layer because there are the
links between these topics and “Global Warming” in Wikipedia. In order to avoid such
topic decomposition, we need to update the learning scenario generation method. We
currently consider the update as follows. First, we will beforehand classify the related
topics into several groups. We will then refine the automatic scenario generation
method so that one keyword is extracted from each group at the same layer.

Fig. 5. An Example of SPARQL query
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In grouping the related topics about “Global Warming”, we introduce three
viewpoints which are “Cause”, “Effect”, and “Countermeasure”. Following these
viewpoints, we classified the related topics into three groups and simulate the automatic
scenario generation. Figure 8 shows the learning scenario to be generated. We do not
currently implement the updated method. In future, we need to refine the learning
scenario automatic generation method.

On the other hand, there is another approach to generating a structured scenario
with the categories used in Wikipedia, which classifies the Wikipedia articles by fields.

Fig. 6. Example of SPARQL query output (HTML Format)

Fig. 7. Example of learning scenario generation
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In this approach, the sub-topics to be investigated are selected from the categories.
Figure 9 shows an example of a query to the SPARQL endpoint. This asks what
category belongs to “global warming” indicated by “category-ja:” Fig. 10 shows the
result, which includes the categories belonging to “global warming”.

Figure 11 shows a learning scenario generated with the category names extracted
from the Wikipedia. In this example, the category name of “global warming” is given
as the initial topic. From the “global warming” category, the category names such as
“fossil fuel”, “greenhouse gas”, etc. are extracted. As we have confirmed, there are
currently some cases where important topics such as “Kyoto Protocol” in learning
“global warming” are missing in this method. In order to resolve such problems, it is
necessary to use the property “dbp-owl:wikiPageWikiLink” as discussed in Fig. 5.

Fig. 8. Example of learning scenario by grouping related topics

Fig. 9. Example of query to acquire the lower category
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4 iLSB-Tablet

In this work, we have developed interactive Learning Scenario Builder on iPad
(iLSB-tablet for short), which is a Web-based investigative learning support system
[12]. Figure 2 shows the user interface of iLSB-tablet.

This system follows the model of Web-based investigative learning as shown in
Fig. 1, and provides learners with the functions that are search engine, keyword
repository for storing keywords representing the contents learned about the topics, and
learning scenario builder. In addition, the system presents a list of attributes repre-
senting the relationships between topics, which functions as a scaffold for the learners
to pick the important topic keywords up from the Web pages or the keyword repository

Fig. 10. Example of category output results of SPARQL query

Fig. 11. Example of learning scenario by categorizing
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[12]. This allows them to decompose the topic into the sub-topics to generate the
meaningful scenario.

In the future, we will plan to develop a function for comparing the learning scenario
generated by the learners with the scenario automatically generated by the system.
Presenting the difference between the scenarios promotes the investigative learning
process. The comparison function could also provide some foundation for adaptation of
investigative learning on the Micro-Web (Fig. 12).

5 Conclusion

In this paper, we have proposed the Micro-Web and learning scenario generation with
LOD provided by DBpedia Japanese. As future work, we need to implement
iLSB-tablet with automatic scenario generation and with the comparison function for
adaptive investigative learning. We will also evaluate the proposed method in detail
and refine it base on the results.

Acknowledgment. This work is in part supported by JSPS KAKENHI Grand Number
26282047.

Fig. 12. User interface of iLSB-tablet
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Abstract. The pervasiveness of the Semantic Web in educational contexts is
acquiring a growing importance also at the level of e-Learning. The improve-
ments it promises to introduce in online education are causing interest and
curiosity in terms of its implementation and practical repercussions for learning.
Since it is in its early stages it becomes important to explore the conditions that
will favor its adoption. In order to delineate its prosperous deployment, this
paper presents the outline of a Critical Success Factors framework. The purpose
of this paper is to collect the point of view of e-Learning experts with regards to
this framework. The experts were presented with the framework via semi-
structured interviews and they were asked to review its core elements. The
results of the data collection provide a substantial validation of the framework
and reiterate its relevance in delimiting the proliferation of e-Learning 3.0.

Keywords: e-Learning 3.0 � Semantic web � Critical success factors �
Educational technology

1 Introduction

Web 3.0 comes with a pledge for the revolution of e-Learning, namely via increased
personalization and machine understandable content. The affordances of the Semantic
Web to online learning are at the origin of a new stage for electronic learning,
e-Learning 3.0 (EL 3.0).

EL 3.0 is at the centre of several research ventures and it is inspiring interest among
researchers and practitioners. The proliferation of EL 3.0 is dependent on a multiplicity
of facilitating conditions that will maximize the positive impact of the Semantic Web.
Web 3.0 will represent an improvement of some of the technology that was made
available by Web 2.0, but given that the learning process requires a multidisciplinary
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intervention, pedagogy and technology are expected to represent a united front [31]. The
application of the Semantic Web to an online learning context has the potential to
address some of e-Learning’s limitations, specifically the lack of data accuracy, infor-
mation overload and the fact that content is not prepared to be read by machines [46].

The outline of a framework of Critical Success Factors (CSFs) for EL 3.0 provides
a substantial support for framing the evolution and prospective adoption of this third
phase of online learning. The framework that this paper proposes derives from the
initial work of Miranda et al. [30], who suggested a preliminary CSFs framework
specifically for EL 3.0 systems. This framework was composed of five categories:
technology, content, students, professors and educational institutions. This paper will
provide a reorganisation of this framework that is divided into three domains: tech-
nology, content and stakeholders.

The first part of the paper provides a brief examination of what defines EL 3.0 and
presents the suggested CSFs framework for EL 3.0. The next section addresses the
methods that were used and prefaces the third part of the paper that presents and
discusses the results of the semi-structured interviews with e-Learning experts.

2 The Successful Adoption of EL 3.0

Web 3.0 introduces a variety of benefits to e-Learning, more specifically the
enhancement of personalised learning environments, a growing interoperability among
applications, the employment of semantic annotation, the dissemination of domain
ontologies [26], the growing application of 3D visualisation, distributed computing,
interaction [43] and more self-organisation [18]. One of the precepts of EL 3.0 is the
effective management of information to answer the users’ questions. It is similar to a
personal assistant who gathers data on the user and accesses and links resources on the
internet to better meet their needs [54]. This is also what is at the foundation of
customised searches for learning resources, which can through semantic annotation be
constantly improved [48]. On the other hand, the main challenges of EL 3.0 include the
fact that it requires a significant effort in terms of ontology development, the educa-
tional entities’ lack of willingness to share data, the need to develop standards for data
and content exchange, data privacy and security and trust [26].

2.1 EL 3.0 CSF Framework

The successful adoption of EL 3.0 is dependent on the reunion of a multiplicity of
factors that are transversal to diverse domains of e-Learning [13]. The framework that
is proposed in this paper intends to depict a fundamental structure of those factors. The
general outline of its categories was inspired by the work of Selim [45] who advocated
that e-Learning’s critical success factors could be divided into four areas: the teacher,
the learner, information technology and institutional support. Furthermore, it derives
from a reorganisation of the CSFs framework that Miranda et al. [30] proposed for EL
3.0 systems, which was divided into technology, content, students, professors and
educational institutions. Thus, in essence, the critical success factors’ framework for EL
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3.0 encompasses three core categories portrayed in Fig. 1: technology, content and
stakeholders.

The technology category includes a series of CSFs that will facilitate the more
technical aspects of EL 3.0 and allow the transposition of learning to online scenarios:
access, mobility, visualisation, Web 3.0, interoperability and personalization. Access is
related to the fundamental premise that technology’s unavailability has a negative effect
on e-Learning’s acceptance [3]. Its core requirements consist in hardware equipment
both its availability [38] and its reliability [45], a fast internet connection [38], that can
be effective [45] and the existence of user-friendly interfaces and applications [13, 22,
32, 56]. Mobility, in the form of mobile technology, will be essential for ubiquitousness
[33] and it will demand mobile apps [5, 35], and smart mobile technology [7, 23, 42].
Visualisation accounts for the sensorial element of EL 3.0 and the variety of formats [7]
and it needs visualisation tools [8, 40], 3D and immersive Web [33, 35] and 3D
visualisation and interaction [12, 23]. As to Web 3.0 it is a valuable resource to EL 3.0
[56] and it demands semantic features [10, 53], ontology-based tools [19, 21], ontology
creation [13] and maintenance [51] and intelligent search engines [47, 52]. Interoper-
ability relates to the challenge of the integration of different applications [19] and to be
promoted it requires semantic interoperability [17, 44] and interoperability of web-
based educational systems [6, 18]. Finally, personalisation represents a solution for
dealing with a vast amount of online materials [23] and it requests the use of user
profiling techniques [26, 54], Artificial Intelligence [34, 43, 47] and intelligent
e-Learning systems [9, 41].

Content is an essential aspect of EL 3.0 and it subsumes three CSFs, semantics,
annotation homogeneity and flexibility and storage. Semantics account for a greater
access to significant content [17], requiring big data management [15, 23],
machine-understandable learning material [9, 44], semantic web ready content [11, 12],
metadata [19, 47] and semantic markup [16, 24]. With respect to annotation homo-
geneity its value lies in its capacity to enable different computers to understand and
exchange data with each other [53] and it demands semantic homogeneity [25, 50] and
a widely spread ontology structure [19, 26]. Finally, flexibility and storage relates to the
need for content to be dynamic [46] and the need for effective storage capacity. In order
to be accomplished, this CSF demands cloud computing [4, 18], open data [39, 54],
personalised content [27, 57] and learning objects [29, 57].

The final category, stakeholders, accounts for the human and institutional aspect of
EL 3.0 and it comprises three CSFs: the students, the teachers and the educational

Fig. 1. Outline of EL 3.0 CSFs framework
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institutions. The students’ contribution to the success of EL 3.0 relates to their engage-
ment in collaboration [1, 7], active participation [3, 20] and their personal and technical
skills [18, 28]. The teachers, on the other hand are required to have ICT training [34, 49]
and to be creators of meaning [24, 48]. The educational institutions have a fundamental
part in the availability of infrastructures [55] and institutional assistance [45]. Hence, their
capacity of being a CSF for EL 3.0 is intrinsically connected with infrastructural
development [1, 50], providing training for e-learning [33, 37], the inter-connectedness
among institutions [26, 36], the development of learning methods based on real [2, 33]
and the provision of large repositories of linked data [7, 54].

3 Methodology

The validation of the proposed framework was done via the use of semi-structured
interviews with experts in the field of e-Learning. The interviews were designed to last
around 40 min and they were divided into four sections. The first section was com-
prised of general questions on the definition and reach of EL 3.0, while the remaining
parts focused on each of the categories of CSFs, technology, content and stakeholders,
respectively. Two pilot interviews were conducted to test and perfect the initial script.

In total 10 experts were interviewed, 3 female and 7 male. The experts were from
the USA, Brazil, Australia, Germany, Dubai, Greece and the UK and they were either
involved in research, teaching or both. They were invited to participate in the inter-
views due to their experience with education technology. From the total of 10 inter-
views, 2 were conducted in person, 2 were done via Skype and 6 were delivered
through email.

The main purpose of the interviews was the assessment of the EL 3.0 CSFs
framework. The use of semi-structured interviews facilitates the fluidity of a conver-
sation that is framed by an initial alignment of questions. They allow the use of a script
to lead the interview, but at the same time they provide the opportunity to more
liberally insert different topics or explore subjects that may surface during the inter-
views [14].

4 Results and Discussion

In general, all the interviewees agreed with the framework and recognized the
importance of the CSFs for the proficient development and adoption of EL 3.0 at a
wider scale.

4.1 EL 3.0 and Its Reach

The objective of the first part of the interviews was to examine the experts’ opinions
about the definition of EL 3.0, its reach and the opportunities and challenges that Web
3.0 would introduce in e-Learning. In terms of defining EL 3.0, since it is a recent
concept, some of the respondents were hesitant in providing a specific description of
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the term. Nonetheless, the majority was able to associate it with learning analytics,
extraction of knowledge, seamless learning, the integration of big data, artificial
intelligence, Web 3.0 and semantic tools, interactive learning, machine associated
meaning, personalization and anytime/anywhere learning. Despite this knowledge of
what EL 3.0 stands for, when asked about its current reach, all the respondents stated
that it is still at an early age and that it has an experimental and speculative nature,
which is in line with other studies [36].

Concerning the benefits that Web 3.0 will represent for e-Learning, the participants
mentioned the increase of social interaction, communication and the personalization of
learning, namely through artificial intelligence. Also, they reported changes at the level
of the relationship between the students and the teachers and the recommendation of
more pertinent learning material, brought by the assistance of machines and semantics.
Finally, they associated Web 3.0 with data merging and processing, intelligent
machines, the acceleration of learning and the mitigation of the workload of the tea-
cher. The fundamental precepts that the experts mentioned were coherent with previous
research [26, 43]. While they were quick to see the advantages that Web 3.0 introduces,
they were equally able to point out the challenges of the implementation of EL 3.0,
namely privacy and security concerns with regards to the access to data sources, just as
it’s been previously reported [26]; the restrictions of learning analytics and big data;
issues of a technological and infrastructural nature; and the adaptation of teachers to
this new stage of e-Learning. Other challenges included the extensive creation and
development of semantic tools, the lack of close partnerships, the existence of
ontologies that cannot be reused, the insufficient training of professionals and good
pedagogical proposals.

4.2 Technology

In relation to access, as much as hardware and internet connectivity have become
widespread, the respondents still highlighted some problems with the access to sus-
tainable internet connections, mainly in rural areas and also issues with the availability
of hardware equipment in schools. Some of the solutions that the participants presented
for improving access consist in shared access to technology among students that don’t
have their own devices, enhance access to mobile technology to simplify internet
connection, the integration of tools in the every-day life, top-down promotion and use,
inclusion of technology training in the curriculum and making application as intuitive
as possible, as advocated also by Ahmud-Boodoo [1].

With respect to mobile technology itself and reiterating the literature [23], all the
participants agreed that it is important for EL, with one of the interviewees stating that
“It’s almost inevitable to think of education of the future without thinking about
mobility” (R9). According to the participants mobile technology is important in the
sense that it collects more data from more sources for learning analytics and the
offering of more personalized solutions, mobile learning is more integrated in the real
world, it allows students to have continuous access to the world around them, it enables
the students to import what they learn to their everyday life, it broadens the scope of the
technology that teachers can use. Furthermore a 24/7 access has become a regular
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expectation. One of the aspects that was also mentioned was the necessity of creating
learning scenarios that are attuned with mobile learning.

Visualisation was one of the elements that was assessed in the technology category
and it was overall validated by the participants. One of the interviewees said that
visualization “is the crux of web 3.0 and will to a greater extent differentiate it from its
earlier generations of web and or EL” (R6). Some of the tools that the participants
underline subsume virtual reality and augmented reality interfaces to assist learning in
real-life scenarios, and graphical renderings to provide innovative insight into data.
Visualisation offers a stimulus for different parts of the user’s cognition. Also, as
Banciu and Florea [7] argued it promotes the use of the visual as teaching and learning
material which enhances the acquisition of skills, competences and knowledge.

Similarly to what was defended in previous studies [42, 56], the respondents
believe that Web 3.0 is an integral part of EL 3.0, but given the more technical
requirements of this question, some respondents found it difficult to state which of its
main features should be used in e-Learning. The remaining interviewees highlighted
the characteristics that they deemed as being important, namely semantics for data
merging and processing and for the intelligent processing of data by machines, cus-
tomized and context-specific help to students in real-life environments, mobile web,
data analytics, semantic meaning, knowledge extraction, information visualisation
based on annotation, personalisation tools or algorithms and intelligent tutoring sys-
tems and intelligence.

The promotion of interoperability for the advancement of EL 3.0, that was argued
in previous research [19, 26], was reiterated by the answers of the interviewees. In
conformity with the participants, this support of interoperability can be done through
common data formats between authoring tools; information repositories and learning
management tools; the development of APIs (application programming interfaces);
standardization; pertinent organizations to work with tech enterprises; creation of tools
that education stakeholders can integrate in their educational practice routines; EU
standardization to enable platforms and frameworks for shared practice; good vocab-
ularies and reusable ontologies that can be used across different environments.

Personalisation was the final CSF in the technology category to be reviewed by the
participants, who agreed with the literature [23] in term of its importance for EL 3.0. As
reported by one of the respondents, some platforms are already offering several per-
sonalisation solutions, for example Carnegie Learning, MeuTutor, Grockit and Aleks,
but Moodle which is the most widely used system is not able to integrate them. Also,
another respondent argued that EL 3.0 will introduce personalization to scale. In
accordance to the interviewees, there are several aspects that will contribute to per-
sonalization: the monitoring of the progress of learners to tailor content based on their
peculiarities, the use of Latent Semantic Analysis, AI, namely algorithm called BKT -
Bayesian Knowledge Tracing (Tree); Educational Data Mining; Knowledge Repre-
sentation; machine learning; and a greater alignment among critical learning design
factors such as learning objectives, learning content, pedagogical dimensions and
learning assessment.
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4.3 Content

In line with previous studies [17], semantically annotated content was deemed as
essential to the progress of EL 3.0. Nonetheless not all the respondents were able to
identify ways of increasing it. The respondents cited the significance of the interop-
erability and interconnectedness of tools and the need for an agreement on interoper-
ability and common standards. Also, one of the respondents highlighted the fact that
people can learn by themselves by reorganizing material or indexing it on different
ways. Semantic annotation of conversations, learning paths, content reviewed, EL
systems will be able to identify what information is relevant to be displayed. In that
sense it is necessary to develop frameworks to provide this annotation. Another par-
ticipant, named a few challenges related to semantic annotation: the need for good
repositories that allow communication between languages and vocabularies; the lack of
good, reusable annotations; the issue of the training of the people who are producing
the annotation; and the technology in itself, the need for good authoring tools to assist
annotation. Further to this CSF, the participants were asked to provide their viewpoint
on the importance of big data management techniques and to suggest the most
appropriate ones for educational settings. This was again a question where some of the
participants (4) were not comfortable answering. While most agreed with research that
argues that big data management techniques are important for EL 3.0 [15, 23], the
majority was not able to suggest specific techniques. The few participants that did
recommend some techniques, mentioned the management of links, cloud storage,
Sequential Data Analysis, Natural Language Processing and Latent Semantic Analysis.
Some interviewees recognized that in the future these techniques will be important in
managing the information that results from millions of students using LMS, such as
Moodle and in sorting all of the information that is available on the Web for learning.
Moreover, the data that was previously regarded as being trivial or too extensive to be
used, pertaining to user activity on the web is now seen as valuable.

With respect to annotation homogeneity, three of the interviewees did not answer
this question. Overall the respondents conveyed its importance for creating common
ground, enabling exchange, interoperability, the reusability of data and e-Learning
systems’ analysis and process, which corroborated the work of Vera et al. [53]. Fur-
thermore, standardization was deemed an important condition to promote the wide-
spread use. One of the experts stated that the issue with annotation is the definition of
context. In situations where there is knowledge about the context under which an
annotation was made, then the semantics will not be lost. Hence, it is not about
homogeneity, but knowing the foundational ontology and describing the context.
Another participant believed that annotation homogeneity was only important for
subjects which are very specific and have enormous amounts of data.

The flexibility of content and the importance of having suitable storage capacity
were the two last aspects to be reviewed in the content category. The respondents
focused more on the storage perspective and with relation to flexibility they only
mentioned open data, the fact that content should be readily available, compact and
affordable and that indexing strategies are necessary to ensure the flexibility of content
across different systems and platforms. Generally speaking they all agreed that the
existence of good storage solutions is crucial and provided some suggestions:
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combining hard drive storage with cloud computing, increasing bandwidth on both
wired and wireless networks, real-time streaming media, cloud computing and triple
stores tools. In the context of this CSF, the experts were also questioned as to the
importance of cloud computing and if they (or their students) used it. The majority
stated that they did use cloud computing, namely Google Drive and Dropbox and that it
is important, which is also supported by the literature [4, 18]. A fundamental aspect of
using cloud computing seemed to be security, thus backups should be ensured. Also,
one of the participants said that contrary to what is advertised, cloud computing is not
unlimited. Some of the advantages of cloud computing that participants highlighted
have to do with the possibility of having a few storage locations that can be access from
anywhere and the fact that it enables interoperability, reusability and scalability.

4.4 Stakeholders

The stakeholders’ category was comprised of students, teachers and educational
institutions.

With respect to the students, it was important to assess the viewpoints of the experts
in terms of their role in this new stage of e-Learning. An essential perspective for the
part that students are expected to play has to do with participation: “So actually I think
that the only thing that should be expected of the student is interacting. Their inter-
action, nothing more than that, this is my view. So basically you must have those
interactions so that EL3.0 can indeed happen.” (R9). According to the interviewees,
besides their participation, in order to thrive in EL 3.0, students need to have more
interaction; to innovate, engage in problem solving and to collaborate; to connect with
anywhere/anytime learning; to be interested in using technology for the purpose of
learning; to be creative and willing to generate content; and to be digitally literate as
defended by some researchers [18, 28].

The participants’ views on the expectations for the teachers portray a multifaceted
and polyvalent position. Overall, the interviewees stated that the teachers should act as
knowledge facilitators, as co-learners and as collaborators. They should be open to
using digital tools and to present them to the students, to engage in the creation of
different learning materials, as was argued by [24, 48], to use flipped, blended and
constructivist teaching methodologies and to be ready to embrace, learn and integrate
new technologies. Moreover, it is crucial that they are capable of being both peda-
gogical and technical experts. One of the respondents also underlined the fact that some
teachers do not have the necessary ICT skills to engage with technology and while
there are some teacher that are very enthusiastic about technology in learning, there are
others that create difficulties. This need for ICT training had already been mentioned by
previous studies [34, 49].

Finally, when looking at stakeholders it is crucial to examine the role of the edu-
cational institutions. Some of the respondents mentioned the insufficient support that the
institutions provide, namely in terms of offering appropriate technological conditions
and ensuring their quality and adequacy, which is one the main responsibilities that
researchers [1, 50, 55] attribute to them. According to the interviewees, educational
entities need to embrace the era of digitalization, to guarantee students access to
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hardware, software and connectivity, to provide both technical and administrative
infrastructures, to assist the teachers in the development of their competences and
methodologies and practice openness and collaboration rather than competitiveness.

5 Conclusion

With EL 3.0 still in its early stages it becomes imperative to examine how its adoption
should be guided and by which means it should be accomplished. The delimitation of a
framework to define its CSFs will assist the contextualization of this phenomenon and
it will provide a framing structure to encourage its development.

The results of the semi-structured interviews with e-Learning experts demonstrated
that while there is a general notion of the importance of Web 3.0 for e-Learning, the
specific contours of EL 3.0 are still unknown for some researchers and practitioners.
There was a higher difficulty for the respondents to answers technology related
questions or to offer very detailed information about certain CSFs, especially if they
were mainly technical. Generally speaking all the CSFs were validated by the experts
in their interviews, which reiterates the significance of the CSF framework.

Prospective research ventures are to focus on a further validation of these CSFs and
to concentrate on using this validation to explore interdependence relations between the
CSFs. Also, future studies would be required to extend this validation to other stake-
holders namely the students and the educational institutions.
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Abstract. Social web applications are nowadays commonly employed in all
fields of human endeavor. It is therefore of a high importance that they meet
requirements of as many quality dimensions as possible. This paper reports
findings of an empirical study which was carried out with an aim to examine
quality of social web applications when they are used in a mobile environment.
Participants in the study were students from two Croatian higher education
institutions who carried out predefined scenario of interaction with two social
web applications for collaborative writing on their smartphones and afterwards
evaluated their perceived quality by completing the post-use questionnaire. The
analysis of collected data uncovered the relevance of pragmatic and hedonic
facets of mobile quality in the context of evaluating social web applications for
collaborative writing.

Keywords: Mobile quality � Social web application � Collaborative writing �
Questionnaire � Empirical findings

1 Introduction

The quality of applications that are running on mobile devices is one of the essential
predictors of their acceptance by end users and thus their success. More specifically,
some particular features of mobile technology (such as connectivity, convenient user
interface, touch screen, context awareness, supported devices, etc.) affect users’ sat-
isfaction and loyalty and should therefore take part in the process of evaluating the
quality of mobile applications [36]. Compared to personal computers, several addi-
tional characteristics of mobile devices have to be considered in that context, including
mobility, screen size, virtual keyboard, and social interconnectivity [1]. According to
Huang [15], both hardware and software related challenges need to be tackled when
designing mobile devices. While challenges related to hardware encompass limited
input facilities (like keyboard, touch screen, and scroll wheel), limited output facilities
(such as small screen size, audio output, etc.) and design for mobility, software related
challenges mainly cover navigation, search engine, images and icons. As one of the
outcomes of their study, Flora et al. [9] found that more than 75 % of respondents
strongly believe that positive user experience (e.g. feeling comfortable in interaction
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with gadget and feeling smart while performing assignments without tutorials or other
types of assistance) importantly contributes to the perceived mobile quality.

Kang et al. [20] distinguish two types of mobile applications: (1) web-based
applications composed of pages optimized for mobile devices, and (2) native applica-
tions originally developed for different mobile devices like smartphones and tablets. An
important effect on quality of native and web-based mobile applications has user
experience that can be considered within following two categories: the context (hard-
ware affordances, platform capabilities and user interface conventions, and an envi-
ronment in which an application is used), and the implementation (performance, design,
and integration with platform features) [3]. The use of social web applications on mobile
devices offer new opportunities for interaction and collaboration among users that are
continuously connected [10]. Web 2.0 applications (such as wikis, blogs, microblogs,
social bookmarking sites, social networking sites, mashups, podcasting applications,
e-portfolios, virtual worlds, online office suites, and knowledge management applica-
tions) support various breeds of interaction among users as well as creation, sharing,
organization and integration of different artefacts [30]. In the ecosystem of social web
applications, the users are no longer the consumers of content but contribute both
actively (by creating content in their diverse forms) and passively (by using services that
are available to the community of users) to the development of Web 2.0 applications
[37]. In addition, the authors pointed out that the ability to use Web 2.0 applications on
multiple platforms (PC, smartphone, PDA, etc.) represents an additional challenge to the
design of a user experience and is therefore important to identify user needs in a timely
manner. Li and Choi [21] stated that due to particularities of mobile devices (such as
smaller screen and limited input methods) users have a number of issues (e.g. they can
see only small part of the document) with the employment of applications meant for
collaborative writing (e.g. Google Docs and Zoho Docs, etc.) when used on them. In that
respect, the authors concluded that the use of social web applications on mobile devices
is limited to chat, making group discussions, brain storming or informal collaborative
writing. Drawing on a feedback received from students, Cochrane and Bateman [4]
concluded that the choice of a smartphone type represents a key factor in the acceptance
and use of social web applications on mobile devices as well as their integration in
educational context with the collaboration as the main objective.

Considering all the aforementioned, quality attributes proposed in recent standard
on software quality assessment (e.g. ISO/IEC 25010 [18]) cannot be used as guidelines
for the design and development of high quality mobile applications [38]. Apart from
user experience which reflects hedonic dimensions of quality, usability is focused on
pragmatic facets of quality [2]. It is therefore important to introduce novel quality
models that will be consisted of dimensions related to both usability and user expe-
rience. The main objective of this paper is to identify factors that significantly affect
mobile quality in the context of social web applications.

The remainder of the paper is organized as follows. Next section offers a brief
overview of prior studies focused on the assessment of particular dimensions of mobile
quality. Proposed framework for measuring mobile quality of social web applications is
introduced in the third section. Employed research methodology and study findings are
presented in the fourth section. The key contributions, limitations of the study and
future research directions are discussed in the last section.
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2 Related Work

Baharuddin et al. [2] emphasize that for the purpose of designing and evaluating mobile
applications, one should take into account specific properties and limitations of fol-
lowing four contextual factors: user, environment, technology, and task/activity. By
understanding mentioned factors, it is possible to determine which usability dimensions
(effectiveness, efficiency, satisfaction, usefulness, aesthetic, learnability, simplicity,
intuitiveness, understandability, and attractiveness) should be considered when
designing mobile applications. The same authors also stated that the use of web
applications on mobile devices which have not been initially designed for them makes
users weary and eventually affects the extent to which mobile usability of those
applications is perceived by users.

According to Zamfiroiu [39], there are two groups of factors that contribute to the
quality of mobile application. Battery life, RAM memory of a mobile device, CPU
processing power, users’ expectations, the distribution way of applications, level of the
developer’s involvement, and memory on hard disk of the mobile device are external
factors because they have indirect impact on quality of mobile applications. The group of
internal factors is related to specificities of mobile applications including the source code,
used technologies, the information volume provided, commands rapidity, and testing
level. As relevant quality characteristics of a mobile application Rabi’u et al. [35] pointed
out battery life, navigation, robustness of operating system, and screen size. They also
suggested that the usability of mobile applications should be measured by means of
following attributes: understandability, learnability, operability, and attractiveness.

Based on the analysis of prior empirical studies, Coursaris and Kim [6] found that
usability of mobile applications is most commonly measured with following attributes:
efficiency, errors, ease of use, effectiveness, satisfaction, and learnability. As a follow
up, Harrison et al. [12] proposed PACMAD model meant for evaluating usability of
mobile application that includes following 7 attributes: effectiveness, efficiency, sat-
isfaction, learnability, memorability, errors, and cognitive load. They also pointed out
that the first three of mentioned attributes must be evaluated while remaining four can
be hard for measuring.

By adapting scales from the Information System Success Model [8], Özata [34]
discovered that system quality, information quality and perceived enjoyment are
important determinants of users’ satisfaction in the context of using Facebook as a
mobile application for smartphones and tablets. However, it appeared that construct
flow (the extent to which an individual becomes deeply absorbed in an activity) do not
have direct significant influence on users’ satisfaction. Results of the study carried out
by Hussain and Kutar [16] uncovered that features of mobile devices have strong effect
on users’ satisfaction related to mobile applications. More specifically, the users
expressed higher level of satisfaction when they used iPhone than when they employed
O2 Orbit device. The rationale behind this results is that users experienced a greater
number of issues when they used OS2 Orbit (e.g. font size, navigation, and interface
design) than when they had an interaction with iPhone (e.g. hypersensitivity of virtual
keyboard). Gikas and Grant [10] have investigated the use of social media and Web 2.0
applications on smartphones for learning purposes in higher education institutions and
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found that students had difficulties with data entry due to too small virtual keyboards.
By combining adapted scales from TAM model [7] and an expectancy - confirmation
theory [23], Ohk et al. [22] confirmed that perceived usefulness, interactivity, and
perceived ease of use have positive impact on consumer satisfaction while in turn
consumer satisfaction positively affects consumers’ intentions to continuously use
mobile applications. Results of the research conducted by Hsiao et al. [14] revealed that
users’ satisfaction, tight connection with others, and hedonic motivation significantly
contribute to continuance intention of social applications as well as that users’ satis-
faction and habit have full mediation effects between perceived usefulness and inten-
tion to continue use social applications. Based on the analysis of data collected from
330 KakaoTalk and 311 Facebook users, Ha et al. [11] discovered that users’ attitude
towards mobile social networking sites is influenced by hedonic, integrative, and
mobile convenience gratifications while cognitive, hedonic, integrative, and social
interactive gratifications are affected by mobile convenience.

Jung and Yim [19] have found indirect effect of user interface design on the
perceived usability of smartphone applications by means of following mediating
variables: learnability of applications and interactions between users and smartphone
applications. In addition, they discovered that user interface design has direct effect on
learnability of applications and interactions between users and smartphone applications
which in turn have direct impact on perceived usability of smartphone applications.
Taking the aforementioned into account the authors concluded that mobile applications
will be easy to use and learnable only if their user interface is simple and consistent.

Ickin et al. [17] conducted qualitative and quantitative study on the sample of three
types of smartphones (Motorola, HTC, and Samsung) that all had preinstalled Android
operating system. The study participants employed mentioned mobile devices in order
to use 13 different categories of mobile applications including social network applica-
tions (OkCupid, Cooliris, Foursquare, Facebook, Twitter, Tumblr, and Touiteur).
Analysis of collected data has shown that application’s interface design contributes to
the quality of experience because the users reported number of issues related to this
construct including the position and location of the keys on the smartphone screen,
difficulty with resizing, web-page scrolling, inefficient manual input (e.g., “fat finger”
problem). According to the same authors, the second relevant construct is application
performance because users commonly used expressions such as “freeze”, “sloppy”,
“sluggish”, “speed”, “performance”, “usage of memory”, and “sdcard” when they
wanted to emphasize that particular application has not met requirements of this con-
struct to the acceptable extent. They also found that users who previously used these
applications on their personal computers reported lower level of quality of experience
because they had much higher expectations. Apart from application’s interface design
and application performance, the quality of experience is also affected by battery, phone
features, apps and data connectivity cost, user’s routine, and user’s lifestyle [17].

Hoehle and Venkatesh [13] uncovered that usability of mobile applications
accounts for 47 % of variance in continued intention to use social media on mobile
devices. According to the outcomes of their study, relevant predictors of continued
intention to use mobile social media applications are following six usability attributes:
application design (branding, data preservation, instant start, orientation), application
utility (collaboration, content relevance, search), user interface graphics (aesthetic
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graphics, realism, subtle animation), user interface input (control obviousness,
de-emphasis of user settings, effort minimization, fingertip-size controls), user interface
output (concise language, standardized user interface element, user-centric terminol-
ogy), and user interface structure (logical path, top-to-bottom structure). It should be
noted that application design, application utility, and user interface graphics have the
strongest impact on loyalty related to the use of mobile social media applications.

The aforementioned findings indicate that current studies on the assessment of
mobile quality are mainly focused on exploring its usability dimensions whereas
measuring hedonic facets of mobile quality is rather rare. In addition, there is a lack of
studies which consider both pragmatic and hedonic attributes when evaluating mobile
quality. All the set forth motivates us to introduce a framework that would enable
assessment of all relevant attributes related to usability and user experience of social
web applications and in the same time take into account particularities of their use on
mobile devices. Details on the proposed framework are provided in the following
section.

3 Research Framework

As a follow up to the initial set of quality attributes proposed by Orehovački [27],
evaluation methodology introduced in [24], their validation on the representative
sample of various Web 2.0 applications when they have been used in their native
environment [26, 31–33] as well as games [28], and their refinements [25, 29], a novel
evaluation framework adapted to the context of using social web application on mobile
devices was proposed. The adapted version of the conceptual model is comprised of
five quality categories which are further decomposed into 37 quality attributes.

System quality refers to attributes that measure the extent to which social web
application: provides various navigation mechanisms (navigability); has uniform
interface structure, design, and terminology (consistency); is similar to previously used
applications (familiarity); can be customized to meet users’ needs (customizability); has
implemented mechanisms that protect created artefacts from unauthorized use (secu-
rity); operates properly with different types of devices and among different environ-
ments (compatibility); can exchange files with other applications and use files that were
exchanged (interoperability); can adapt to the environment in which it is used (re-
sponsiveness); is usable on mobile devices (mobile-friendliness).

Service quality relates to attributes aimed for evaluating the degree to which social
web application: provides various forms of help to users (helpfulness); is available
every time users need it (availability); facilitates management of created artefacts
(artefacts management); contains mechanisms that prevent errors to emerge (error
prevention); is dependable, stable, and bug-free (reliability); can quickly recover from
errors and operational interruptions (recoverability); notifies users with appropriate and
useful messages (feedback); supports teamwork and enables different types of com-
munication among users (interactiveness).

Performance refers to attributes that measure the extent to which the use of social
web application: enables users to execute tasks accurately and completely (effective-
ness); enables users to quickly perform tasks (efficiency); responds promptly to users’
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actions (response time); is capable to operate under an increased or expanding work-
load (scalability); is usable within and beyond initially intended contexts of use
(context coverage).

Effort relates to attributes dealing with the evaluation of the degree to which: the
interaction with social web application consumes small amount of physical and mental
energy (minimal workload); social web application is usable to people with the widest
range of characteristics and capabilities (accessibility); users have full freedom in
executing tasks by means of the social web application (controllability); is simple to
operate the social web application (ease of use); is easy to become proficient in
interacting with the social web application (learnability); is simple to memorize how
the social web is used (memorability); the interaction with social web application is
unambiguous (understandability).

User experience refers to attributes meant for measuring the extent to which: the
social web application has visually appealing user interface (aesthetics); the social web
application is beneficial in the context of tasks execution (usefulness); the interaction
with the social web application holds the users’ attention and stimulates their imagi-
nation (playfulness); users have positive perception about the use of social web
application (attitude towards use); the social web application has met users’ expecta-
tions (satisfaction); the social web application arouses users’ emotional responses
(pleasure); the social web application is distinctive among applications with the same
purpose (uniqueness); users have the intention to continue to use the social web
application and recommend it to others (loyalty).

4 Results

Participants. A total of 162 respondents (53.70 % male, 46.30 % female), aged 20.73
years (SD = 3.879) on average, participated in the study. At the time study took place,
majority of the sample (74.07 %) were enrolled to one of the undergraduate study
programs at Polytechnic of Rijeka (POLYRI) whereas remaining 25.93 % were
third-year undergraduate students of Informatics at the Department of Information and
Communication Technologies, Juraj Dobrila University of Pula (UNIPU). Most of
them (77.78 %) were full-time students. All of them had been loyal consumers of
mobile Internet on a daily basis. More specifically, 82.72 % of students had been
accessing the Internet via their smartphones more than three times a day while 59.26 %
of them have been spending more than ten hours a week on using the Internet via their
smartphones. In most cases (88.89 %), students had been employing their smartphones
for accessing social networking sites like Facebook which was followed by other
activities such as making and receiving calls (80.86 %), Web browsing (71.60 %),
synchronous messaging and exchange of multimedia content by means of services such
as Viber (69.14 %), listening to music (66.05 %), sending SMS messages (66.05 %),
taking photos (55.56 %), mobile learning (35.80 %), playing installed games
(29.63 %), mobile banking (25.93 %), and taking and sharing selfies (19.14 %). When
the use of mobile Internet was considered, the students reported they have been
employing it most frequently (88.89 %) for social networking and subsequently for the
purpose of synchronous messaging and exchange of multimedia content (73.46 %),
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Web browsing (71.60 %), watching videos on services such as YouTube (67.90 %),
accessing the educational content published on learning management system such as
Moodle (56.79 %), reading news on web portals (51.23 %), mobile learning
(37.65 %), accessing educational content located outside the learning management
system (31.48 %), mobile banking (24.07 %), online shopping (19.75 %), and playing
online games (17.90 %).

Procedure. The study was conducted in controlled lab conditions and was composed
of two main parts: (1) interaction with two social web applications for collaborative
writing on participants’ mobile devices and (2) evaluation of their perceived mobile
quality by means of the post-use questionnaire. Upon arriving to the lab, the partici-
pants were welcomed and briefly informed about the quality evaluation study. At the
beginning of the scenario performance session, each participant received the form
containing a list of 46 representative steps of interaction. Participants were asked to
conduct all scenario steps twice – first with Google Docs and then using the Zoho Docs
(both depicted in Fig. 1). After completing all the scenario steps with both social web
applications, the participants were asked to fill out the post-use questionnaire. At the
end of the study, respondents were debriefed, and thanked for their participation. The
duration of the study was three hours.

Apparatus. The study adopted a within-subjects design comparing two social web
applications. Majority of participants (80.86 %) completed scenario of interaction with
social web applications on smartphones that run Android operating system whereas
79.01 % of them employed Google Chrome web browser to carry out particular steps

Fig. 1. Screenshots of mobile versions of evaluated social web applications for collaborative
writing (left: Zoho Docs, right: Google Docs).
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of the scenario. Data was gathered with the use of the post-use questionnaire which was
administrated online by means of the KwikSurveys1 questionnaire builder. The ques-
tionnaire comprised 12 items related to participants’ demography and 137 items meant
for measuring pragmatic and hedonic dimensions of mobile quality. Responses to the
questionnaire items were modulated on a four point Likert scale (1 – strongly agree, 4 –
strongly disagree). The sum of responses to items assigned to corresponding attribute
was used as a composite measure which reflects particular facet of mobile quality.
Differences between Google Docs and Zoho Docs were examined with Wilcoxon
Signed-Rank Tests. The rationale behind the choice to employ this nonparametric
equivalent to the dependent t-test relies on the outcomes of Shapiro-Wilk Tests which
revealed that at least one of the variables in a pairwise comparison violates the
assumption of normality in data (p < .05). In that respect, all the reported results are
expressed as the median values. The effect size (r) was estimated as a ratio of Z-value
and the square root of number of observations. According to Cohen [5], the values of
.10, .30, and .50 indicate small, medium, and large effect size, respectively.

Findings. The analysis of collected data revealed that mobile quality of Google Docs
is significantly higher (Z = −9.756, p = .000, r = −.54) than those of Zoho Docs. More
specifically, it appeared that at the level of quality attributes the aforementioned
applications do not differ significantly only in terms of the degree to which they are
usable every time users want to interact with them (Z = −1.171, p = .242) nor to the
extent to which they facilitate management of created artefacts (Z = −1.580, p = .114).
It was also found that the degree to which Zoho Docs has met requirements of eight
quality attributes (recoverability, loyalty, reliability, attitude toward use, response time,
customizability, responsiveness, and pleasure) is medium worse than those achieved by
Google Docs. In the case of remaining 27 quality attributes, Google Docs proved to
have slightly better scores than Zoho Docs. When the mobile quality of evaluated
social web applications is considered at the level of categories, it appears that they
differ mainly by the extent to which they met requirements related to system quality
(Z = −11.039, p = .000, r = −.61). The set forth is mostly caused by determined
differences between Google Docs and Zoho Docs in the extent to which users can
personalize them (Z = −5.679, p = .000, r = −.32) as well as to the degree to which
they are able to adapt their features to the specificities of the device on which they are
employed (Z = −5.404, p = .000, r = −.30). On the other hand, it was found that two
social web applications differ at least with the respect to the amount of effort users have
to employ in order to complete tasks by means of their interface functionalities
(Z = −5.724, p = .000, r = −.32). This is mainly caused by the fact that there is small
difference (Z = −2.453, p = .000, r = −.14) in the quantity of physical and mental load
users have to invest to complete tasks with evaluated social web applications. Results
of data analysis are summarized in Table 1.

1 https://kwiksurveys.com.
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Table 1. Outcomes of data analysis

Quality categories and attributes Z Effects in size (r) Median values
Google Docs Zoho Docs

Perceived mobile quality −9.756 −.54a 266.50 303.50
System quality −11.039 −.61a 66.00 84.50
Navigability −4.090 −.23a 11.00 12.00
Consistency −4.375 −.24a 6.00 7.00
Familiarity −4.443 −.25a 8.50 9.00
Customizability −5.679 −.32a 10.00 11.00
Security −5.114 −.28a 16.00 17.00
Compatibility −3.551 −.20a 8.00 8.00
Interoperability −4.619 −.26a 6.00 6.00
Responsiveness −5.404 −.30a 8.00 8.00
Mobile-friendliness −4.299 −.24a 6.00 6.00
Service quality −6.874 −.38a 57.00 63.00
Helpfulness −5.150 −.29a 10.00 11.00
Availability −1.171 N/A 4.00 4.00
Artefacts management −1.580 N/A 10.00 9.00
Error prevention −3.066 −.17a 5.00 6.00
Reliability −6.300 −.35a 5.00 6.00
Recoverability −6.941 −.39a 4.00 6.00
Feedback −4.933 −.27a 10.00 10.00
Interactiveness −2.749 −.15a 9.00 10.00
Performance −6.162 −.34a 43.00 47.00
Effectiveness −4.534 −.25a 11.00 12.00
Efficiency −3.654 −.20a 9.00 10.00
Response time −5.807 −.32a 5.00 6.00
Scalability −4.723 −.26a 11.00 11.00
Context coverage −4.156 −.23a 6.00 6.00
Effort −5.724 −.32a 42.00 45.00
Minimal workload −2.453 −.14a 7.00 7.00
Accessibility −3.957 −.22a 6.00 6.00
Controllability −3.957 −.22a 6.00 6.50
Ease of use −4.780 −.27a 6.00 7.00
Learnability −4.488 −.25a 6.00 6.00
Memorability −5.100 −.28a 5.50 6.00
Understandability −4.485 −.25a 6.00 6.00
User experience −6.466 −.36a 54.50 63.50
Aesthetics −4.717 −.26a 5.00 6.00
Usefulness −4.330 −.24a 6.00 7.00
Playfulness −4.708 −.26a 8.00 9.00
Attitude toward use −6.158 −.34a 6.00 6.00

(Continued)
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5 Conclusions

The aim of this paper was to determine which attributes are relevant for evaluation of
quality in the context of social web applications for collaborative writing when they are
employed on mobile devices. For that purpose, an empirical study was carried out
during which the participants performed scenario-based assignments with two appli-
cations (Google Docs and Zoho Docs) and subsequently evaluated their perceived
mobile quality by means of the post-use questionnaire.

According to the results of data analysis, when evaluation of mobile quality in the
context of social web applications designed for collaborative writing is concerned, one
should first pay attention to measuring all relevant dimensions of system quality fol-
lowed by assessing facets of service quality, user experience, performance, and
eventually effort. When study results are taken into account at the level of mobile
quality attributes, they can be, with respect to their relevance, classified into four
categories: (1) essential attributes (r[ �:29j j) whose requirements social web appli-
cation has to meet because otherwise its overall perceived mobile quality will be
significantly decreased; (2) sufficient attributes ( �:20j j\r\ �:29j j) which are also
very important but failing to meet their requirements will be penalized less severe than
in the case of essential attributes; (3) desired attributes (r\ �:20j j) whose relevance is
significantly lower than those of previous two types of quality attributes but social web
application still needs to comply with their requirements to some extent; and (4) not
relevant (r ¼ N=A) which does not have to be taken into account when measuring
mobile quality of social web applications for collaborative writing. All the afore-
mentioned indicates that proposed mobile quality model and corresponding post-use
questionnaire are capable to determine significant differences between very similar
representatives of social web applications for collaborative writing.

As in the case of most empirical studies, this one also has its limitations. The first
one is related to homogeneity of participants. Although students are representative
users of social web applications for collaborative writing because they employ them for
educational purposes, heterogeneous group of users could have perceived particular
dimensions of mobile quality in a different manner. The second limitation deals with
the interpretation of reported findings because they are generalizable only to social web
applications for collaborative writing. In order to explore the robustness of presented
results, further studies should be carried out. In that respect, our future work will be
focused on exploring the robustness of reported findings on a various types of mobile
applications evaluated by heterogeneous sample of users.

Table 1. (Continued)

Quality categories and attributes Z Effects in size (r) Median values
Google Docs Zoho Docs

Satisfaction −4.489 −.25a 6.00 8.00
Pleasure −5.350 −.30a 8.00 10.50
Uniqueness −4.057 −.23a 7.50 8.00
Loyalty −6.667 −.37a 7.00 9.50
a Google Docs > Zoho Docs
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Abstract. Massive Open Online Courses or MOOCs presents low completion
rates, they are massive thus the participants’ profile is too much heterogeneous
regarding origin, capacitation, motivation and learning aims. The number of
studies that propose using adaptive techniques to resolve the problems above is
increasing. This work presents the logistic, methodological and technological
models of an adaptivity-based framework. This framework includes the basic
elements of adaptive learning using a learning management system as core
technology and expanding the adaptive possibilities in the logistics of the
courses. The proposed model is implemented in an adaptive platform so called
iMOOC that currently has a campus composed by four adaptive MOOCs. Also,
a study about the participants’ perception of usefulness and their needs for the
adaptive processes is presented.

Keywords: Adaptive learning �Massive open online course � Online learning �
Learning management system

1 Introduction

MOOC (Massive Open Online Course) means the last social advance in open educa-
tion. Millions of users around the world make this type of courses offered by teachers
of the most prestigious universities. The number of MOOCs continues growing and
also the people who join them. Along with this growth, debates and studies have arisen
including social issues (change of the university model), economic issues (new revenue
for universities), technological issues (MOOC specific online platforms) and method-
ological issues (new pedagogical models).

Along with the reviews about the history and the specific characteristics of MOOCs
(mass use, heterogeneity and multi-profiles/preferences/learning objectives) [1–4] there
are future recommendations to improve the low completion rates [5] and the learning
outcomes, including the application of adaptive learning techniques among their strate-
gies [6–8]. Daniel et al. say [9] “A possible, but still undeveloped, solution that will
probably be available in the near future is to implement adaptive learning techniques to
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make MOOC courses more personalized”, also point some of adaptivity “Agents ana-
lyzing the learner’s profile could customize a course as follows: adjusting course content
according to the participants’ pre-requisites or educational background; changing course
content according to the participant’s location or country of origin, for example language,
units of measure, currency symbol, seasons, etc.; and showing relevant case studies or
further readings according to the country or region of origin/interest”, and about the
required collaboration among the involved agents “There is a need to develop sophisti-
cated adaptive learning mechanisms that will require the establishment of MOOC
working partnerships between educators, instructional designers, and programmers”.

In this sense, the hypermedia systems, which were initially developed several years
ago [10–12], jointly with other technologies that are starting to be used in the MOOC
deployment in order to follow the users’ behavior in this kind of courses, such as
semantic web [13] and learning analytics [14, 15]. This way recommendations to the
participants may be done [16] or detecting possible dropouts, for example through the
participation in the for a [17].

There exist several frameworks that allow the inclusion of adaptive techniques in
MOOCs. Sonwalkar [19] proposes, using web services and a computer architecture, an
Adaptive Learning Systems (ALS) that adapts itself to five learning styles throughout
diagnostic assessments about the participants’ preferences and goals. Onah & Sinclair
[19] use recommendation systems “The framework supports users in creating their own
paths, allowing them to make informed choices about appropriate resources based on
their expression of current objectives and preferences”. This framework focuses on
capturing the users’ knowledge using concept-based quizzes. Teixeira [20] adds to his
MOOC pedagogical model, so called iMOOC, the content adaptation taking into
account the participants’ prior knowledge and the device they use to access the course.

In this paper an adaptive framework is proposed. It has been tested in the intelligent
MOOC (i-MOOC) platform [21–24]. Most of MOOCs are xMOOC type, that means
they are based on similar models of the traditional Learning Management Systems
(LMS). This kind of MOOCs forces students to adapt themselves both learning strategy
and resources. Also, some of these MOOCs incorporate cooperative learning tools,
usually Web 2.0 tools and social networks. i-MOOC platform improves this classical
model combining the best elements of xMOOCs and cMOOCs types with adaptive
capabilities in the same online system [25–28].

This paper covers three of the four aspects mentioned above: logistic, methodology
and technology (apart from the economics models MOOCs). A specific experience
with the proposed framework has been developed, including characteristics of the
related frameworks cited, but adding more capabilities regarding the logistic part and
simplifying the technology used.

The main goals of this paper are:

• Describing a logistic, methodological and technological proposal based on a plat-
form that allows for adaptive MOOCs.

• Identifying the adaptive processes that can be associated to a MOOC.
• Measuring the perception of the participants in a MOOC about the adaptive

characteristics thereof.
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The rest of paper is organized as follow. Section 2 presents the proposed model to
integrate adaptive MOOCs (aMOOC). Section 3 introduces the experience done. Sec-
tion 4 presents the results, including the participants’ characteristics and their perception
about the adaptive activities that a MOOC should incorporate. Finally, the conclusion
section closes the paper with the discussion of the experience and the obtained results.

2 An Adaptive Model for MOOCs

The proposed model is based on the authors’ framework [28] that has been tested with
a real case its effectiveness to reduce the MOOC dropout ratio [5] and to improve the
users’ satisfaction. This framework is based on a learning ecosystem [23, 29–32]
composed by a Learning Management System (LMS) plus several own services for
adaptivity and learning analytics and web 2.0 tools for knowledge management and
gamification [33].

This work is focused on the applied adaptive methodology and the support learning
ecosystem. In the following subsections the adaptive characteristics of the proposed
model regarding logistic, methodology and technology are presented.

2.1 Logistic Model

The i-MOOC platform [21] is used. It has been developed throughout a collaboration
agreement between Tech University of Madrid and University of Zaragoza in 2013. In
2015 the University of Salamanca joined to this agreement.

Figure 1 shows the logistic model that is proposed in this work. The platform may
be composed by “n” virtual campuses, and each virtual campus includes by a set of
aMOOCs.

The adaptive characteristics are:

• Against a classic MOOC, with fixed starting and ending dates and specific week
timetable (all is oriented to users adapt themselves to the MOOC), this proposal has
a wide period of learning that supports different schedules and plans. During this
period the enrolment process is open and every participant decides, from an indi-
vidual point view, the number of aMOOCs that wants to do, also the intensity and
the working schedule.

• Virtual campus definition, each one composed by aMOOCs sharing a common
topic or knowledge field. Each specific aMOOC is independent from the others, but
it can be joined with other aMOOCs in order to create a greater pedagogical unit
and optimize common resources. The interconnection is based on sharing resources,
activities and itineraries (learning paths).

• The training from other aMOOCs is recognized. Common parts to other made
aMOOCs are identified, this way the shared part is validated. For example, if in the
“A” aMOOC a student develops an activity to acquire a specific skill, this student
will not to do the activities related to the same skill in the same virtual campus.
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2.2 Methodological Model

The experience gathered by the authors in previous works about adaptive learning in
online environments [34–36] is used. The research conducted previously has led to
discover basic needs deficiencies that teachers find in their day to day and require
contributions by teachers adapted to each student. In previous experiences the fol-
lowing “adaptive pills” merged to satisfy different needs of adaptivity [37]:

• P1. Self-assessment training.
• P2. Adapted advance to the student’s learning speed.
• P3. Adaptation of learning to different profiles/skills/interests.
• P4. Contributing and sharing resources among a set of users with a common

interest/profile.
• P5. Adapted learning to the acquired knowledge (the results of the activities to be

carried on).
• P6. Monitoring student’s progress.

The combination of these “adaptive pills” are included in the aMOOCs, allowing to
create different learning pathways and other actions that personalize learning.

2.3 Technological Model

For this experience no technological development is needed, because of Moodle [38]
LMS is used. Moodle has more personalization capabilities than other platforms such
as edX regarding educative tools, analysis and SCORM compliance. Also, Moodle is
friendly enough for both instructional designers and students, due to it eliminates some
barriers for creating MOOCs in some specialized platforms. On the other hand, Moodle

Fig. 1. Logistic model
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fulfill the accessibility standards, has mobile access and the allowed resources may be
youtube videos and accessible formats (html, pdf, etc.), which permit the users’ access
from a huge number of devices. The platform has been tested with a vey large number
of students [39].

The large and active developer Moodle community ensures improved versions
(continually updated) including increasingly useful tools. Also external plugins com-
plement the basic installation. All this makes it possible to carry out the methodological
requirements, putting technology at the service of the methodology. Some tools pro-
vided by Moodle are described below, which provide solutions, respectively, to the
needs of adaptivity (adaptive pills Pi) listed above:

• S1 (P1) Quizzes with feedback and hints.
• S2 (P2) Activity completion and Restrict access options.
• S3 (P3) Groups and groupings. Group Choice plugin.
• S4 (P4) Forums (grouping mode).
• S5 (P5) Activity completion and Restrict access options. Lesson.
• S6 (P6) Table of Activity completion.

3 Research Context

The proposed framework has been implemented in the i-MOOC platform [21] through
the “Educational innovation MOOC campus” composed by four aMOOCs. The first
edition of this campus was opened during four months (from November 23rd, 2015 to
February 28th, 2016). The available aMOOCs in this first edition were:

• aMOOC Practical fundamentals of educational innovation (15 h) [40].
• aMOOC Flip Teaching (20 h) [41].
• aMOOC Learning communities (15 h) [42].
• aMOOC Teamwork competence development (30 h) [43].

The used LMS, Moodle 2.8, includes, as elements for adaptivity facilitators, access
restrictions, finalization conditions, groups and groupings, as well as several plugins to
choose the group and to generate certificates, for example. These tools have been used
to make visible the resources done by the students in previous activities (several
resources at the same time or in sequence), to share the works done by the participants
with their peers with the same profile (same interest, same educational level), to offer
different resources depending on the participants’ preferences or previous knowledge,
to offer different learning paths depending on participants’ profile (for example, in the
aMOOC of teamwork competence the chosen profiles are teacher, student and
researcher) and to follow the participant progress.

The evaluation has been made using quizzes and Q&A fora in Moodle with
automatic feedback and faculty feedback. According to the framework proposed in
[28], fora have been used fora to promote discussion between participants and with the
faculty, also throughout the fora participants may upload new resources. Besides,
Google+ “Innovación Educativa Aplicada” social net has been used to share resources
and information.
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The results of an initial survey to detect participants’ profiles and their preferences
with respect to certain adaptive actions to be implemented in a MOOC are presented in
the following section.

4 Results of Implementation

At the date of 19.02.2016 the Educational Innovation MOOC Campus had 870 enrolled
people (the campus closes at the date of 28.02.2016); 519 of them had fulfilled the
initial survey about the participants’ characteristics and their perception about the
possible adaptativity options in future aMOOCs.

Regarding the countries of origin, slightly more than half of the participants are
Spanish; the rest are distributed in 27 Spanish-speaking countries (official language of
the course). The top ten countries are: Spain (53.86 %), Mexico (10.62 %), Argentina
(6.18 %), Peru (5.41 %), Colombia (5.02 %), Venezuela (4.25 %), Ecuador (3.67 %),
Brazil (1.74 %), Dominican Republic (1.35 %) and Bolivia (1.16 %).

With respect to gender, 53.95 % are women. Tables 1, 2 and 3 show the obtained
data about participants’ professional profile, educational innovation previous experi-
ence and motivation for enrolling in the MOOC Campus.

The questions about participants’ preferences regarding adaptivity characteristics
that they will like to find in the aMOOCs, using a Likert scale 1–4, (1- Completely
disagree; 2- Somewhat agree; 3- Sufficient agree; and 4- Strongly agree) are gathered in
Table 4.

Table 1. Professional profile

Self-employed 5.59
K12 teacher 10.02
Secondary teacher (13–18 years) 24.08
Vocational education teacher 10.79
University teacher 22.54
Employee (non teacher) 5.97
Student (non university) 0
University student (education area) 6.55
University student (non education area) 1.93
Other 12.52

Table 2. Educational innovation previous experience

I have not previous experience 21.00
I only have seen information in Internet 30.25
I have applied or apply educational innovation 38.34
I have occupied or occupy a position related to educational innovation 10.40
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5 Discussion

The proposed framework includes the adaptive elements that Sonwalkar [18] estab-
lishes the ALS should have, including adaptive logistic in the way to set up the MOOC
campuses with the aMOOCs and simplified technology to develop the adaptive
learning in each aMOOC, which mean a significant advance in comparison with the
above mentioned proposals [18–20]. The proposed model has been implemented in the
“Educational Innovation MOOC Campus”.

It has been confirmed the heterogeneity of the participants in this experience based
on variables: country of residence (27 different), gender (just over half of women),
professional profile (teachers, students, freelancers and other professions), previous
experience in educational innovation and motivation for the course [28].

Campus participants have given a high valorization to the adaptive processes, with a
value greater that 86 % (including 3- Sufficient agree; and 4- Strongly agree answers).
The perception of usefulness of the logistic proposal in the adaptivity has been con-
firmed, with a special focus on the bigger period to make the course and the method-
ology of each aMOOC, where the navigation adaptation of the contents according their
own learning speed received a 93.64 % of valorization. Regard to learning processes

Table 3. Motivation for enrolling in the MOOC Campus

Expanding my education in general 53.37
Knowing what the educational innovation is, but for now I will not apply 12.72
Starting to apply educational innovation 35.65
Having a new vision of educational innovation 44.12
Researching in educational innovation 46.63
Knowing how the course is organized and/or accessing to the materials 19.27

Table 4. Perception about adaptivity aspects

1 2 3 4

F1- Proposing of different activities depending on my
choice or the results of my evaluation

0.58 4.43 47.98 47.01

F2- Accessing the contents/activities following my
learning speed of work, without a specific timetable to
do that

0.58 5.78 27.55 66.09

F3- Choosing between different difficulty levels in the
contents/activities to reach different learning
objectives

0.39 5.59 41.62 52.41

F4- Organizing interest groups by the same area or the
same experience level to discuss in specific fora

0.77 13.68 43.93 41.62

F5- Choosing different evaluation methods
(self-evaluation, peer review, etc.)

0.96 7.90 45.47 45.66

F6- Organizing peer evaluation also by interest
groups/same area/same level of experience

2.31 10.02 47.98 39.69
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embedded in aMOOCs, 94.03 % indicates that they would like to choose between
different levels of difficulty and different learning objectives. It also indicates that it is
advantageous to use the adaptivity so that they can form homogeneous groups for the
development of the same activity or to discuss between them (85.55 %). However, there
is a 2.31 % that is not agree that peer review is conducted by homogeneous groups. We
should discern whether this rejection is not specifically directed to the activity of peer
review that does not please itself to all participants. All this supports the general rec-
ommendations applying adaptability in MOOCs [6–9].

6 Conclusions

As a general conclusion, it has been shown that the logistic, methodological and
technological model offers new options to the previous frameworks; it may be imple-
mented in a particular product and the campus users of this experience accept adaptivity
on eLearning platforms, in MOOCs and in cooperative activities.

Future work is devoted to process the final data about participation in the campus,
as well as the final satisfaction surveys that validate the model. These actions will make
possible improvements such as:

• Creating new learning pathways within each aMOOC, which fit the profiles of the
participants and the course subject (because of they are related).

• Improving the automatic feedback to perform activities.
• Sending recommendations for other aMOOCs depending on the results of certain

activities.
• Generating different certificates for different purposes within the same aMOOC and

campus certificates.
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Abstract. The use of information technology in mathematics education has
become popular due to the increasing availability of software applications
designed for constructing mathematical representations. In this study, we con-
ducted a usability evaluation of GeoGebra, which is a commonly used math
education tool that provides dynamic geometry, spreadsheet and algebra fea-
tures. This study reports the findings of a usability experiment where we
employed an eye tracker to evaluate the mobile version of GeoGebra. Our
findings suggest that the mobile version primarily replaced the function of the
mouse cursor in the desktop version with the fingertip, and did not take
advantage of the gestures supported by the multi-touch screens of new gener-
ation tablet computers. Based on the empirical findings of the study, design
ideas for improving the usability of the existing GeoGebra mobile interfaces are
proposed.

Keywords: Usability � GeoGebra � Eye tracking � Mobile usability

1 Introduction

Over the last few decades, Information and Communication Technologies (ICT) have
assumed an increasingly important role in the teaching of mathematics and science.
Computers in the classroom have become an indispensable tool for supporting teaching
and learning [14]. Innovations in ICT have made computing a ubiquitous phenomenon
where devices such as computers, tablets, and smart phones are widely adopted in our
daily lives as well as in educational activities.

Advances in computing and multimedia have enabled students to visualize and
engage with mathematical concepts that were not possible with earlier systems or with
the traditional resources such as textbooks. There are several kinds of software
applications that can be used to aid math education [1]. Main types of mathematics
education software that are popularly used by practitioners are predominantly Dynamic
Geometry software, spreadsheets and Computer Algebra Systems (CAS) [5]. Many
pedagogical environments for math education have been developed, such as Cinderella
(www.cinderella.de), Geometer’s Sketchpad (www.keypress.com/sketchpad), Cabri
geometre II+ (www.cabri.com), and GeoGebra (www.GeoGebra.org), sampled among
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many other applications. This study focuses on GeoGebra, because it is a free Dynamic
Geometry Software (henceforth DGS) that also provides basic features of a Computer
Algebra System to bridge the gap between math domains such as geometry, algebra
and calculus [4] and is freely available at www.geoegebra.org. This software combines
geometry, algebra and calculus into a single and easy package for teaching and learning
mathematics from elementary to university level [6].

According to Hohenwarter and Preiner [6], GeoGebra appears to be a user-friendly
software that can be operated intuitively and does not require advanced skills to get
started. It is easily accessible from home as well as from school via multiple platforms.
Students can practice, do homework, prepare for their lessons and revise from home. It
also supports multiple languages and is a great asset for classrooms that have multi-
lingual learners. They can create and share their constructions by using the GeoGeb-
raWiki tool or use the templates provided to customize the tool for their learning needs.
There is a user forum where students and teachers can share ideas and discuss math
problems [7].

Domènech [4] stated that students encounter many types of difficulties when
learning mathematical concepts and solving such problems often require coordinated
reasoning over symbolic expressions and visualizations. Although students can face
structural and visualization problems when learning geometry, developing deductive
reasoning skills can be considered as the biggest challenge for the students. In par-
ticular, students may have difficulty moving from geometry based on shallow visual
properties to a geometry based on a deeper understanding of the structural patterns that
bring together primitive objects such as points and lines for constructing more complex
geometric representations [4]. For example, students can observe how changing the
radius of a cylinder changes the side area both graphically and symbolically in an
environment like GeoGebra. In other words, students can observe the implications of a
visual action on the quantities and vice versa, which will help them understand the
relationships among different ways to represent the same mathematical concept.
Realization of such connections among different representations is considered as an
indication of deep learning of mathematical concepts, and dynamic geometry software
has the potential to stimulate and facilitate the development of such deep level of
understanding.

The realization of such benefits depend on to what extent the interface effectively
supports students to construct and manipulate dynamic representations. Systems such
as GeoGebra requires users to add and manipulate basic primitive constructs such as
points, angles, lines, and circles. These primitives need to be combined in specific ways
to construct even more complex objects that are typically used in the math classroom,
and combining objects often involve specific interface actions such as selecting two
points to combine with a line, or dragging a point to change its coordinates. Although
these interface actions are based on traditional mouse-based gestures used for desktop
applications, learning appropriate use of the features for building math representations
may not necessarily be a trivial matter for the students. Consequently, usability issues
involved with the design of the interface elements and gestures acting on them have
important educational consequences. However, systematic usability studies of primitive
interface elements provided by dynamic geometry tools are not widely covered in the
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literature. Existing evaluations tend to focus more on pedagogical aspects, with the
exception of a few studies focusing on usability concerns.

To the best of our knowledge, there are two main studies focusing on the usability
of similar DGS software. In the first study, Hohenwanter and Lavizca [8] evaluated the
difficulties encountered by the participants while using basic GeoGebra tools through a
questionnaire. This study was carried out with the participation of 44 mathematics
teachers, where they were asked to rate the GeoGebra tools from 0 = very easy to
5 = very difficult. According to the results, Hohenwanter and Lavizca classified the
tools in terms of their difficulty of use, and stated that “easy-to-use” tools can be
discovered via individual experimentation at home or school, the “middle” difficulty
tools should be demonstrated by the instructor, and the “difficult-to-use” tools require
both guidance and planned exercises to master their use [8]. The second study was
conducted by Konterkamp and Dorhman [9], where they used a prototype of Cinderella
to investigate the affordances of multi-touch screens for constructing geometric objects.
In particular, they evaluated how Cinderella supports multi-touch features. Their
findings pointed out that existing interfaces do not adequately take advantage of
multi-touch features and function primarily as an extension of pen-based single touch
interfaces [9].

Given the recent proliferation of mobile DGS applications and their increasing
potential for widespread use, this study aims to explore to what extent the recently
released table version of the popular GeoGebra system makes effective use of the
affordances of mobile user interfaces. In particular, the purpose of this study is to
explore the effectiveness of the iPad version of GeoGebra, and to suggest interaction
design ideas to improve upon the detected usability issues.

2 Methodology

In this study, we conducted a usability evaluation of the recently released iPad version
of GeoGebra by using a Tobii X2-60 eye tracker mounted mobile stand. The study
aims to identify usability issues in the present mobile interface in an effort to explore
ways to improve students’ engagement with geometric reasoning by constructing,
manipulating and reflecting upon geometric objects. Based on the ISO 9241-11 [2]
definition of usability, the evaluation focused on efficiency, effectiveness and satis-
faction dimensions.

2.1 Design of the Study

Participants. Our sample included 10 participants who are graduate students at a local
university, which presents one of the target user groups for the developers of dynamic
geometry software. The average age of the participants was 26.5 (range: 24–31). The
majority of the participants were female (7 female, 3 male). Subjects from several
different specialty areas in field participated. 5 of the participants had an Engineering
Sciences background, 3 participants were enrolled in Basic Sciences (Math & Statistics),
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and two participants were majoring in Educational Sciences. Before the experiment
participants were asked to rate their basic math and computer skills between 1–9. On
average the participants rated their computer skills and basic math skills as 7.8 and 6.2
respectively. None of the participants had any prior experience with GeoGebra or a
similar dynamic geometry application (Fig. 1).

Materials, Apparatus and Software. The first data collection instrument employed is
a scaled down version of the System Usability Scale (SUS) questionnaire developed by
John Brooke from Digital Equipment Corporation [3]. This scale allows researchers to
carry out a quick and practical usability evaluation of a given user interface. As Sauro
argued SUS can be used on very small sample sizes (as few as two users) and still
generate reliable results [10].

In this study, a Tobii X2-60 eye tracker was used together with a special stand for
mobile devices (Fig. 2). This eye tracker device can track both eyes of the participants
at a rate of 60 Hz to gather information about the duration and the location of their gaze
movements by using infrared cameras [13]. The Tobii X2-60 is a small and portable
eye tracker, so it can be used for usability studies conducted with different interfaces
such as laptops, mobile devices, as well as real word interfaces and TV screens [12].

2.2 Data Collection Procedure

During the usability study, a set of geometric construction problems that could be
completed within an hour were given to each subject (Table 1). The tasks were adapted
from the tutorials prepared by the Virtual Math Teams (VMT) project team [11]. Before
the experiment, frequently used GeoGebra tools while solving geometry problems were
introduced together with an example for constructing an equilateral triangle by using
dynamic circles. The tasks we used in this study were related to the use of basic features
of the system. We did not expect the users to reach perfect solutions to the given

Fig. 1. GeoGebra Tablet Interface
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problems in this study. We just sought to find out if they could construct an acceptable
dynamic geometry presentation and, if yes, how much effort they put in constructing it.

2.3 Data Analysis

In this study a mixed methods approach was employed for the analysis of usability
issues involved with the tablet version of GeoGebra. After the experiments, data
gathered from the eye-tracker were analyzed quantitatively. For this analysis, areas of
interest (AOI) over the GeoGebra interface were defined, and then various eye tracking
measures were extracted such as time to total visit, mouse click count, percentage of
time spent on an AOI, number of fixations prior to first fixation on an AOI, percentage
of participants who fixated the target at least once by using the Tobii Studio Software.
In addition to this, a task analysis was conducted to guide the statistical analysis of the
eye tracking data. The overall SUS rating for the Geogebra mobile system is calculated
based on the participants’ responses to the questionnaire they filled after the experi-
ment. Finally, participants were asked open-ended questions after the experiment about
the difficulties they had while using the GeoGebra mobile interface.

3 Results

3.1 SUS Evaluation

Table 2 summarizes the SUS scale ratings of the participants collected after the
experiment. The SUS score (47.0) was found to be below average.

3.2 Task Analysis

The analysis of task performance is carried out in 3 steps. First, overall measures of
accuracy and completion times are provided for all tasks. Next, the analysis is elab-
orated further via a hierarchical task analysis, where the sequence of actions performed
by subjects in each task is compared with respect to expected solution steps. Finally,
the analysis is further developed with eye tracking measures, which aim to provide

Table 1. Tasks of the study

Task 1: Draw any triangle, show its angle and edge length and add any edge length of this
triangle.

Task 2: Draw a straight line passing through the points A (5, 0) and B (0, 2) and indicate
the equation of the line.

Task 3: Without using the polygon tool form a square. Prove that the shape is a square.
Task 4: Draw a graph of the equation y = 3 � 2 + 5.
Task 5: Draw three parallel lines and form an equilateral triangle, which should touch the

parallels at its corners.
Task 6: Using only circles and line segments draw a hexagon. Prove that the shape is a

hexagon.
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further insights regarding the attentional resources participants used while attempting
the construction tasks.

First, we identified the number of correctly solved and unsolved cases for each task.
All participants were able to complete tasks 1, 2 and 4. Participants seemed to struggle
the most with tasks 5 and 6. One participant failed to complete task 3. On average
subjects took more time to complete tasks 5 and 6. The length of the interquartile range
is also higher for tasks 5 and 6, which indicate a higher level of variability among
participants as compared to other tasks. Since the task completion values were not
normally distributed, a non-parametric Friedman’s ANOVA test was used for statistical
comparison. Friedman’s ANOVA showed that there is a significant difference among
the tasks in terms of their completion times, v2 = 24.19, p < .01. Follow up pair-wise
comparisons with Wilcoxon Signed Rank tests found that the difference between tasks
1 and 4 (z = −2.70, p < .01), 1 and 5 (z = −2.19, p < .05), 1 and 6 (z = −2.37,
p < .05), 2 and 3 (z = 2.19, p < .05), 2 and 4 (z = 2.80, p < .05), 2 and 5 (z = 2.20,
p < .05), 2 and 6 (z = 2.37, p < .05), 3 and 5 (z = 2.20, p < .05), 4 and 5 (z = 1.99,
p < .05), 4 and 6 (z = −2.37, p < .05) were statistically significant.

In order to further analyze the task performance of the participants, transcripts that
capture the sequential list of actions performed by each participant while attempting the
geometric construction problems from the eye tracking videos. These transcripts cap-
ture a short description of each move, its time-stamp or time duration, the total number
of fixations and the average fixation duration logged during that move. Each line of
action in the transcript is classified into three basic categories; visual search, con-
struction actions, and actions that indicate failure or repair. Visual search refers to those

Table 2. SUS scores of the study

1 2 3 4 5 Score

1- I think that I would like to use this system frequently. 5 3 2 0 0 5
2- I found the system unnecessarily complex. 1 3 4 1 1 22
3- I thought the system was easy to use. 2 1 4 3 0 18
4- I think that I would need the support of a technical
person to be able to use this system.

2 3 1 3 1 22

5- I found the various functions in this system were well
integrated.

1 3 2 4 0 19

6- I thought there was too much inconsistency in this
system.

3 2 3 2 0 26

7- I would imagine that most people would learn to use
this system very quickly.

2 0 4 4 0 20

8- I found the system very cumbersome to use. 2 3 1 3 2 21
9- I felt very confident using the system. 2 3 2 3 0 16
10- I needed to learn a lot of things before I could get
going with this system.

2 2 1 3 2 19

Total 188
SUS Total 188 * 2.5 = 470
SUS (Average) 470/10 47
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segments where the user visually scans the interface without tapping on any items,
indicating that he/she is searching for the relevant system features. Construction actions
refer to drawing new objects such as adding a point, line, etc., Repair or failure actions
include cases when the user performs an undo, erases an existing part of the dynamic
drawing, or decides to quit the task. A total number of 1373 action descriptions were
categorized.

When we investigate the transcripts, we see that participants spent 22 % of their
total time on searching for relevant drawing features that they may use to solve the task
at hand, 58 % of their total time while constructing drawings, and 20 % on repairing or
erasing existing parts of a drawing.

For each segment categorized as visual search or construction, average fixation
duration and the number of fixations were also recorded as indicators of efficiency and
cognitive workload. Since undo and erasing actions took on average small amount of
time, those segments were not subjected to fixation analysis. Figure 2 shows the dis-
tribution of average time duration for each visual search and construction action. A two
way ANOVA analysis showed that the average time spent on visual search was sig-
nificantly higher than average time spent on construction actions, F(1,1013) = 10.093,
p < 0.05. There was also a significant interaction effect, F (5, 1013) = 2.655, p < 0.05.
This is due to the fact that the time spent on visual search is especially higher than
construction in tasks 3 and 6, which indicates that subjects had more difficulty finding
related drawing features during these tasks. There are also cases such as tasks 1 and 5
where visual search and construction actions had similar average time.

Figure 2 shows the distribution of total fixation counts for each segment type across
all tasks. A 2-way ANOVA showed that the visual search segments have significantly
higher number of fixations as compared to construction segments, F(1,1008) = 13.472,
p < 0.01. The difference was particularly high for tasks 3 and 6, which suggest that
subjects searched the interface more vigorously in these tasks. The interaction of
segment type and task was also significant, F(5,1008) = 2.280, p < 0.05, which is due

Fig. 2. Average time spent and mean number of fixations during visual search and construction
episodes across all tasks.
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to the fact that some tasks such as 1 and 4 had almost equal mean fixation counts for
search and construction segments.

Figure 3 shows the distribution of average fixation duration values observed in
search and construction segments for all tasks. A 2-way ANOVA conducted on average
fixation duration values showed a significant effect of segment type, F (1, 1008) =
9.372, p < 0.01. Construction segments have higher average fixation values than visual
search segments. The interaction effect was not significant, F (5, 1008) = 0.991,
p > 0.05, so the pattern of relationship is preserved across different tasks. This suggests
that the fixations that guide the construction of dynamic figures tend to elicit higher
average duration values than fixations that guide the search process.

4 Discussion

Our first research question is concerned with the usability issues involved with the
tablet version of GeoGebra. Our main findings regarding this question are discussed
under the sub-titles of effectiveness, efficiency and satisfaction.

4.1 Effectiveness

In order to evaluate the effectiveness of the GeoGebra interface, we focused on the task
accuracy statistics. Tasks 1, 2 and 4 were accurately completed by all participants,
whereas tasks 3, 5 and 6 were not accurately completed by 1, 4 and 3 of the participants
respectively. Tasks 3, 5 and 6 included additional problem solving steps, whereas other
tasks could be considered more routine application of the drawing tools. However, the
main goal of GeoGebra is to help students explore geometry through building such
dynamic constructions, so we believe such tasks are still relevant within the context of
a usability study.

Fig. 3. The distribution of average fixation duration values in each segment type across all tasks
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The highest number of failures in the experiment occurred while participants
attempted Task 5. There were two important issues in Task 5. The first one was to draw
3 parallel lines by using the parallel line tool. The other was to construct an equilateral
triangle. The problem mostly faced by the participants who used the parallel line tool
was for them to put points instead of drawing a line. To use the parallel line tool in
GeoGebra, it was necessary to choose another line firstly and then to draw another line
parallel to it. In other words, after clicking the parallel line tool, firstly the line targeted
would be clicked and then the screen would be clicked to draw the desired parallel line.
The participants who did not know at first that they needed another line faced this
problem, and then formed a line to solve this problem, but this time they went on
putting points as they did not know the order of clicking. Although the drawing of an
equilateral triangle, which is another element of the task, was easy for some partici-
pants, it proved difficult for others. Unable to notice that an equilateral triangle could be
drawn by using the regular polygon tool, the participants lost time using the other
polygon tools.

4.2 Efficiency

We considered the time and the number of steps each task took as indicators of
efficiency in this study. The box-plot in Fig. 3 shows the distribution of completion
times measured in seconds for each successfully completed task. The box-plot shows
that on average subjects took more time to complete tasks 5 and 6. The length of the
interquartile range is also higher for tasks 5 and 6, which indicate a higher level of
variability among participants as compared to other tasks.

When the number of steps it took participants to complete each task was examined,
we found that Task 6 took the most number of steps as compared to all other tasks,
which on average took 40 steps to complete. While completing this task, most of the
participants had difficulty forming circles with the same radius that intersect with each
other. To intersect them accurately, they were required first to draw a circle with center
A and passing through point B, and then click on point B to select it as the center of the
second circle and then select point A to let the new circle pass through A. Participants
ended up drawing two intersecting circles that did not share the same radius. Another
case in which the participants had difficulty was to form new intersecting points on
these intersecting circles. Most of the participants searched for the intersection tool for
a long time. It did not occur to them that the point tools could be in the subtitle.
Considering the task and the way the tool is used, they seemed to ignore the possibility
that the point tools would be in the subtitle, and so they looked for them at different
parts of the interface for a long time. Participants also had problems with using the
intersect tool. This was probably because the expected way to use the intersect tool
requires users first to click on one of the circles and then on the other circle. Those who
tried to put the intersecting point immediately without doing these two steps process
failed. Another problem frequently faced by the participants was the accidental deletion
of all existing constructions on the screen. The users, therefore, had to redraw the
circles which they had already formed previously.
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4.3 Satisfaction

Participants’ satisfaction with the tool was investigated through the SUS scale results as
well as the post interview comments obtained via open-ended interview questions after
the experiment. Table 2 summarizes the SUS scale ratings of the participants for the
Tablet version of GeoGebra as 47.0, which was below average according to Sauro’s
criterion [8]. This suggests that there are important usability issues limiting users’
overall satisfaction with the interface.

Participants’ post interview comments provided further insights into their level of
satisfaction with the GeoGebra interface. For instance, Participant 2 reported that she
was bored because of not being able to do what she has done in GeoGebra in one time.
Noticing the input bar and finding “double click to open input bar” message was
difficult. Moreover, she stated that she could not put the points in specific places with
precision. The necessity of selecting the targeted object or the drawing tool at every
time was boring. The undo button sometimes undoes everything to the initial state.
Similarly, participant 3 stated that typing a function into the input bar makes it harder to
select the points that are not in the axes and the use of the Erase tool was not very clear.
Participant 4 reported that priorities can be given while two different things such as
point or line are input. Participant 5 stated menus in which some geometry shapes are
provided together with text descriptions of the functions was not user-friendly.
Moreover, he also commented that input area where functions are written was hard to
see. Participant 6 reported that she could not get used to touch pad since her hands
sweat. She could not understand what the slider tool really does. She emphasized she
could not draw a triangle by entering 3 in the Regular Polygon tool as input. Moreover,
she stated that it was not easy to understand what can be done in the input bar.
Participant 7 also commented that the Input bar was not user friendly. Furthermore, she
reported it was hard for her to draw 2 intersecting circles and it was so difficult to mark
a desired point. Participant 8 stated that Pictures (Icons) do not indicate the purpose of
the button. She suggested that any help of the system will make it easier to be used.
Participant 9 reported that while he was drawing a polynomial curve, it takes time to
find that the function should be inserted in the input area.

4.4 Suggestions for Improvement

Our usability analysis highlighted some of the difficulties users faced when they were
given the task of making specific constructions with minimal supervision. Some of the
issues we found could be detrimental to the broader educational adoption of the tool, so
we also aimed to suggest some interface design improvements that may help mitigate
some of the usability issues we found out.

A peculiar issue our participants had with the angle tool was to put the angles in the
desired part of the drawing. In the current interface you need to click on three points in
either clock-wise or counter-clockwise direction to mark an internal or external angle.
Alternatively, the system could allow users to select the location of the angle with a
hand gesture similar to how we draw angles on paper by drawing a small arc con-
necting two existing line segments. In this new feature, after the user selects the angle
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button, he will draw a short arc touching on both segments between which the angle
should appear. Until the user lifts his finger from the screen, the system can display a
visual feedback by highlighting the line segments implicated and the anticipated area
where the angle will appear. Such a feature would simplify defining angles by elimi-
nating the need to identify 3 points in a specific order, and providing a more naturalistic
method based on a familiar with drawing.

Given the limited display size, it is generally difficult to make precise drawing or
editing actions on a tablet window. There are existing solutions for guiding text editing
movements over mobile interfaces where users can hold and drag to open a zooming
lens, which allows them to make more precise movements such as inserting the carat or
highlighting a specific portion of the text. Intersecting geometric objects, placing points
at specific places may benefit from such guidance as well.

Participants also experienced difficulty with managing text input via interfaces such
as the Input Bar and the Redefine window. The fact that GeoGebra is making use of the
standard keyboard of iPad seems to be contributing to this issue. A keyboard that is
optimized for the math notation expected by GeoGebra would make such interfaces
easier to use for the users.

Problems faced by the participants with moving and deleting existing objects on the
interface motivated another possible design improvement. In the current interface,
before moving an object one needs to click on a button to switch the cursor into the
selection mode, which requires an additional step almost always forgotten by the users.
In such cases users ended up moving only a part of the construction, which distorted
the overall structure, and required the use of the undo button. Since the moving
operation requires clicking on and dragging the object, when the user clicks on the
object for a brief amount of time, a context menu may open (e.g. like a right click does
on most operating systems) which may present a few alternative actions such as Move
or Delete.

5 Conclusion

In this study we conducted a usability evaluation of the recently released iPad version
of GeoGebra, which is one of the first dynamic geometry applications that allow users
to construct and view dynamic figures on mobile devices. Overall, we aimed to identify
if GeoGebra is effectively taking advantage of touch-based gestures to support the
construction of dynamic geometry objects, and to explore in what ways the interface
can be explored to make abstract geometry concepts more tangible for students.

Our findings suggest that the mobile version primarily replaced the function of the
mouse in the desktop version with the finger, and did not take advantage of the gestures
supported by the multi-touch screens of new generation tablet computers. GeoGebra
should take better advantage of the unique affordances of multi-touch features, such as
the ones proposed by Konterkamp [9] in the context of dynamic geometry over smart
boards, where users can draw a line by using two fingers at the same time, or draw a
circle by having one finger as the center together with an arc gesture circling around the
center. We believe recognizing such gestures will contribute to the overall usability of
the GeoGebra mobile interface and its further adoption by the educational community.
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In addition to this general lack of support for multi-touch actions, we identified other
usability issues and offered possible interface design ideas that may help users over-
come such issues.

The existing GeoGebra platform is mathematically very versatile and comprehen-
sive, and it holds great potential for transforming math education at all levels starting
from elementary school to graduate level education. However, making those versatile
features difficult to access will inevitably hamper the general adoption of the tool and
the effective use of dynamic constructions for math learning. We hope that the open
source community supporting the development of GeoGebra will address the issues
identified in this study in the near future.
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Abstract. Data-driven learning in combination with emerging academic areas
such as Learning Analytics (LA) has the potential to tailor students’ education to
their needs [1]. The aim of this article is to present a web-based training platform
for primary school pupils who struggle with the acquisition of German
orthography. Our objective is the improvement in their writing and spelling
competences. The focus of this article is on the development of the platform and
the details concerning the requirements and the design of the User Interface
(UI). In combination with Learning Analytics, the platform is expected to
provide deeper insight into the process of spelling acquisition. Furthermore,
aspects of Learning Analytics will help to develop the platform, to improve the
exercises and to provide better materials in the long run.

Keywords: German orthography � Technology-enhanced learning � Learning
analytics � Educational media

1 Introduction

This article introduces the workflow and the interface design of a prototype development
in the field of German orthography with a strong approach on LA. The platform,
IDERBLOG1, which is described in Sect. 3, aims to solve this issue by combining
Technology Enhanced Learning (TEL) and LA with the acquisition of German orthog-
raphy [2, 3]. The platform, which will be released in the course of 2016, will serve as a
motivating innovation for children to acquire German orthographymore easily. Teachers
and researchers will benefit from the application which supports their decision-making
process by providing them with possible educational interventions [3, 4].

The platform is based on Learning Analytics. The amount of data produced in the
field of education is used by various kinds of institutions worldwide [5]. This kind of
interaction leaves traces behind so that the learners’ behavior can be analyzed [6].

1 Platform IDERBLOG, available online: http://iderblog.eu/ (German language only, last visited
December 7, 2015).
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The students’ interactions with the learning platform are captured for analysis as well in
order to gain further understanding, knowledge and insights about a learners’ learning
process [7]. This information can then be used for early detection of learning issues and
enables teachers to actively intervene [8, 28]. The platform IDERBLOG will use this
information in order to enhance the acquisition of German orthography, since problems
in the field of German orthography affect primary school pupils’ as well as university
students’ in everyday life situations [2].

1.1 Outline

The next section gives a short overview of the German orthography as well as LA. The
subsequent sections are concerned with the planned workflow of the platform devel-
opment, its prospects for self-learning and the process of interface designing. The last
section will focus on the outlook and benefits of the platform.

2 Related Work

2.1 German Orthography

As the German orthography uses an alphabetic writing system, it is characterized by the
fact that the phonemic structure of spoken language is mirrored in written language [9].
This leads to the assumption that words are spelled as they sound. Although the
German orthography is much more transparent than the English one, where “the
alphabet contains just 26 letters [which] correspond to 44 phonemes associated with
102 functional spelling units” [10], it is not as transparent as, for example, the Turkish
one. The reason for unreliable correspondences lies in the missing 1:1 phoneme-
grapheme-correspondences of the phonological principle, which is often caused by
interfering principles of the semantic principle [2]. In contrast to the overall opinion,
the majority of correct spellings can be systematically explained.

The co-existence of these principles has a huge impact on spelling instruction and
acquisition [2]. One problem is, that the German orthography is often not taught
systematically due to the missing knowledge of the orthographic system and its the-
oretical foundation. Consequently, many students experience spelling instructions as
boring and formal, despite the fact that correct spelling is considered rather prestigious
within the German-speaking world [11]. “In contrast to other areas of language
learning, there is hardly space to argue about the correct or incorrect spelling of a word.
This orthographical stiffness can probably serve as an explanation for its importance”
[2]. Spelling competence is often reduced to a person´s knowledge of the correct
spelling of given words and the rules of orthography. However, it is important to
understand that it includes also being sensitive to misspelled words, knowing how to
correct them, using spelling aids and applying strategies to prevent spelling errors in
the long run [2, 13]. The consideration of this definition of spelling competence is
fundamental for the applied approach in the project IDERBLOG.
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2.2 Learning Analytics (LA)

LA focuses on “the measurement, collection, analysis and reporting of data about
learners and their contexts, for purposes of understanding and optimizing learning and
the environments in which it occurs” [31]. According to Campbell et al. [16], an
analysis process has five steps: capture, report, predict, act and refine. Clow [17] used
these five steps as a basis for his iterative learning analytics cycle which states that the
loop should be closed. Khalil and Ebner [7] added stakeholders to the cycle according
to their visions and missions. In addition, they spot the light on some of the ethical
issues of LA and proposed an anonymization framework to preserve privacy of stu-
dents [32]. The learners’ data have to be processed in a specific mode in order to
conduct scientific analysis and in order to support teachers and students with the
adaption of their teaching and learning approach [26]. As a part of the previous
frameworks, an adequate visualization has to be applied to present the feedback as
simple and informative as possible to the stakeholders [14, 15]. Furthermore, analytical
approaches to model a learner’s profile based on their answering behavior and the
analysis of different error types can lead to findings that help to enhance the whole
learning process [18, 19].

3 The Platform

3.1 The Concept

The platform IDERBLOG tries to combine the development of writing skills, the
acquisition of orthographic competence and the use of modern means of communi-
cation and digital instruments [2]. The aim is not to replace handwriting with the
keyboard, but rather take advantage of the digital age: On the one hand, a text written
on the platform can be published on a blog. Thereby, the platform is “providing
relevant reasons and audiences for writing” [20]. On the other hand, the text is first
analyzed automatically regarding spelling mistakes based on Learning Analytics and
can consequently be edited several times. It is expected that the motivation to formulate
a text and to revise it many times with the prospect of publishing it, is higher compared
to typical essay writing in a classroom [2].

The analysis is conducted by the core of the platform, the intelligent dictionary,
which also serves as the basis for training orthographic skills. By this, the children
should be encouraged to reflect and think about the language to become aware of the
structure of words [24]. It categorizes mistakes in order to offer specific feedback and
hints for correcting the misspelled word. Based on the mistakes it also provides a
qualitative analysis of orthographic problems for teachers. Additionally, these cate-
gories of mistakes are connected with a number of exercises in a training database [2].

The platform for the project is currently under development and not available for
public presentation yet (rollout in 2016). However, the planned workflow and the
general concept to ensure good age-appropriate usability and interface design [3] will
be described briefly in the following sections.
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3.2 Intelligent Dictionary and Feedback

The main idea behind the intelligent dictionary is that in case of a spelling mistake
hints for corrections are provided. This stands in contrast to conventional autocorrec-
tion systems, which only give the information that something is wrong and/or imme-
diately provide the correct word. The intelligent feedback system is based on the
findings, that it is important to offer exercises and hints that allow the autonomous
correction in a motivating context, in order to acquire correct spelling [30]. Therefore,
the hint for correcting a mistake is given by a feedback that is formulated in a way that
the learner has to think about the spelling [2].

For example, due to the morphological principle of the German orthography a
word/morpheme is always spelled in the same way. Because of the phenomenon of
terminal devoicing, there is a difference in the pronunciation, depending on the position of
the obstruent (e.g. thewritten <g> is pronounced devoiced in /tak/ ‘day’ because it is at the
end of the word, but voiced in /tage/ ‘days’ because it is at the beginning of the syllable).
Therefore, children often spell /tak/ due to the phoneme-grapheme-correspondences
incorrectly <*Tak> instead of <Tag>. In case these kinds of mistakes happen, the in-
telligent dictionary gives feedback that encourages the pupil to contemplate on a longer
form of this word in order to decide which letter is the correct one.

The different categories for mistakes in the intelligent dictionary are based on the
theory of German orthography e.g. [12]. Furthermore, various approaches as well as
requirements for qualitative analysis of misspellings are considered [2, 29].

For teachers and parents, the platform will offer overall feedback of the student’s
performance. In combination with LA we plan to: (a) make in-depth analysis [26] of
occurred misspellings for better understanding of the process of spelling acquisition;
(b) predict the performance of students; (c) make recommendations for personalized
exercises; (d) offer a reflection about recommended exercises and changing perfor-
mance in the student’s spelling acquisition; (e) benchmark possible weak points of the
platform.

3.3 General Workflow for Text Creation and Correction

The students, as shown in Fig. 1, can write their texts on the provided platform (1). First,
the text will be analyzed orthographically by the intelligent dictionary (2) [2]. Proper
feedback, based on the error type and category, will be provided to the students. Then
they have the choice to either try to correct the text (3) or submit directly (4). This
intermediate step encourages pupils to correct misspelled words independently and
self-reflexively [21]. After submission, the teacher gets a notification (5) and inspects the
text for further correction and/or improvements as well as personal notes for the student
(6). The result is then delivered back to the students for inspection (7). After this step, the
text may be published in the provided class blog (8). Based on the recommendations
made by the system, the student can choose between different exercises (9) and/or take
the exercises suggested by the teacher (10).
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3.4 Student’s Workflow

Figure 2 shows the detailed workflow of a student. After the Login an overview over
all submitted texts will be provided with the feedback given by the teacher as well as
further information and hints for possible self-study exercises, provided by the training
database. The process of text creation is outlined in Fig. 2 as well. The process is
designed to be as simple as possible in order to ensure an easy usability and can be
directly started with one click after the Login.

3.5 Teacher’s Workflow

Figure 3 shows the workflow of the teacher. In order to offer schools, classes and
students an easy registration a separate usermanager is provided. The system also
allows the administration of the classes. In case a student loses his/her password it can
be easily reset. The teacher area gives an overview over all texts of the classes in which
the teacher is active. A separate area will inform the teacher if there are new texts
available for correction. An overview of occurred mistakes and suggested exercises
will be provided for the class as well as for the individual student. This information can
then be used for early detection of learning issues and enables teachers to undertake a
proper intervention [8, 28].

Fig. 1. General workflow of the text creation and correction [2]
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If there is a new text available, the teacher can further inspect the text and correct it
if necessary. Additionally, errors which may not have been detected and categorized by
the intelligent dictionary can be categorized. This ensures a qualitative analysis of all
misspelled words of a given text by the teacher. Consequently, the system will rec-
ognize and categorize the error correctly in future submissions.

3.6 Training Database

A training database is provided by the platform. It contains selected existing online and
offline exercises (currently 260). Online exercises that are exclusively developed for the
project will also be added. The preselection of exercises helps teachers to support
students with the improvement of the performance in problematic/challenging areas
identified by LA. For a better overview, these exercises and worksheets are congruently
ordered in categories and sub-categories of spelling mistakes [2]. All exercise types are
available to teachers and students for free [25].

4 Interface Design

The platform is designed for primary school children, aged 8 to 12. The focus lies on a
graphically appealing and age-appropriate web interface [22]. As suggested in the
NMC Horizon Report [1], we reviewed the possibility to include the pupils as

Fig. 2. Student’s workflow

410 M. Ebner et al.



co-designers in the process. A graphic designer created drafts and color schemes for the
project that have been examined and rated by students from different schools and
classes. The favored design by the majority has then been developed further and
integrated into the platform. The process is shown in Fig. 4.

To guarantee easy usability of the platform, we had to ensure that the students can
reach the most important parts of the platform in less than five clicks. This convenient
accessibility in combination with attractive figures should ensure high motivation in
fulfilling the task of writing texts. In ongoing usability tests [23] we continue to
improve the concept step by step [2].

In the next subsections, interesting areas are presented in form of mockups with a
brief description.

Fig. 3. Teacher’s workflow
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4.1 Student’s Writing Area

After the login, the student may start the writing process, as described in Fig. 2, with
one click. Figure 5 shows the first review stage with information concerning wrong
written words (in this case two). Further information on how to handle this error will be
displayed by clicking on the marked word. With this information, it should be possible
for the student to correct the word and submit the text for another check, if necessary.
This intermediate step facilitates independent and self-reflexive corrections among
pupils [21].

Fig. 4. Figure creation: first prototypes (left) and final figures on the webpage (right)

Fig. 5. Student’s writing area
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4.2 Teacher’s Correction Area

After the students’ final submission, the teacher will be informed about it. She or he has
then the possibility to review the different steps of contributions by the student (if there
has been more than one) in order to examine the independent correction abilities.
Furthermore, as shown in Fig. 6, the teacher is able to correct the text, give notes and
make it ready for the publication in the blog. Additionally, errors which may not have
been detected and categorized by the intelligent dictionary can be categorized in this
step. Once the teacher has finished the review, the student will be informed and can
inspect the text and take further actions, e.g. look into online courses or exercises
recommended by either the teacher or the system to improve her or his own abilities in
writing.

5 Outlook

This article introduces a platform for children aged 8 to 12 with the goal to motivate
them to improve their spelling skills via writing and publishing texts in a blog. During
the text creation process, students benefit from automatic feedback provided by the
intelligent dictionary. This feedback is based on categories with age-appropriate
responses for mistakes. Furthermore, the platform provides a qualitative analysis for the
teacher, who can use the results to help pupils with the improvement of word spelling.
A training database provides teachers and students with proper exercises for supervised

Fig. 6. Teacher’s correction area
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and unsupervised learning. LA is used for in-depth analysis [26] of the occurred
misspellings and will help to understand the process of spelling acquisition in detail.
The results and an overview of possible systematically made mistakes will be presented
to students, teachers and parents in an appropriate way. This allows the measurement of
a student’s performance in the long run [27]. It is expected that this unique combination
in one platform has a positive impact on didactic approaches, education and science [2].
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Abstract. In any learning environment, training activities are the basis
for learning. Students need to practice to develop new skills and improve
previously acquired abilities. Each student has specific needs based on
their previous knowledge and personal skills. The allocation of a proper
activity for a particular student consists in selecting a training activity
that fits the skills and knowledge of the student. This allocation is par-
ticularly important since students who are assigned a too hard training
activity will tend to leave it rather than making the necessary effort to
complete it. Moreover, when the activity is too easy it does not rep-
resent a challenge for the student and the learning outcomes will tend
to be very limited. An motivating activity, suitable for a given student,
should be neither too easy nor too difficult. The problem arises when
trying to measure or estimate the difficulty given any training activity.
Our proposal is a definition of difficulty of a learning activity that can
be used to measure the learning cost of a general learner. As a first step,
the desirable features and the intrinsic limitations of a difficulty function
are identified, so that a mathematical definition can be obtained quite
straightforward. The result is an intuitive, understandable and objec-
tively measurable way to determine the difficulty of a learning activity.

Keywords: Difficulty estimation · Learning activity

1 Introduction

Learning is a fascinating event that happens in nature as the maximum expres-
sion of adaptation. Having the ability to learn means being able to remember past
events and associate them with present situations to take decisions. Although
quite a few low-level mechanisms of learning remain unknown, life experience
suggests that there is a strong correlation between the activities any individ-
ual performs and learning. This is the basis for training and education: creating
experiences to make learners’ brains adapt and remember. In fact, learning expe-
riences designed by the teachers in order to generate concrete learning outcomes
on learners are often referred to as Learning Activities.

c© Springer International Publishing Switzerland 2016
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The space of possible learning experiences is huge so, which experiences are
more suitable for a learning objective and a particular learner? Among others,
the concept of difficulty has a very important role to play in this context.

Difficulty is a widespread concept and it can be intuitively defined as the
abilities and cost for a learner to successfully complete a given learning activity.
In spite of being subjective, it is considered among the main factors determining
learners’ motivation [4,5,13,26,27]. In order for optimize learning, difficulty of
any given exercise should match abilities of the learner [12,14,19,24,28]. Match-
ing the abilities means being so difficult as to be an interesting challenge, at
the same time as being so easy to be reachable with a limited amount of effort
in time.Therefore, correctly estimating the difficulty of learning activities is the
first step to be able to optimize the learning process.

The main objective of this research is creating a definition of difficulty of
a learning activity that can be used to measure the learning cost for a gen-
eral learner. A general learner would be any individual that performs learning
activities and improves its results, as a consequence of learning.

A brief background about the research context is presented in Sect. 2.
Section 3 identifies the information sources available for measuring difficulty.
The desired properties and the limitations of difficulty measures are presented
in Sects. 4 and 5. Section 6 is devoted to design some mathematical functions
that meet the properties and give useful outcomes as well as analysing their
usefulness for learning activities. Finally, the conclusions and future work are
presented in Sect. 7.

2 Background

To understand the relation between difficulty, motivation and learning, let us
focus on the notion of Flow Channel (Fig. 1) [7,25]. The Flow Channel represents
the way difficulty and skills of the learner relate to each other:

– When difficulty is much higher than learners’ skills, anxiety appears. This
is psychologically explained by learners perceiving their skills as insufficient,
thus getting demotivated. They normally feel that the activity requires too
much effort compared to their perceived capabilities. This often leads to early
abandon.

– On the contrary, if learners’ skills already include what the activity provides as
learning outcome, boredom shows up. Having to invest time and/or resources
to get an already possessed outcome is interpreted as lost time. Interest van-
ishes, motivation decreases and boredom appears.

– When skills and difficulty are balanced, learners enter a state of Flow. In Schell
words [25], Flow is sometimes defined as a feeling of complete and energized
focus in an activity, with a high level of enjoyment and fulfilment.

This research assumes The Flow Channel theory as a key point for improving
the design and selection of learning activities.
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Fig. 1. Representation of the flow channel, by Csikszentmihalyi [3]

Some research work has been carried out calibrating difficulty by analysing
student historical data [21], or using linear regression to estimate difficulty based
on user data [2] or even on generating exercises automatically with a given estab-
lished difficulty [20,22]. But these studies are spread, discontinued and seem to
be disconnected from each other. In general, the concept of difficulty within the
academic world does not seem to capture too much attention.

More studies related to difficulty can be found changing the focus to the
field of Computer Games. The parallelism with academic learning is complete:
if a level of a game is too difficult or too easy, players tend to stop playing the
game. Therefore, it is vital for a game to have a well designed progression of
difficulty, if willing to catch the attention of the players. Most studies in this
field try to develop methods to dynamically adjust difficulty to match player’s
skills [9,10,15,16]. All these studies use existent levels of difficulty proposed in
present Computer Games and focus on selecting the most appropriate for each
player and game being played. Hunicke and Chapman [9,10] take measures of
performance of the player and tries to predict if the player is going to fail to
anticipate and adjust the level of difficulty. The proposal is completely specific
to First Person Shooter (FPS) games [23], as measures are defined for this specific
type of gameplay. Mladenov and Missura [16] use data collected from previously
played games to analyse a set of gameplay characteristics and input this data to a
supervised Machine Learning algorithm. The goal is to have an offline prediction
of the level of difficulty players are going to select in their next game. Missura and
Gartner [15] take a different approach for automatically selecting difficulty for a
given player among a set of finite difficulty levels. They divide the game into play-
review cycles. They measure the performance of the player in the play cycles,
and change difficulty level on review cycles accordingly to their estimations.

Herbrich et al. [8] present a very interesting work on measuring players’
skills comparatively. Their system, called TrueSkill, is based on chess’ Elo rating
system [6]. Just like the Elo rating system, players have a 1-dimensional value
ranking that predicts their probability of winning against other players by logistic
comparison. Although this work is not directly based on difficulty, it is indirectly
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valuing players’ skill with similar intention: match players against those with
similar abilities to foster balanced games.

Another interesting work is that proposed by Mourato and dos Santos [17].
Their goal is to procedurally generate content for Platform Games similar to
Super Mario Bros [18]. The problem with this kind of content is how to classify
the generated content with respect to difficulty. They propose a way to measure
difficulty in Platform Games by measuring players’ probability of failing after
each individual obstacle in the game. The concepts are interesting but they lack
a practical result with actual players and ready-to-be-played generated content.

Finally, Aponte et al. [1] present one of the most interesting reviewed works. In
their work they state that their goal is “to evaluate a parameter or a set of para-
meters that can be considered as a measure of a game difficulty”. They start by
measuring the difficulty of a reduced Pacman game with 1 ghost. In their Pacman
game, speed of the ghost is a configurable parameter to make the game more diffi-
cult at will. They measure the score of a synthetic player as number of eaten pellets
and then show a graph with the evolution of this value depending on the speed of
the ghost. This approach lets them show the progression of difficulty depending
on the selected level (speed of the ghost). Based on that result, they define a set of
properties that a general definition of difficulty should have, and propose a general
theoretic definition of difficulty as the probability of losing at a given time t. They
only propose this definition, but do not perform any kind of test or mathematical
proof. It ends up as a simple proposition based on their arguments.

All these previous works demonstrate the incipient interest of the research
community for measuring difficulty. This trend is confirmed by the growing focus
on measuring learning in general. The NMC Horizon Report: 2016 Higher Edu-
cation Edition [11] states that there is a renewed interest in assessment and the
wide variety of methods and tools to evaluate and measure the elements related
to the learning process.

3 Sources for Measuring Difficulty

Let us consider difficulty as a cost: in order to successfully finish an activity, any
learner has to pay a cost in time and effort. Measuring time is trivial from a
conceptual point of view. The problem comes from measuring effort. How can
we measure effort? Do we have an objective definition of what effort is?

It will be considered that effort is indirectly related to progress. The more
progress is achieved, the less effort is required to finish. Although this logic
consideration is not a concrete definition of effort, it has many advantages:

– For many kinds of activity, progress is relatively easy to define and measure
objectively.

– A measure for progress is also closely related to learning outcomes: most
activities yield learning outcomes even when not fully completed. In fact, that
learning outcomes become clear when success ratio increases out of repeating
the activity.

– As progress to success is one of the key factors in motivation, measures taking
progress into account also foster motivation.
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Therefore, this research will consider “more difficult” an activity when less
progress is done. In the sake of rigour, progress will be considered with respect
to time: progress percentage per unit of time will be an inverse measure for diffi-
culty. So, an activity being “more difficult” will imply that less progress is made
per time unit. This will let us measure difficulty in an intuitive, understandable
and objectively measurable way.

4 Desired Properties for Difficulty

There are several ways of defining difficulty as a relationship between time and
progress. It is important to have guidance for selecting an appropriate measure
from such a huge set of potential definitions. So, establishing a set of desired prop-
erties will ensure that the selected definition is useful under defined criteria. These
desired properties will act as restrictions, reducing the search space.

Let us consider the next set of properties, having present that measuring and
comparing learning activities is the final goal:

– Difficulty should always be positive. Progress and time are always positive or 0
values when measuring a learning activity. A negative difficulty coming out of
these two values is impossible and would have no meaning.

– Difficulty should have a minimum value. A difficulty value of 0 would mean that
no time/effort is required to finish a given activity. That would correspond to
an activity that is already done.

– Difficulty should also have a maximum value. Making difficulty unbound would
imply that any value could be “not so difficult” compared to infinite. Having a
maximum value lets us fix impossible activities, which is desirable. An unbound
upper limit that should be labelled as infinity makes formulation more compli-
cated and has no advantage on comparisons.

– Fixing 1 as the maximum value for difficulty has advantageous properties. That
bounds difficulty in the range [0, 1], which lets us consider it as a probability.
That makes sense and is compatible with previous considerations. Moreover,
that enables the probability theory as a valid set of tools for working with dif-
ficulty, which is very desirable.

– Difficulty should not be a unique value but a function over time. While an activ-
ity is being done, difficulty keeps changing as progress is being made.

– Difficulty must be a continuous function over time. It makes no sense for a
moment in time not to have a difficulty associated.

– Difficulty must be a non-strictly decreasing function. Every time a learner
makes progress on a given learning activity, difficulty decreases by definition
as less progress is required to meet success.

Let us consider an example of activity: “scoring five 3-point shots in a basket-
ball court, in less than 5 min”. This is a training activity whose expected learning
outcome is an improvement in shooting precision to basket1. This activity will take
1 Although other learning outcomes can be considered from this activity, let us consider

it just as a precision improvement exercise.
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at most 5 min, and at least the time required to shot 5 times: time cost is straight-
forward. Regarding to effort, it will depend on previous conditions. A trained,
muscular player may complete the activity fast, without much effort, whereas a
weak novice could require many attempts to finish it successfully. Moreover, novice
players may waste much more energy because they lack adequate technique. This
could also be considered more effort.

The activity could be analysed many times and from different perspectives,
and many definitions for “effort” could be found. Before entering an endless debate
on what “effort” is or should be, let us consider a useful point of view with respect
to our goal of measuring difficulty. An indirect measure for “effort” could be
derived from the intrinsic failure/success measures of the activity. When 5 min
are over, a player that scored 4 baskets is closer to success than other who only
scored 1. It can be considered that having scored 4 baskets leaves out less progress
to be done for succeeding than scoring just 1. Under this consideration, there
is less effort pending to succeed when more percentage of the activity has been
completed.

Let us compose a function with this properties, for the basketball example.
Let us imagine a player that scores 5 baskets at times ti ∈ {15, 40, 62, 128, 175},
i ∈ {1, 2, 3, 4, 5} in seconds. Difficulty could be represented as shown in Fig. 2:
whenever player scores baskets, difficulty decreases. Decreasing difficulty can be
considered as a step function, maintaining its value except on scoring events. It
also can be considered as a linear function, resulting on a much smooth shape.
Moreover, a linear function seems to inform better about the pace of the player.
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Fig. 2. Manually constructed difficulty function for basket example. Difficulty decreases
as player progresses, scoring baskets in this example.

As it can be deduced from Fig. 2, these properties configure a very powerful
definition of difficulty: it goes far beyond a simple scalar quantity, defining a repre-
sentative function. This function represents progress of the player over time which
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gives much more information about the process. This new information will also
be useful for visual comparison of activity profiles as well as individual or group
profiles.

5 Intrinsic Limitations

The selected properties limit the way activities should be defined. Not every pos-
sible activity will fit for this model. This is both a limitation and a design guide.
Activities designed for this model of difficulty will have a set of properties:

– Activities require progress to be measurable (i.e. they should have a score). For
instance, an activity defined as “selecting the proper answer from a set of 4”
has no way of measuring progress. Although time to answer and success can
be measured, there is no progress towards success. Resulting functions would
represent either a full square or a line, depending on model selected.

– Score (i.e. progress) has to be non-strictly increasing function over time. As
score is measuring progress to an end it does not make sense for it to decrease.
General score measures having punishments or negative score events would not
be appropriate. However, almost any score measure could be transformed in an
equivalent non-strictly increasing measure for this purpose.

– Activities must have a measurable success status or, at least, a maximum score.
This is required to define difficulty within its limits. Progress can be measured
in unbounded activities, but cannot be scaled to a [0, 1] range.

– Activities must be considered over time. For instance, an activity about creating
a program cannot be considered just as its final result. Having a single point
of evaluation is similar to not being able to measure progress. It is also very
important to measure time required to do the activity. If all the learners hand
the result of an activity at the same time and no measures have been taken
previously, no data will be available for the model.

These intrinsic limitations are part of the selected set of properties and shall
be assumed. However, it can be seen positively. Having activities where progress
is measurable over time and with well defined score limits or success status is very
interesting for learners. Progress informs learners about the status of their evolu-
tion to success, and also remove their doubts about their skills being enough for
the activity. Although these design impositions are not easy to achieve on every
activity, they are definitely desirable from educational point of view.

6 Mathematically Defining Difficulty

With all desired properties and limitations clarified, a working mathematical def-
inition of difficulty can be constructed. Let A be the set of all possible activities,
and L the set of all possible learners. Let α ∈ A be a concrete learning activity. As
an activity, α can be performed by any learner l ∈ L. Each l performs α a number
of times Nl ∈ N. So let αi

l , l ∈ L, i ∈ N, i ≤ Nl represent the i-th realization of the
activity α by the learner l.
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Each αi
l takes an amount of time til ∈ R, measured in seconds. Let us consider,

for simplicity, that each αi
l starts at time 0 and ends at til. Then, let St(αi

l) ∈ R be
a function that measures the score got by learner l, at time t on its i-th realization
of α. So, St(αi

l) is the function that measures the progress towards success of a
learner that performs an activity.

The score function is expected to be explicitly defined for each activity. In fact,
many different score functions can be defined for each activity. Therefore, let us
assume that activities and their score functions are defined by activity designers.
Also, for clarity reasons, let us assume that activities and score functions meet
desired properties and limitations exposed on Sects. 4 and 5.

In previous sections, difficulty has been defined as the inverse of progress. How-
ever, this cannot be defined exactly this way. Difficulty must be defined in [0, 1]
range, and the score function could have a much broader range. However, the score
function should be non-strictly increasing, and should have an upper limit. There-
fore, the score function could be safely assumed to start at 0, because the actual
range of the function can always be moved to start at 0. Let S�(α) be the maxi-
mum score value for the activity α,

S�(α) ∈ R, S�(α) ≥ St(αi
l) ∀l ∈ L, i ∈ Nl (1)

This lets us define the “easiness function” as a scaled version of the score func-
tion over time in the [0, 1] range:

Et(αi
l) =

St(αi
l)

S�(α)
(2)

The function defined in Eq. 2 is called “easiness function” as it is exactly the
inverse of the initial definition of difficulty. Therefore, the definition of difficulty
follows:

Dt(αi
l) = 1 − Et(αi

l) (3)

This definition of difficulty is tied to the concept of progress. It represents an
advantage over estimating difficulty with just a single scalar value: the resulting
graph shows an evolution over time which informs of the whole realization of the
activity. It also yields instant values for difficulty at any time of the realization.
This values intrinsically represent the percentage of progress remaining to fin-
ish the activity. They could also be interpreted as the probability of failing the
activity2.

However, these values are quite plain: they are instant values that do not cap-
ture information on the progress by themselves. The result is similar to considering
any instant t to be independent from the others that compose the timeframe of
the activity. For instance, this is like considering in the basketball example that
scoring at first shot is equally probable to scoring after 4 baskets, or at a last
attempt, when time is finishing. Nevertheless, a more accurate definition should
consider that events occurring at time t are influenced by all events happened in
the range [0, t].
2 This interpretation is bound to discussion about its real meaning as a probability.
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Experience shows that influence of a timeframe over next time steps is strong
on humans. It is convenient to consider how human factors relate over time: psy-
chological status, strength, fatigue, motivation, etc. Time steps in the timeframe
of any learning activity, performed by a human learner, are best considered to be
strongly interdependent. Therefore, can be improved by making Dt depend on a
function of all t′ ∈ [0, t], to make final values express this interdependency.

There are many approaches to make Dt dependent on the set of all past val-
ues of difficulty {Dt′/t′ ∈ [0, t]}. Moreover, there is no theoretical way to deter-
mine the appropriate way to weight all the possible factors. What is more, different
activities and learners will have different influence factors. This makes extremely
difficulty, if at all possible, to design a theoretical relation covering such a chaotic
landscape. This suggests using an experimental approach instead. Therefore, this
research starts modelling influence in a very simple way. This first model can be
used as a benchmark to test other different approaches and experimentally deter-
mine better ways of defining difficulty.

Assuming that Dt,∀t should depend on {Dt′/t′ ∈ [0, t]} and 0 ≤ Dt ≤ 1, let
us define Dt as the area of the curve above Et related to the maximum possible
area up to the instant t,

Dt(αi
l) = 1 − 1

t

∫ t

0

Et(αi
l)dt (4)

Equation 4 defines difficulty Dt as a value depending on all previous history of
the i-th realization of an activity α by a learner l. The dependency is made indirect,
using the easiness function as a proxy for difficulty. This makes definition easier,
eliminating recursive references and associated problems.

Using the new definition stated at Eq. 4 the graphical layout of Dt varies
greatly, as Fig. 3 shows. Compared to Fig. 2, the new definition for Dt results in a
function that responds much smoothly to score events. This new behaviour shows
an interesting feature. Let us assume that t ∈ [0, t�]. Using Eq. 4, Dt� will directly
depend on the performance shown by the learner during the realization of the
activity (being Dt� > 03). In the basketball example, the faster baskets get scored,
the lower Dt� will be, and vice-versa. Therefore, after completing an activity, the
lower the residual difficulty value Dt� , the greater the performance shown by the
learner.

The interesting property shown by Dt� is a direct consequence of its cumula-
tive definition. So, this property will be shown by Dt′ ,∀t′ ∈ [0, t�]. Therefore, Dt

can now be used as a performance measure with more information than Et, as it
integrates information about score and time/frequency in one single value. Care-
ful analysis of Dt for different learners and realizations of the same activity could
lead to establishing correlations with abilities learnt and degree of mastery.

3 Unless D0 = 0, which would only happen on activities completed at start time. That
is a degenerate case with no interest in practice. Thus, it can be safely ignored.
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Fig. 3. Behaviour of Dt using Eq. 4 with data from the basketball example from Sect. 4.
Left, exact definition for Et with step value changes. Right, linear interpolation for Et.

7 Conclusions and Further Work

In this paper a general definition for difficulty has been presented. This new defini-
tion has been designed on the bases of a list of desired properties. By using this pro-
posed definition, difficulty becomes measurable, can be compared and visualized,
and is related to effort over time. Effort is modelled as required time to achieve a
specific score value. Therefore, proposed definition of difficulty takes into account
progress towards solving a learning activity, based on the score an agent achieves
when performing the activity.

This proposed definition of difficulty has limitations in the sense that activi-
ties have to meet some requirements to be measurable under this definition. The
activity should be performed over time and a score function to measure progress
should be available. The score function should have upper and lower boundaries
and be non-strictly increasing: there should be no possibility of losing score over
time.

But this proposed definition has also many interesting advantages. Most of
its advantages come from being drawable: this confers it the ability to show its
progress over time, so that it transmits characteristics of the learner and the learn-
ing activity graphically. Different parts of the learning activity can be identified:
for instance, most difficult parts will produce valleys in the graph that will per-
mit not only their identification, but also their measurement. Activities can be
compared using their difficulty graphs, yielding a much accurate knowledge about
which ones require more effort, and the differences in the distribution of the effort
over time. These advantages make the proposed definition of difficulty a powerful
tool for analysing and comparing learning activities.

The formal definition of difficulty has other implications: it is possible to take
it as a starting point to build adaptive learning systems that could automatically
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assign the suitable learning activities to students. As a further step, we plan to
analyze the behaviour of the difficulty definition in real learning activities with
different features, as well as to make a deeper study about the meaning of the
proposed charts.The final aim is maintaining learners in the state of flow or, in
other words, motivating them.
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Abstract. Online conversation spaces are becoming an increasingly
popular tool for language learning. Various portals on the Internet offer
technological platform where groups of students can meet native teach-
ers and arrange conversation sessions in convenient dates and times. The
students’ satisfaction is very important in this context because potential
new users pay much attention to the comments and ratings provided
by others in the past. Therefore, the portals implement simple mecha-
nisms for the students to rate their experiences, and use the feedback so
gathered to promote the teachers who get the best evaluations. Notwith-
standing, the current online conversation portals do not implement any
means to proactively supervise the formation of the sporadic groups of
students, aiming to ensure that the conversations will be balanced, engag-
ing and pleasant to everyone. In this paper we look at the question of
whether social data mining and machine learning technologies can be
used to maximise the chances that the people put into the same group
will get on well together. Specifically, we present one approach based on
mining personality traits and using Cortical Learning Algorithm to aid
in the planning of the sessions.

Keywords: Online language learning · Sporadic social networks ·
Personality traits · Cortical Learning Algorithm

1 Introduction

The concept of sporadic (aka spontaneous) social networks refers to groups of
people (acquaintances or strangers) who happen to share a common space (phys-
ical or virtual) and have similar interests in it for a certain period of time [1–3].
Online conversation spaces are one context in which such sporadic groups form,
specifically for the purposes of language learning. Various portals on the Internet
c© Springer International Publishing Switzerland 2016
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(e.g. Verbling and HowDoYouDo) offer a meeting point for groups of students
to meet native teachers and arrange conversation sessions (henceforth, classes)
in convenient dates and times. The teachers’ personality and capabilities are key
aspects to achieve positive group dynamics, and for that reason those portals ask
the students to provide one rating for their labor after the classes have finished.
The students often consider the aggregate value of those ratings when choosing
the next classes in which they would like to participate.

Previous studies [4,7,10] have shown that the personality traits are one of
the most important aspects to take into account in the formation of collabora-
tive learning groups, because positive dynamics can potentiate the participation
of all individuals. Likewise, other studies [8] have shown that the teacher rat-
ings are an important feature for online learning portals, as they encourage the
teachers to always do a good job and the students’ satisfaction improves. How-
ever, despite the importance of ensuring positive dynamics and engaging topics
in online conversation spaces, nowadays there are no solutions in place to proac-
tively supervise the formation of the sporadic groups of students, and neither to
assist the teachers in the preparation of appealing material.

In this paper we look at the question of whether social data mining and
machine learning technologies can be used to maximise the chances that the
people put into the same group will get on well together. The goal is challenging
because the sporadic groups are most often independent of one another and
many of the participants do not know each other beforehand. Therefore, unlike
in [4,7,10] and similar works that focused on long-standing learning communities,
it is not possible to make a first distribution of students into groups, and then
refine progressively after successive rounds of observation and feedback. In order
to face the more dynamic context on online learning spaces, we have developed
and approach based on (i) mining personality traits of students and teacher
from social networks, and (ii) using the advanced machine learning features of
the Cortical Learning Algorithm (CLA) [9] to discover which combinations work
well and which ones do not. This approach has been implemented in a real portal
and some early results are now available.

The paper is organized as follows. Following this introduction, Sect. 2
describes the main modules and information flows of our approach. Then, Sect. 3
summarizes the findings obtained after the first few months of the approach run-
ning. Finally, Sect. 4 indicates the contributions we expect to make out of this
project in relation to the research questions we are addressing, and also explains
how we plan to continue with this work in the short and medium terms.

2 The Proposed Approach

We are developing the doctoral work in collaboration with an online conver-
sation portal that specialises in English teaching for Spanish-speaking people.
Rather than merely displaying the available classes and letting any students book
their places in them, we want to advertise the new classes selectively and proac-
tively, so that they are first known to the students who would most likely get
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Fig. 1. Overall design of the proposed solution.

on well together. Of course, personality is assessed along with the data about
the language level and the daily/hourly availability of teachers and students,
bearing in mind a set of business rules about the number of classes each student
is expected/allowed to attend during a period of time (depending on his/her
type of subscription), the minimum average number of students in the classes to
ensure that the portal makes profit, etc. The ultimate business goal is to achieve
the greatest occupancy in the classes, so as to deliver service to more students
with fewer classes.

The architectural scheme of our proposed solution is depicted in Fig. 1, com-
prising four main modules: the “Social miner”, the “Feedback & personality
reasoner”, the “Schedule optimizer” and the “Reservations manager”. All the
planning depends on a repository of student and teacher profiles, storing their
personal data, learning needs and availability as usual, plus newly-added fields
about personality traits. These are inferred from the users’ activities in online
social networks by the “Social miner” module. Currently, this module works with
Facebook only, and gets data directly from the Apply Magic Sauce Prediction
API (http://applymagicsauce.com/), which computes psycho-demographic pro-
files that include estimations of the classical Big 5 personality traits [6] (one of
the most popular frameworks used by psychologists to describe the human psy-
che along the dimensions of openness, conscientiousness, extraversion, agreeable-
ness and neuroticism [6]) as well as estimations of intelligence, life satisfaction,

http://applymagicsauce.com/
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Fig. 2. Estimations of the Big 5 personality traits, intelligence and life satisfaction.

sexual preference, political and religious orientations, education and relationship
status. Figures 2 and 3 show graphical representations of the results obtained for
one student.

The data obtained by the “Social miner” for all the profiles is fed into the
“Feedback & personality reasoner” along with the feedback provided by students
and teachers after the classes, as well as traces of the number and duration of
everyone’s interventions in the class, their ages, genders, locations and timezones.
As regards the feedback, currently, we ask students to rate their satisfaction
with the class, the teacher’s labor and their interactions with the other students
on a 5-point Likert scale (“very negative”, “negative”, “neutral”, “positive”,
“very positive”). In turn, we ask the teacher to rate each student’s attitude and
performance with regard to the class objectives.

The “Feedback & personality reasoner” is expected to learn progressively
which combinations of traits and other data ensure positive feedback and which
ones do not, what are the proper balances, etc. The Cortical Learning Algorithm
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Fig. 3. Estimations of political and religious orientations, education, and relationship
status.

models structural and algorithmic properties of the human brain’s neocortex to
discover patterns in more sophisticated ways than classical artifacts like Bayesian
networks and neural networks do [9]. On the one hand, we use CLA in learning
mode to assimilate new bundles of information coming after every class, which
serves to continuously evolve a complex model of the aspects that may influence
the satisfaction of students and teachers. On the other hand, we use it in inference
mode to make predictions and aid in the arrangement of forthcoming classes, in
a loop with the “Schedule optimizer”.

The “Schedule optimizer” is based on the code of the open-source project
OptaPlanner (http://www.optaplanner.org/), which provides a lightweight,
embeddable constraint satisfaction engine that optimizes planning problems
(typically, problems which are probably NP-complete or harder). Our mod-
ule tries to harmonize the composition of the conversation groups with the

http://www.optaplanner.org/
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availability and interests of every teacher and student, as well as with the busi-
ness rules of the online conversation portal. At the output, we get a prioritized
list of potential students for each new class, which is used by the “Reservations
manager” selectively deliver warnings about the available classes, to filter the
lists of classes offered on the web site to each student, and to inform teachers
about opportunities to offer new classes. The list of potential students is revised
as the places in the classes are booked, until they are full.

3 Preliminary Evaluation

Our approach is being tested and some early results are now available, following
some training of the “Feedback & personality reasoner” module. The data gath-
ered thus far suggests that the average satisfaction does improve with regard to
statistics from previous months, when there was no artificial intelligence aiding in
the planning of the classes. However, ANOVA tests [5] indicate that the amount
of data is not yet sufficient to fully confirm this hypothesis. Besides, we have
found that the reported levels of students’ ratings of other participants improve
as more of them come from the lists computed by the “Schedule optimizer”.

4 Conclusions and Future Work

The approach presented in this paper will serve to address the following research
questions:

1. Is it possible to predict the levels of satisfaction of students and teachers in
a class before it takes place, considering their personality traits and topics of
interest?

2. Is it possible to get consistently more positive feedback by arranging the
conversation groups according to personality traits, mined from the students’
and teachers’ activities in online social networks?

3. What is the quickest, least cumbersome way of gathering feedback after a
class, aiming to get relevant information about each participant’s impressions
of everyone else?

4. Does an increase in levels of satisfaction correlate with better learning out-
comes, or do the students accept a trade-off between learning and socializing?

In replying to these questions, we expect to come up with a working solution
to improve the experience in the collaborating portal, thereby gaining valuable
insight (from the socioeconomic point of view) into the interrelations and trade-
offs among the many factors involved: learning needs and availability, personality
traits, social networking activities, business rules, learning outcomes, etc. Hope-
fully, some of the findings will be relevant not only to online conversation portals,
but also to other areas of application of the concept of sporadic social networks.

As for the continuation of this work, we are seeking to complete the prelimi-
nary analysis of results with further evidence, gathered during at least one year
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of our approach running. Besides, we want to evaluate alternative solutions for
the social mining and machine learning tasks. First, we want to compare the
learning capabilities of HTM against those of Big Data tools like Weka (http://
www.cs.waikato.ac.nz/ml/weka/). Second, we are working to optimize the con-
versation groups not only on the grounds of personality traits, but also topics
of interest mined from social networks and, thereby, make CLA reason about
broad categories of topics (e.g. “Culture”, “Sports”, “Health”, etc.). Finally, in
the medium term, we want to implement solutions of our own to get additional
information about personality, by monitoring the students’ and teachers’ par-
ticipation in the classes, using sound processing and face recognition tools to
appraise shyness and mood, to recognise smiles and laughs, etc. This would be a
significant improvement of the technological platform of an online conversation
portal.
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Abstract. Detecting, recognizing and modelling patterns of observed examinee
behaviors during assessment is a topic of great interest for the educational
research community. In this paper we investigate the perspectives of process-
centric inference of guessing behavior patterns. The underlying idea is to extract
knowledge from real processes (i.e., not assumed nor truncated), logged auto-
matically by the assessment environment. We applied a three-step process
mining methodology on logged interaction traces from a case study with 259
undergraduate university students. The analysis revealed sequences of interac-
tions in which low goal-orientation students answered quickly and correctly on
difficult items, without reviewing them, while they submitted wrong answers on
easier items. We assumed that this implies guessing behavior. From the con-
formance checking and performance analysis we found that the fitness of our
process model is almost 85 %. Hence, initial results are encouraging towards
modelling guessing behavior. Potential implications and future work plans are
also discussed.

Keywords: Assessment analytics � Educational data mining � Guessing
behavior � Pattern recognition � Process mining � Student interaction analysis

1 Introduction

The rise of educational data mining and learning analytics promises to deconstruct the
deeper learning processes into more simple, distinct mechanisms, for understanding
and supporting human learning accordingly [1]. This is envisaged to be achieved by
tracking every type of interactions within any type of information system supporting
learning or education (formal, informal, ubiquitous, mobile, virtual or real-world),
converting them into explorable educational datasets, subjecting them into mining, and
coding them into interpretable and useful schemas. Interaction analysis covers a
number of methods for empirically exploring the space of humans’ activities with each
other and with objects in their environment via the use of artefacts and technology, for
identification of practices and problems, and the origins for their solution [2]. In the
educational context, technology-mediated learning supports learners’ ability to interact
with other learners, tutors, content interfaces, features and digital environments, and
provides a great opportunity for recording, filtering and processing logged interaction
trace data regarding systems’ usage and user activity indicators [3].
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Recently, researchers attempt to extract indicators of students’ behavior from
multiple and diverse logged data sources. The exploration of the underlying relation-
ships between these indicators and learning outcomes, its forthcoming analysis and the
endeavor to identify patterns and model students’ performance based on their actual
interactions, has attracted increased attention (e.g. [4–6]). In these cases, advanced data
mining and machine learning techniques have been utilized, beyond traditional sta-
tistical analysis methods, in order to investigate the abovementioned relationships.

1.1 Problem Statement - Motivation of the Research and Research
Questions

As apparent, recognizing patterns of students’ behaviors during assessment – which is
closely related to measuring performance – is crucial for the research community.
When it comes to computer-based testing procedures – which is a typical, popular and
widespread method of online assessment – one of the observed unwanted examinee
behaviors that needs to be detected and appropriately managed and that critically
affects the assessment result (e.g., score) is guessing of the correct answer on testing
items.

The prevalent methods for modelling guessing behavior include Item Response
Theory (IRT)-based techniques and Bayesian Knowledge Tracing (BKT), both of
which adopt a probabilistic approach for hypothesizing and investigating students’
behavior either within testing environments [7, 8] or within Intelligent Tutoring Sys-
tems [9]. In these approaches, researchers defined thresholds for discriminating non-
effortful guessing responses from solution behavior upon test speededness (i.e.,
amounts of times to answer the question) [10, 11], explored different combinations of
IRT-parameters (e.g. difficulty-based guessing models based on test-taking motivation,
the corresponding effort expenditure, the correctness of the answer and the estimated
examinee ability) [12], contextualized the estimation of the probability that a student
has guessed or slipped [13], and enhanced previous results with skill difficulty driven
by the estimation of knowledge acquisition during each step of the problem solution
procedure [14].

However, the abovementioned methodologies (a) follow an outcome-centric
probabilistic consideration, in terms of employing the student’s ability/performance
estimation, and (b) do not “dive” into the causation and origins of the occurring
interactions.

In order to overcome these shortcomings, the novelty of the present approach
resides in the following facts: (a) we investigate the perspectives of process-centric
(rather than outcome-centric) inference of guessing patterns, (b) we explore full-
fledged process models with concurrency patterns, unlike most of the traditional
educational data mining techniques which focus on data or simple sequential structures
[15], and (c) we associate student’s goal-orientation to exhibiting guessing behavior
during assessment. Thus, the research question (RQ) is:

“Can we discover behavioral patterns (sequence/repetition/alternation/frequency/duration)
within event logs that can be associated with guessing during testing?”
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The underlying idea in the proposed approach is to employ process mining in order
to extract knowledge from event logs tracked automatically by the testing environment
[16, 17]. In particular, we suggest a three-step process mining methodology on logged
trace data: (a) an initial control flow perspective, (b) next, the identification of
sequences of events, (c) and finally, the classification of these sequences of events
based on students’ time-spent on correctly and wrongly answered questions, student’s
goal-orientation and questions’ difficulty, and their mapping to respective behavior
schemas.

In this paper we present the results from a study that we conducted in order to explore
the capabilities of the proposed methodology on recognizing meaningful patterns that
imply guessing behavior. 259 undergraduate students from a Greek University partici-
pated in an assessment procedure designed for the study. We employed the LAERS
assessment environment [6] to collect the data (i.e., track students’ interactions logs)
during testing. For the mining purposes we used the ProM process mining tool [18] –a
generic open-source framework for implementing process mining tools in a standard
environment. The analysis revealed patterns of interactions in which low goal-orientation
students frequently answered quickly and correctly on difficult items, without reviewing
or altering them, while they submitted wrong answers on easier items. We classified this
as guessing behavior. In order tomeasure themodel’s ability to re-reproduce all execution
sequences that are in the log, we performed conformance checking and performance
analysis. The fitness of our process model was almost 85 %. In essence, we suggest that
process mining of temporal traces, taking into consideration each student’s
goal-orientation can be used for modelling guessing behavior during testing.

The rest of the paper is organized as follows: in Sect. 2, we provide an overview of
process mining applied in the educational domain. In Sect. 3, we present the experi-
ment methodology, the data collection procedure and the analysis methods that we
applied, while in Sect. 4, we analyze the results from the case study. Finally, in Sect. 5,
we discuss on the major findings, possible implications and future work plans.

2 Process Mining: An Overview

Process mining is a relatively new technology which emerged from the business
community, and at the same time, a field of research situated at the intersection of data
mining and business process management. The main objective of this technology is to
allow for process-related knowledge extraction from event logs, automatically recorded
by Information Systems [16]. The target is “to discover, monitor and improve real
processes” [19, p. 34]. In other words, the purpose of process mining is to identify,
confirm or extend process models based on actual data.

The core component of all process mining tasks is an event log. An event log is a
set of finite event sequences, whereas each event sequence corresponds to a particular
process instance (i.e., a case) of an activity, and can have a timestamp and an actuator
executing or initiating the activity [19]. The sequence of events executed for a case is
called a trace. Thus, within an event log, multiple cases may have the same trace.

The most prominent process mining technique is process model discovery (i.e.,
structures that model behavior), which includes the complete process model production
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from event-based data, without using any a-priori information. The constructed process
model reflects the behavior observed in the original log and is able to reproduce it.

In the educational domain, typical examples of event logs may include learner’s
activity logs in e-learning environments (e.g. learning management systems, intelligent
tutoring systems, etc.), use of pedagogical/educational resources, examination traces,
participation and engagement in collaborative activities, etc. Examples of cases where
process mining has been the central methodology, include the discovery of processes
followed by the learners in different contexts, such as in self-regulated learning [20], in
collaborative learning [21, 22], in collaborative writing [23, 24], in multiple-choice
questions tests [25], and the discovery of learning habits based on MOOC data [26].

More precisely, in [25], process model discovery and analysis techniques (such as
Petri nets, Heuristic and Fuzzy miner) were used to analyze assessment data (e.g. cor-
rectness of the answer, certitude, grade, time-spent for answering the question, etc.) from
online multiple choice tests and to investigate the students’ behavior during online
examinations. In the collaborative learning context, the authors explored regulatory
processes [21], and analyzed collaborative writing processes and how these correlate to
the quality of the produced documents [23, 24]. In addition, the analysis of behavioral
learner data (i.e., related tomodeling and prototyping activities during a group project and
the respective scores) with process mining techniques – targeting a complex problem
solving process – shed light on the cognitive aspects of problem-solving behavior of
novices in the area of domain modeling, specifically regarding process-oriented feedback
[27]. Yet, in [26] the objective was to provide insights regarding students and their
learning behavior (watching videos in a recommended sequence) as it relates to their
performance. Finally, in the context of enhancing self-regulated learning [20], the authors
analyzed the temporal order of spontaneous individual regulation activities.

In these examples from the educational domain, the prevailing process model
discovery techniques were control-flow mining algorithms, which allow the discovery
of educational processes and learning paths based on the dependency relations that can
be inferred from event logs. The results of mining educational datasets with process
mining provided useful insight regarding the improvement of understanding of the
underlying educational processes, allowing for early detection of anomalies [23, 24].
These results were used for generating recommendations and advice to students [26], to
provide feedback [27] to either students, teachers or/and researchers, to help students
with specific learning disabilities, to improve management of learning objects [20], etc.

In our approach, we applied a three-step process mining methodology during a
testing procedure, and explored its capabilities on recognizing meaningful patterns of
guessing behavior during examination. We elaborate on this methodology in Sect. 3.

3 Methodology

3.1 Research Participants and Data Collection

In this study, data were collected from a total of 259 undergraduate students (108 males
[41.7 %] and 151 females [58.3 %], aged 20-27 years old (M = 22.6, SD = 1.933,
N = 259) from the Department of Economics at University of Macedonia, Thessaloniki,
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Greece. 12 groups of 20 to 25 students attended the midterm exams of the Computers II
course (related to introduction to databases, information systems and e-commerce). For
the purposes of the examination, we used 34 multiple choice quiz items. Each item had
two to four possible answers, but only one was the correct. Finally, the participation to
the midterm exams procedure was optional. As an external motivation to increase the
students’ effort, we set that their score would participate up to 30 % to their final grade.

In our study, we used the LAERS assessment environment [6], which is a
Computer-Based Assessment system that we are developing. At the first phase of its
implementation, we configured a testing unit and a tracker that logs the students’
interaction data. The testing unit displays the multiple choice quiz items delivered to
students separately and one-by-one. Within the duration of the test, the students can
temporarily save their answers on the items, before submitting the quiz, can skip or
re-view them and/or alter their initial choice by selecting the item to re-view from the
list underneath. They submit the quiz answers only once, whenever they estimate that
they are ready to do so.

The second component of the system records the students’ interaction data during
testing. In a log file we tracked students’ time-spent on handling the testing items,
distinguishing it between the time on correctly and wrongly answered items. In the
same log file, we also logged the times the students reviewed each item and the times
they changed their answers, and the respective time-spent during these interactions. In a
separate file we also calculated the effort expenditure on each item and estimated the
item’s difficulty level [28]. Finally, we embedded into the system a pre-test ques-
tionnaire in order to measure each student’s goal expectancy (GE) (a measure of
student goal-orientation and perception of preparation [29]) in a separate log file. The
final collected dataset includes the features illustrated in Table 1.

Table 1. Features from the raw log files

1. The student’s ID 9. The total time the student spends on viewing the
tasks and submitting the correct answers

2. The task the student works on
(question Id)

10. The total time the student spends on viewing
the tasks and submitting the wrong answers

3. The answer the student submits
(answer Id)

11. How many times the student views each task

4. The correctness of the submitted
answer

12. How many times the student changes the
submitted answer for each task

5. The timestamp the student starts
viewing a task

13. The student’s effort required

6. The timestamp the student chooses to
leave the task (saves an answer)

14. The item’s difficulty

7. The idle time the student spends
viewing each task

15. The student’s goal-expectancy (GE)

8. The student’s total time on task 16. The student’s actual performance (final score).
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In this study we applied a three-step process mining methodology on logged trace
data and explored its capabilities on recognizing meaningful patterns of interactions
that imply guessing behavior: (a) initially we adopted a control flow perspective
(Petri-Nets [30]), (b) next, we identified sequences of events (traces), and finally,
(c) we classified these sequences of events based on the students’ time-spent on cor-
rectly and wrongly answered questions, the student’s goal-orientation and the ques-
tion’s difficulty, and mapped them to respective behavior schemas.

3.2 Data Pre-processing and Construction of the Petri Net

Data pre-processing allows the transformation of original data into a suitable shape to
be used by process mining algorithms. During this process, and within the dataset, we
identified abstract behaviors of students regarding the testing items (i.e. students’
actions), which we then coded into tasks. In our study we define as task T = {View(v),
Answer Correctly(ac), Answer Wrongly(aw), Review(r), Change to Correct(chc),
Change to Wrong(chw)}, the simplest learner’s action. In addition, and since students’
time-spent on each task is a continuous variable, that is difficult to subject into mining,
we classified the students’ temporal behavior in 4 clusters by applying the k-means
algorithm (with k = 4). We experimented and executed the k-means algorithm for a
number of iterations with different values of k (k = 3, k = 4, k = 5, k = 10). We
computed the sum of squared error (SSE) for these values of k and plotted k against the
SSE. According to the “Elbow” method [31], we finally selected k = 4. For simplicity
reasons we call Cluster C = {medium-slow(ms), quick(q), medium-quick(mq), slow
(s)}. Table 2 shows a sample of the consolidated event log with each row representing
one event.

Table 2. Features after the data pre-processing

CaseId Resource timestamp questid answid spenttime Cor/ness task Cluster

170 16610 13:36:38 59 231 54.487 0 aw ms
172 30314 13:51:07 60 235 24.759 0 aw mq
174 30314 12:33:30 61 239 65.909 0 aw ms
175 22514 13:36:44 56 219 10.498 1 chc q
177 16610 13:37:12 60 232 31.133 1 ac ms
179 22514 13:36:59 57 221 11.391 1 r q
180 22514 13:37:26 58 225 27.091 1 r mq
181 18805 13:37:41 58 undef 32.591 2 v ms
182 25711 13:37:44 56 219 30.332 1 ac ms
184 16610 13:37:40 61 239 26.254 0 aw mq
185 22514 13:37:51 59 231 24.562 0 chw mq
187 18805 13:39:55 59 undef 110.063 2 v s
188 30314 12:34:03 61 239 5.167 0 r q
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Our analysis of the logged data explores the temporal behavior of students. Hence,
the final clustered tasks considered in this study included 24 events classes E = {quick
view(qv), quick review(qr), quick correct(qc), quick wrong(qw),..}.

Next, we performed a dotted chart analysis in order to gain some insight in the
underlying processes and the respective performance. Figure 1 illustrates the results of
this analysis. All the instances (one per student) are sorted by the duration of the
computer-based assessment.

The basic idea of the dotted chart is to plot a dot for each event in the log according
to the time. Thus, it enables visually examining the complete set of data in an event log
and highlighting possible interesting patterns within the log. The dotted chart has three
orthogonal dimensions: time and component types. The time is measured along the
horizontal axis of the chart. The component types (e.g., originator, task, event type,
etc.) are shown along the vertical axis. Note that the first component considered is
shown along the vertical axis, in boxes, while the second component of the event is
given by the color of the dot. Let us also note that in a dotted chart, common patterns
among different cases are not clearly visible.

For detecting common patterns between the behavioral “traces” (response strate-
gies) of the students during testing, in our case study, we mined the event log for Petri
Nets using Integer Linear Programming (ILP). The ILP Miner is known for the fact that
it always returns a Petri Net that perfectly fits a given event log [32]. Figure 2 illustrates
the generated Petri Net which describes the generic pattern of answering questions,
allowing for answer-reviews and changes. In this figure, the states (i.e., the events) and
the transitions between them, including sequences, braches and loops between events
are summarized for the whole sample, modeling the testing behavior of the participants.
Every question can be answered correctly or wrongly and the student can spent a lot or
less of time on answering the question. Further, a question can be viewed or reviewed
and the student may change the submitted answer. The latter decision is modeled by an
internal transition (painted in black) that goes to the final place of the net.

Fig. 1. Dotted Chart Analysis (Color figure online)
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3.3 Identification of Traces - Conformance Checking and Performance
Analysis

A process that specifies which event need to be executed and in what order is a
workflow process model. In our study, we identified 47 sequences of events, i.e. traces.
We define every unique sequence of events as trace TRi = {TR1 = {qv,qw,qr,mqv,
mqc, …}, TR2 = {sv,qw,msv,mqc,qr,msr,…}, …}. Figure 3 shows all the paths
detected within the event log, corresponding to the solution strategies the students
follow during testing. All the 47 traces are illustrated in this figure. The numbers on the
arrows indicate how many cases follow the specific trace. Sequences of events,
branches and loops are also illustrated in this figure.

Before performing the conformance checking and performance analysis, we
enhanced the process mining technique with trace alignment. In fact, trace alignment
prepares the event logs in a way that can be explored easily and it complements
existing process mining techniques focusing on discovery and conformance checking.

Fig. 2. The Petri Net that models the handling of testing items in our study

Fig. 3. Paths and traces detected in the event log of student’s interactions with the testing-items
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Trace alignment allows for similarity detection between traces, inducing interesting
patterns of testing-item manipulation by the students during assessment. Given the
great heterogeneity in traces, only few of the produced clusters delivered a good trace
alignment.

Next, we performed conformance checking and performance analysis This analysis
may be used to detect deviations, to locate and explain these deviations, and to measure
their severity. We found that the fitness of our process model (i.e. whether the log
traces comply with the description in the model) is almost 85 % (40 out of the 47 traces
were re-produced correctly). This is particularly useful for finding out whether (or how
often) the students exhibit guessing behavior. Then, we classified these sequences of
events based on the students’ time-spent on correctly and wrongly answered questions,
their GE and the question’s difficulty, and mapped them to respective behavior
schemas.

4 Results

4.1 Recognition of “Guessing Behavior” Pattern

Figure 4(a) and (b) are samples of the traces followed by students who answered
correctly and wrongly to the most of the questions respectively.

As seen from Fig. 4(a), high achieving students answer correctly on the items,
review the items and in those that they initially submitted a wrong answer, they revise
it, think about it and submit a new, correct answer. Similarly, from Fig. 4(b) one can
tell that low achieving students answer wrongly on the questions, they will not revise
them and will not change their answers. Note that, high achieving students also denote
high goal-expectancy (GE). In [6] it was found that there is a positive effect of GE on
their time to answer correctly, while there is a negative effect of GE on time to answer
wrongly, indicating that poorly prepared students will spend less time on questions.

However, the major category of the students are those who achieve an intermediate
score. In this case, two major behaviors have been identified: those who will try their
best, but not answer all items correctly and may have slipped some answers, and those
who may have guessed some of the answers. The traces of these two categories are
illustrated in Fig. 5.

(a) 

(b) 

Fig. 4. Traces of (a) high achieving students, (b) low achieving students

Process Mining of Interactions During Computer-Based Testing 445



As seen from Fig. 5 (a), the students view and review the items and try to “solve”
the questions and submit the correct answers. They spent a considerable amount of time
on dealing with the question and in some case, they might change their answers. On the
contrary, Fig. 5 (b) corresponds to a trace that implies guessing behaviour. That is
because in both traces, the students have answered fast and correctly on an item that has
been found to be a difficult one, while they have submitted false answers on less
difficult items. Furthermore, in both cases, the students do not revise the “suspicious”
item. In an analogous way, in Fig. 5 (c), the students have slipped an easy item, by
submitting fast a wrong answer, while answering correctly on the most difficult items.

5 Discussion and Conclusions

The issue of detecting and appropriately managing the observed examinee guessing
behavior during testing is a central topic for the educational research community. In
general, guessing behavior is expressed as rapidly occurring random responses,
implying either that the students did not exhibit effort exertion or that they did not fully
consider the testing item. Previous methods from related work, follow a probabilistic
consideration on the identification of guessing behavior, that is outcome-centric and do
not “dive” into the causation of the interactions that take place. In order to overcome
these shortcomings, the novelty of the present approach resides in the following facts:
(a) we investigate the perspectives of process-centric (rather than outcome-centric)
inference of guessing patterns, (b) we explore full-fledged process models with con-
currency patterns, and (c) we associate student’s goal-expectancy to exhibiting
guessing behavior during assessment. In essence, the core research question of this
study concerned the discovery of behavioral patterns (sequence/repetition/alternation/
frequency/duration) within event logs that can be associated with guessing during
testing.

In the suggested approach, the underlying idea was to extract knowledge from event
logs (i.e., real processes) tracked automatically by the testing environment. Hence, in
order to address the research question, we applied a three-step process mining method-
ology on logged trace data. In our approach, we initially employed Petri Nets from a
control flow perspective, next we identified sequences of tasks (traces), and finally, we
classified these traces based on the students’ time-spent on correctly and wrongly
answered questions, their goal-expectancy and the question’s difficulty, and mapped

(a)

(b)

(c)

Fig. 5. Traces of students exhibiting (a) solution, (b) guessing and (c) slipping behavior
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them to respective behavior schemas. We conducted a study with 259 undergraduate
university students who participated in an assessment procedure appropriately designed.
We employed the LAERS assessment environment to track examinees’ interactions logs
during testing, and the ProM process mining tool for mining the logs. We discovered 47
behavioral traces (patterns) in total. The analysis revealed patterns of interactions in
which low goal-orientation students frequently answered quickly and correctly on dif-
ficult items, without reviewing or altering them, while they submitted wrong answers on
easier items (Fig. 5). We classified this as guessing behavior. This is partially in agree-
ment with previous research results [8, 10], according to which the response time of
guesses is usually very short compared to the amount of time required for the items.

In order to measure the model’s ability to re-reproduce all execution sequences that
are in the log, we performed conformance checking and performance analysis. The
fitness of our process model was almost 85 %, with 40 out of the 47 traces to conform
to the description in the model, and be correctly re-produced. Initial results are
encouraging, indicating that process mining of temporal traces, taking into consider-
ation each student’ s goal expectancy can provide reliable modelling of guessing
behavior.

However, it is important to note that an event log contains only example behavior,
i.e., we cannot assume that all possible traces have been observed. In fact, an event log
often contains only a fraction of the possible behavior [16]. Moreover, and in agree-
ment with [20], although the proposed methodology may be useful for gaining insight
into the students’ interactions with the learning and assessment items, however, one
identified disadvantage of process mining and descriptive modelling is that they are not
directly suitable for statistical testing (e.g., significance testing).

According to [33], guessed answers increase the variance error of test scores and
lower the test reliability. The accurate modelling of guessing behavior could lead to
using the frequency of this behavior as an indicator of students’ disengagement with
the test. Identification of guessing behavior patterns could also assist in assessing the
quality of multiple-choice items, re-designing the testing items, and change those that
have caused guessing behavior too frequently. Furthermore, and since process mining
is a promising methodology for behavioral pattern recognition within educational
logged data, one possible research direction would be to explore the optimum size of
the test (number of items) as well as the position of the items within the test, and
associate these with fatigue and lack of focus, that could hinder guessing behavior. In
[25] the authors employed process mining on assessment data and found that 35 %
percent of the students answered the first question right and had high confidence. It
would be interesting to measure the correct answers on this item if it was delivered as
the last item of the assessment process and considering the students’ confidence [34].

In the educational context, the application of process mining to learner’s interaction
trace data can become valuable assets for discovering, monitoring and improving real
processes by extracting knowledge from learning-oriented event logs. We believe that
analysis of behavioral learner data with process mining can add value in addition to the
currently available learning analytics tools and techniques.
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Abstract. One of the challenges faced by Japanese language learners is
becoming comfortable with three types of writing scripts: Hiragana, Katakana
and Kanji (Chinese characters). The need to learn many characters often seems
overwhelming to Japanese learners; however, instructors can play a pivotal role
in assisting learners by helping them cognitively organize the information
expressed in the scripts. This cognitive organization can help the learner develop
better ways to memorize characters at an early stage and can also help accelerate
the learning process later. This paper presents a case study in that shows how a
human teacher can leverage a pen-based instructional technology system to
provide Japanese learners with feedback and suggestions that persuade them to
change the way they draw Japanese scripts.

Keywords: Persuasive technology � Japanese scripts � Kanji � Stroke order �
Dyknow

1 Introduction

1.1 Persuasive Technology

Persuasive technology is a subfield of HCI that studies technology designed to per-
suade people to change attitudes or behaviors. In his book, Persuasive Technology:
Using Computers to Change What we Think and Do, Fogg introduces this field and
provides examples from varied domains including safety (persuading people not to
drive after drinking) and education (persuading students to study regularly) [4].

Fogg categorizes persuasive technologies depending on how the technology per-
suades. For example, Fogg presents reduction technologies that work by making target
behaviors easier, and suggestion technologies that give users feedback to help them
understand how their behavior differs from a target behavior [4].

Fogg limits his work to technologies that work independently to facilitate a
behavior change. We build on Fogg’s work by showing why it can be important to
consider what we call a “coupled persuasive system.” Such systems consist of a human
component and a technology component that work together to enable behavior change.
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While Fogg would argue that this is simply a form of computer mediated communi-
cation (communication between humans, mediated by a computer), we present a sit-
uation in which a human and computer work synergistically as a persuasive system.
Specifically we present a case study that couples a human teacher with a pen-based
instructional technology system to provide Japanese learners with feedback and sug-
gestions that help change the way they draw Japanese scripts.

1.2 Challenges for Japanese Language Learners

One of the challenges faced by Japanese language learners is becoming comfortable
with three types of writing scripts: Hiragana, Katakana and Kanji (Chinese characters).
There are 46 basic letters in each of the Hiragana and Katakana scripts, and approxi-
mately 2000 Kanji characters that the learners eventually need to master (for simplicity,
we will refer to letters and characters simply as “characters” in the remainder of this
paper).

The need to learn many characters often seems overwhelming to Japanese learners;
however, instructors can play a pivotal role in assisting learners by helping them
cognitively organize the information expressed in the scripts. This cognitive organi-
zation can help the learner develop better ways to memorize characters at an early stage
and can also help accelerate the learning process later.

Although each writing script is used for a different purpose in sentences, writing the
characters requires similar organizational patterns across all three scripts. For example,
learners must focus on their stroke order (the order in which individual strokes are
drawn to form a single character) and on their ability to shape the characters correctly.
Internalizing patterns in stroke order and character shape can help students cognitively
organize their learning. Additionally, the visual attributes of the characters can work
together with motor memory to lead to automaticity in writing characters. This, in turn,
is one of the keys to successfully learning Japanese.

Teaching stroke order has been strongly encouraged in Japanese education, espe-
cially in elementary school. During the 6 years of elementary school, at least 1006
Kanji are introduced as mandated by Japan’s Ministry of Education, Culture, Sports,
Science, and Technology [6]. The widely accepted Kanji test, Nihon Kanji Noryoku
Kentei (Kanji Kentei or Kanken), has six sections that deal with Kanji stroke orders [7].
The most advanced of these levels covers 1006 Kanji characters, which is aligned with
the Kanji studied in the first six years of schooling [7]. According to Hiroshi Mat-
sumoto, stroke order can serve as a means to “orderly construct” an aesthetically
pleasing Kanji by continuously connecting dots and lines [5]. Knowing the stroke order
also help learners identify the number of strokes in radicals (parts). This is crucial when
looking up a new Kanji in a paper dictionary, as well as when looking up a Kanji in an
on-line dictionary if we cannot copy and paste the Kanji into the dictionary, such as
when looking up a Kanji that we see on a sign or in a book.
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2 Classroom Solution

For several years we have explored the use of networked pen-based computers, a
collaborative instructional technology software system called DyKnow [3], and a
human instructor to support student learning in college level courses [1, 2]. In this
paper we focus on the use of this system to help students master Japanese scripts in two
courses taught by the second author.

In addition to regular meetings, the courses “Elementary Japanese I” and “Elementary
Japanese II” meet once per week for a laboratory that takes place in a classroom that
provides each student (as well as the instructor) with a pen-based computer. DyKnow
software allows Japanese characters drawn by the instructor to be shared with students in
real time. The instructor can also use the system to collect and view characters drawn by
students and optionally to display this work for the entire class to see.

During class, the instructor demonstrates how to draw Japanese characters while the
system transmits individual pen movements to the student’s computers where the
instructor’s writing is displayed. The students can repeatedly replay the instructor’s
writing stroke-by-stoke to reinforce the stroke order and character shape. Figures 1,
2 and 3 show the Kanji character for mountain (pronounced yama), originally written
by the instructor, at three stages of replay by a student. Figure 1 shows the character
after the first stroke has been drawn, Fig. 2 shows the character after the second stroke
has been drawn and Fig. 3 shows the completed character.

The student can use the software’s controls to step through the sequence stroke by
stroke. The software provides an option to display each stroke as a completed unit (the
entire stroke is displayed at once) and also provides an option to replay each stroke
dynamically to show the direction of the original drawing.

Fig. 1. Kanji after the first stroke was drawn
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After replaying the instructor’s strokes, students practice drawing the character in
the software using their own styluses. Sometimes, the students use the software to
practice privately while the instructor moves throughout the room and provides feed-
back. At other times, the instructor uses the software to share some of the student
writing with the entire class simultaneously, which allows the instructor to provide

Fig. 2. Kanji after the second stroke was drawn

Fig. 3. Kanji after the third (final) stroke was drawn
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feedback to the entire class (see Fig. 4). In either case, the instructor can provide
students with detailed feedback on their stroke order and shape by using the software to
replay the student’s writing stroke by stroke.

Periodically, students take quizzes that require them to draw characters and submit
them to the instructor through DyKnow. While grading quizzes, the instructor can
review each student’s writing process stroke by stroke. Once again, this allows the
instructor to give the students precise feedback. Figure 5 shows an example of a
student’s response to a quiz question along with feedback from the instructor. The
student’s response, along with the instructor’s feedback are then returned to the student
using the software.

In each of the use cases described above, the DyKnow software is used to augment
the instructor’s ability to give the students feedback that persuades them to adjust their
writing style. In addition, the instructor’s choice to periodically share student work
makes learning more interactive and social. This can make learning more enjoyable
while also motivating students to do a better job while drawing Japanese characters.

3 Survey and Results

With approval from the DePauw University Institutional Review Board we invited 81
undergraduate students to complete an online anonymous survey regarding their
experiences using DyKnow software in Japanese courses. We received 30 responses
from students who had experience with the software.

Fig. 4. In-class interactive exercise
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The survey included a set of objective questions that students responded to using a
five point Likert scale as well as open ended questions. A summary of the responses to
objective questions is provided in Figs. 6, 7, 8, 9 and 10. All percentages are rounded
to the nearest integer.

Of the 30 survey respondents, 9 indicated that they had significant experience with
writing Japanese scripts before enrolling in their Japanese language course. We believe
these students were native Mandarin speakers who were studying abroad in the United

Fig. 5. Kanji quiz (SO stands for stroke order)

Fig. 6. Using DyKnow helped me learn to write the Japanese scripts (Color figure online)
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States. Table 1 shows the percentage of students who agreed or strongly agreed with
the survey statements broken down by prior familiarity with Japanese writing scripts.

The survey also invited students to provide additional feedback through several
open-ended questions. For example, students were asked to describe the biggest
advantages of using the DyKnow system. Out of 30 responses, 19 students specifically
mentioned stroke order or the system’s replay capabilities. Representative comments
are presented below.

Fig. 7. I have become more aware of stroke orders because we used DyKnow (Color figure
online)

Fig. 8. Replaying how the letter/character is written facilitated learning stroke order (Color
figure online)
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• “Getting the stroke order correct and replicating Japanese characters”
• “I think the biggest advantage was being able to see the stroke order and the ability

to replay it”
• “Replaying the slides to see how kanji are written. It’s very helpful when studying”
• “It helped a lot with stroke order”
• “Stroke order could be easily seen”
• “Seeing stroke order and movement”
• “Witnessing the strokes through a clear, large perspective”
• “Learning stroke order”.

Fig. 9. Feedback through DyKnow (quizzes, in-class writing) helped me to correct stroke orders
and shapes of Kana and Kanji (Color figure online)

Fig. 10. Using DyKnow is enjoyable (Color figure online)
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In response to this question, as well as on a question that invited students to provide
any additional information they wanted to share, several students commented explicitly
about the interaction between instructor, fellow students and the software as a means to
facilitate learning. Representative comments are presented below.

• “Easy to follow teacher’s instructions”
• “Direct comparison to other’s writing”
• “Our whole class could learn at the same time”
• “The student teacher interaction”
• “It allowed me to playback the teacher’s stroke order. This is especially useful when

you are very new to Japanese”
• “The best part of DyKnow is everyone can write each word at the same time and

teacher can also edit and correct them at the same time”.

Many other students implicitly referenced the importance of both the teacher and
the technology. For example, one student wrote “I think the biggest advantage was
being able to see the stroke order and the ability to replay it”. While this student did not
mention the instructor by name, the student implies that the system enabled him to see
the teacher’s stroke order.

4 Discussion and Conclusion

The data suggest that students believe that using DyKnow helped them learn Japanese
writing scripts. In fact, 83 % of the students agreed or strongly agreed with this
statement. More specifically, 90 % of the students agreed or strongly agreed that
replaying how a letter of character is written facilitated learning stroke orders, 67 %
agreed or strongly agreed that receiving instructor feedback through DyKnow was
helpful, and 84 % agreed or strongly agreed that using DyKnow was enjoyable.

Table 1. Comparing presumed native Manderin speakers to other students

Percent of students with
prior experience with
Japanese scripts

Percent of other students

Using DyKnow helped me learn to
write using the Japanese scripts

33 % agree somewhat 33 % agree somewhat
22 % strongly agree 62 % strongly agree

I have become more aware of stroke
orders because we used DyKnow

11 % agree somewhat 43 % agree somewhat
33 % strongly agree 52 % strongly agree

Replaying how the letter/character is
written facilitated learning stroke
orders

44 % agree somewhat 24 % agree somewhat
33 % strongly agree 71 % strongly agree

Feedback through DyKnow helped
me to correct stroke orders and
shapes of Kana and Kanji

33 % agree somewhat 43 % agree somewhat
11 % strongly agree 33 % strongly agree

Using DyKnow is enjoyable 33 % agree somewhat 62 % agree somewhat
44 % strongly agree 24 % strongly agree
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While students perceived benefits of using DyKnow regardless of their previous
knowledge of Japanese writing scripts, the data suggests that students who had no
significant prior knowledge of Japanese scripts were more likely to perceive a benefit.
We assume that most of these students were native Mandarin speakers who were
studying abroad in the United States. While 55 % of these more experienced students
agreed or strongly agreed that DyKnow helped them to learn the Japanese scripts, an
overwhelming 95 % of the less experienced students agreed or strongly agreed with
this statement. Similarly, while 77 % of the more experienced students agreed or
strongly agreed that they benefited from replaying letters and characters, 95 % of the
less experienced students agreed or strongly agreed with this statement. Finally, while
44 % of the more experienced students agreed or strongly agreed that the teacher’s
feedback (provided through DyKnow) was helpful in learning correct stroke orders,
86 % of the less experienced students agreed with this statement.

This case study demonstrates that coupling a human teacher with a pen-based
instructional technology system provides Japanese learners with feedback and sug-
gestions that help them learn to write Japanese scripts. However, our results are limited
to young adults who are learning Japanese as a foreign language. Further investigation
would be needed to determine if the results generalize to children who are learning the
Japanese writing system as their native language.
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Abstract. Children with Developmental Dyscalculia’s difficulties include those
which affect the normal acquisition of arithmetic abilities. In order to improve
their mathematic skills, these children are motived by the use of based-game
interventions during neuropsychological rehabilitations. These games seek
arithmetic training but present several game design constraints, which limit the
real possibilities of use specially regarding motivational aspects. This paper
presents a combination of studies on neuropsychology and game design to
enhance user’s motivation. In order to achieve such purpose, it comprises four
steps: literature review, case study, data triangulation, and experts’ evaluation.
As a result, we offer a set of game design recommendations focused on user’s
motivation. This paper is a result of the first author’s dissertation for the
postgraduate program in Design.

Keywords: Game design � Motivation in games � Interventions for
developmental dyscalculia

1 Introduction

Electronic games are considered a significant entertainment media able to captivate the
user’s attention, acting as an expressive mechanism to provide fun for players [1, 2].
Nowadays, modern society needs make the use of games not just an entertainment,
extending this tool for serious contexts and activities to provide motivation. This is
process of Gamification [3].

Neuropsychology has been using computer games during neuropsychological
rehabilitation in order to motivate children with developmental dyscalculia [4–6].
Developmental dyscalculia is a specific learning disability which affects arithmetic
abilities, meaning that children with this disorder have a severe and persistent difficulty
on developing these skills [7, 8].

Several authors have presented positive results in using game-based interventions
for remediating dyscalculia [4–6, 9, 10]. Despite the relevance of these authors’ con-
tributions to the design of arithmetic training, some problems remain to be solved
regarding how can we develop games for this specific application. The lack of game
design studies in general leads to non-systematized development of these game-based
interventions. Constraints in game design limit the real possibilities of use for these
games, particularly affecting the player’s experience. This paper attempts to fill this gap
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in the development of games for children with developmental dyscalculia by relating
neuropsychology and game design studies, aiming to define a set of recommendations
focused on user’s motivation. Thus, our research problem is “how to increase chil-
dren’s motivation using game-based interventions for dyscalculia?”

As a methodology, the research approach is exploratory and qualitative, comprising
four procedures: literature review, case study, data triangulation, and expert’s evalua-
tion. In this paper, we present these procedures hierarchically, sequenced leading to the
research results.

2 Literature Review

Through a narrative literature review, this phase established a conceptual framework
based on accomplished studies on the specific area of this research. Moreover, we
present information regarding game settings to increase user’s motivation and highlight
some dyscalculia characteristics. Hereinafter, we discuss the main results of this review.

2.1 Motivational Elements in Games

Regarding the game definition, this study adopt game as system in which players
engage in an artificial conflict, defined by rules, resulting in quantifiable outcome [11].
In this case, system is a group of parts or elements forming a complex whole [11].

A review in game design studies implicitly or explicitly demonstrates that games
are formed by elements, which are responsible for contributing or defining the player’s
experience [12]. Taking into account the idea that a game has forming elements, we
have considered for this study seven elements for games [13].

• Components: They are the game objects that the player is able to manipulate
physically or virtually in the course of game. For example, characters, ships, cards
among others.

• Rules set: This element is responsible for defining the goals and procedures in the
course of game. For example, scoring more points than the opponent, being first to
achieve the goal, saving the princess etc.

• Environment: Game environment is the physical or virtual constraints of the game
system. For example, board, levels, virtual worlds, etc.

• Game mechanics: This element describes the actions, which players can take in
order to complete the game goals. For example, moving characters, maneuvering
cars, throwing objects etc.

• Theme: The game theme is the subject matter, a fictional context or a metaphor
used for contextualizing the rules set and the game system.

• Graphical interface and information: This category unifies two elements from the
game system [13], interface and information, due to the interface element used for this
study, which considers not just physical characteristics but also interface graphical
aspects. Interface is the element used to allow the player to interact with informational
game elements. Thus, information is the status of game shown to the player by the
system (through the interface). For example, scores, visual instructions, etc.
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• Player(s): This category represents the human factor in the game, the players and
their behavior interacting with game system.

The preceding studies bring up an important perspective regarding the game sys-
tem, highlighting that the game experience happens with the player interacting either
with other players or with game elements [13, 14]. Thus, in order to enhance moti-
vational and fun aspects in games, the most relevant part is how to establish and present
the game elements to the player.

Game design publications referring to player’s experience focused in intrinsic
motivation usually adopt The Flow Theory [15]. Such theory refers to the player’s
mental state and best performance called “optimal experience”, likely to occur when
there is a balance between challenges and user skills leading to a deep sense of
enjoyment [15]. Some studies expanded the Flow Theory to attend a specific appli-
cation in game design [16, 17]. In this regard, there are eight recommendations to serve
as guides on development of animations and games, aiming to increase learner’s
motivations [17]. We have adapted these recommendations to the context of this study,
which we describe hereinafter.

• Challenges: Using challenges to promote user’s motivation requires that the
player’s skills and challenge difficulty matches. When achieving goals, the amount
of challenge must not exceed the player skills or underestimate the player’s
capacity.

• Clear goals: The goals in activity must to be as clear as possible to the player,
clearly informing which goals the player must accomplish.

• Performance Feedback: It is the component which provides performance infor-
mation to the player. Feedbacks are essential in games, for they sustain motivation
once they provide the necessary information to keep the player up with the goals.

• Emotional appeal: It is customized information provided by means of narrative
and characters in order to intensify the user’s interest and motivation for the
activity.

• Cognitive process: Metaphors and visual analogies work as a component to
facilitate mental processing of information, assisting the player in understanding
new contents with knowledge already processed by memory.

• Sensory curiosity: It means visual expression used for communicating information.
Thus, in order to attract the user’s attention, using graphical language can promote
an aesthetic standard.

• Control: Offering to the user control and choice during the tasks or activities
facilitates interaction and extends motivation for learning.

• Immersion: Flowing optimal experience offers some characteristics which promote
engagement, interest and attention for an object. Such characteristics are full con-
centration in the activity, distractions exclusion from consciousness, and the dis-
tortion of time perception. This flow results from the preceding recommendations.

The foregoing discussion creates a framework of game information focused on
improving player’s experience. As a second part of literature review of this study, we
present in the following pages some information related to developmental dyscalculia,
and game-based interventions.
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2.2 Developmental Dyscalculia

Developmental Dyscalculia is a disorder of mathematical abilities, not determined by
intellectual difficulties or inadequate educational instruction [7, 8]. Dyscalculia pre-
sumably is a result of a specific impairment of brain function [7]. The prevalence of this
disorder is around 3 to 6 % of the school-aged population [8, 18]. Diagnosing
dyscalculia is a complex activity and a task for psychologists. All in all, in the diag-
nosis, standardized arithmetic assesses arithmetic skills in children [19]. These test
shows if there is a significant discrepancy in the child’s arithmetic achievement in
relation to age, chronologic grade, and intelligence [18, 19].

Treatment for developmental dyscalculia should focus on educational interventions
to enhance the assimilation of arithmetic concepts in particular [18]. In this sense,
neuropsychological rehabilitation aims to increase children’s learning using cognitive
and behavioral techniques [20].

We have searched for information concerning neuropsychological interventions by
means of a technical visit to the Developmental Neuropsychology Laboratory (DNL) at
Federal University of Minas Gerais (Brazil). In DNL, a psychologist provides neu-
ropsychological rehabilitation for children individually, using specific material with
activities structured in seven modules, considering hierarchic arrangement of mathe-
matics. Such modules are number sense; counting; transcoding; addition; subtraction,
math problem solving; and multiplication. The laboratory credits the success of this
rehabilitation treatment to three elementary concepts. They are

• Motivation: This concept is present in all rehabilitation activities. The purpose is
keeping the child in a playful environment. Moreover, activity goals are configured
in intermediate levels, focusing on the child cognitive profile, avoiding challenges
which are too difficult or too easy.

• Self-perception: This concept provides the user some performance information.
Thereby, graphical representations show the child their performances, highlighting
his/her progress during the intervention activities, promoting a successful
experience.

• Errorless learning: In this approach, rehabilitation activities prioritize the avoid-
ance of errors during learning [21]. For this, the presented tasks have adequate
levels for child’s performance, reducing errors and offering more successful
experiences.

Additionally, taking into account the aspects presented by DNL (UFMG), we sum-
marize some instructional principles in literature, as relevant for using in neuropsycho-
logical interventions in order to increase the mathematical learning effectiveness [22, 23].
We filtered these principles considering those relevant for the present study:

• Individualized interventions are more effective [22].
• In interventions, repetition is necessary for learning, enhancing the learning

process [22].
• A segmentation of the learning content is effective [22].
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• Computer interventions allow children to practice and automatize math facts, also
providing direct feedback. Therefore, in general, traditional intervention (with a
teacher or psychologist) is more effective [23].

In rehabilitation treatments, neuropsychology publications have been studying the
use of game-based interventions [4–6]. Game-based interventions are a positive tool for
the neuropsychological rehabilitation, once it provides intense training on mathematical
abilities in an entertaining environment. Additionally, they capitalize the attraction that
children naturally have for computer games [6]. Nowadays, interventions use adaptive
games in a large scale [4]. The development of these games aims to adapt task diffi-
culties to individual abilities. Thus, software games are designed with an algorithm,
which constantly evaluates player’s actions in order to increase or decrease difficulty,
maintaining an adequate difficulty [6].

After describing what the literature defines to enhance user’s motivation in games,
we present from now on the next phase, i.e. a case study with children diagnostic with
dyscalculia.

3 Case Study

In the case study phase, two children aged 10 and 12 years old diagnosed with
dyscalculia participated in a rehabilitation program conducted to evaluate motivation in
games focused in this kind of learning disability. This rehabilitation program took place
in the Developmental Neuropsychology Laboratory (DNL), located at Federal
University of Minas Gerais in Belo Horizonte, Brazil. The DNL is a collaborator of this
study, offering a significant support as well as their experience with diagnosis, inter-
ventions, and neuropsychological rehabilitation for developmental dyscalculia.

The small sample recruited is justifiable for three reasons: complexity to diagnose
children with dyscalculia; necessity of a professional (psychologist) for each child
during the rehabilitation; and the qualitative approach of the study. However, the study
profited from the rehabilitation program longitudinal aspect along six weeks. We have
used a codename to protect the identity of the research participants. They are group 1
(child 1 and psychologist 1) and group 2 (child 2 and psychologist 2).

This case study accomplished 12 rehabilitation sessions. From these, 6 sessions
consisted in half an hour using games for each child once a week, assisted by the
psychologist. After each game session, the children answered to structured interviews,
aiming to obtain information related of the motivation and game experience among the
weeks. Additionally, those psychologists responsible for conducting the rehabilitation
program provided information using questionnaires regarding the children’s behavior
during the game interaction.

De Castro et al. developed both games used in case study [10]. They are Shark, and
Dance Dance and Dance! (Fig. 1). Each child played each game three times. The used
games are part of study sample and we selected them for this case study orientated by
researchers of DNL. We have used as case study procedures a structured interview for
children and a questionnaire for psychologists.
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3.1 Case Study Results

We have analyzed the case study data in a qualitative approach, using the user’s
perspective to describe what was motivational or not in the games used during reha-
bilitation program.

Results for each child were distinct: for child 1, the games were motivational; on
the other hand, child 2 considered the games not motivational. We infer that this
heterogeneity occurred due to distinct children’s profile concerning previous experi-
ences with entertainment games. In this sense, child 1 is not an entertainment game
user, contrary to child 2, who frequently use this type of game. Thus, there is a direct
relation between user’s motivation and their level of experience with games. Therefore,
higher experience turns the user more critical of the game settings.

During game interaction, the children highlighted some elements that called their
attentions. They were character, scenery, and rewards. However, the flow element
“challenge” was the most responsible to increase or decrease user’s motivation. This
was evident when observing child 2’s data. In both games, child 2 was motivated when
starting the interaction, but along other sessions with the game, this motivation did not
persist, tending to boredom. This occurred on game 1 (Shark), due to the task goals
being too difficult for that child’s skills. In contrast, game 2 (Dance Dance and Dance!)
presented tasks goals which were too easy for that child. Accordingly, the game ele-
ments can be well set (e.g., characters, rewards), however if the balance between
challenges and user’s skills is not appropriate, the game will not be motivational.
Additionally, for child 2, the excessive repetition was another aspect responsible for
decreasing motivation.

Regarding improvements in the games, in order to enhance fun experience, the
children have indicated some points, which are

• The possibilities to manipulate character: Taking into account that both games
allowed limited action for the avatar, the children suggested extending these actions.
For instance, actions can be extended in levels throughout the game, providing the
player new possibilities of interaction and avoiding repetition.

• Solving mystery in the game consisting of several challenges: For the children, it
is important a fictional context for the game, wherein challenges (game goals) are

Fig. 1. Games used in case study (Source: De Castro et al. [10])
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present in a playful environment comprising different types of activity. This idea
provides the player a not so evident cognitive training (e.g., addition calculations),
once it is part of a narrative.

4 Establishing Recommendations

In this phase of the study, we provide an answer for the research problem based on
previous information discussed. We established a set of game design recommendations
for developing games for children with dyscalculia focused on user’s motivation. As a
methodology, we used data triangulation to intersect all study results in order to
establish these recommendations (literature review + case study).

Moreover, in order to schematize the recommendations, we segmented our research
problem into two secondary questions, which consider both neuropsychology and
game design perspectives. As answers to these questions, we elaborated a set of pre-
liminary recommendations structured in categories (Table 1).

After establishing these preliminary recommendations, experts evaluated a trial
version, aiming to evaluate the recommendations’ applicability on developing
game-based interventions for children with dyscalculia. The evaluation consisted in a
value judgment based on the experience of small set of evaluators. The experts were
structured in two group composed by two game designers and two psychologists.
Finally, in the last phase of this study, we examined the adjustments proposed by the
experts. As a result, we offered the final version of the recommendation set, which we
present hereinafter.

5 Set of Recommendations

This section presents a set of game design recommendations. These recommendations
do not cover technical aspects of the development of games, focusing on the pre-
production, considering game production cycle [24]. Preproduction is the first phase
in a game production cycle, when producers define elementary game information as

Table 1. Establishing recommendations
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concept, planning, main characteristics, limitations, and project requirements. Con-
sidering this, the following recommendations cover preproduction issues.

5.1 Neuropsychology

Trained Mathematical Ability

• Use modules for training or teaching mathematical content based on a hier-
archic arrangement. Modules are number sense; counting; transcoding; addition;
subtraction, math problem solving; and multiplication.

Content Structure

• Structure the module’s activities adaptively to child’s (player’s) cognitive
profile. An alternative is using an algorithm to analyze player’s actions during the
game, based on challenge intensity, adapting challenge intensity based on the
performance of each individual player. Thus, there will be additional content when
the player becoming proficient in the tasks.

Activities

• Use repetitions in activities, however too much repetition is unwelcome for user’s
motivation. Explore a fictional game context composed by levels, where repetition
for learning is arranged as part of a narrative, not too evident to the player.

• Single player games composed by individual tasks are more efficient. However,
it is possible to promote competitions using the player’s own performances, stim-
ulating him/her to seek even better results.

• Use game-based interventions guided directly by a psychologist or teacher. Use
the game as part of a system, providing structured data about the user’s performance
in an interface for the rehabilitation administrator. This system can quantify the
user’s performance in several aspects, for example, activity, session, comparison
with children the same age, among other relevant possibilities for neuropsycho-
logical rehabilitation.

5.2 Game Design

Components

• Use character as a visual stimulus in order to attract the player’s attention to
the activity. Allow the player to manipulate the character, additionally allowing a
customization of their features. An alternative for this is providing new characters
throughout the game with more possibilities of manipulation and customizations.

Rules Set

• Provide the player instructions related to the game’s goals, rules and possible
actions. An alternative is using animated tutorials, also offering an option “help”
during the game for eventual doubts.
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Environment

• Use the scenery as part of a ludic game context, acting as a background for the
game activities. In this sense, by means of graphical expression, the scenery can
promote an emotional appeal attracting user’s attentions.

Game Mechanics

• Promote automatizing arithmetic by game mechanics, thus gradually stimulating
the player to solve problems using the less time possible and with less errors. This
automatizing must consider the individual child’s ability.

• Game mechanics must consider a balance between challenges and player’s
skills. Provide challenges in an intermediate level for the player, not too difficult or
too easy. This balance must consider player’s performance, so the player may
interpret those challenges as possible and motivational. An alternative is providing
challenge tasks solution in levels or steps, gradually increasing difficulty.

• Accomplish an initial placement test to locate players in different levels of game
challenges based on individual player’s skills. This placement can occur in the
own game system, using activities before starting to play.

• Offer chances for the player “to survive” in the game activities. This allows the
player to recover from errors and not blocking their progress in the game.

• Use errorless learning, avoiding negative feedback (punishment). Change the
negative feedback into an orientation (e.g. tips to be successful in the tasks), con-
sidering player’s errors. The purpose is promoting the player’s progress in the game
activities instead of discouraging them with punishments.

• Locate the game mechanics in a playful environment based on a narrative, for
example, solving a mystery (large challenge) in the game by means of several small
challenges.

Theme

• Use graphical elements based on a narrative, for example, character, scenery,
mechanics, activities, rewards etc. The narrative may use a metaphor or analogy
as an alternative to improve the player’s learning, and additionally form a graphical
expression for the game.

Interface

• Interface elements are part of the game’s graphic expression, which focused in
player’s motivation, being possible to use creativity in their design. In this sense, in
order to design these elements, use consistency in typography, color, layout and
arrangement. Moreover, avoid excesses, making visible only relevant information
not to overload the player’s mental processing.

• Use graphical elements which allow player’s navigation into the game system.
These elements allow the user to set elementary functions before playing.

• Use graphical elements providing instructions to the player. These elements
present information about game components, set of rules, and game mechanics.
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• Use graphical elements providing immediate feedback and self-perception, in
order to show the players their performances during the intervention activities. For
instance, scores, badges, leaderboard, missions, achievement, progress, levels etc.

• Offer positive feedback to the player resulted from correct actions, in order to
increase engagement. Use different types of rewards, as intangible (digital on game
system) and tangible (out of game system, such as small gifts). Systematically
design these rewards to keep player in flow. In this sense, provide small or big
rewards based on the difficulty of completed challenges.

6 Final Considerations

The set of game design recommendations established in this study is an alternative to
enhance motivation for children with dyscalculia during the neuropsychological
rehabilitation. This result contributes for orienting the design process of these games.
Based on the study results, we highlight a need for systemizing the development of
game-based interventions, contemplating the role of each game element for user’s
motivation. In this sense, we point out the necessity of considering user’s perspective,
knowing their needs and preferences for game settings.

Finally, we emphasize that our results are not final solutions. However, the rec-
ommendations provided in the current study are initial instructions, which may guide
new studies, aiming to enhance the effectiveness of game-based interventions in neu-
ropsychological practices. Moreover, the recommendations may increase the devel-
opment of games focused in Brazilian children with dyscalculia, who nowadays lack
games-based interventions.
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Abstract. This paper introduces an Intelligent Training Exercise Envi-
ronment (i-tee), a fully automated, open source platform for cyber
defense classes and competitions. The platform allows to simulate real-
istic cyberattack situation in virtual and sandboxed environment to give
a hands-on experience of a critical situation.

The main outcome is an open source virtual cyber simulator that
enables hands-on, practical learning. The platform can be integrated into
existing curricula or used to create a new subject or a competition event.
A student needs only a web browser and a remote desktop protocol client
to start exploring the system.

Keywords: e-learning · Cyber security · Simulation

1 Introduction

On-line hands-on cybersecurity competitions and courses are an effective way to
educate students in the field of ICT and to raise security awareness [3,19]. Today,
cyber competencies and awareness are a must for all ICT students. Yet many ICT
curricula contain perhaps only one theory-oriented course about security which
is not sufficient today [11]. Developers need knowledge and skills to design secure
information systems. System engineers need to know how to protect the system
and how to act in an actual crisis. In order to study secure system design and
programming we need a practical hands-on course. In order to train people to
defend the system in a critical situation, a cybersecurity competition as part of
the course can be a powerful educational tool [3].

We may ask why are practical hands-on cybersecurity courses and competi-
tions not part of every ICT curriculum and why do most curricula contain only
one course which is not of hands-on type? Even practical classes tend to be lim-
ited to designing and programming a secure system but do not cover live attacks
and defense [19]. One possible reason for this is that creating a practical security
c© Springer International Publishing Switzerland 2016
P. Zaphiris and A. Ioannou (Eds.): LCT 2016, LNCS 9753, pp. 474–486, 2016.
DOI: 10.1007/978-3-319-39483-1 43



A Live Virtual Simulator for Teaching Cybersecurity 475

course demands much more resources than a theoretical one, and it has to be
updated every term due to rapid changes in the field. Moreover, if the course
is designed by only a small group of people there may be not enough diverse
competencies to build a practical course containing a live exercise. In addition,
a practical and nontrivial cybersecurity course needs a realistic sandboxed infor-
mation system with servers, services and workstations for each student or group.
This makes such an approach more expensive compared to traditional courses.

Today we see data breaches every day, from banks to healthcare to popu-
lar websites to governmental institutions. Cyber security is a rapidly changing
and growing field. We expect that every ICT specialist is security aware, being
able to design secure systems and defend existing systems. The growing amount
of malicious activities online causes increasing need for security experts - yet
ICT specialists sometimes expect that their security department will find all
problems in company’s systems by penetration testing and security event mon-
itoring. However, the security problems cannot be solved by one department
because security should be designed along with the system rather than added
later.

We believe that every ICT specialist should be aware of cyber threats and
able to avoid known security mistakes when developing a new system. Today,
we use IT systems that were developed years ago with little security in mind,
which means that those systems are exploitable by cyber criminals using common
attack methods. Thus a skill of defending IT systems is needed in addition to
knowledge of how to design a secure system.

Security awareness for ICT specialists should be an integral oart of their
education - every ICT student needs to know how to design a secure system and
how to defend existing systems against cyber criminals.

Our solution is an open-source virtual sandboxed simulator for practical
cybersecurity classes and competitions. The platform is called i-tee (in Estonian
it can be interpreted as ‘information way’ or ‘information path’) the main fea-
tures of which are (a) automated grading/scoring for competitions, (b) auto-
mated attacks to simulate cyber criminals and malicious activities, (c) immedi-
ate feedback using a virtual teaching assistant, and (d) virtual computer user
simulator to make the simulation more realistic [4].

The i-tee platform, released under the MIT license, is available in Github1.
At the time of writing, it is in use at four institutions. The platform has also
been tested in cybersecurity competitions in Estonia (24 students) and Moldova
(21 students).

The aim of this paper is to provide one possible starting point for academics
who want to integrate hands-on cyber security elements into existing courses
without having to develop their own tools.

2 Background

As the role of cyber security is increasing, every ICT curriculum should provide
necessary coverage of cyber field [11]. Usually the studies consist of lectures,
1 Source code of the i-tee platform – https://github.com/magavdraakon/i-tee.

https://github.com/magavdraakon/i-tee
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practical classes and independent work. The distribution between practical
classes and lectures varies but cyber security courses tend to be more theoretical
and usually focus on the design and development of new system, this aspect also
prevails in practical classes and homework. The traditional lecture-based app-
roach is still dominant [19]. However, we feel that this approach is not suitable
to teach the defense of IT systems which should rather focus on a simulation of
an actual critical situation. It is possible to simulate cyber attacks using roleplay
and groupwork (e.g. tabletop exercises) but defending complex IT systems is a
skill that can be mastered only with hands-on, practical training. The hands-on
approach has also proven an effective teaching method for science [17].

The approach used in the Cyber Defense Exercises (CDX) is an efficient way
to study cyber security and increase information assurance awareness [3,14].
Students often get bored when learning mere theory but the realistic element of
cyber attacks that occurs in CDX provides excitement and demands full commit-
ment from the students. However, using CDX as learning tool does not replace
lectures or other learning approaches such as tutorials, projects, mentoring etc.
However, using the CDX yields best results when combining different approaches
[19]. Also, preparing for the exercise motivates students to learn as they see a
practical output for the knowledge [1]. The CDX’es are widely used as teaching
tools at universities [6] and private companies, e.g. SANS NetWars [13].

Some examples of cyber security exercises are Defcon’s Capture the Flag
(CtF) [2], Cyber Defense Exercise (CDX) [14], International Capture the Flag
Contest (iCTF) [18], Locked Shields [9] and Collegiate Cyber Defense Competi-
tion [16]. The number of exercises is constantly increasing - the European Union
Agency for Network and Information Security has identified over 200 national
and international cyber security exercises [10].

2.1 Types of Cyber Security Exercises

The exercises can feature different goals: develop capabilities; evaluate capa-
bilities of individuals, organisations and systems; measure knowledge, ability,
endurance and/or capacity; train the participants and provide an opportunity
to gain knowledge, understanding and skills [10].

One possible taxonomy of exercises and distribution [10]:

– Simulation – 35 %
– Tabletop – 26 %
– Workshop – 20 %
– Red-team/Blue-team – 11 %
– Drill – 3 %
– Discussion based game – 2 %
– Seminar – 1 %
– Capture the flag – 1 %
– Other – 3 %

Cyber security exercises may be individual (develop skills) or team competi-
tions (develop skills and teamwork). Based on size they can be divided into
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– small-scale, suitable for students and universities, and
– large-scale, such as international live exercises with complex infrastructure

Based on objectives, exercises may be divided into defense-oriented, offense-
oriented and mixed approaches.

To promote hands-on experience and situation awareness we focus on the live
exercises such as Red-team/Blue-team and Capture the Flag.

Red-team/blue-team type of exercises contain attacking (red) and defending
(blue) teams. Attackers may compete with each other or just provide attacks for
all blue teams.

In the Capture the Flag type of exercises, an offending team should gain
control over the attacked system, acquiring a critical piece of information (known
as the flag) as a proof of success. For example, a flag can be a database record, a
passwords or its hash, or some files or hashes from the targetted file system. This
type of exercises usually focuses on offensive but may also contain defensive parts
as well - e.g. at iCTF where each team defends their own vulnerable network
and tries to compromise other team’s networks. The vulnerabilities are same
for all teams - thus, after discovering and mitigating security issues at their own
systems, competitors can use the found vulnerabilities to attack other teams [18].

Various types of exercises have been used in academic setting: [7]

– Defensive cyberexercise – defending a vulnerable infrastructure against Red-
team attacks. Some examples are: Cyber Defense Exercise (CDE) [15], Locked
Shields [9].

– Small-scale, internal exercises – usually standalone rather than integrated
into the curriculum.

– National Capture-the-Flag exercise – may feature additional teams besides
red and blue, such as the green team are responsible for providing and main-
tain an infrastructure of the game, the white team handling aspects of game-
play, scoring and rules, or the yellow team dealing with situation awareness
and providing background information.

– Semester-long class exercise – they are integrated into curricula and have
learning objectives, but tend to be less competitive compared to the CTF
type of exercises [7].

2.2 Typical Design of the Cyber Security Exercise

Designing cyber security exercise can be divided into seven steps: Objectives,
Approach, Topology, Scenario, Rules, Metrics and Lessons Learned [6].

Objectives are defined according to the goal of the exercise: participants are
able to implement security configurations and defend the systems; participants
are able to find security vulnerabilities and improve penetration testing skills;
students are able to perform reconnaissance and defense in depth approach;
students are able to mitigate common web, network and system attacks etc.
Design of objectives gives pedagogical value to the cyber exercise and allows
reuse of existing work [5].
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Approach can be either defense oriented; offense oriented or mixed [6]. In
practice the mixed approach is preferred because knowing the attack methods
gives advantage to defense. However, knowledge about attacks and tools do not
provide skills and qualities to work under pressure in a stressful situation [9].

Topology is designed to support objectives of the exercise and consider tech-
nical capabilities of the platform used.

Scenario should support objectives, consider topology restrictions as well as
provide a mission and an engaging story for the students.

Rules must address different aspects: who can participate - some exercises
exclude students already working in the field of security; what methods are
allowed for competitors; which parts are graded (e.g. functionality and uptime
of services, successful attacks, recovery time etc.). Rules must be known to the
participants.

Metrics and Lessons Learned include collection and processing of feedback,
description of exercise system failures (in a complex environment some parts
are likely to fail). A published post-activity report containing a Lessons Learned
section can be a valuable source of information for designing next exercises. A
good example of post-activity report is presented by the Locked Shields compe-
tition [9]. The metrics determine how to measure of effectiveness of the exercise
and how are the objectives achieved [6].

2.3 Components of Competition Platform

We will look at common components of cyber security platforms and their usage
in different exercises.

VM Provisioning. Cyber exercises are usually executed on dedicate virtual-
ized platform to provide a sandbox for attacks and vulnerable systems. The tools
used by students are common and used by cyber criminals as well. Therefore, a
sandboxed isolated environment is a must for exercises. Some platforms use vir-
tualization technologies, e.g. VMware vSphere used at Locked Shields [9], KVM
was used at early stages of Locked Shields in early stages and VirtualBox was
used at iCTF [18] and CyberOlympics [4].

Network Provisioning. In order to provide sandboxed network environments
for each team the cyber exercise platform should able to configure several virtual
networks for each team.

Attacking Systems. Red-team/Blue team exercises may use live attack traffic
from a dedicated Red team, alternately all teams may perform offensive opera-
tions or attacks can be made by competition system itself.

Attacks must be provided for all teams/competitors in a coherent way to
ensure equal chances, they must stay within the environment and not hit public
hosts by accident.
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Locked Shields uses a red team with more than 50 members to provide consis-
tent traffic for all teams [9]. However, live fire from the red team can be expensive
and for small grade exercises it can be replaced with automated attack engine [4].

Sometimes the attacking systems have a Command and Control module sim-
ilar to the ones found in botnets [4].

Scoring. The exercise objectives should be graded by a scoring system. The
iCTF used scoring mechanism called scorebot which periodically tests service
functionality to ensure that mitigation methods used by teams did not break
any services [18].

Network Traffic Generator. The system contains responsive, centrally man-
aged network traffic generator to provide realistic operational experience during
CDX’s and trainings. Realistic network traffic and user emulation in system is a
important part of every CDX platform. Without any ‘background noise’ it would
be too easy for the participants to isolate the attacking traffic.

2.4 Platforms for Exercises

Internet-Scale Event and Attack Generation Environment (ISEAGE) is a test-
bed that focuses on hands-on laboratory exercises. The ISEAGE provides a
sandboxed environment enabling controlled attacks against students’ systems
and networks [12]. The architecture of ISEAGE contains a background traffic
generator, an attack module, an attack amplification module as well as a Com-
mand & Control module. It can be used in classroom and in cyber exercises, as
some attack targets are publicly available2. However, as of 2015, the complete
system is not freely available.

The Information Warfare Analysis and Research Laboratory Range (IWAR
Range) is developed by US Military Academy and used in the IA curriculum at
West Point. The Range uses a virtualized environment with base infrastructure
of sample organization and several networks such as the attack network called
a Gray Network, the research network called Black Network to support devel-
opment of the Range and IA course, and the Gold Network for targets. The
IWAR Range is isolated from outside networks. For virtualization a VMWare
Workstation was used for the Gray Network [15].

The Locked Shields Range is developed by Estonian Defense Forces with
NATO Cooperative Cyber Defence Centre of Excellence (NATO CCD COE)
and used for the biggest annual international technical exercise called Locked
Shields (over 400 participants from 16 Nations3. The competition is designed for
professional defenders of national critical IT infrastructure but Locked Shields
has also a test instance where Cyber Security Master students act as blue team

2 ISEAGE github page – https://github.com/ISEAGE-ISU.
3 https://ccdcoe.org/locked-shields-2015.html.

https://github.com/ISEAGE-ISU
https://ccdcoe.org/locked-shields-2015.html
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members; this is organized as an elective part of the curriculum at Tallinn Uni-
versity of Technology. For VM provisioning, the proprietary Virtual Lab Manager
(VLM) is used to configure VMware VMs. Live red team is used to perform a
wide range of attacks against 40 targets per team. The attackers are divided
into network, client-side, web-applications, and SCADA teams [9]. No public
repositories or competition designs are publicly available.

The Blunderdome platform is designed for teaching students using linear
paths to break into a web application which simulates a grade management sys-
tem, the goal for the students is to change their grade. The students need to
break into a vulnerable Linux server. This system is designed to provide a sym-
metric and linear learning experience with one deterministic path for students
[8]. The platform is not publicly available.

The SANS Net Wars is a proprietary platform with relevant content [13].
The survey from European Union Agency For Network And Information

Security identified more then 200 different exercises [10]. Yet while the number
of cyber exercise platforms can be in the same rank, to our knowledge no open
source, publicly available platform with relevant cyber content exists.

3 Our Cyber Simulator Solution

In a student’s perspective, using the cyber simulator starts with login page in a
web browser. After successful login, the student can choose a mission (in case of
ordinary studies) or join a competition if a cyber competition event is opened.
The student will read the scenario of the exercise and then start his/her own
sandbox with VM-s and virtual networks. The student can log in to each worksta-
tion or server using Remote Desktop Protocol (RDP) included in MS Windows.
For Mac users several RDP clients exist, such as Cord or Microsoft RDP client.
Linux users can easily use rdesktop or xfreerdp.

Sometimes, access to the environment needs setting up a Virtual Private
Network (VPN) [9,14]. However, we decided that access to the environment
should be as easy as possible and not require special software or settings at the
students computer. Therefore, we believe that time needed to start with cyber
mission for first time user should not exceed 15 min including viewing a video
introduction.

When in exercise mode, the Scoreboard displays the current state of the ser-
vices and historical count for states: service OK counter (green), service inter-
ruption counter (red), service vulnerable or in warning state (yellow) as seen on
Fig. 1

The Leaderboard gives information about competition leaders - missions
completed and score for the first 20 users as seen on Fig. 1. When the exer-
cise starts, the objectives are opened according to the scenario and students can
read detailed description of objectives and see the score in real time.

Each mission contains a network topology, virtual machines and objectives
that are graded automatically or based on feedback from students. For example,
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Fig. 1. The architecture of the system (Color figure online)

in the introductory mission called Angels and scooters the scoreboard automati-
cally detects whether the objective Configure apache virtualhost is achieved, but
in the mission of Hackerloo the system asks information that the student should
obtain from a web application using a SQL injection vulnerability.

The web interface is built with Ruby on Rails. Users can be authenticated
using LDAP, Active Directory or SAMBA4 services. For virtualization layer
we use VirtualBox Headless due to its capability to provide console access using
common RDP protocol. Low-level RDP access allows to design a scenarios where
VM is broken and boots only from CD image; the student should fix the problem.
For networking we use VirtualBox’s internal networks created when the mission
starts [4].

Fig. 2. The control panel
of botnets

The scoring is done by a configurable botnet which
performs checks for each objective opened. For com-
petition missions the checks are switched on manu-
ally, using a control panel of botnets as seen on Fig. 2.
When using non-competition mode missions, the scor-
ing switched on automatically according to the mission
scenario and the progress of the student.

For attacks a separate botnet is used because in
most of the missions the students are allowed to block
the attacker’s IP address using a firewall - if scoring
and attacks were done by the same botnet with same
addresses, students would be unable to use common
practices to block the attackers. The nature of the
attack depends on the mission.

Both botnets are controlled using a GUI applica-
tion seen on Fig. 2 which uses a Fabric framework4 to
control bots and execute scripted scoring and attacks.

4 Fabric Framework – http://www.fabfile.org/.

http://www.fabfile.org/
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Virtual Machines are provisioned using custom script and configured using
declarative configuration management via Puppet5 with serverless setup.

This platform provides a responsive application level traffic generator that
simulates real users and covers the attacks. The network traffic is initiated from
hosts from several network segments. It uses an IRC-based and encrypted com-
munication channel between bots and CnC server to receive commands and
send status messages. The network traffic generator is tested on Linux (Ubuntu,
Debian), Windows (XP, Vista, 8, 8.1, Server 2008, Server 2012, 10) but is
designed to work on every platform supported by Python with YAML libraries.

Traffic generators are controlled by the central control server (CnC) and
the amount of traffic is tunable during the exercise. The platform allows for
simultaneous run of different labs (missions or virtual learning spaces) [4].

4 Discussion

Various sources (and also our experience) suggest that students are better moti-
vated to learn cyber security via live exercises. Therefore, cyber exercises are
increasedly used by universities [10]. We can just ask why aren’t they a part of
every ICT curriculum - but as suggested above, designing a cyber exercise and
virtual lab platform is expensive and time consuming task [3].

We tried to use different existing open source projects like OWASP Web-
Coat6, Damn Vulnerable Web App (DVWA)7 and OWASP Hackademic8 - even
if we had some success, those projects are vulnerable targets and need a labo-
ratory system to run them. We tried to find an open-source cyber exercise and
competition platform that can be integrated into curriculum. However, such a
system did not exist for the time being.

For raising security awareness and motivate students and lecturers we imple-
mented a novel cyber security platform i-tee. The main contribution is the plat-
form itself because it allows to implement cyber exercises into curriculum with
relatively low effort compared to developing an exercise from ground up. We
believe that the i-tee system can lower the cost and setup time to level that
single instructor/lecturer/teaching assistant can install this platform and start
using it as part of a semester-long class or one-time event.

To install and use the i-tee platform, a certain level of Linux knowledge is
needed. We tested the installation guide on students and those who managed to
complete basic Linux course were also able to install a new i-tee instance. For
running a full cyber competition, the organizer will need additional knowledge
about attacks and vulnerabilities implemented in the open source missions.

5 Open Source Puppet – https://puppetlabs.com/puppet/puppet-open-source.
6 OWASP WebCoat – https://github.com/WebGoat/WebGoat.
7 Damn Vulnerable Web App – http://www.dvwa.co.uk/.
8 OWASP Hackademic – https://github.com/Hackademic/hackademic/.

https://puppetlabs.com/puppet/puppet-open-source
https://github.com/WebGoat/WebGoat
http://www.dvwa.co.uk/
https://github.com/Hackademic/hackademic/
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We developed several missions for i-tee and open sourced a sample mission
implementation: “The Kingdom of Banania” is available from bitbucket9 This
mission is suitable for competitions, workshops and semester-long courses.

Mission: The Kingdom of Banania – According to the storyline, the par-
ticipants are offered an internship in the Kingdom of Banania as a sysadmin of
Bananian e-Government. They will discover that the websites are riddled with
various well-known vulnerabilities which are already being actively exploited for
different pranks and web defacement. The participants are then tasked to restore
the websites and patch the vulnerabilities.

During the repairs the participants will discover that the website of the largest
newspaper of Banania, bandemia.ban, displays ever more nonsensical news sto-
ries. The involved journalists ensure that they have never seen those (and some
hint a possible political diversion by the neighbouring Empire of Pineapplia).
Finally, King Bananius XII Magnus appoints all participants to clean up the
situation. If successful, they are promised a lifetime supply of bananas from the
Royal Banana Garden. Those who fail will instead face a lifetime of hard labour
at the Banana Curvature Measurement Tool Calibration Office.

In addition, the scenario features a hacker group called Acronymous attacking
all websites. The infrastructure of each student is seen on Fig. 3.

Fig. 3. Network topology of the mission

9 Mission: The Kingdom of Banania – https://bitbucket.org/magavdraakon/
cyber0lympics.

https://bitbucket.org/magavdraakon/cyber0lympics
https://bitbucket.org/magavdraakon/cyber0lympics
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The goals are restoration of disrupted systems and patching various security
holes (every participant will have a small private network that will be constantly
under attack during the competition; see Network topology for details).

The graded metrics are: availability and functionality of web applications;
resistance for attacks; recovery time after successful attacks. This mission imple-
ments eleven learning objectives for example: student installs and configures
proper web application firewall; student finds attacks from log files and imple-
ments security configurations for web servers; student are able to reconnaissance
and enumerate all web applications and databases and backup them.

Vulnerabilities and attacks used include HeartBleed, SQL injection, XSS,
ShellShock, DDOS, path traversal, weak security configuration.

5 Future Work

The main goal for the future is to build a community of academics who use
i-tee platform and contribute missions and updates. We also plan to involve
students in the content creating process and experiment with different learning
methodologies. For community we plan to develop a web interface for content
contribution and mission design.

6 Conclusions

Setting up a cyber exercise environment requires involvement of multiple people
due to the time spent on tasks. Also, the needed skillset is rarely possessed by
just one person.

We developed an open source live virtual simulator i-tee that can be inte-
grated into existing curriculum. The time needed for downloading, installation
and executing a cyber simulator i-tee is a fraction compared to the time it takes
to design the whole system by themselves.

The i-tee can be used in online learning and for instructor lead classroom
studies. The platform is suitable for different cyber exercise approaches (Red
team/Blue team; Workshop and Capture the Flag). The platform was success-
fully tested on 10 events with more then 200 users and as of 2016, is used
by three higher education institutes in Estonia. We raised security awareness
amongst Estonian students and developed system allows other universities and
countries do the same.

The platform allows to integrate practical hands-on learning approach to ICT
curricula without developing a solution from scratch. We hope that the platform
will get contributions from community, as it is open source and publicly available.
In future we will experiment with different learning approaches and develop an
automated virtual teaching assistant system for supporting students.
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Abstract. This paper addresses the use of multiple sensory modalities
and affective strategies in learning mathematics. A case study is pre-
sented where these domains are used to design a mathematical ratio
system. We adopted a multimodal approach used by other researchers,
and applied our proposed design methods to create the MADE Ratio
system. We then recruited participants to test the usability of the sys-
tem. Our findings were that the design methods were effective, but we
also gained insight about how they could be improved.

Keywords: Multimodality · Affect · Educational software

1 Introduction

In this paper we focus on interaction design and evaluation for a multimodal
learning system called “MADE Ratio”. The system is a case study of our MADE
(Multimodal Affect for Design and Evaluation) framework. We are considering
the sensory modalities, affective and cognitive strategies and trying to solve
mathematical learning challenges. Using a multimodal affective learning system
should increase the motivation in learning, and will help students develop better
understanding of some tasks in mathematics. We first describe our framework,
then the design process and the system, and last present the study and results.

2 MADE Framework

Human-computer interaction (HCI) and education can be improved with the
help of affective and cognitive strategies in a multimodal user interface (UI)
environment. This multimodal environment recognizes two or more combined
user input modes (multiple sensory modalities) and recognition-based technolo-
gies such as audio or gesture in a coordinated manner with multimedia system
output such as images, text or audio [8,9].

We wish to support affective aspects of learning. We reshaped the three
domains of Bloom’s taxonomy [1], a classification of the different kinds of objec-
tives that educators distinguish, and created a framework called MADE. We are
c© Springer International Publishing Switzerland 2016
P. Zaphiris and A. Ioannou (Eds.): LCT 2016, LNCS 9753, pp. 487–498, 2016.
DOI: 10.1007/978-3-319-39483-1 44
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Fig. 1. The MADE framework

considering the multiple sensory and quasi-sensory modality domains to help
the affective and cognitive domains (Fig. 1).

The MADE framework is based on principles for multimodal design con-
sidering emotional and cognitive aspects of learners while interacting with a
multimodal educational system. While interacting with educational software,
a student can employ the sensory modalities (e.g. 3D motion controller, face
detection and tracking, vision or audio); they may also need to employ some
quasi-sensory modalities (e.g. embodiment, persuasion or narrative) while inter-
acting with a supportive technology [5]. We follow Kort et al.’s affective model
[7]. This identifies four phases of learning and the affective character of each:
encouraging exploration with positive affect, challenges and negative affect, sup-
porting overcoming challenges and reducing the negative affect, and affirming
learning so restoring positive affect.

3 Design Process

Our case study was to design a system to help learn the concept of a mathemat-
ical ratio. The modality involves embodied cognition to support pedagogy, and
is based on the work of Howison et al. [6].

This design should increase the proprioceptive, kinesthetic and episodic mem-
ory experience, as the controller that we use requires physical motion of the arms
and the hands. The proprioceptive memory involved will aid remembering how
to perform intended physical actions in the future. The learning takes place by
the students carrying out a physical activity by moving their hands and body
movements to interact with the UI. By using affective strategies we can increase
the episodic memory, which actually happens to learners; the learner will think
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about the time back when they did this with their hands. The system supports
discovery learning and exploration using sensory modalities.

In our system, one of the tasks is that learners have to make a requested
ratio. Feedback is provided by showing the screen in different colors and giving
persuasive feedback i.e. praising messages, audio, icons or images. The learners
move their left and right hands in regard to a specific ratio and distance between
their hands.

We used two design methodologies, Affective Personas and Affective Essen-
tial Use Cases. Affective Personas identify key aspects of the emotional state
of users, and Affective Essential Use Cases describe goals for emotional aspects
of user experience to be supported by the system. We described these design
processes in detail elsewhere [4].

4 System

Our system uses a Leap Motion 3D Controller (https://www.leapmotion.com/),
an easy to use, low-cost hand-motion tracking controller to support the software
by remote manipulation interaction (see Fig. 2). The physics-based manipulation
is more than just hand waving. It can be an opportunity for the mind to reflect on
what the body can already do. Embodied interaction suggests that UI becomes
even more visible and available for a wider range of engagements and interactions
[2]. It can drive both the understanding and solving cognitive conflicts between
student’s implicit assumption and her/his own observable enactment, providing
experiences that are recast in terms of emerging mathematical concepts [6].

Fig. 2. The Leap Motion Controller

Figure 3 shows a snapshot of the main screen of our system when the ratio
task has been completed. It shows how a student is interacting with a Leap
Motion device using his hands and moving them to indicate a proportion of 1:3.
For developing the software we used JavaScript and the Raphael graphics library
(http://raphaeljs.com/) as well as PHP and MySQL.

The main elements are as follows:

https://www.leapmotion.com/
http://raphaeljs.com/
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Fig. 3. A student sitting at a desk is moving the right hand higher from the desk
searching for equivalent proportions 1 to 3 or 2 to 6; a ratio of 1:3 is reached, maintaining
the goal proportion and resulting in affective feedback of audio, a message, icon, image
and screen color change. (Color figure online)

– Main window: the main part of the screen shows two circles representing each
hand. The circles move as the student moves her/his hands up and down. The
background color is gray when the correct ratio is not achieved (here it is green
as a ratio of 1:3 has been reached).

– Left section: provides the student with affective feedback (audio, messages,
icons, images, music and color), when the task is successfully done.

– Right sidebar: the student and teacher can modify the affective settings,
height, and ratio. The teacher can view and change the cognitive and affective
strategies in the database.

5 Study

In this study we considered the usability of our system. Below we explain the
study, talk about the expectations, our participants, the equipment, the pro-
cedure, and the analysis methods. The study was approved by our university
research ethics board. We were not doing formal hypothesis testing, but simply
doing usability testing and comparing the results with our expectations. Our
expectations were as follows:

1. The Leap Motion Controller is easy and engaging
2. Fun results from the physical interaction
3. The affective design supports learning



MADE Ratio: Affective Multimodal Software for Mathematical Concepts 491

Participants

Eleven undergraduate and graduate students (3 females and 8 males) from two
universities in Canada volunteered to participate in this study. They ranged in
age from 21 to 60, with a mean age of 33 (S.D. = 12). All participants were
able to use their hands and arms freely and had ability to work in English.
All participants reported using computers daily, and most participants (85 %)
reported using them for 11–20 years. All participants stated they had used pencil
and paper, or mouse and keyboard, when they learned about ratios while in
school. Seven participants were right-handed, three were left-handed, and one
was ambidextrous.

Equipment

A Leap Motion Controller, a Dell desktop computer with a 22-in. high-resolution
LCD monitor, and two speakers were used. We used an audio recorder to capture
the participant’s voice comments.

Procedure

The study took thirty minutes for each participant. We taught the participants
how to interact with the system using their hands before the study, for five
minutes. We used a think aloud protocol, and did audio recording. The main
part of the procedure had four steps:

1. Training phase: We had a five minute testing phase, providing a short training
exercise for the user before starting with the ratio task, asking them to have
their both hands to position 5, and then space left-hand and right-hand four
units apart to get familiar with the system.

2. Testing phase: After the training phase we had a testing phase of fifteen
minutes. First they had to do the default tasks and see the affective feed-
back we provided them, and we monitored their reactions. Next they would
customize their settings, and we monitored their reactions and saw their pref-
erences.

3. A Usability questionnaire that we explain in the “Quantitative Results”
section, below.

4. An Open-ended questionnaire that we explain in the “Qualitative Results”
section, below.

We collected both qualitative and quantitative data at the same stage of the
study. We used thematic analysis for the qualitative aspects of the study. We
collected the data from comments and answers to open ended questions, went
through it all, and identified themes.
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6 Quantitative Results

First we address our stated expectations:

1. The Leap Motion Controller is easy and engaging: Almost all participants
(82 %) agreed that there is no fatigue involved while interacting with the UI.

2. Fun in the physical interaction: Regarding the pleasantness and how pleasant
is to interact with the UI, 91 % of participants agreed that using Leap Motion
Controller would be more engaging than using mouse and keyboard.

3. Affective design support of learning: Regarding the affective strategies 72 %
of participants agreed that it would help in motivating students in learning
ratio.

Fig. 4. Usability questionnaire about the MADE Ratio system (Color figure online)

Figure 4 shows the usability questionnaire results. On the left side there are
eight statements. The participants were given a questionnaire to evaluate and
rate their experience and subjective impressions of the system. For each question,
subjects were given a Likert scale between agree and disagree. For analysis we
used R (https://www.r-project.org/). The results of this analysis are shown in
Fig. 4. The responses are shown as boxplots, where the inner quartiles are shown
as colored boxes, the outer quartiles with whiskers, and outliers as circles.

https://www.r-project.org/
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The first statement is about understanding the need for affective strategies
in this learning system; all the participants agreed. For the second statement
(Not hard to use Leap Motion Controller) mostly everyone agreed. By providing
a training phase at the beginning of the study, everyone understood how the
system worked. The forth statement was understanding the meaning of different
affective strategies, which everyone understood. The fifth statement was about
task affirmation and reflection on the UI, and everyone but one agreed. The
sixth statement explore whether the system motivated the participant in learn-
ing about mathematical ratios, but not all agreed. The seventh statement was
whether it is useful to use affective strategies in learning mathematics; only two
of the participants were neutral but the rest agreed. The last statement was if the
participant would like to learn other mathematical concepts using this software;
almost everyone agreed except one participant somewhat agreeing, and another
was neutral.

Overall, the rating indicated approval of the system design; however, some
differences were observed among participants.

7 Qualitative Results

At first we did a pilot study with one participant to capture firsthand behaviors
and interactions that might have not been noticed. We found some problems
with the system, and fixed them for the real study. One issue was that the Leap
Motion Controller was far from the participant, which meant the participant
was not feeling comfortable and had some fatigue with his hand. Having it closer
made it easier to hold up his hands, giving a finer control over the height making
it easier to use with no fatigue. Another concern was the participant said that
the text wording could be improved in a lot of places, and we fixed all those
instances. Another issue was brought up was the audio. He said: “I’m not a fan
of audio in general, but the applause seemed over the top, and the music was in
the way because we were talking.” So we provided controls for the audio.

7.1 Multiple Sensory Modalities

Fun and Engaging: Almost all the participants agreed this system would be fun
and engaging for children. They said the Leap Motion was easy to use and quite
fun to try for the first time. One participant said: “I personally have cousins who
are currently learning ratios, and believe this would be an interesting way for
them to learn, that they would enjoy”. Another participant said: “I think having
Leap Motion is an effective and innovative approach for kids to be engaged in
learning mathematics. The device is small, light and easy to use and having
a friendly interface would be successful in my opinion for learning.” Another
participant said this system is great for allowing students to respond in the
modality that they have the most comfort with. He said the Leap Motion is good
for visualization representations for how a ratio scales. He had a suggestion that
there be option to interact in a horizontal way as well, suggesting that would
more directly correspond to hand positions.
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Easy to Use But Could Be Improved: One participant said the Leap Motion is
mostly easy to use but it is a bit finicky. Some participants mentioned there
should be a physical reference such as a ruler displayed vertically. Another said
it would be nice to have a ruler (scale) guide on the side as reference points to
help user more accurately move up and down.

Learnability and Memorability: One participant said that the Leap Motion
would help with learnability and memory, because you’ve experienced it yourself.
Another participant said it was very smooth and there was no lag-time when
interacting with the Leap Motion.

Control of Audio: One participant said the audio output would be suitable as
long as it is controllable. Another participant mentioned: “While performing a
task, if the music is playing, it might be distracting for some people, but the
praise (e.g. clapping) when the job was complete can be a good thing.”

7.2 Affective Strategies

Effect on Learning: One participant said this multimodal system had benefits
by providing multiple interaction modes including audio, visual and using an
embodied interaction approach; the Leap Motion can make UI learnable and
memorable. One participant said: “I feel proud of myself when I hear applause.”
He said that the happy face is encouraging, audio is motivating, but he did
not like the specific music in the background, and he said it depends on type
of music. Another participant said: “The affective strategies are great for kids,
and it’s very encouraging.” Another participant said: “The affective strategies
like music are helpful in learning, since it challenges the students to try, and
in the meantime it presents a mathematical problem like a computer game.
This interactive approach is helpful since it draws students attention more than
traditional learning techniques.” Most of the participants said this system could
be very good for children, e.g. music, audio, color, text and using humor and
funny things can be engaging for kids. One participant said: “I like the idea of
giving different types of feedback and customizing that feedback.” She said that
affective strategies present in this system are appropriate for kids but not for
adults.

Challenges: Some participants would have liked if the system provided the
learner with a score. This possible addition could be a mechanism to make
the learning seem more like a game that would keep the students’ attention and
challenge them. One participant suggested that there be continuity to the music
during the task (e.g. each part of the task for 30 s, and eventually music finishes
when the person completes the whole task and it is done. Another participant
suggested that when a user wants to start using the system, it can ask the user
their favorite color for the background choice. Some participants had concerns
for the location of content on the screen. Some liked the affective feedback’s loca-
tion on the screen, but they said it should not go on top of the learning objective.
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Some participants suggest the ratio can move closer to the hand circles on the
main screen as maybe a better idea.

Virtual Characters: A participant mentioned adding virtual characters; an
avatar of the learner. For example, there is an appeal to emotional investments of
virtual characters like Pokemon, and we could provide for the student to choose
an avatar that reacts to their performance, and lets them earn token currency
as a reward for success – which could be spend to customize the avatar – and
allow custom themes for success/fail sounds, a custom look and feel theme to
the interface as personalization.

7.3 Facial Recognition

We suggested that our system might use analysis of facial expression to detect
emotional state, and asked for their comments.

Useful for Teaching: The participants agreed with having a facial recognition
with the system, and they said it might be a great way for adapting difficulty
to success/failure e.g. frustrations vs. excitement. One participant said: “I think
that facial recognition should be used, as it would allow the teacher to be able
to monitor individual performance of students, to know when to modify the
difficulty or focus on a skill that doesn’t seem to be understood.” This approach
might be useful to help better understand the students’ moods and feelings and
how they feel about solving mathematical problems. Teachers might then adapt
the exercise based on the learner’s frustration with difficulty. If a student feels
that they are behind, facial expressions would help teacher to adjust/modify
level of difficulty. It might be interesting data to collect for a teacher to reflect
back on and use in their assessment of teaching methods, and assessing their
student’s performance.

Privacy Issues: At least two participants said: “Showing the student’s face in
the screen would be distracting.” One of these participants mentioned people
may not like capturing their face (privacy) and added: “Probably not? It would
have to be done very well, so that it’s not really telling you how you feel. [There
is a] danger of being creepy monitoring. How would it improve my experience?
and is it going to be worth the costs?” Another participant said that she is not
sure how useful it would be. Almost all the participants agreed that it would
be very interesting for the teacher to user a facial recognition. Only one of the
participants said: “Would there not be some privacy concerns here? I personally
would not like it. Some people do not like to express or have their emotions
show/being monitored. E.g. with frustration/anger/sad. Learning environment
should be more visual/interactive rather than computer monitoring; the human
touch is needed here”. Therefore, they felt it could be useful for the teacher to
see the video, but it would be more distracting if there was a real time video on
the same page, and some people might not like having their image recorded.
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7.4 General Advantages

As one participant mentioned, this system has a lot of potential for some people
who have problems focusing on written material (e.g. ADHD). He added that
this system provides a visual, auditory and physical interaction which is the
environment they learn best in. He said: “I find it very effective for my age and
personality: I don’t like voice; I’m more visual.” He would like the system to
somehow show the movements of his hands on the screen. Other participants
agreed on the following general advantages:

1. This system is fun and is more engaging compared to the traditional way of
learning ratios.

2. Customization in this system is an advantage.
3. The system provides a hands-on physical interaction.
4. The system would raise the curiosity of children in learning.

7.5 General Disadvantages

“The User has to focus on each the left and right side of the screen. It took
his attention and made he look at different directions while looking at numbers
and make calculations.” This was said by one participant, who suggested that
more coherence on the main screen. Another participant said: “If you could com-
bine the points of attention; you have three-points of attention: our hands, hands
shown on the screen and ratios on the left, which causes three focal points. Com-
bine them into one.” This issue was perhaps the most prominent disadvantage;
the entire list was:

1. Potential problem of different places to focus.
2. More visual cues about what is going on.
3. Need for challenges and game-like structure.
4. Potential problem with motor skills hand-eye coordination.

8 Discussion

We have described our rationale for, and implementation of, the MADE Ratio
system, including our design-based research approach and reporting on qualita-
tive and quantitative studies with eleven undergraduate and graduate students
who engaged in problem-solving tasks with the MADE Ratio. Our study is con-
sistent with the work of Howison et al. [6], while they have not emphasized the
multimodality aspect and affective strategies. Out tasks were performed by the
participants who had prior experience with ratios and proportions, but not in a
multimodal environment. They had learned mathematical concepts with pencil
and paper, or using mouse and keyboard.

The math topics we considered in this system were ratios and proportions. We
tried to implement a multimodal system with a super-simple affective experience
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to increase engagement and attention of the students. This system is customiz-
able, meaning the teacher can select different learning objective, affective and
cognitive strategies in the database for different personas. The teacher moni-
tors the students understanding of the material and provides different learning
strategies to each student. These strategies employ sensory and quasi-sensory
modalities, which we explained earlier.

Reflecting on our experience, we now suggest that the system might also have
elements of persuasive technology tools, as described by B.J. Fogg [3]. Specifi-
cally, the system might be seen to be using tailoring, which is persuasion through
customization (the teacher is able to customize the database according the each
student’s interest), as well as reduction approach to make the complex ratio
task simpler (by using the Leap Motion Controller) to increase a student’s moti-
vation to engage in the task more frequently. Fogg has proposed that tailored
information is more effective than generic information in changing attitudes and
behaviors; the information provided by a system will be more persuasive if it is
tailored to the individual’s needs, interests, or other factors relevant to the indi-
vidual. We also discussed affect and so we might be seen as employing Pathos,
from Aristotle’s modes of rhetoric. Pathos represents an appeal to the emotions
of the students, and elicits feelings that already reside in them.

The reflections of our participants also leads us to consider gamification in
education as a potential new approach we might explore in refining the system.

9 Conclusions

The ability to communicate emotionally and cognitively plays an essential role
in HCI and education. This paper focused on UI design and implementation for
a multimodal system in affective education, and conducted usability testing. We
presented the rationale, design, implementation, and early results from our study
of a novel educational technology. The goal of this study was to determine if this
system can motivate and engage students in learning ratios and proportions.
The affective strategies and the Leap Motion Controller were well suited for this
environment.

We validated our three expectations: The Leap Motion Controller was easy
and engaging, the system did support fun through the physical interaction, and
the affective design support will increase the motivation in learning and the
students did better understand some tasks in mathematics.

Our next steps will consider the following potential improvements. First, the
interface should show a list of the tasks for the students to attempt, rather
than relying on a teacher. Second, the system should show the student their
learning progress. Third, and perhaps the most important, the system could
allow the teacher to monitor and see current student status and how he/she is
doing, showing the affective status, and allowing changes to be made to the task
list and the affective feedback strategies. We also plan to upgrade the system
adding facial recognition to it to support this. We plan to do another user study
to monitor the task difficulties/easiness, and do more quantitative analysis on
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the data we collect. We will use an updated, modified version of the questionnaire
and will consider all the feedback participants provided in this study.

In future, we will see what other relevant tasks can be specified and used with
this system, and if the framework and the system could also be applicable to
other domains. In the design of this system, we used two design methodologies,
Affective Personas and Affective Essential Use Cases. It is hoped that these
methodologies may support designers in the creation of multimodal affective
software for teaching environments.
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Abstract. One of the challenges faced by today’s web is the abundance
of unstructured and unorganized information available on the Internet
in form of educational documents, lecture notes, presentation slides, and
multimedia recordings. Accessing and retrieving the massive amount of
such resources are not an easy task, especially educational resources of
pedagogical nature. Much of the pedagogical content available on Inter-
net comes from blogs, wikis, posts with little or no metadata, that suffer
from the same dilemma. The content is out there but way out of the
reach of the intended audience. For content to be readily available, it
has to be properly organized into different categories and structured into
an appropriate format using metadata. This paper addresses this issue
by proposing an automated approach using ontology-based document
classification. The paper presents a case study and describes how our
proposed ontology model can be used to classify educational documents
into predefined categories.

Keywords: Domain ontology · Document classification · eLearning ·
SEMCON

1 Introduction

People have been educating themselves since the era of dawn, shaping their
minds to adapt to the changing needs. Not only education has helped mankind
acquaint themselves with better tools and skills, and to find solutions to everyday
problems, it has also helped progress in the field of technology. Over time, it has
resulted in a technologically advanced society we now live in today.

Massive amount of digital content from all walks of life is produced on a
daily basis with the advancement of technology, and education is no different.
Hundreds and thousands of educational videos, audio recordings, presentation
slides and lecture notes are uploaded to the Internet, creating a massive wealth
of information and digital libraries of educational content. Most of which is,
however, unstructured and unorganized, thereby making it difficult to find them
amongst the wealth of information available on the Internet.

According to IBM, a computer giant, roughly 2.5 quintillion bytes of data is
produced every day. This data is coming from various sources in forms of emails,
c© Springer International Publishing Switzerland 2016
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chats, blogs, posts, social media, eLearning platforms, among others. This huge
amount of data is expected to grow even at a faster pace in coming years. More
than 80 % of the information coming from various sources is unstructured and
unorganized [1]. This results in a loss of data and the information fail to reach
to the users. This holds true for educational material roaming around on the
Internet as most of it never reach to the audience.

To ensure easy retrieval and access to massive amount of digital data, we
need to organize and structure it accordingly. Having said that, organizing and
structuring massive wealth of information is a momentous task for humans. It is
labour intensive, prone to errors and is time-consuming. Automatic approaches
and methodologies such as the use of ontologies can help play a vital role in this
regard.

The rest of the paper is as follow. In Sect. 2 we present the related work
on ontology and eLearning. Section 3 describes the importance and the role of
ontologies in organizing pedagogical content. Section 4 presents a case study
where we show how our proposed ontology model can play an effective role in
organizing educational material while Sect. 5 concludes the paper.

2 Related Work

Ontologies are being used in web portals and eLearning systems for nearly two
decades to generate knowledge and aid processes of collaborative learning. 1999
was the start of era when the role of ontologies for intelligent educational systems
was first recognized in a workshop [2]. With the boom of web 2.0 in 2004, ontolo-
gies gained popularity. By then numerous workshops, conferences, and journals
were dedicated to ontologies for educational systems [2–8], which resulted in a
significant amount of researches. This lead to the development of semantic tools
(Jena, Sesame, KAON, JRDF, Protege (Pugin for Protege for OWL) and ontol-
ogy based languages (DAML + OIL, RDF, RDF-S, OWL and its sublanguages:
OWL Lite, OWL DL, and OWL Full). Thus giving rise to a semantic web,
semantic databases and semantic searches in last decade. Since then ontologies
have become an essential part of many eLearning systems.

Ontologies are now being used in eLearning systems for domain knowledge,
metadata, and entity representation. Use of ontologies in the context of eLearn-
ing can be categorized into [9]: (a) curriculum modeling and management, (b)
describing learning domains, (c) describing learners data such as profile and per-
sonal data and, (d) describing eLearning services, all for the purpose of better
content structuring and organization, and easy search and retrieval mechanisms.
CURONTO is an ontology designed for entire curriculum management. Others
include Gescur [10] and Crampon project [11] that aid curriculum designing.
Learning ontologies consists of domain (subject) specific ontologies [12,13], and
task-based ontologies involving pedagogy design [14,15], assessments [16,17],
search and retrieval [18], and feedback [19,20]. Adaptive courseware Tutor [21],
ONTODAPS [22], and work done by Panagiotopolos et al. [23] provides informa-
tion about student’s knowledge, progress, and personal information. They also
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provide information describing learners data such as IMS learner information
package (LIP), IEEE public and private information (PAPI), and friend of a
friend (FOAF). While [24] and [25] are service related ontologies for creating
learning object repositories (LOR) and mapping learning objects (LO) to a sin-
gle common ontology. These facilitate the existing metadata standards such as
Dublin Core DCMI, IMS learning resource metadata, IEEE LOM and SCORM
via ontologies.

3 Importance of Ontologies in eLearning

This section briefly discusses eLearning platforms’ content organization, defines
ontology and establishes how ontology can play a role in the content organization
in eLearning platforms.

3.1 eLearning Platforms

Over the years, numerous eLearning platforms and management systems have
emerged. These platforms and websites such as Coursera, edX, Khan Academy,
offers many online courses from all walks of life. These courses are usually divided
into modules. Each module is further divided into different lessons and each
lesson consists of a topic. The topics may be further split into smaller chunks
of educational resources called LO. On a daily basis, hundreds and thousands
of LOs are created and uploaded on various educational platforms. The benefit
of these resources is certainly undeniable, however to benefit from the wealth
of information available on the Internet, these resources have to be structured
and grouped together into categories for easy search and retrieval. A domain
ontology can play a vital role in this regard by incorporating semantics into
eLearning platforms.

3.2 Ontology

Ontology is a fundamental element in semantic web and artificial intelligence
(AI) based systems and is often defined as a ‘specification of conceptualization’
[27]. It is a description of the real world concepts as entities and the relationship
between them. Ontologies can be used in context of knowledge sharing and reuse.
Given a domain ontology, queries, questions, and assertions can be made via AI
agents/programs for content organization, structuring, and classification. Thus,
It can also be described as a set of vocabulary of a particular domain.

A domain ontology consists of concepts and the relationships between these
concepts for a particular domain (course) rather than specifying only generic
concepts, as found in the upper ontologies such as SUMO, DOLCE, Cyc, among
others. In other words, a domain ontology represents the vocabulary of a partic-
ular domain in a formal way and therefore it should closely match the level of
information found in a text document in that domain.
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3.3 Ontology Role in eLearning

Many learning management systems (LMS) and online learning platforms use
open educational resources (OER) delivering high-quality pedagogical content in
a form of LO. These OER and LO are often manually structured and organized
into different categories, which demands a lot of manual work and is a time-
consuming process. The OER and LO consist of different topics from various
fields which can be depicted as concepts.

For instance, for a given chemistry domain, a list of commonly used terms
can be prepared. These terms can be used as concepts to build an ontology
for chemistry domain. The ontology is usually a hierarchical representation of
these terms and the relationships between them. Thus, the terms for a chemistry
domain can be represented as a hierarchical structuring consisting of classes and
subclasses. To give an example, the term ‘atom’ can be a subclass of the term
‘substance’. As both of them are concepts belonging to a chemistry domain,
therefore, these terms can be used as labels in a domain ontology. Once the
ontology is populated with a list of all the important concepts from the chemistry
domain, it can be used to classify and organize different OER and LO using it.

In today’s era, ontology plays a vital role in structuring and organizing ped-
agogical content on eLearning platforms. The next section presents a case study
describing how ontologies can be used to structure and organize educational
resources into different categories.

4 Case Study

In this section, we are introducing an example of classifying unlabelled text
documents in the appropriate category within a pedagogical platform using
the domain ontology. Employing a domain ontology enables to move from a
document classification based on keywords to a classification based on content
meanings (concepts), thus moving from lexical to semantic interpretation. The
example presented in this section is composed of 4 components.

4.1 Domain Ontology

Text document classification presented in this case study is in line with ontology-
based classification approach, therefore, it takes as a starting point the existence
of a domain ontology. A domain ontology represents concepts for describing a
domain and interpreting a description of a problem in that domain. A 5-tuple
based structure [28] shown in Eq. 1 is commonly used to describe the concepts
and their relationships of a particular domain.

D = (C, I, H, type, rel) (1)

where:

• C is a finite set of concepts
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Fig. 1. A part of substance ontology from the domain of chemistry

• I is a finite set of lexical entries (Instances)
• H is a finite set of concept to concept relationships
• type is a finite set of instance to concept relationships
• rel is the finite set of instance to instance relationships.

Figure 1 shows a part of substance ontology built according to the Eq. 1.
Additionally, it illustrates concepts (Element, Atom, Metal), instances of con-
cepts (Carbon, Hydrogen) and the three types of relationships used to link these
concepts. These relationships are (1) concept-to-concept (Metal is an element,
Nucleus is part of an atom), (2) instance-to-concept (Monad is an atom with
valence one), and (3) instance-to-instance relationship (Carbon has isotopes).

4.2 Predefined Categories and Semantics

The second component shows categories which have been predefined in a peda-
gogical platform. In this case study, the category shown in Fig. 2 is the subject
of chemistry and the documents contained within this domain. The documents
are organized into appropriate categories manually by an expert of that domain.
At this point, these documents are represented as plain texts and there is no
semantics associated with them.

The semantic information is added in using a domain ontology as defined
in Subsect. 4.1. The semantic of documents, as shown in Fig. 3 (Doc1, Doc2,...,
Docn), is incorporated by matching the terms t in a document Doc with the rel-
evant concept c from the domain ontology. Adding semantics is possible thanks
to (1) the presence of at least one of the concept labels within documents and/or
(2) through identification of terms which are semantically close related to these
concepts.

The former is a straightforward process. It simply employs the matching
method [29] to find the concepts label within documents. A domain ontology
consists of single label concepts such as Substance, Element, Atom and com-
pound label concepts (BaseMetal, HeavyMetal) as well. For single label concepts,
we use only those terms from the document for which an exact term exists in
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Fig. 2. Representation of a predefined category

Fig. 3. Representation of documents after semantics have been incorporated

the domain ontology. For example, for concepts in the domain ontology such
as Substance, Atom, and Element, there exists the same term extracted from
the document. This process is known as exact term matching. For compound
label concepts, we use those terms from the document which are present as part
of a concept in the domain ontology. This type of concept matching is known
as partial matching, and it represents cases when concept label contains terms
extracted from the document in the corpus. The formal definition of exact and
partial matches is given as follows.

If DO is the domain ontology, C the corpus composed of documents of this
particular domain and Doc ∈ C a document defined as a finite set of terms
Doc = {t1, t2, ..., tn}.
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The mapping of term ti ∈ Doc into concept cj ∈ DO is defined as exact
match EM(ti, cj), where

EM(ti, cj) =

{
1, if label(cj) = t i
0, if label(cj) �= ti

(2)

The mapping of term ti ∈ Doc into concept cj ∈ DO is defined as partial
match PM(ti, cj), where

PM(ti, cj) =

{
1, if label(cj) contains ti

0, if label(cj) not contain ti
(3)

If EM(ti, cj) = 1, term ti and concept label cj are identical and term ti is
then replaced with concept cj .

If PM(ti, cj) = 1, term ti is part of concept label cj and term ti is then
replaced with concept cj . For example, the BaseMetal compound ontology con-
cept shown in Fig. 1 contains terms extracted from the document such as Base
and/or Metal.

The latter is a more complex process. It searches for new terms within doc-
uments which are associated semantically with ontology concepts. To find these
terms, we employ the SEMCON model [26] which uses an aggregated contextual
and semantic information of the particular term. SEMCON exploits the statis-
tical features such as frequency of occurrences of a term, term font type, and
term font size to build the observation matrix. Contextual information is then
defined by using the cosine measure where the dot product between two vectors
of the observation matrix reflects the extent to which two terms have a similar
occurrence pattern in the vector space. In addition to the context information,
the SEMCON incorporates the semantic information to a term, by computing
a semantic similarity score between two terms - a term that is extracted from a
document and term that already exists in the domain ontology as a concept.

The next step is incorporating semantics of the categories. This is a process
where the overall classification system tries to replicate the way an expert orga-
nizes/categorizes the documents into each category. The category semantics is
built by aggregating the semantics of all documents which belong to the same
category, as shown in Fig. 4.

Figure 5 shows all the steps taken through the process of incorporating the
semantics of the chemistry category.

Each category is represented by a vector with two members: (1) concepts of
a domain ontology, and (2) weight of these concepts. Category vector represen-
tation is given in Eq. 4.

Catj = {(c1, w1), (c2, w2), (c3, w3), ..., (cj , wj)} (4)

Where, cj is a concept appearing in the domain ontology and wj is the weight
of this particular concept.
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Fig. 4. Incorporating category semantics

Fig. 5. The overall process of incorporating category semantics

Weight of concepts of the category vector is computed by aggregating the
concept importance and concept relevance. The value of a concept weight given
in Eq. 5 is in the range of [0,1].

w(cj) = Imp(cj) × Rel(cj) (5)

Concept importance shows how important a concept is in the domain ontol-
ogy and this is reflected in the number of relations this particular concept has
to other concepts. The concept importance is computed automatically using the
approach described in [30]. More concretely, the approach takes the ontology and
map that into a graph and then implements one of the Markov-based algorithms
(PageRank) to compute the concept importance.

Concept Relevance reflects the contribution of a particular concept to a cat-
egory vector by the frequency of the occurrences of this concept in that category
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alone and it is computed using the Eq. 6.

Rel(cj) =
m∑
i=1

Freq(cj) (6)

Where, Freq(cj) is the frequency of occurrences of a concept cj in the corpus.

4.3 Representation of Unclassified Documents

The last component deals with the unlabelled documents which have to be clas-
sified into the appropriate category. The following preprocessing steps have to
be undertaken to bring these new and unclassified documents into the appro-
priate form for further processing: text is cleaned by removing all punctuation
and capitalization, and a tokenizer is used to separate the text into individual
terms (words); all terms resulted by tokenization process are passed through the
term stemmer to convert them into their base or root form to develop a list of
potential terms which are a noun, a verb, an adverb or an adjective; the stop
words are removed; and finally the weight of terms is computed using one of the
techniques from the Information Retrieval such as Term frequency tf or Term
Frequency Inverse Document Frequency tf*idf.

After the preprocessing step, the incoming unlabelled document is finally
represented as a document vector composed by a finite set of weighted terms
and it is described by the tuple given in Eq. 7.

Doci = {(t1, w1), (t2, w2), (t3, w3), ..., (ti, wi)} (7)

Where, ti is the ith term appearing in this particular document and wi is the
weight of this particular term.

The final task, after the unlabelled document is brought in the document
vector form according to Eq. 7, is then to classify it into its appropriate category
automatically. This ultimate goal is achieved using the similarity measure. It
finds the similarity between category vector and document vector. The higher
the similarity score, the closer the relationship between the document and the
category. In other words, the higher the similarity score between a document and
a category, the document more likely belongs to this category. The mathematical
definition of similarity measure is given in Eq. 8.

Similarity(Doci, Catj) =
−−→
Doci × −−→

Catj

‖ −−→
Doci ‖ · ‖ −−→

Catj ‖
(8)

Where, Doci and Catj represent the document vector and category vector,
respectively.

5 Conclusion and Future Work

In this paper, we presented a case study depicting how the proposed ontology-
based model can be used to classify educational documents into predefined
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categories in a pedagogical platform. The model classifies documents based
on the content meanings thereby trying to replicate the way an expert orga-
nizes/categorizes the documents into each category. To achieve this, the model
initially build the semantics of the documents using the domain ontology. Aggre-
gating the semantics of all these documents belonging to a particular category
builds the semantics of category. Finally, an unlabelled document is classified into
a category which has the highest similarity score with this particular document.

The proposed approach can be an ideal choice for educational platforms such
as massive open online courses (MOOC) and LMS where content organization
and structuring is inevitable for easy search and retrieval. In the future we are
planning to implement the proposed model to classify documents for a particular
course within a pedagogical platform.
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Abstract. Gender is strongly involved in the organization of interactions.
According to the similarity-attraction hypothesis, learners may be more attracted
to animated pedagogical agents that are similar to them, especially with regard
to gender. Research on gender matching has so far yielded mixed results.
However, the frequent use of tasks related to science, technology, engineering or
mathematics may have interfered with the similarity-attraction relationship in
these studies, as gender stereotypes suggest that boys are more associated with
these fields than women. The aim of our study was to examine the effect of
gender similarity on young learners (N = 47) performing a neutral task. Gender
similarity was found to have a positive impact on learners’ perceptions of ani-
mated pedagogical agents, but in the opposite-gender condition, learners were
more engaged in the task. We discuss our results in the light of theory and
previous research on gender matching.

Keywords: Human–computer interface � Gender studies � Elementary
education � Interactive learning environments

1 Introduction

The social cues conveyed by animated pedagogical agents (APAs) can have an impact
on learners in multimedia learning environments (e.g., Baylor and Kim 2004). In most
cultures, gender is the primary social categorization (DeFrancisco and Palczewski
2007), and is strongly involved in the organization of interactions (Ridgeway and
Smith-Lovin 1999). Gender stereotypes appear at an early age (e.g., Arthur et al. 2008).
It is well known that people regard computers and other media as though they were real
people (i.e., media equation theory; Reeves and Nass 1996). Gender stereotypes may
also exist in the virtual world. For example, when computers provide gender cues, users
produce stereotypical responses based on gender (Nass et al. 1997). Gender stereotypes
lead to expectations about men and women. Men are regarded as agentic (i.e., inde-
pendent, masterful and competent), and women as communal (i.e., friendly, unselfish
and concerned with others; Eagly and Wood 1991). According to Schunk (1987),
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a model’s perceived competence can enhance observational learning. Interactions
between learners and APAs can be affected by gender stereotypes. As a consequence,
male APAs could benefit from gender stereotypes and therefore be more effective.

Some reports, for instance, indicate that male agents are more effective for learners
than female ones, as they are judgedmore positively (Kim et al. 2007; Experiment 1& 2),
arouse greater interest in the task (Kim et al. 2007; Experiment 1) allow for better
self-regulation (Baylor and Kim, 2004; Experiment 1) and give rise to enhanced
self-efficacy (Baylor and Kim 2004; Experiment 1) or learning outcomes (Kim et al.
2007; Experiment 1; Moreno et al. 2002).

Others, by contrast, suggest that female agents are more beneficial to learners,
contributing to their self-efficacy (Baylor and Kim 2004; Experiment 2). Shiban et al.
(2015) found a positive effect on learners’ interest in the subject (statistics) for the
female, young and attractive agent, compared to the male, older and less attractive
agent. Schroeder and Adesope (2015) didn’t find any effect of agent gender.

It is, however, important to emphasize that most of these studies did not take the
learners’ sex into account, even though some research in social psychology on the
similarity attraction hypothesis (SAH) suggests that it is important to consider gender
similarity between learners and APAs.

According to the similarity-attraction hypothesis (SAH), people tend to be more
attracted to others who are similar to themselves (Byrne 1971). Same-sex preferences
are observed from an early age (e.g., Martin et al. 1999).

In a computer-based learning context, learners could therefore be more attracted to
same-sex APAs. Gender similarity has a positive impact on judgments, with girls and
boys considering their own gender more favorably (e.g., Yee and Brown 1994).
Moreover, according to Bandura (1997) similar attributes, such as gender, between
social model and learner can affect self-efficacy which, in turn, has an impact on
persistence and achievement (Schunk 1995). In the light of this knowledge, we would
therefore expect gender similarity between APAs and learners to give rise to better
outcomes. However, studies have yielded heterogeneous results. For example, some
studies have highlighted an effect of agent gender independently of the learner’s sex.
Baylor and Kim (2003) for instance, demonstrated a main effect of APA gender, with a
male agent being judged more extrovert and agreeable in an instructional plan devel-
opment task. Participants also expressed greater satisfaction with their performances
and reported that the male agent facilitated self-regulation more than the female agent
did. Furthermore, Arroyo et al. (2009; Experiment 2) observed that girls work better
with the male agent. In another study, male and female agents exposed gender-fair
beliefs, and provided a twenty-minute narrative about four female engineers, followed
by five benefits of engineering careers (Ashby Plant et al. 2009). They observed a
positive effect of a female versus male agent on the career interest dimension and
mathematics performance.

Arroyo et al. (2009; Experiment 1) meanwhile, found that students tended to
perform better in mathematics with a learning companion of the opposite gender, thus
contradicting the SAH, although participants did not express a preference for this agent
in the similarity condition. As for Behrend and Thompson (2011), they failed to
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demonstrate any effect of learner–APA gender similarity on either learning, engage-
ment or perceptions of utility – be it of the agent or of the office software training
program. That said, the SAH was corroborated in studies, in which Ozogul et al. (2013;
Experiment 1) observed that 12-year-old girls rated a program on electrical circuits
more positively after working with a gender-matched agent. In another study, Arroyo
et al. (2013) found that female characters had a positive effect on girls. Male students
had more negative outcomes when a learning companion was present; they obtained
their worst outcomes with female characters. Research on the gender of agents and
participants has therefore yielded mixed results so far, with no clear endorsement of the
SAH. Students’ judgments, motivation and even learning outcomes are not necessarily
more positive when the APA’s gender matches their own.

Furthermore, a task’s gender orientation may influence interactions (Ridgeway and
Smith-Lovin 1999). For example, children evaluate a computer-synthesized speech
more positively and show better self-confidence when voice gender matches either
content gender (i.e., female topics: skin care and makeup, princesses, dance; male
topics: dinosaurs, football, knights) (Lee et al. 2007). Moreover Lee (2003) showed
that participants exhibited a greater conformity with male character about typical male
subject (i.e., sport) and with female character about typical female subject (i.e.,
fashion).

It should be noted that up to now, APA gender studies have usually featured tasks
about science, technology, engineering or mathematics (STEM; e.g., Ozogul et al.
2013; Shiban et al. 2015; van der Meij et al. 2015) (often in order to develop girls’ self
efficacy in STEM). This may have interfered with the similarity-attraction relationship
and could explain equivocal outcomes, as women are underrepresented in the STEM
field (Beede et al. 2011), and people associate science and mathematics with men (e.g.,
Nosek et al. 2009).

The aim of our study was to examine the effect of gender similarity on learners
performing a nonstereotypically gendered task. Based on SAH, we predicted that
learners would judge the same-sex APA more positively (Hypothesis 1), exhibit greater
engagement (Hypothesis 2), and perform better (Hypothesis 3) with a same-gender
APA than with an opposite-gender one.

2 Method

2.1 Pretest

We conducted a pretest in order to select a neutral learning task. Participants included
62 children (32 girls, 30 boys) with a mean age of 9.52 years (SD = .31). Consistent
with previous studies (Becky 2000; Miller and Budd 1999). We measured children’s
preferences for and perceived competence in different academic disciplines according
to gender.

This pretest revealed that a foreign language task could be regarded as non-
stereotypical, in contrast to mathematics or participants’ native language.
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2.2 Test

Participants and Design. The sample comprised 47 children (24 girls, 23 boys)
attending schools in western France. Participants’ mean age was 10.53 years (SD =
.27). All of them had French as their mother tongue. They were randomly assigned to
a same-gender (n = 25) or opposite-gender APA (n = 22) (see Fig. 1). (Perception of
gender of APAs has previously been pre-tested with students).

Material and Procedure. The children had to learn new items of English vocabulary
presented by the APA on a 12.1” touchscreen tablet. After the learning phase, they
could practice in an engagement phase, before undergoing a learning test. Children’s
perception of the APA was assessed by a post-task printed questionnaire. The session
lasted 40 min.

Measures. We evaluated learning, engagement, and APAs’ perception.

Learning: children had to recall some of the words learned in the lesson. They had to
recall eight English words cued by the French ones (e.g., How do you say journal in
English?). To receive a point, the child must remember the word and its pronunciation
must be correct. Scores ranged from 0 to 8 points.

Engagement: we measured the number of exercises completed in a revision task
(e.g., Behrend and Thompson, 2012). Between the learning phase and learning test,
children could practice saying the new words. They could see and listen again twice to
each of the 10 words featured in the lesson. Each time, the participant chose to listen
the same word again, they received a point. They could end this phase whenever they
liked. This allowed us to score their engagement out of 20.

APAs perception: We examined two dimensions of the APAs: their legitimacy and
their attractiveness.

Legitimacy: the three items for the 5-point legitimacy scale were adapted from
Bavishi et al. (2010); inspired by Choi and Mai-Dalton (1999). Cronbach’s alpha
reliability coefficient was .94 for this scale.

Fig. 1. Boy and girl APAs in the learning environment
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Attractiveness: comprising four items, the 5-point scale for measuring attractive-
ness was adapted from two existing scales (i.e., Khan and De Angeli 2009; McCroskey
and McCain 1972; Pratt, Hauser, Ugray and Patterson 2007). Alpha reliability was .94
for this scale.

3 Results

Regarding participants’ perceptions of the APAs, we observed effects of gender sim-
ilarity on both legitimacy, F(1, 45) = 9.030, p = . 004, ƞ2 = .167, and attractiveness,
F(1, 45) = 6.027, p = .018, ƞ2 = .118. Participants who had been assigned to a
same-gender APA rated the latter as more legitimate (same-gender APA: M = 3.83,
SD = 1.07; opposite-gender APA: M = 2.77, SD = 1.3) and also more attractive
(same-gender APA: M = 3.86, SD = .70; opposite-gender APA: M = 3.32, SD = .82).
As Levene’s homoscedasticity test showed that there was significant heterogeneity of
variance (p > .10) for engagement, we ran a Mann–Whitney test. Engagement was
greater among learners who had worked with an opposite-gender APA (M = 6.73,
SD = 6.2) than with a same-gender APA (M = 3, SD = 3.46), (U = 158, p = .012).

We failed to find any difference in learning, F(1, 45) = .130, p = .72, between
learners who had been assigned a same- versus opposite-gender APA.

4 Discussion

Consistent with SAH, and with our first hypothesis, learners judged the same-gender
APA more positively than the opposite-gender APA.

Concerning engagement, results failed to confirm our second hypothesis, as
learners were more engaged with the opposite-gender APA. There are two possible
explanations for this result. First, our participants may not have sought to compete with
the opposite-gender APA, and were thus more strongly engaged. Second, they may
have felt more competent with the same-gender APA, and therefore saw less of a need
to persevere in order to succeed. Regarding performance on the learning task, results
also failed to confirm our third hypothesis.

Our study shows that results can differ and even be contradictory, depending on
which measures are used. This might explain the mixed results of previous studies.

Further research with children of various ages is needed to explore these results.
Moreover, the gender orientation of a particular task may strongly influence the

user–system relationship, making it necessary to compare several different types of
task. It is therefore crucial to conduct further experiments to understand this effect.
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Abstract. Currently, children and young people have more access and
contact with digital technologies and they are also more present in
schools. The aim of this study is to validate a set of functionalities pro-
posed and implemented in an educational system, evaluating its usability
and how it can be improved. The web-based system, called Mindboard,
aims to facilitate collaboration in class and beyond it. The experiment
involved students during a brief summer course to evaluate its use regard-
ing collaboration and usability. After the last class, students answered a
USE questionnaire about the system’s usability. This usability analysis
showed that the system has, overall, good ease of use. Furthermore, the
questions about positive points showed some advantages that we did not
expect at first and lead us to interesting future works.

1 Introduction

Currently, children and young people have more access and contact with dig-
ital technologies. Government programs in many countries are also promoting
the availability of mobile devices, computers and Internet access to students
and teachers in public schools. Students are also bringing their own devices to
classrooms more and more often, in a trend known as “Bring Your Own Device”
(BYOD), notebooks, tablets and smartphones are more present and used in class,
and are also used to study after class. These devices could enrich the learning
experience no matter in which place or time it occurs and not being restricted to
in-class periods [1]. According to the Horizon Report [2], worldwide education
institutions are gaining increasing quality and availability of internet access in
their dependencies. With all these facts, a large ecosystem to support the use of
technologies during classes and after them is being formed.

In this scenario, the aim of this study is to validate a set of functionalities
proposed in an collaborative educational system, designed and developed with
the intention of facilitating collaboration in class and beyond it but this relies, of
course, on teachers pedagogical use of the tool. We will focus, then, in evaluating
the usability of the system and how these results could be used to improve future
versions.

This web-based educational system, named Mindboard, had a prototype
developed with the chosen set of features. These features include allowing teach-
ers and students to collaborate with each other during classes and outside them.
c© Springer International Publishing Switzerland 2016
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During classes, teachers can share slides and source-code (or other forms of tex-
tual content generated during the class) and answer student questions in real-
time. On the other hand, students can receive all shared content, annotate it
and choose whether to share their notes and with whom, ask questions, answer
questions from other students or from the teacher and supply anonymous feed-
back to teachers about their understanding of the class at each moment. All
this information is logged and accessible to students and teachers later. Figure 1
shows a screenshot of Mindboard during a class.

Fig. 1. Mindboard screen during class. Teachers can display a presentation (left) and
the class history is shown (right) allowing to every user to jump to a specific point of
the class.

Figure 2 shows another Mindboard feature: the display of textual content in
real-time. In this example, the content was a Javascript source code.

Out of the class, users can watch classes again as video lessons, enriched
with meta-data created during the class, such as the annotations, questions and
answers, all synchronized with the content. During a programming online class,
for instance, the video may show a piece of code and a note in the system
is highlighted. Student can also ask questions and takes notes during online
and asynchronous video lessons. The system can also be used in distance-only
learning with these features.

After prototype development, Mindboard was used in an experiment with
students in a summer course to evaluate its use regarding collaboration and
usability.

In the next section we will talk about Computer-Supported Collaborative
Learning and usability questionnaires. In Sect. 3 we discuss our experiment and
in Sect. 4 we analyze its results. Later on, in Sect. 5 we leave our considerations
and examine possible future work.
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Fig. 2. Mindboard screen during class sharing textual contents in real-time. In this
case, we are presenting a source code in Javascript.

2 Background: CSCL and Usability Questionnaires

This paper describes an experiment using a computer system called Mindboard.
Since it is a collaborative system, we need to understand the context in which
it is inserted. Later in this section we describe the usability questionnaires that
we considered and the USE Questionnaire, which was selected for use during the
experiment.

2.1 Computer Supported Collaborative Learning

Educational systems are computational tools that aid in one or more of the
processes involved in teaching and learning activities [3]. Their uses could serve
one or more activities, such learning management, simulation, tutoring, or as a
mean of communication and information exchange. When an educational system
is used collaboratively it can be named as Computer Supported Collaborative
Learning (CSCL).

CSCL is a special case of Computer Supported Collaborative Work (CSCW).
CSCW as a way to supply a possible demand of the work market as early as 1985.
By that time, researchers already saw a new scenario emerging in which workers
could do their jobs collaboratively and not necessarily in the same place [4].

Mindboard is considered a CSCL system since it allows users to identify their
role, share information with each other and allowing the users to discuss with
each other about the class subject.

2.2 Usability Questionnaires and the USE Questionnaire

Usability analysis can be performed in many different ways such as inter-
views, behavior analysis and through questionnaires. Because mostly of time
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considerations and ease of recordability and data extraction, we choose to use
questionnaires to study Mindboard’s usability. There are many already validated
and well known questionnaires that could be used for this task. Some of those
we considered for this work are described below.

The Questionnaire for User Interaction and Satisfaction (QUIS) is a tool
created by a multidisciplinary team in human-computer interaction in lab of
the Maryland University [5]. It is relatively long and attempts to break down
usability in several specific aspects. In this work we opted for using a tool less
focused in such details to get an overview of the question.

The questionnaire Computer System Usability Questionnaire (CSUQ) was
designed by Jim Lewis and is licensed as public domain. It is reliable but it lacks
for a standard [6].

The questionnaire Usefulness, Satisfaction and Ease of Use (USE), designed
by Arnie Lund, has as its goal to analyze and summarize graphical interface
usability using a model composed of three factors: usefulness, satisfaction and
ease of use [7]. We believe these factors are the most important for our applica-
tion, which should be used voluntarily, picked up quickly with as little training
as possible or none whatsoever and be used transparently to avoid being an
obstacle during classes or study time. It also gives an overview of these factors
without going into very specific details in its questions, instead opting for pro-
viding ample opportunity for participants to make qualitative comments, which
was our goal in this particular instance. It is also licensed as public domain and
was the questionnaire we chose to use.

The USE questionnaire uses 27 questions with the Likert scale, with users
answering questions split in 3 groups: Usefulness, Satisfaction and Ease of Use.
For each question there is also a field where the user can enter some comment
about it. At the end of the questionnaire, the user is prompted to name 3 positive
and 3 negative points found in the system. In Sect. 3.1 we describe how we use
and get the answers during the experiment and in Sect. 4 we discuss the results.

3 Experiment Description

The experiment was approved by USP’s Ethics Committee with protocol number
39888114.0.0000.5390.

3.1 Setting up the Course

The experiment was conducted during a programming course in another insti-
tution named “MEAN Stack in Practice”, in which students were introduced to
web programming using NodeJS. The course was promoted online only, using
local Facebook Groups about Information Technology and using the personal
Facebook profile and contacts of one of the authors. After registration, we had
16 enrolled students, which were divided in two groups, one using the Mindboard
system with 9 students and a control group not using it with 7 (the difference
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in the size of both groups happened mostly due to student schedules and other
decisions outside our control).

The course took only four days and each group had classes in separate
weeks. We conducted 3 classes in-locus and 1 online, using video-screen-casting.
The course presented four main topics: MongoDB, ExpressJS, AngularJS and
NodeJS. The main objective of the course was to introduce students to web pro-
gramming using these technologies, allowing them to apply these subjects even
during the classes. The two groups were exposed to the same content but in the
Mindboard group we sent and presented all the material and source code using
Mindboard, while the control group sometimes received class material via email.
Students could access class content at any time after it was presented. Course
registration was completely open to the public and only a small fee was charged
to cover the costs of a coffee break during classes.

3.2 Data Collection

During the experiment a lot of usage and behavioral data was collected. Figure 3
shows the laboratory setup and how we captured the course in audio and video
for posterior analysis. The web-cam used was a Logitech C920 and we captured
the video in a resolution of 720p. These video records were used to count col-
laborations between students and with the teacher. We also used a survey to
ask how the students collaborated with each other out of the classroom and
without using Mindboard in both groups and to get a general idea how frequent
this collaboration was. In the group that used Mindboard we also logged usage
data using the system. After the last day of course, we presented participants
in the Mindboard group with the USE questionnaire to inquire about the sys-
tem’s usability. Google Forms was used as the medium for all questionnaires and
surveys.

Fig. 3. Laboratory capture setup. The left image shows the lab arrangement during
classes and on the right shows the position of the camera used to capture the experiment
for posterior analysis.
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4 Results

The experiment occurred during the planned period as expected, but we had
some problems with the collected usage data. The main problem that we encoun-
tered was the lack of a good amount of participants. We expected at first around
40 students split in two equal groups, but we had 16 (7 students in the first group
and 9 in the second one). When we combine this fact with the short duration
of the course, we ended up collecting a relatively small amount of usage data
for Mindboard, compared to what we planned. Another fact that created a bias
in our experiment was that, in this small universe of users, some groups of stu-
dents already knew each other, what led to collaboration between them more
naturally. Collaboration was an important metric in the analysis of Mindboard
because it had been designed to aid mainly in this activity. Finally, collabora-
tions were counted using the audio and video streams recorded during classes,
but only during the analysis did we discover that the audio was unusable (the
room was too large to be captured using only one microphone). Another problem
we faced was related to the use of a single camera, which was occluded in certain
moments. These factors led to our collaboration count having less quantitative
importance than we expected at first and to a more careful analysis of the qual-
itative feedback supplied by students (and, of course, to the USE questionnaire
to evaluate Mindboard’s usability).

With those caveats in mind, the number of interactions per student recorded
in both Mindboard’s group and the control group was approximately the same.
Qualitative analysis of these interactions, however, considering mostly student
feedback and also, to a smaller degree, teacher feedback, suggests that in the
control group, between 20 % and 30 % of interactions occurred because of diffi-
culties in seeing the content being projected on a screen during classes, particu-
larly when showing code, while in the Mindboard group there were no instances
of this problem since students could and did follow content in their own devices.
Thus the Mindboard group reported having more interactions of higher quality,
collaborating and discussing about the content itself instead trying to decode it
from what was projected. Another situation in which we detected a lot of inter-
actions of little relevance in the control group was when the teacher alternated
between source code files during class. In this kind of situation, one student or
another always asked to go back to the last file, while others were already think-
ing about the new file, which caused unproductive interruptions during classes
and appeared to have a negative impact on the stream of thought for both
teacher and students. The feature that allows students to go back and forth in
content and review it as they wish in their own device during classes helped
many students in this sort of situation.

Students also reported that they suffered less with lack of attention using
Mindboard to navigate within the content than in conventional classes. Finally,
we had a couple students with moderate visual impairment who were quite
thankful and excited about the system for facilitating their access to the content
during classes (Mindboard has options to control parameters such as font size
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that help in this situation, but we confess we had not foreseen this advantage in
accessibility before the experiment since it was not our primary focus).

Analyzing the USE Questionnaire data we discovered some interesting things.
Regarding the system’s usefulness, Mindboard averaged 5.6 out of 7. Table 1
shows each question with its average score.

Table 1. Usefulness questions

Usefulness questions: Score:

It helps me be more effective 5,5

It helps me be more productive 5,4

It is useful 6,3

It gives me more control over the activities in my life 6,5

It makes the things I want to accomplish easier to get done 5,4

It meets my needs 5,3

It does everything I would expect it to do 4,8

Usefulness score: 5,6

The mean score of 5.6 suggests that students considered the system with a
good level of utility. The lowest score in this set of questions is about whether the
system does everything that students expect it to do. We believe this occurred
because many students would like to see more specific features in the system,
such as, some way to integrate the real time text sharing with an Integrated
Development Environment (which was specifically mentioned in the comment
section of this question).

The set of questions about Ease of Use aims to measure the experience of the
user with the system. Mindboard scored well in this aspect too, with a mean of
5.76 of 7. Table 2 shows each question and its average score. The question with
the highest score was about whether the user could easily learn how to use it
without instructions, with a score of 6.2.

In the set of questions related to user satisfaction, Mindboard also scored well,
with an average of 5.7 out of 7. Table 3 shows each question’s score. The ques-
tion with the highest score was about whether the user could easily remember
how to use the system, with a score of 6.7. Considered along with the answers
showing high learnability discussed above this shows that Mindboard is both
easy to learn without instructions and easy to use without much effort once its
learned. Because the system is designed for use in education, these aspect of high
learnability and memorability are considered very important (even more than
efficiency and more than they would be for production software) [8], both to
encourage users to adopt the system and so that its use does not take attention
away from the learning process.

Besides these scores and the comments for each question, the USE Ques-
tionnaire has one feature that was very useful for our analysis of Mindboard:
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Table 2. Ease of use questions

Ease of use questions: Score:

It is easy to use 5.8

It is simple to use 6.1

It is user friendly 5.8

It requires the fewest steps possible to accomplish what I want to do with it 5.8

It is flexible 5.4

I can use it without written instructions 6.2

I don’t notice any inconsistencies as I use it 5.2

Both occasional and regular users would like it 6.0

I can recover from mistakes quickly and easily 5.3

I can use it successfully every time 6.0

Ease of use score: 5.76

Table 3. Satisfaction questions

Satisfaction questions: Score:

I learned to use it quickly 6.3

I easily remember how to use it 6.7

It is easy to learn to use it 6.6

I quickly became skillful with it 6.2

I am satisfied with it 6.0

I would recommend it to a friend 6.3

It is fun to use 5.7

It works the way I want it to work 5.3

It is wonderful 5.1

I feel I need to have it 5.4

It is pleasant to use 5.3

Satisfaction score: 5.9

it asks participants about the positive and negatives points of the system. It
may look like a simple question, but the results of it were quite important for
us in gathering qualitative feedback, explaining some of the scores and to collect
suggestions to improve the system or for future features.

The positive points that were mentioned most often were related to ease of
use and learning and having a friendly, intuitive and functional user interface.
Many other comments mentioned the real-time content sharing as an important
positive point as well as the integration with between annotations and video.

Negative points included complaints about the long time it took to load the
system (because we only found out too late, already during the experiment,
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that we would only have internet access with rather low bandwidth). Other
negative points mentioned were related to integration with other systems, such
as Integrated Development Environments (IDE) and the lack of a real-time chat.
After this experiment, we do have plans to perhaps include IDE support in future
versions, even if it is an improvement very specific to a particular area of teaching.
Regarding chat, however, we designed Mindboard with the intent of being used
along with other learning management systems already adopted by institutions,
not to replace them, and many of these systems already have support to several
features that we consider very interesting but do not plan to replicate, such as
real-time chat, discussion forums etc. During the experiment, however, we opted
to use Mindboard on its own, which explains this lack of certain features many
users commented on.

Based on the above, we consider these 3 groups of questions and, particularly,
the comments after each question and the positive and negative points at the
end of the questionnaire provided us with a very good opportunity to analyze
our system’s usability and to help us find where we could improve it. Having the
qualitative comments to rely upon meant that even though USE’s questions were
not as numerous and specific as, for instance, those in QUIS, we could still find
very specific positive and negative aspects of the system, but it was made less
complex by the fact that we only had a relatively small sample size. If we had
to analyze hundreds of questionnaires, it would likely be easier to dispense with
so many comments, which are more difficult to treat than the numeric answer
data, and instead have more and more specific questions.

5 Conclusion

Except for some problems we had with the small amount of usage data collected,
the experiment could show us some interesting things about Mindboard’s utility
and ease of use of Mindboard in and out of classes. The USE Questionnaire
proved to be the right choice for our context as well, providing us with a lot of
information about which aspects of the system we could improve and with the
collections of positive and negative points so we can create a better version of
Mindboard. The qualitative comments encouraged by USE were very important
for us and our amount of participants, but we believe that they would be con-
siderably more difficult to treat if we had a much larger sample, for instance in
the hundreds.

As future work, we would like to conduct more experiments so we can capture
more data. The main thing we would like to change is the size of the class.
We plan on running the next experiment in two classes, each with 40 to 60
students, and for a longer period of time instead of only 4 classes (one of which
was online only). We also plan to test the system with more teachers, not only
more students. Finally, we will discard the idea of trying to record the sound
of interactions and attempt to work with them only through a combination of
video records and self-reporting. Regarding video, we intend to record it with
multiple cameras (at least two) to reduce the problem of occlusion.
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For the next versions of Mindboard we plan to add a new set of features, such
as: integrate it with development environments (for programming classes) and
allow users to annotate with drawings instead of only with text. We also plan
to show examples of integration between Mindboard and other systems already
used in education, such as Moodle [9].
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Abstract. Efficient maritime training is important to build a competent work-
force of seafarers, able to operate safe, following rules and regulations. The most
widely used methods of onboard training is the so called Computer Based
Training (CBT), which simply is a set of electronic lectures and multiple choice
tests afterwards. While widely used this method has been criticized for being
individualistic, difficult to apply in a practical setting, boring and demotivating
for learning. Alternative methods have not been developed, partly because of the
dominance of the CBT method, but also because bandwidth and connectivity
issues for ships have restricted both use of more interactive and internet based
tools. The Tomorrow’s onboard learning system (TOOLS) was a project to
research and develop an innovative game-based learning platform for on-board
training, along with a course on energy efficiency. The chosen topic was of keen
interest to the ship owners that took part of the project, aiming to achieve fuel
savings whilst reducing the impact on the environment. The paper describes the
TOOLS platform, the course developed and the evaluation results from two
vessels, one from each participating shipping company.

Keywords: Maritime training � Serious games � Onboard training

1 Introduction

A competent workforce implies more than knowing, but being capable of applying
knowledge effectively and efficiently within the work context. Consequently, talent
management, including training and education is a key element to success in any
industry today, including the maritime industry. There is little disagreement on this,
and there exists a plethora of training centres, of formal certificates as well as on-board
training systems in the form of Computer Based Training (CBT). Further, ship-owners
as well as vetting organizations, certificate providers, port authorities, and other
agencies inspect and control actual work practice on-board. The seafarers are required
to follow a long list of procedures and standards, in order to regulate work practice. It is
acknowledged that the standard work practice is in general more than sufficient to
ensure safe and agreed upon transportation of goods and people. However, in reality,
what exists are erroneous and potentially dangerous work practice that can destroy the
reputation of responsible ship owners, be costly to the shipping company due to fines
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and necessary improvement work, be environmentally un-friendly and dangerous. In
short there is a need for improving the competence of the workforce even though the
appropriate knowledge acquisition occurs.

Experience in the maritime industry and research pivoting around these topics,
indicates that there is a gap between so-called intended and actual work practice among
the officers on board (i.e. [3]). While officers seem to be familiar with the correct and
preferred work routines given in steering documentation, training manuals, engine
manuals and company policy, they sometimes use alternative work practices in their
daily work on board. Unfortunately, since work operations at sea are quite risky, wrong
or insufficient, work practice may lead to serious incidents. In addition, most depart-
ment managers at sea such as the captains or other senior officers, do not have man-
agerial training or education, with the result that on-board management style is left to
each individual and varies substantially from vessel to vessel or from one sailing period
to another [7].

This paper describes the Tomorrow’s on-board learning system (TOOLS) platform,
an attempt to improve the training methods by developing new game based methods
intended as a substitution to one of the more popular on-board training methods. As
part of the research work, a course for energy efficiency was developed that was
composed of two episodes, with distinct intended learning outcomes. The rest of the
paper is structured as follows: Sect. 2 describes current training practice, strengths and
weaknesses, Sect. 3 and Sect. 4 describe the TOOLS platform and game respectively,
both resulting from the co-design activities; Sect. 5 describes two formative evaluation
studies carried out and finally conclusions are summarized in Sect. 6.

2 Current Onboard Training Practices

Several training methods are in wide spread use in the maritime sector today; training
centers in-house or externally delivering training course, on-board computer based
training (CBT), simulator training (usually delivered by external training centers spe-
cializing in this), video based training and of course drill and training on board. The
methods fall into two big categories: On-board an on-shore. The off-shore methods are
training centers and simulation centers, the on-board are drills and training, video based
lectures and CBTs. The off-shore methods are more expensive and less flexible than the
on-shore, because on-boards require travel and subsistence costs as well as a need for
planning the training.

As a relatively cheap and flexible on-board training method CBTs have become
quite popular. CBT can cover all topics, does not require the seafarer to go anywhere
and the infrastructure required is simply a PC and the CBT course itself on a disk from
the CBT provider. No connectivity to anything is required, which has been important
because of low bandwidth and high prizes of satellite connectivity for ships. The
seafarer is put in front of the computer and starts the CBT program, which is an old
fashioned e-learning module. It is a lecture based teaching method, in the CBT the
seafarer reads a text, or listens to a text spoken to him if it is a modern version and
answers a multiple choice questionnaire based on this text. The course then assesses a
total score and tells the seafarer if he/she has passed the text or not. The CBT provider
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logs the use and if certificates are needed provides this.1 However, the CBT training
programs have not fully handled the transition from training sessions to actual work
practice and they have the following limitations:

• The learning environment on board does not support experiential learning;
• Operational mistakes are costly, but there is no safe environment for

experimentation;
• CBTS are individual and ignores social learning and community building
• There is no support for reflection, thus internalization of knowledge does not take

place;
• A necessary characteristic of learning is motivation and the current delivery

mechanisms for on board training are boring, which leads to low engagement and
consequently poor learning.

2.1 Looking for New Training Methods

In 2012 two medium sized Norwegian ship owners wanted to try to do something
different than CBTs working jointly with the contract research agency SINTEF. In an
earlier collaborative R&D project (ended 2009) on bureaucracy and reporting the gap
between theory and practice had been clearly exposed. In a survey to the seafarers
(deck officers) it was discovered that more than a third of the officers reported breaking
company procedures regulating use of auxiliary engine (several instances) and other
safety and environmentally issues to a lesser degree [3]. This was the acknowledged
breach of procedures which was admitted in a survey, and the possibility of underre-
porting such breaches was of course quite large.

Additional use of engines are both costly and environmentally unfriendly2. The
same goes for using wrong kind of fuel, another type of error often seen. Avoiding
excessive use of engines, and thus fuel, will lower costs as well as avoid pollution and
emissions. The Transpacific Stabilization agreement, a research and discussion forum
of major ocean container shipping lines that serve the transpacific trade in both
directions between Asia and the USA states that: “Fuel accounts for 60 % or more of
total voyage operating costs for a typical scheduled container service. Even small
changes in fuel costs have dramatic impacts on service levels and/or carrier balance
sheets.”3 Thus, the breach of procedures had impact.

Not satisfied with its current training regime nor its operational effectiveness the
shipping companies wanted to work with SINTEF on the possibility of creating
improved training procedures that was better suited to bridge the gap between theory
and practice, and the TOOLS project was created.

1 Exact testing and certification procedures vary. They can be relatively complex.
2 While not using enough when necessary creates a safety hazard.
3 http://www.tsacarriers.org/fs_bunker.html.
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2.2 The Seafarers Use and Assessment of Training Methods

As part of the project a survey was carried out among the officers of two shipping
companies participating in the TOOLS project. The surveys were distributed to each ship
be email, printed out onboard, answered and sent back by post. This method was chosen
because it was relatively easy to reach all seafarers on board and no email lists of
respondents were needed neither did the seafarers need to be on-line to answer the
questionnaire. The respondents were all officers in all ships in the two companies. A total
of 374 answers were received from 750 possible respondents, a response rate of 50.

From Fig. 1 we can see that during a year the typical seafarer (officer) is subject to
several training sessions. The method most frequently used is drills and trainings
on-board, 77 % did that more than 10 times per year. CBT was the runner up in
frequency, 34 % had more than 10 exposures to this, an additional 27 between 6 and 10
times. The least frequent method was simulator training, 36 % of the officers had not
done this, and another 34 done it once.

Looking at the usefulness of the training as assessed by the seafarers we found that
it was in general perceived as relevant and useful. Looking only at the on-board
training we find that 68 % perceived on-board drills as very useful, 35 the same for
safety videos and 30 % for CBTs. The most practical training was the most popular,
but all training forms were viewed as useful. The problem is of course that questions
like this does not measure learning outcome, only “happiness” with the training.
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Fig. 1. Frequency of training methods in TOOLS participating companies, last 12 months,
N = 374.
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Since CBTs was of particular interest to the shipping companies some additional
questions were asked on this. It was found that CBT training was done individually
(79 % always did CBTs alone), and most of the seafarers (75 %) had to repeat the
course before passing exam. Results from CBTs were sometimes discussed (61 %) but
32 % rarely or never discussed them. CBT is an individual training form.

One of the reasons for using CBTs has been concerns about connectivity and the
need for additional devices for conducting training. We therefore surveyed the actual
frequency of personal devices that could be employed for training and the use of
internet for personal reasons. We found that 93 % had personal PCs (approximately
half had either tabled and or smart phone) 86 % claimed to have local wireless con-
nected to internet at all times, and Facebook was in daily usage by 76 % of the sailors.
Overall we concluded that the infrastructure for doing a gamebased training platform
with internet connectivity was in place.

3 TOOLS Platform

The survey conducted gave credence to the grievance of both the ship owner com-
panies and seafarers that current on-board training solutions based on CBT failed
miserably to support effective competence development. However, the survey also
confirms that all stakeholders consider the relevance of on-board training, thus it is a
need that is not being successfully addressed from current service providers. As doc-
umented in relevant literature e.g.: [6], namely in communities related to learning and
technology enhanced learning, there are several limitations to both the process and
delivery mechanisms used, such as:

1. Motivation. The key complaint for both the seafarers and the shipping companies is
the failure of content to engage successfully, thus a pre-requisite for learning is not
met [5];

2. Delivery mode. Learning content is based on the tell premise, using non-interactive
content, which studies (e.g.: [6]) show such delivery modes yield the lowest form of
retention;

3. Shallow learning. The didactical design is poor, with the focus on the meeting the
minimal required to support the content certification. There is little consideration to
the actual return on learning (ROL), thus what the seafarer acquires in terms of
knowledge and their ability to apply the competence in the appropriate time and
attitude.

4. One size fits all. Learning is not personalized to the particular needs of the seafarer,
thus achieving flow [2] is difficult as one-size-fits-all does not accommodate the
differences between each individual.

The above are an illustrative sample of the limitations of the existing on-board
training solutions, which as put forth by Aldrich [1] resembles fast food where the
nutritional value is low, in particular when compared to the well balanced diet of
home-made food.
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Building upon the recognized challenges of onboard training, the TOOLS project
aimed to research and develop an innovative on-board training solution that is
game-based learning, focused on the effective and efficient competence development of
the seafarers. The overall process is depicted in Fig. 2, which starts with the login of
the seafarer onto the TOOLS platform either with a dedicated account or with a social
account, such as facebook or linkedin.

Once successfully signed-in, the seafarer has three distinct options to consider:

• Wall (step 2). This section of the platform consists of a social activity line where
the seafarer may publish their thoughts and share them with the students in the same
classroom and their friends. The platform also publishes events concerning the
activities of the seafarer.

• Q&A (step 3). This section of the platform consists of questions and answers shared
within the community of seafarers across the fleet. The seafarers can pose questions,
search and rate answers, with the one posing the question being responsible for
overseeing the responses, deciding when the question was answered by deciding on
best answer.

• Courses (step 4). This section of the platform contains all the courses that the
seafarer has been engaged with and subscribed to. For each course, the seafarer has
an atypical course description, including the break-down into lessons, the additional
seafarers that have taken or are taking the course and recommended reading. In
addition, the seafarer can access the detailed post-action review of their own past
sessions and that of other seafarers, having the capability of searching best
performances.

Fig. 2. TOOLS platform and learning process
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All the steps 2, 3 and 4, are interchangeable and not a linear process with precedence
between the different steps. Step 5 corresponds to when a seafarer engages with a
course, which provides them a believable immersive context where they need to make
cognitive decisions (Sect. 4). After the session, the seafarer is presented with a detailed
post-action review (step 6) where they are presented with 3 distinct layers:

• Performance Curves. The layer presents the performance curves depicting the
competence (e.g.: trust building, decision making, etc.) of the seafarer at each
sampling interval. These curves are determined by equations based on observable
behavior indicators;

• Events. The layer indicates the events captured during the engagement with the
session, which are correlated to the performance. Atypical events correspond to
achieving particular objectives, learning outcomes, mistake committed, etc.

• Context. The layer presents snapshots taken at given intervals, which provide the
seafarers with an important contextualization for both the performance measure-
ments and events.

4 TOOLS Serious Game

The TOOLS platform is a game-based learning platform where the courses provide
experiential learning through the engagement of believable contexts where the seafarers
are required to make decisions.

Fig. 3. TOOLS learning content
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The diagram of Fig. 3 reflect the interaction cycle with the course on energy
efficiency, consisting of two main lessons:

• Emission Control Area (ECA). The learning of the outcome of the lesson is to
have the seafarer to determine the crucial point in time when to switch from high
sulfur fuel to low sulfur fuel to reduce the impact of emissions when entering a
ECA, aligned with what regulations permit. The decision needs to take into account
the fuel in the engine and the rate of consumption, thus calculating how long it takes
to switch effectively the fuel.

• Fuel Efficiency. The intended learning outcome is to achieve the optimal fuel
efficiency whilst in port. A seafarer needs to determine how many auxiliary engines
to have in operation taking into account the necessary power consumption
depending on the activities taking place.

Both lessons were co-created with multiple stakeholders, involving in addition of the
development team, seafarers, management, subject matter experts and experienced
instructors. The development process was iterative with frequent releases for testing the
concepts and instructional design of the course. As important to the intended learning
outcomes, the lessons of the course have-inbuilt pitfalls indicative of poor work
practice, thus the seafarer needs to apply critical thinking and follow procedure.

As illustrated in steps 2–6 of Fig. 3, the seafarer engages in dialogue (step 2) with
multiple characters, from higher and lower ranking officers. The higher ranking officers
provide orders, which essentially corresponds to guiding the seafarer in what goals to
achieve in a step-wise manner. However, the use of lower ranking officers facilitated
the abstraction to the particulars of a shipping vessel since evidence demonstrated a
signification absence of layout and design standardization. Consequently, the seafarer
would decide what to action to take and instruct their team mate to carry it out. The
dialogue was carefully crafted to encourage particular behaviours, such as to always
ask instead of making assumptions, to demonstrate principles of leadership by com-
municating well and building rapport with the remainder crew members, and ensure
that lower ranking officers understand and commit to the given orders. Due to the
prominence of Filipinos in the seafarer population, the dialogue was carefully created
to eliminate potential cultural stereotypes.

In addition to the dialogue interaction, the seafarers is required to consult with the
engine room log book (step 4), specifications of the vessel (step 6) and the company
procedures. Both are actions that are seldom followed by seafarers, who usually follow
whatever is the existing practice onboard even if wrong. This was another key learning
outcome designed into the course’s lessons as a result of the co-design activities.

Finally, in step 5, the seafarer is given the chance of controlling how time is
governed thus allowing real-time for decision making whilst permitting to advance
time to verify the outcomes of particular decisions.

Steps 1 and 7 correspond respectively to in-game briefing and debriefing of the
course. Although the seafarer is given a detailed post-action review, it is important to
include in-game debriefing where the human resource manager can provide relevant
feedback to the seafarer.
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5 Evaluation Study

For the formative evaluation of the TOOLS platform, two studies were carried out with
population of seafarers from two different shipping vessels, belonging to two different
shipping companies (Grieg Star and KGJS). However, both consisted of predominately
Filipino population. To support the evaluation, both quantitative and qualitative mea-
sures using questionnaires, which were complemented by observational studies
involving two facilitators, one involving a member of the development team and
another being an occupational psychologist.

A total of 37 seafarers, 13 from Grieg Star and 24 from KGJS, took part of the two
studies. The setup used was to have a server installed onboard with two laptops for
seafarers to engage with the course on energy efficiency. For this reason, only two
seafarers at a time would take part of the study as shown in the photograph of Fig. 4.

One questionnaire was used to capture user satisfaction and it was designed with
two distinct parts, the first part consisted of three questions with 7-point likert scale
(Fig. 5), ranging from “not at all” to “strongly agree”; the second part consisted of an
additional three open-ended questions (Fig. 6).

Fig. 4. Evaluation session involving officers onboard

Did you enjoy playing the training game?
Would you play it again if you had the time?
Do you think you know more about energy efficiency after playing the 
game?

Fig. 5. Questions based on 7 point likert scale
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The second questionnaire was to measure usability, thus the standard System
Usability Scale (SUS) was used without modification, entailing the 10 questions each
with a 5-point response.

The seafarers would engage with the platform and asked to do the course on energy
efficiency. Once they completed the course, they were asked to complete both the
questionnaires on user satisfaction and usability. There was no assistance or clarifi-
cation provided to the seafarers, which impacted negatively the SUS score due to
seafarers not being English native speakers [4].

As a result of the user satisfaction questionnaire, 78 % enjoyed the course, 80 %
would play again if they had the time and finally 81 % reported knowing more about
energy efficiency. Although the usability questionnaire yielded an average SUS score
of 60, which is below the recommended 68, there was a clear distinction between two
groups of the seafarer population. A third of the population averaged a score of 71,
whilst two thirds consistently scored 50 with a standard deviation of 3.5.

6 Conclusions

The paper presented the TOOLS game-based learning platform as an innovative
solution to support the competence development of seafarers. Although the use of
serious games for training and development of competences is not novel, their use in
the maritime sector has been limited with the incumbent service providers remaining
limited to traditional CBTs.

The solution was co-created with multiple stakeholders within two shipping
companies concerned with addressing the evidenced gap between the traditional
training and the demonstrable on-board work practices. The results from summative
evaluation have yielded very promising results, with seafarers having a very high
acceptance. Although the SUS questionnaire was used with less promising results,
there was clear improvements from one study to another as improvements were made
to the TOOLS platform based on the feedback collated. An important factor that had a
negative impact on the SUS scores is based on the fact that the seafarer population was
not native English speakers. In addition, the poor digital literacy of the seafarers created
significant barriers to usability.

Acknowledgments. The authors would like to thank the funding of the TOOLS project from the
national Norwegian research council.

What did you like?
What would you change?
Anything else you want to share with the development team?

Fig. 6. Qualitative open-ended questions
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Abstract. In the last decades, some useful contributions have occurred to
human-computer interfaces and e-learning system developments such as adap-
tation, personalization, ontological modeling, as well as, learning object
repositories. The aim of this paper is to present the advantages of integrating
ontologies as knowledge representation scheme in order to support adaptable
and adaptive functionalities that can be offered by a human-computer interface
when recommending LOs from Repositories. A human-computer interface
model is proposed which is composed of several modules that allow deploying
adaptable and adaptive functionalities such as the following: (1) store and
retrieving of LOs from repositories, (2) representation of events by learners
within the GUI, (3) performing of inferences through ontological reasoned,
(4) adaptation of the GUI for each of the users’ profiles and (5) monitoring of all
changes made by the user on the GUI and storing of them in the system database
for further processing. In order to validate the model a prototype was built and
tested through a case study. Results obtained demonstrate the effectiveness of
the proposed human-computer interface model which combines adaptability
along with adaptive characteristics.

Keywords: Human-computer interfaces � Personalization � Adaptable and
adaptive systems � Ontologies � Learning objects (LO) � LO repositories

1 Introduction

Nowadays, the access to a large amount of information is easier through the Web that
allows data and knowledge repositories to be connected among them. However, it
becomes a great challenge for people wishing to learn in a virtual way to assimilate this
knowledge since it does not always fit with their learning styles, preferences, or even
considering inappropriate ways of deployment of these digital educational resources.

Personalized Adaptive interfaces currently play a very important role in virtual
learning environments since they seek to adapt the presentation and display of edu-
cational content, such as learning objects (LO), through the preferences, needs and
cognitive characteristics of the students. According to Lopez [1] it should be distin-
guished between adaptability and adaptivity in user interfaces. Within an adaptable
interface the user is who explicitly adapts the interface so that it fits their preferences
and features. For example, window managers can allow the user to change the settings
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on the appearance of the desktop with respect to colors, fonts, desktop background or
behavior of some of its components. In contrast, on an adaptive interface the same
system is the responsible actor for activating the actions necessary to perform the
adaptation. Thus for instance when a word processor automatically detects a gram-
matical error, the same processor marks it or even edits it without human intervention.
Personalized Adaptive interfaces can then be defined as those parameters of the
interface that automatically adapt to the characteristics of the users [2], allowing
the improvement of the satisfaction and the permanence of the user interacting with the
application on its computer, personal device or on the web site. Current trends are
toward the web information retrieval systems allowing adapting results using person-
alized adaptive interfaces that consider the properties and settings of the users [3, 4].

The aim of this paper is to present the advantages of integrating ontologies as
knowledge representation scheme in order to support adaptable and adaptive func-
tionalities that can be offered by a human-computer interface known as GUI (graphical
user interface) when recommending Learning Objects (LO) from Repositories. We
propose a GUI model and develop a prototype which is composed of several modules
that allow deploying adaptable and adaptive functionalities.

The rest of the paper is organized as follows: Sect. 2 presents the conceptual
framework of this research. Section 3 reviews some related works concerning adapt-
able and adaptive interfaces. Section 4 describes the proposed model. Section 5 offers
the model implementation and validation of the proposed model. Finally, the main
conclusions and future research directions are presented in Sect. 6.

2 Conceptual Framework

This section provides main definitions used in this research work such as adaptable vs
adaptive interfaces, learning objects, repositories, ontologies, among others.

2.1 Adaptable vs. Adaptive Interfaces

Human-computer interfaces have evolved in last decades from predominantly textual
interfaces to more complex interfaces using multimodal interaction (e.g. communica-
tion by natural modes such as speech, handwriting, etc.). In addition, it is important to
distinguish between adaptability and adaptivity [5, 6] in graphical user interfaces
(GUI). An adaptable GUI allows users to explicitly customize several aspects of the
interface so that he/she can fit its preferences and needs [7]. On the other hand, when
using an adaptive GUI the system activates itself the actions necessary to perform the
adaptation [8].

2.2 Ontologies

Ontologies can be defined as a formal representation of a particular domain using a
well-defined methodology that allows the representation of the domain entities and the
relationships existing among them [9]. Based on this, it is important to generate a
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formal representation of the adaptive learning course structure, in order to make
inferences and generate recommendations for improving the learning process. Simi-
larly, designing formal representations of a specific domain allows having readable and
reusable information for computers and intelligent systems [10].

2.3 Learning Objects, Repositories and Federations

According to the IEEE, a LO can be defined as a digital entity involving educational
design characteristics. Each LO can be used, reused or referenced during computer-
supported learning processes, aiming at generating knowledge and competences based
on student’s needs [11, 12]. LOs have functional requirements such as accessibility,
reuse, and interoperability. The concept of LO requires understanding of how people
learn, since this issue directly affects the LO design in each of its three dimensions:
pedagogical, didactic, and technological. In addition, LOs have metadata that describe
and identify the educational resources involved and facilitate their searching and
retrieval. LORs, composed of thousands of LOs, can be defined as specialized digital
libraries storing several types of resources heterogeneous, are currently being used in
various e-learning environments and belong mainly to educational institutions [13].

Federation of LORs serve to provide educational applications of uniform admin-
istration in order to search, retrieve and access specific LO contents available in
whatever of LOR groups [14].

3 Related Works

This section examines some related research works that focus on adaptable and
adaptive interfaces seeking to contrast the advantages and disadvantages of each work.

Letsu-Dake and Ntuen [5] design an adaptive interface for controlling a complex
system where the user has to monitor an industrial process that has multiple variables.
The main function of the adaptive interface is to help the user to maintain proper
operation of the system by providing some warnings and alerts, graphics, identification
of damaged components, among others. To verify the impact of the adaptive interface
and its components authors compare the performance (measured in terms of the times
the system needs to reach the goal) of two groups of users, one using the system with
the adaptive interface and the other group using the system without adaptive interface.

Park and Han [6] develop a research about the effects of a help provided by an
adaptive interface and user control through adapting menus. They use a variety of
interface prototypes to validate the impact of the adaptation provided by the system.
Each interface is distinguished by the amount of control of the user or system in the
adaptation of the interface. Authors measure performance and satisfaction of the user
with each of the interfaces. Another measured variable is the time that the user takes to
find a specific option; his/her perceived efficiency, and user preferences on interfaces
regarding menus.

Shakshuki et al. [7] present a distributed system based on software agents for
obtaining and monitoring health metrics in real time. These metrics consider pulse,
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blood oxygenation or any other metric that can be monitored through the use of
sensors. In addition, the system incorporates learning techniques for the deployment of
an adaptive interface that accommodates the features of system users (patients or
healthcare professionals). Learning techniques allow the system to collect and store
historical data of user interaction with the system interface (Human-Computer Inter-
action). This process is carried out through three sub-components: learning, evaluation,
and adaptation.

The learning component categorizes the data collected by the agent’s sensor
component into two categories: action (choices and preferences) and behaviour (sta-
tistical interactions with the interface). The evaluation component compares the new
information with historical data and sends the differences to the next component.
Finally, the adapting component updates the user model depending on the information
received and adapts the interface to user needs.

Jorritsma et al. [8] integrate some mechanisms of adaptive customization to support
natural work environment: the Picture Archiving Communication System (PACS) in
radiology. The adaptive support is offered in the form of personalized suggestions,
generated based on user behavioral data that can be accepted or ignored by participants.
The adaptive customization support is designed to help users to effectively personalize
the PACS’s custom region. It is based on users’ function usage, which was logged by
the PACS’s built-in logging tool, and consist of a table that gives insight into a user’s
function usage and a set of suggestions about which functions the user should add or
remove to his or her custom region. To validate the system 12 Radiologists interacted
with it, one half of the Participants received support and the other half did not. Par-
ticipants who received support used the PACS’s customization facilities more effec-
tively than participants who did not receive support.

Ravi et al. [15] develop a system that categorizes MOOCs (Massive Open Online
Course) teachers with different computer proficiency using learning authoring envi-
ronments to provide adapted interfaces. To achieve this, authors categorize teachers in
four broad classes by collecting data about teacher’s computer performance during
authoring process. The four classes are the following: Class A (Expert Users), Class B
(Users’ with a sound of knowledge), Class C (Knowledgeable intermittent users) and D
(Novice users). The system uses this information to specify the design features in order
to adapt its interface to teacher’s profile. In addition, the system uses ADDIE (Analysis,
Design, Development, Implementation, and Evaluation) instructional design model for
supporting teachers to complete their authoring effectively in a step by step manner.
Experiments made by authors attempt to compare the existing MOOCs authoring
environment with their system. Results obtained by analytics showed a better perfor-
mance among teachers using the system proposed.

Shakshuki et al. [16] propose an architecture of a multi-agent system designed to
provide healthcare information about specific patients through continuous monitoring.
It is important to highlight that the resulting data produced by the system is accessible
not only by the patient to whom it belongs but also by his or her healthcare profes-
sional. The proposed system uses an adaptive user interface to improve the overall
experience for users with poor vision or motor skills. Authors focus on the imple-
mentation of several of the key components involved in the adaptive user interface:
learning component and the user model. The system architecture is composed of two
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kinds of agents: user agent and resource agent. User agents are in charge of three
following goals: (1) adapt the UI to improve user experience, (2) manage health data,
and (3) respond to healthcare professional user agent requests for health data. On the
other hand, the resource agent is responsible to authenticate information requests
among user agents, and to archive patient health data for long-term storage. To validate
the system proposed two scenarios are provided that demonstrates the feasibility of the
adaptive user interface.

From the previously reviewed research works we can conclude that several
enhancements can be performed that allow improving the GUI (graphical user inter-
faces) by adding adaptivity and adaptability features. However, some of these works
still present shortcomings such as the following: (1) do not recommend new content;
(2) do not allow adapting the panels that contain specific functionalities; (3) do not offer
the possibility of finding new educational resources; (4) some of them just adapt menu
features; (5) the interfaces are not flexible for adaptation processes, i.e., the system
adapts the interface but does not allow that users operate on it. The aim of this paper is
to face these shortcomings and to provide a comprehensive solution concerning the use
of adaptive and adaptable HCI interfaces in virtual learning environments.

4 Model Proposed

Figure 1 shows the model proposed, which considers five processes that can offer
adaptivity and adaptability functionalities within a virtual learning environment, those
functionalities will be detailed later. Processes that compose the model are described as
follows:

– LO Recovery Process: This process is responsible for the search and compilation of
LOs, which takes place from the integration of the system with the LOs repository
called ROAP [13]. In this instance both metadata and LO contents are recovered in
order to store them in the system central database.

– Grabber Events Process: This process is responsible for monitoring and storing
interaction records performed between user and interface, with the aim of collecting
those events that user performed when using interface adaptability features. In fact,
this information is useful for supporting the intelligent adaptation of the GUI.

– Ontology Generator Process: This process allows the deployment and generation of
records within the ontology, from the information concerning user profiles, per-
formed events performed by the user within the GUI, and the interface structure.
Subsequently, the generated ontology is delivered to the ontological reasoner. The
details associated with the development of the ontology are presented later.

– Ontological Reasoner: is responsible for generating the inferences that allow
obtaining relevant information for the interface presentation. The inferred infor-
mation is sent to the adaptation process.

– Adapter Process: This process is very relevant since it enables the intelligent
adaptation of the interface, from the information provided by the ontological rea-
soner. Adaptations performed to the GUI are presented in the following section.
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Concerning the development of the ontological structure, the following two stages
have been considered: the first one examines the characterization of user profiles and
the second the structure of the GUI. The student profile is composed of personal
information (name, identification, etc.), as well as features and preferences of specific
learning process (learning style, font sizes, favorite formats, etc.). The structure of the
interface in turn, is divided into five panels that offer the different system functionalities
(detailed later). Figure 2 shows the ontology that describes characteristic informations
of the GUI panels (height, width and position) and associates it with a specific student
profile. The GUI performs this with the aim of storing the display preferences for every
student.

The result of applying these two stages allows the generation of inferences from the
ontology in order to perform real-time recommendations to users concerning the GUI
adaptation. Likewise, the system can infer new kinds of adaptations by detecting new
events (interactions) generated by students within the interface. This inferential
knowledge abstraction is depicted by using SWRL (Semantic Web Rule Language)
rules, some of which are presented in Table 1.

System Server

MySQL
System

Database

Ontology
Generator
Process

Ontology
Ontological 
Reasoner

Client

UserAdaptive Human-
Computer Interface

Adapter
process

Grabber Events 
process

Learning Objects 
Repositories

LOs recovery 
process

Fig. 1. HCI interface model proposed
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5 Implementation and Validation

The model prototype along with its graphical user interfaces are developed using the
Framework GWT-Google Web Toolkit [17]. This framework includes open source
libraries that allow web developers to create and maintain complex front-end appli-
cations in JAVA.

Fig. 2. GUI & User-profile ontological structure

Table 1. Ontological inference rules
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Regarding installation and deployment of the central database we use MySQL
database engine for all requirements about relational models that the system needs. For
the ontological integration, we use JENA framework [18]. It is important to highlight
that the ontology was mapped to OWL language by Protégé framework. As a result,
SPARQL query language is used to perform inferences from the ontology. This lan-
guage is supported by the W3C to perform queries on RDF and OWL graphs, thus
enhancing the information search and selection on the semantic Web.

User profile is represented through a domain-specific ontology, which also involves
the knowledge related to the GUI structure consisting of five panels, as follows:

1. LO Displaying Panel (on the upper right corner of the Fig. 3): This panel is
responsible for showing the search engines (Simple and Advanced) and the list of
found LO according to the search performed by the user on repositories. After an
LO is selected by the system this panel is in charge of deploying it to the user.

2. All the searches performed by a specific user are stored by the system in order to
feedback the LO recommendation mechanism. Furthermore, the system adds into
the menu panel other objects that may be useful to the user according to his/her
learning profile.

3. Menu Panel (on the upper left corner of the Fig. 3): This panel displays a specific
user menu that involves a LO search engine (Simple or Advanced); a list of LO
repositories, so the student can use them to find more objects that the ones shown by
the system; finally, this panel contains a list of relevant LOs according to student
learning style and preferences.

Fig. 3. GUI deployment
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4. Search Panel (on the upper center of Fig. 3): It includes the functionalities of the LO
simple search engine working like a shortcut mechanism avoiding the use of the
menu panel.

5. Notes Panel (on the bottom right of Fig. 3): It enables students to build in real time
their own writing notes without moving or change to another program. In addition,
this functionality allows exporting these writing notes as plain text files that can be
accessed later.

6. LO Repositories Panel (on the bottom left of Fig. 3): It allows a quick access to
different LO repositories allowing students personalized searches. This functionality
allows to find others LO that cannot be directly found by the system.

An important advantage exhibited by the GUI is the possibility of changing the position
and size of each panel (adaptability characteristics). In addition, the GUI can be
autonomously adapted to each of the users interacting with the GUI (adaptivity
characteristics).

To validate the model prototype, several student profiles are considered and several
LO searches are performed using the Colombian LO federation well known as FROAc
(http://froac.manizales.unal.edu.co/dnia/main.php). We started with a single user, who
applied a test in order to define his/her learning style and thus a user profile is created in
the system. The system learn how the user organize size and position of all the panels
(depending on the LO type that was displayed). Later, when similar users (i.e. having
the same learning style) access the model prototype, it adapts the GUI based on
information gathered from previous users that shared similar profiles.

Another case study to validate the proposed model is interacting with an experi-
enced user who already has a lot of time interacting with the GUI and has defined
his/her distribution for all panels with different types of LO. To this user the prototype
presents a distribution based on all the knowledge it has about the user and all other
users with the similar profile and learning style. Then the system assesses whether the
user likes the distribution; also whether the user considers well the panel size according
to the deployed LO.

6 Conclusion and Future Work

Using the advantages of user profiling in virtual learning environments our proposed
model, which combines adaptive with adaptable issues, learns from a specific user-
interface interactions in order to propose a similar distribution of the panels that
compose the GUI to other users with similar profiles. In addition, the proposed model
has the ability to adapt the GUI according to the deployed LO types. This fact facil-
itates the process of adaptation performed by the user.

However, some recommendations given by some users that used the prototype
address following issues that will be considered as future work:

– Simple Search Panels should be removed in order to be added as part of func-
tionalities offered by the content panel wherein the LO are displayed; making in this
way the area of the GUI to be expanded.
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– The area wherein different panels can move should not be restricted for users.
However, since there is a restriction on the graphical libraries used by the system
this issue would not be possible to change.

– The model proposed should incorporate user contextual characteristics in order to
improve the GUI adaptation mechanism.

Results obtained from case studies demonstrate the effectiveness of the proposed
human-computer interface model which combines adaptability along with adaptive
characteristics.
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Abstract. Online knowledge sharing is an important factor in ensuring students
continues learning outside the classroom. The advancement of technology now
allows the students’ sharing of knowledge to take place regardless of time and
place in an online learning environment using an online discussion interface.
Efforts have been taken by many higher education institutions to encourage
students to share their knowledge in online discussion interface, but however it
fails to sustain the knowledge sharing activities. This poses the question of how
to promote the knowledge sharing activities among students. While previous
research adopted the usability and sociability as antecedents for the online
knowledge sharing activities, this study further explores visual aesthetics and
intrinsic motivation design as additional two antecedents. We propose a set of
contextual gamification and social media strategies which apply self-
determination theory to self-motivate students for online knowledge sharing.
It was found the game and social media elements can motivate the user in the
online interface. The implementation of game elements in online interface can
engage users while encouraging their activities for learning. Thus intrinsic
motivation was designed using a set of gamification and social media specifi-
cations to enhance students’ self-motivation for knowledge sharing activities.
The research model with 53 items was tested for content validity to identify the
initial measures for online knowledge sharing. Based on the content validity
analysis, 20 items that does not fit into the criteria was discarded from the
instrument. Our finding reveals that 33 items from usability, visual aesthetics,
sociality and intrinsic motivation design can be used for initial development of
online knowledge sharing model.
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1 Introduction

Screen interface is a key aspect for enabling online knowledge sharing activities. The
designers should think how design an interface to support the online knowledge sharing
activities. Students need to support knowledge sharing activities should be emphasized
rather than designing the interface based on the interest of the designer or software
developer. It will make it easier for students to engage in online knowledge sharing
activities. Thus the interface designer should combine their technical knowledge and
skills with the best aesthetics that will attract the students to share knowledge.

In recent years, most of the online learning system provides a communication tool
(discussion forum) for sharing of knowledge among students and teachers in addition
to the development and distribution of learning content. This has resulted in the uni-
versities to use a blended learning approach, consisting of face-to-face instruction and
the use of e-learning tools to support online learning. The e-learning tool which is
proposed as an addition to the face-to-face traditional classroom discussions is the
discussion interface [1]. Based on previous study, few shortcomings in the discussion
interface design were identified [2]. Thus, the discussion interface should be designed
to facilitate online knowledge sharing activities.

2 Conceptual Model for Online Knowledge Sharing

Interface for knowledge sharing is concerned with the ability of the students to use
interface for knowledge sharing discussions. The challenge is to determine the criteria
of online discussion interface that enables the sharing of knowledge among students’.
Various criteria has be taken into account to assess the online discussion interface.
Among the evaluation criteria that often been discussed are usability, visual aesthetics
and intrinsic motivation design.

The interface design plays an important role in providing an online space for
interaction among students. Thus the interface design should be made interesting and to
make students feel interested in using it for knowledge sharing. This study shows that
the interface design should be given attention to support for knowledge sharing. Issues
such as usability, visual aesthetics, sociability and intrinsic motivation design are the
most important factors to be assessed. Earlier studies looked at usability and visual
aesthetics as one single factor, but they are actually two different factors and it is
important to investigate both the factors separately to understand users’ behavior [3].
Usability traditionally was defined as “people who use the product can do so quickly
and easily to accomplish their task” [4]. But the traditional usability evaluation is
insufficient for e-learning [5]. Thus the user, task and context that taken into account in
traditional usability is extended to learning in formal and informal environments [6].
Learning occurs in online discussion interface through the students’ interaction in an
informal environment. In this context, usability is concerned with how intuitive and
easy it is for students to learn to use and interact with the online discussion interface.
The online discussion interface should be designed in a way in which students can
interact easily for knowledge sharing activities.
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Apart from usability factor, the visual aesthetics factor plays an important role in
the evaluation of interface and relatively limited research in other contexts such as
online discussion interface [7]. In addition, it also was found that the visual aesthetics
of the interface can define user satisfaction and pleasure by using measurement con-
structs [8]. Therefore, this study makes extension to measure empirically the visual
aesthetics of the online discussion interface for knowledge sharing. So looking at the
usability and visual aesthetics of the interface alone is not enough. Researchers must
also pay attention to the technology that enables social interaction in online discussion
interface [9]. Hence, sociability concept was introduced to examine support of social
interaction in the online interface. Sociability is concerned with developing the soft-
ware, policies and practices to support social interaction online. Though practical
sociability and usability are closely related, both of these factors have significant
differences. Usability is very dependent on how users interact with technology while
sociability is related with how users interact with the support of technology. Therefore
the online discussion interface need to be evaluated to see how the interface support
students’ interaction online.

As the interface combines intrinsic motivation design factor in online discussion
interface, intrinsic motivation design factor need to be considered for inclusion in the
online discussion interface evaluation. It was found the game elements can motivate the
user in the online interface [10]. But the use of game elements in the context of
non-game is known as gamification [11]. This gamification was used in intrinsic
motivation to predict students’ attitudes toward the use of game elements and the
intention to continue using it [12]. The implementation of game elements in online
interface can engage users while encouraging their activities for learning [13]. Besides
that social media elements also can increase students learning [14]. Thus intrinsic
motivation design factor will be assessed using a set of gamification and social media
specifications to enhance students’ motivation for engaging them in knowledge sharing
activities.

From the result of literature review, a conceptual model was developed. This
conceptual model is designed to investigate students’ knowledge sharing ability in
online discussion interface using four important factors; usability, sociability, visual
aesthetics and intrinsic motivation design.

3 Intrinsic Motivation Design for Online Knowledge Sharing

The motivation theory that mainly behind this study is Self Determination Theory
(SDT). SDT is a general theory of human motivation and personality [15], which
concerns people’s inherent growth tendencies and innate psychological needs. In this
study, three psychological needs that enhances intrinsic motivation: autonomy
(self-determination in resolving what to do and how to do it), efficiency (to develop and
implement skills for manipulation and control of the environment), and relatedness (in
relation to others through pro-social relationships).

Autonomy. Autonomy refers to the degree of selection that students have to perform
academic tasks; and about when and how to perform the task [16]. Ryan and Deci
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(2000) said that the autonomy occurs when individuals take action on their desire or for
personal reasons and not due to be controlled by others [17].

Number of activities under the concept of autonomy as proposed in the discussion
interface to improve students’ motivation to meet their autonomy needs:

A1: Allow the students to choose appropriate avatar to represent them in the online
knowledge sharing activities.

A2: Allow the students to choose the way to receive feedback immediately about
their online knowledge sharing activities

A3: Allow the students to choose the types of media that wants to be shared in online
knowledge sharing activities.

Competence. Competence is the ability of students to complete a task assigned to the
successful and efficient in continuous interaction with the social environment. For the
students to build their own competence, it is suggested to support the perceived extend
of learners’ own behaviors [18]. The feeling of competence is enhanced by (1) unex-
pected, direct and positive feedback, (2) an optimal challenge and (3) freedom of
demeaning evaluations [15]. For example, early studies shows that positive feedback
can improve the performance of intrinsic motivation, whereas negative performance
feedback reducing intrinsic motivation [19]. In addition, feelings of competence also
can be enhanced by displaying the progress of students in the interface [20]. When
displaying the progress of students to other students, it can also stimulate the relat-
edness needs [21].

So knowledge sharing activities should be designed interestingly to enable online
knowledge sharing activities. Below are some of the suggested activities to help increase
student motivation with fulfilling the basic psychological needs for competence.

C1: Provide the student unexpected response when they achieve required perfor-
mance in online knowledge sharing activities.

C2: Provide the student direct response about their position in online knowledge
sharing activities.

C3: Provide the student positive feedback for their effort in online knowledge
sharing activities

C4: Provide the student view of their progression in online knowledge haring
activities.

Relatedness. Relatedness is the last requirement for intrinsic motivation. It refers to
the need to belong to or dependent on a particular group. Therefore, the feeling of
relatedness is connected, belonging and interaction with others in the discussion
interface. Feeling a sense of connection not only to share knowledge but also to
compete in the leaderboard [20]. Relatedness support social interaction with other
students with various elements such as tagging, ratings, commenting and visualization
of social status and reputation [18]. Number of activities to enhance the feeling of
relatedness among students for online knowledge sharing is proposed:
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R1: Allow students with similar interest to be connected.
R2: Allow the students to visualize their social status, reputation and contribution in

online knowledge sharing activities.

Allow the students to show appreciation to other students’ contribution.

4 Gamification Strategies in Intrinsic Motivation Design

This section presents the gamification features introduced into the discussion interface
based on the proposed activities in intrinsic motivation design.

Avatar Selection. The discussion interface allow the students to choose appropriate
avatar to represent them in online knowledge sharing activities (see Fig. 1). This
feature was designed based on the suggestion A1 from the activities.

Immediate Feedback. The discussion interface allow the students to choose the way
the feedback about the online knowledge sharing activities given immediately. For
instance, the student can choose the option to send the feedback straight to their email.
So that they can read immediately the feedback about their discussion directly using
their smart phone without login to discussion interface. This feature was designed
based on the suggestion A2.

Media Selection. Customization of type of media used for the online knowledge
sharing activities can be determine by the students themselves. By this students feel
more autonomous. This feature was design based on the suggestion A3.

Unexpected Response. The discussion interface provides unexpected responses when
the student fulfill some requirement needed in the online knowledge sharing activities.
For instance, award in the form of badge will be given if the total count of comments a
user has ever made meets or exceeds the target criteria. Badges are visual represen-
tations of students’ achievements in online knowledge sharing activities, which can be
collected within the discussion environment [22]. When the badges are awarded
unexpectedly, it will keep up students’ interest levels [23]. The badges are advertised

Fig. 1. Avatar selection
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on students profile so other students’ can see the online knowledge sharing level.
These features were designed based on suggestion C1 and R2.

Direct Response. The discussion interface will rank the students success in online
knowledge sharing activities. For instance, students’ can view their position in
knowledge sharing activities directly in the discussion interface (see Fig. 2). This view
can be shared with all the students in the discussion interface. For students at the top
ranking, feelings of competence can arise. Besides that, the students’ ranking can create
competition among the students to be at the top ranking. These features were designed
based on the suggestion C2 and R2.

Positive Feedback. The discussion interface allows the student provides positive
feedback to other students’ contribution in online knowledge sharing activities. This

allows the student to show appreciation to other students’ contribution. For instance,
students’ can use the discussion interface to show “kudos” and encourages the stu-
dents’ to involve more in online knowledge sharing activities. These features were
designed based on suggestion C3 and R3.

View Student Progression. The discussion able to show student progression in online
knowledge sharing activities. Students’ progression represent their ability and level of
engagement in online knowledge sharing activities. The more student engage in online
knowledge sharing, the higher students’ progression will be. The students’ progression
level can be seen by other students in their profile (see Fig. 3). These features were
designed based on suggestion C4 and R3.

5 Social Media Strategies in Intrinsic Motivation Design

This section presents the social media features introduced into the discussion inter-face
based on the proposed activities in intrinsic motivation design.

Fig. 2. Direct response on students’ online knowledge sharing activities
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Connected with Their Peers. Students feel more connected with peers when they
participate in social media [24]. The hashtag is an important element of social media
strategies. Thus to keep students’ connected in similar interest topics, tagging is used.
The tagging allow students to group key words and discussions so they are easily
searchable (see Fig. 4). The purpose of using tagging in the discussion interface is to
allow the students to easily connect on discussion topics, sharing their thoughts and
opinions. This feature was designed based on suggestion R1.

6 Method

6.1 Participants

The participants for this study are panel of experts. The selection panel of experts
depends on the required amount of expert, desired level of experts, experience of

Fig. 3. Student progression level

Fig. 4. Tagging the key words
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experts, qualifications of the experts and experts’ diversity of knowledge [1, 2]. The
panel of expert panel may consist of content or lay experts. Content experts are pro-
fessional with research and working experience in the study area while lay experts are
potential research subjects [3]. The aim using the subject from the target group as one
of the panel of expert is to ensure that the population which the instrument developed is
represented. Additionally lay experts can also give opinions on items that are less clear
and item that are important in the study. The purpose sample from actual population is
used as lay expert because they know the research construct through direct personal
experience [2].

The recommended amount of experts is between three to ten experts for each group
(content expert and lay expert) in the content validity test [3, 4]. Although using larger
number of experts provide more information about the measures but the possibility to
reach agreement on the items used in instruments would decrease [5]. After deter-
mining the panel of experts for content validity test, the views of a panel of experts on
the items in quantitative and qualitative manner researchers was collected and ana-
lyzed. For this study four panels of experts were selected (3 senior lecturer with
Doctorate and 1 Phd student).

6.2 Instrument

A response form with the developed items were created as instrument for this study.
Five criteria’s were used to evaluate the items in the response form: (1) relevance,
(2) clarity and (3) necessity. Each item were rated on a scale of 1–4 for relevance and
clarity; and scale of 1–3 for necessity. In literature it is recommended for dichotomizing
the ordinal scale during the process of content analysis. Finally an empty space is given
bottom of each items for the experts to add any comments. The suggested format of
response form was adapted from [3]. Addition to it, a brief demographic questions can
be included at the top of response form to gather some information about the experts.
Thus the response form can be divided in three section: (1) brief demographic ques-
tions, (2) instructions to the experts, (3) construct theoretical definition, scales and list
of factors or sub factors for the measures with its definition and lastly (4) items that
need to be accessed.

6.3 Procedure

Once the panel of expert have been identified, email or call should be given to the
selected experts requesting their interest in the content validity test. Duration about one
week was be given to the experts to respond to the request. As soon as the experts
accepted the invitation to involve in content validity test, a cover letter and response
form sent to the panel of experts. Cover letter included the purpose of study and
description of the response form. Duration one week was given to the panels of experts
to provide constructive feedback on the study items.
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7 Data Analysis

There are three types of analysis that can be performed on data collected for the content
validity test: (1) content validity ratio (CVR), (2) content validity index (CVI) and
(3) reliability or inter-rater agreement (IRA) [3, 6]. The elimination of item is done by
using two commonly used method for content analysis; the content validity ratio
(CVR) [6] and content validity index (CVI) [4]. While the reliability of the expert’s
rating was seen from the value of IRA.

8 Finding

Once all the panel of judges completed the response form, data was analyzed for CVI,
CVR and IRA. The detail analysis of content validity is extended to another research
paper. Out of the 53 items assessed, 20 were considered to have insufficient content
validity. The final items included the initial online knowledge sharing model were
displayed in Table 1.

Table 1. Online knowledge sharing model

Factor Item References

Usability I can read, navigate, seek and contribute knowledge
in this discussion interface

Self-developed
based on [25,
26]I can quickly learn how to share knowledge in this

discussion interface
I can easily share knowledge in this discussion
interface

I will get confirmation message if I want to remove
my discussion from this discussion interface

I can easily read the information in this discussion
interface

I can quickly find the information in this discussion
interface

The information in this discussion interface is well
organized

I can navigate into this discussion interface easily
I can easily go back to my discussions in this
discussion interface

(Continued)
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Table 1. (Continued)

Factor Item References

I can move quickly between the discussion topics in
this discussion interface

Visual
aesthetics

The layout of this discussion interface is clear Adapted from
[27]The layout of this discussion interface is easy to

understand
The layout of this discussion interface is
well-structured

This discussion interface design appears inspired
This discussion interface design is interesting
Attractive color composition used in this discussion
interface design

Proper choice of colors in designing this discussion
interface

This discussion interface appears to be designed to
support the online knowledge sharing activities

Sociability This discussion interface enables me to easily
connect with other students online

Adapted from
[28]

This discussion interface allows informal
conversations

I feel comfortable to share knowledge in this
discussion interface

This discussion interface allows for non-task-related
conversations

This discussion interface enables me to make close
friendships with other students involved in the
discussion

Intrinsic
motivation
design

I can select an appropriate avatar to represent me in
this discussion interface

Self-developed
based on [15]

I can make a choice in receiving discussion feedback
in this interface

I can select suitable type of media for the purpose of
sharing knowledge online

I will receive unpredicted responses for my
achievements in this discussion interface

I can track my performance in knowledge sharing
activities directly in this discussion interface

I received positive feedback for my knowledge
sharing efforts in this discussion interface

I can see my progression in knowledge sharing
activities

(Continued)

Usable, Aesthetic, Sociable and Motivating Interface 559



9 Conclusion

This study demonstrates quantitative feedback was received from the experts for
identification of initial online knowledge sharing measurement. Four factors were
identified to measure the online knowledge sharing. They are usability, visual aes-
thetics, sociability and intrinsic motivation design. Panels of experts were requested to
give constructive feedback on the identified measures from literature. Then content
analysis were conducted and items were judged for explaining the construct of study
(online knowledge sharing). Then items were removed and modified based on the
feedback obtained from the panel of experts. Once the content validity study com-
pleted, further pilot study can be conducted to identify any problems with the instru-
ment before final testing is done. For future work, we will validate the items using a
statistical procedure. To conclude, gamification and social media strategies can be used
to design intrinsic motivation in an interface. To keep student to share knowledge
online we proposed usability, visual aesthetics, and sociability and intrinsic motivation
rooted in self-determination theory using gamification and social media strategies.
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Abstract. Recent work by researchers in China has demonstrated the potential
for collaborative play as an educational tool for children on the Autism Spec-
trum Disorder (ASD). In this paper, researchers in the United States and China
investigate the potential for accessible interface design and learning by students
with ASD. Through the use of known tools and interventions, an educational
protocol has been designed to evaluate two applications. The pilot studies,
including experimental design and outcomes, are presented here, and provide a
solid foundation for comparative assessment of mid-air finger-gesture interac-
tion as well as hand-gesture interaction. Early results in China are promising,
based on experiences in the United States.

Keywords: Autism � Hand-and-finger gesture � Accessible interface design �
Collaborative play

1 Introduction

Our understanding of the effectiveness of using games enabled by a portable marker
less finger and hand position capture device (e.g. the Leap Motion Controller) to train
children with Autism Spectrum Disorder (ASD) fine motor and motor gesture skills is
very limited due to few empirical studies. The study described in this paper is believed
to be one of the first to shed light on the suitability and degree of effectiveness of such a
training approach to improve children’s motor impairments.

ASD is a neurodevelopmental disorder affecting 1 in 68 children in the US [1]; it is
characterized by such core impairments as repetitive and constrained behaviors and lack
of social communication knowledge and skills [1]. Of note, many children with autism
demonstrate severe impairment with reciprocal interaction significantly impacting their
joint attention [2] and collaborative interaction and play [3] which in turn decreases their
ability to participate in meaningful learning, social and play interactions [4].
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In this paper, we report on two pilot studies conducted in the classroom of a large
Children’s Educational Development Center in a southern Chinese city for children with
ASD. To the best of our knowledge, it is one of the first attempts to study the accept-
ability, usability and possible benefits of finger- and hand-gesture enabled interactions
for special education.

2 Related Work

Few previous empirical studies have provided us with sufficient understanding of both
the acceptability and usability of the finger- and hand-gesture based motionless
games/applications for individuals with ASD. However, two indirect lines of prior
research are relevant to our current study.

Recent studies revealed that the under-explored motor abnormalities are also
prevalent in ASD [5] and are believed to interfere with the development of adaptive
skills [6, 7]. The motor abnormalities, known as associated symptoms [8] may include
problems with gross and fine motor skills [9, 34], skilled motor gestures [6, 10] and
motor learning patterns [11]. However, children with autism often demonstrate strong
visual perceptual abilities for objects as they have been found to be drawn to consis-
tency of visual stimuli (both static and dynamic), matching and discriminating salient
features [12–15, 33], while conversely there have been impairments noted in the visual
perception abilities for facial features [14–16].

Although a wide variety of games and applications have been developed to improve
individuals’ social communication, eye-hand coordination and cognitive skills etc.,
fewer games and applications target the individual’s motor impairments.

2.1 Benefits of Motion-Based Games and Applications

Several recent studies on the possible advantages motion-based touchless games pro-
vide for children with ASD [17–20] have been found. In particular, these studies
revealed that the whole-body interaction enabled by Kinect games can enhance chil-
dren’s motor skills and social behaviors [19, 20, 35], reduce their distress and increase
emotion-releasing abilities [17]. Custom-made Kinect games can further be used for
attention and cognitive skills training [18]. The field studies conducted in [17] indicate
that motion-based gaming can promote cognitive learning and attentional skills, sup-
porting both selective and sustained attention.

2.2 Use of Gesture Games and Applications for Fine Motor Skills
Training

In addition to Kinect, Leap Motion, an increasingly popular touchless hand and finger
motion tracking device, has been examined to demonstrate its accuracy in measuring
hand movement in pointing task among healthy adults [21]. Due to its extreme porta-
bility, Leap Motion offers a greater advantage than Kinect for training on fine motor
skills, such as that needed by individuals with ASD. A full understanding of the benefits
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of motion-based games (including both whole-body and hand-finger gesture-based
interactions) requires examining that of the latter. However, little previous empirical
evidence directly addresses the issue, especially in China where technology-based
application use is rarely used in both the school and at home [22].

Following this path of research, we have seen so far one attempt which includes a
series of Leap Motion-based games to train children’s fine motor skills empirically
studied in a special education center in Beijing [23]. Results showed that the ‘inno-
vative’ interaction poses bigger challenges—children have difficulty adjusting their
hand gestures in a 3D space.

3 Experimental Design and Assessment

3.1 Study One: Drawing Game

The Game. A simple drawing game was implemented using C#. Players can use both
hand or finger gestures to draw on the canvas (Fig. 1). In order to assess children’s
attention and engagement level and their emotional state, we made the game rules very
simple by supporting only two simple actions—drawing through hand-finger air ges-
ture (depicted by the boy in Fig. 2) and cleaning via a circle gesture.

Participant. Five pairs of boys and their family members were recruited by the Center
to participate in this game. (In the Center, close to 90 % of the children are boys). The
boys participating in this study have comparable (similar) intelligence and abilities
(M = 4.8, SD = 1.8), referred to as C1 (the oldest, 8 years old), C2, C3, C4 and C5
respectively.

Experimental Conditions. One purpose of this experiment was to examine whether
finger-gesture based manipulation would bring more fun and usability (in terms of ease

Fig. 1. The game entry user interface of the drawing game
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of use) to the children. Therefore, we tested the game in the school with which children
feel familiar and comfortable. The game was projected onto a wall via a projector; and
to avoid children’s curiosity towards the tiny Leap Motion controller, we ‘hid’ the
controller into a box leaving the interaction area open (as depicted in Fig. 2). Each
family member/child pair was given a maximum 15 min of play in order not to fatigue
the children [17, 18] due to their young age.

Measures. Qualitative data, such as the level of enjoyment and engagement, and the
degree of attention on screen objects were collected through observations, commonly
seen in the literature [17, 24, 25]. These variables were among the behavioral and
emotional signals examined in previous research [17].

Experiment Procedures. Before the experiment, the head teacher was given the
Chinese translation of the game including a short description of how to play it. Parents
were informed of the purpose of the experiment, experimental procedures and their
rights. Each child entered the testing room with their parents (except for one with his
grandmother, C3). The developer first introduced the Leap Motion device, and
demonstrated how to draw with two finger-gestures. Then, the parent/grandmother-child
pair interact with the game together. After the testing was over, structured interviews
based on the one developed in [26] for a Chinese family were conducted at the end of the
play session. The aim was to obtain information on the child’s behaviors and prefer-
ences, and phone- and computer-game uses at home.

Results and Discussions. In contrast to previous findings that children were mostly
reluctant to touch a singing plant [22], both children and their family members showed
high engagement in the drawing game; their attention level was very high during the

Fig. 2. During testing, a grandma helped her grandson with ASD drawing in the canvas
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entire game-playing session. All children showed high levels of sustained attention, and
most of the time when they were playing the game with the help of the parents, their
eyes remained focused towards the visual stimulus in the game. Both children and
parent/grandma’s emotional states were enthusiastic. Structured interview with all
family members indicate the high satisfaction of the family with the game, especially
regarding the Leap Motion device since it was their initial encounter with such a
‘magic’ controller. Overall, for all of the parents, it was the very first time they were
aware of the existence of such a device and they all expressed amazement at such an
innovative way of user interaction. While all children had been given opportunities to
play with mobile phones at home, their family members claimed that none of the games
and applications are specifically designed for their children; in fact, according to the
teachers at the Center, this was the first-ever such educational application. An earlier
game, the Yuudee (Little Rain Drop), launched in May 2015 [27], lacks the person-
alization mechanism where teachers can adaptively change the contents based on
children’s responses and conditions, therefore, it has not gained popularity among
special education schools in China. With this said, the teachers at this Center were very
open to our drawing game. However, it was observed that the children had difficulty
manipulating and using their fingers; we designed a second more portable web
application which utilizes hand-gesture.

3.2 Study Two: Zoo and House Game Study

The Application. The improved version was implemented using JavaScript and can
be accessed at: http://www.tmywk.com/ as a web-enabled application (a Leap Motion
gesture controller is required). Currently, there are two available scenes: a zoo and a
house. When the child interacts with one screen object (an image), its Chinese name (a
word) will be shown accompanied by a sound file to spell out its name (see Fig. 3).
This learning process is commonly used in the famous Lovass model of Applied
Behavior Analysis (ABA) in which individuals with ASD are required to pair a word
with a corresponding image (through the use of familiar materials and intermittent
rewards with an aim to enhance children’s vocal language understandings). Since it is
well known that children with ASD frequently experience sensory overload and may be
averse to excessively loud and high pitched sound [28], the auditory sound was pre-
sented at a moderate volume, and the tones fall into the frequency range of human
speech. None of the children in our experiment demonstrated any observable startle
response; instead, the children’s attention to the screen objects was continuously
dedicated. Teachers also voiced no complaints about the sound and the tones.

Participants. Five boys with the same intelligence and abilities participated in this
study (M = 6.3, SD = 2.4), referred to as C1, C2, C3, C4 and C5 respectively; four
boys were reported to have interest in playing computer games (C1, C2, C3, and C5).
Their head teacher recommended the children because they were informed of the nature
of the game beforehand (as required by the Autism Center).
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Experimental Conditions. One of the purposes of this second experiment was to
examine whether hand-gesture based manipulation would bring more fun and usability
(in terms of ease of use) to the child, therefore, we tested the game in the school again
with which children feel familiar and comfortable.

Measures. Qualitative data included the level of enjoyment and engagement, the
degree of attention on screen objects, and additionally, the degree of independent
manipulation by children were collected through observations (commonly seen in the
literature [12, 17, 24, 25]). These variables were among the behavioral and emotional
signals examined in previous research [17]. Although the conclusions derived from
these data cannot provide a convincing picture of the design patterns for such a game,
they are sufficient to inform the designers of whether the new design managed to serve
its intended goals.

Experiment Procedures. Each child entered the testing room with either the home-
room teacher or the head-teacher. The teachers had been informed earlier about the
nature of the experiments (with a Chinese translation of our game). The game designer
provided brief instructions to the children on how to play the game through a short
demonstration (lasting less than one minute). After the instruction, the children were
given the time to play the game. Prior to this experiment, and unlike some other testing
in which a given time is allocated, Chinese children had seldom been exposed to such
gesture-based game and technology-enabled games before [22]. This is only the second
time such a gesture-based application has ever tested in the ten-year period that the
Center has been educating children. Therefore, free-play was administered in order to
assess the usability of the application. After each play round, teachers were interviewed
to provide their perspectives on the children’s noticeable behaviors and the overall
benefits of the game.

Fig. 3. The zoo interface in the zoo and home game
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Results and Discussions. All the children showed high enthusiasm while playing the
game, and with very minimum training needed (see Fig. 4 on one testing moment).
Among the five boys participating in the game, three older boys C3, C4 and C5, were
extremely attentive to the game, played it with ease, and showed high sustained
attention [17]. Among the qualitative data collected through the analysis of the videos
and observations during the testing, the level of enjoyment and engagement, the degree
of attention on screen objects and the degree of independent manipulation were all very
high. Compared to the similar observations in Study One, the children needed less
assistance to activate the device and play the game. Since the game was also projected
into the wall, two younger boys C1 and C2, demonstrated high interest during
game-play as they were observed to stare at the wall display instead of the computer
screen. Of note, child C4 stopped working in the application when it was time for him
to attend a class; however he later went back on his own to the game during the class
break. According to the homeroom teacher this was the first time he had independently
initiated participation in an activity.

In summary, all the children were able to show sustained attention to the on-screen
stimuli. They demonstrated high skills in mimicking the developer’s demonstration.
The results lead us to believe that the usability of such a hand-motion based touchless
application is very satisfactory. To our surprise, the teachers’ feedback and reactions in
Study Two were much more positive when compared to those from Study One: they
revealed that although it is the first time they had ever seen such a type of game tested
in their center, it was beyond their expectations to observe the children’s reactions to
the application as well as their quick and deep immersion in it.

Unlike previous studies [17, 18] examining the learning benefits of such motion-
based touchless games relative to children’s attentional skills, our work attempts to
understand the acceptability of such games (Study One and Two) and the learnability
and usability of it (Study Two). It is unclear what design rules would best be formu-
lated in both gesture-based and multi-modal interactive applications since some cultural
issues unique to this population have contributed to the overall acceptance of these
applications. In addition, children seldom receive strengthened in-home intensive
training in parallel to their school-based ABA training programs. Chinese parents
largely rely on the Autism Center to undertake all the interventions. However, our two

Fig. 4. During testing, a boy was observed interacting with the application at ease
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experiments have drawn attention from both the teachers and parents who have
encouraged us on in further development of such games.

4 Lessons Learned

Our current understanding of the possible benefits of motion-based application/games
for individuals with ASD are extremely limited, partly due to the small number of
empirical studies, particularly in China. Hence, overall, the two studies conducted and
reported here offer a valuable first glimpse into the acceptability and usability of
motion-based touchless games for Chinese children with ASD.

Results of our two pilot studies reveal practices and perspectives on the use offinger-
and hand-gesture enabled interactions that add depth to our previous understanding of
such use. In particular, while mid-air finger-gesture interaction is challenging for
younger children with ASD, hand-gesture interaction offers more fun and playability in
the learning process. However, we expect some resistance from parents and special
education teachers who may remain suspicious of the use of such games/applications.

5 Conclusion

The research presented here provided an opportunity to learn about how cause and
effect contributes to motor skill acquisition and learning. In particular, the researchers
observed that when the child is engaged in a motivating task he will practice the
required movements, and through this practice develop motor control accompanied by
true learning to build a foundation and provide carryover into more complex movement
patterns. Additionally, and perhaps more importantly, when the parent/caregiver
observes the child’s ability to activate and sustain engagement in a task, the parent is
more likely to carry over the practice at home further solidifying the child’s skill
development. This training protocol is beneficial for both the teachers and the
parent/caregiver, as they recognize the ease of use when provided with the initial
instructions, reinforced with observation of the child’s focused and sustained
engagement in the activating the game and attending to the visual stimulus that results
from the child’s motor movement (either the full hand gesture or the more refined 1 or
2 finger gesture).

Teachers can build on the visual motor abilities the children gain through the use of
the games provided here to integrate learning concepts (examples include matching
colors/shapes; categorization of images and finally matching words to pictures to
promote reading and language acquisition). Finally, children can develop social skills
through turn taking and collaborative play with the computer games. Developmentally
the child is given the opportunity to simultaneously link the kinesthetic and visual
systems together. For example, the child will move his hand or fingers and watch the
visual stimulus that results from the movement. This is foundational for numerous
necessary eye hand coordination tasks for daily living skills (buttoning a jacket,
opening containers/book bags, folding clothes) and school/learning skills (using scis-
sors, arts and crafts, drawing, letter formation and handwriting). In the United States,
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occupational therapists who work with children with ASD, use play and school based
activities to promote the children’s bilateral hand coordination and eye hand coordi-
nation (visual motor integration). For example, for handwriting, children must hold the
paper with one hand and write with the other. Foundational eye hand coordination
activities, such as the finger- and hand-gesture enabled interactions with fun and
engaging computer games and programs, provides children the opportunity to develop
these abilities. Additionally, multiple studies have reported the positive impact of the
use of a multi-sensory approach to teach children with ASD and to promote social
interactions and engagement [29–31]. Through the use of motion based visual inter-
active computer games and programs, the child with ASD benefits from a multisensory
approach to learning (the motor act of activating the device and the viewing the visual
stimulus).

For a nation where even the prevalence study has only started two years ago [32]
and government-funded special education is both expensive and limited, in terms of
both quality and quantity, affordable and portable technological solutions such as those
outlined here could offer great helps to families living with ASD. We hope our study
sheds light on the degree of benefits of such hand and figure motion control games for
Chinese children with ASD, and also provides preliminary data to call for more HCI
community engagement in such research in China.
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Abstract. The development of pedagogical agents has been focused on the
empirical relevance of outward appearance and the voiced conveyance of
information. Rather than following these steps of analysing agents’ looks, the
following paper is focused on having pedagogical agents function proactively in
regard to the environment the learner is situated in. This means agents are able to
listen and react to noise disturbances or obvious attention diversion by the
learner. Furthermore, the agent is enhanced by a social catalyst routine, enabling
the system to facilitate cooperative learning through the use of narrative tech-
niques for the retention of information.

Keywords: Pedagogical � Agent � Proactive � Narrative � Learning � Social
catalyst

1 Introduction

As it has been previously mentioned [45], the underlying technical aspects of peda-
gogical agent designs have been analyzed in various detail regarding their outward
appearances. Examples being their depiction regarding the displayed gender and its
influence on learners [2, 15, 16], the inclusion of facial action movement capabilities in
order to convey non-verbal cues [1, 14], ethnicity [13] or whether or not the inclusion
of animations is hindering or beneficial within the learning context [4, 18, 22].

Compared to these varying degrees of investing resources to have a pedagogical
agent appear more lifelike, we propose a shift in effort to reengineer the mechanisms of
an agent and to enhance its capabilities to not only convey information but to include

© Springer International Publishing Switzerland 2016
P. Zaphiris and A. Ioannou (Eds.): LCT 2016, LNCS 9753, pp. 573–580, 2016.
DOI: 10.1007/978-3-319-39483-1_52



the environment, other learners than the one in front of the screen and other elements
into the learning experience. Therefore, building on the described exhibition context
described earlier [18, 46] we present the interactions of different technological aspects,
working towards a social catalyst function due to proactive elements. Thereby we
integrate works about passive aspects of pedagogical agent design like the politeness
and the social conversational style, as in the wording choices of information con-
veyance, the amicability of the agent and whether or not it would be useful to include
discussions about topics not related to the information material at hand [28, 30], the
creation of a beneficial learning environment regarding communication beyond the
learning material [29] as well as the possibilities of including gestures and facial
mimics [9] or non-verbal input [3]. For a broader view on the topic, refer to [12].

Therefore, a systematic consideration of individual learning requirements is not yet
the focus of empirical research. So, while there is ample research about the various
facets of the depiction of a pedagogical agent inside an information transfer situation,
there is very little about the human-computer-interface-features which an agent might
be able to provide to the user. But to integrate a pedagogical agent into a learning
environment and in order to have it be able to integrate active listening, visual
observations and additional information just-in-time, the system has to perform
pro-actively and include these aspects into the predetermined learning context.

2 Proactive Enhancements of the Agent System

Reeves and Nass [23] have already proposed that there is a deep social link between
users and computer systems. They postulate that there is a human tendency to act social
in a conversational situation, even if this communication is aimed at a machine.
However, Lester et al. [17] formulated a persona effect which includes the observed
behavior by Reeves and Nass and expand it by focusing on the anthropomorphic
depiction of an agent. But if a user is acting socially towards a machine, then it appears
only logical to assume that a user will in turn expect to receive socially adequate
responses from an agent system. Nevertheless, human to human conversational
strategies are not limited to the rather limited input devices of modern day computer
systems. Instead, they are heavily dependent on the decoding capabilities of non-verbal
communication attempts like for example intonation, facial expressions and the gaze of
the conversation partner. Therefore a way of including the sensor-array of currently
available hardware into the communication with a pedagogical agent was developed.
A commonly used webcam is consequently utilized to detect a user’s gaze upon the
display. Should it divert away from the presented information material, the presentation
is stopped. Furthermore a microphone is used to check for ambient noise levels and
checks, whether or not the verbal output of the agent can be understood by the learner
in front of the screen. Hence, the pedagogical agent is upgraded to the real world
capabilities of any other teacher tasked with conveying learning materials: if the student
is not attentive or if it is too noisy, the agent will suspend the presentation and continue,
once the environment or non-verbal cues by the learner allow it.

As previous experience has shown, incorporation of narrative elements can be an
effective tool towards strengthening visitor engagement [21]. Therefore we are going to
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enhance the previously outlined museum installation [46] by aspects of technical and
narrative learner engagement. For example, due to the added microphone to listen in on
the environment, the agent system would be able to check for background noises which
might hinder the experience of a specific museum exhibit (e.g. of musical instruments
or the presentation inside a cinema). Furthermore, the agent might be listening for
keywords uttered by nearby visitors, which could indicate a common interest for an
exhibit and therefore initialize the social catalyst routine, as described in [46]. The
webcam on the other hand would be capable to check for signs of confusion or other
unwanted emotions which would indicate a hindered experience of the exhibitions.
Using libraries of the Facial Action Coding System [14] the ‘brow lowerer’ could
indicate that something has not been understood or that the visitor does not recognize
the elements as described by the agent system. Therefore, the system might explain the
last part in a different way or with a different visualization, until the ‘brow lowerer’ is
either not recognized anymore or might even be replaced by an ‘outer brow raiser’,
which might indicate, that a user has found something that was missing before. Our
constructive efforts are informed by a methodology for interdisciplinary development
[20] based on analyses of interdisciplinary practice [7, 18, 19].

Obviously, other forms of physiological interaction with the agent system are within
the bounds of possibility for current technology. Smartwear, like the Android-wear or
fitness-trackers, offer a wide range of available biophysiological information about the
user. The Microsoft-Band [2] for example offers skin-conductance measurements next
to continuous heart-rate monitoring and movements. These kinds of measurements were
limited to expensive and specialized research hardware a few years ago, but offer new
perspectives for user-centered agent designs. Changes in biophysiological feedback can
signal the system not to pursue an available connection between two visitors [46] and
changes in the usual physiological measurement when looking at an exhibition can be
used to determine interest within a topical domain or not. Additionally, gaze tracking via
webcams is already widely researched as being capable of facilitating new forms of
interaction with a device [5, 7] while real eye-tracking devices tend to become more
readily available [27], allowing for the implementation of interaction strategies for
handicapped or incapacitated persons [19, 24].

Furthermore, narrative techniques are used to enhance the learning context, to
facilitate an interaction process between the strangers visiting the exhibition, enabling
the agent system to provide the previously described social catalyst capabilities while
reporting the current status of software development and hardware integration.

Due to narratives being a form of information conveyance, its origins can be found
in a time when writing was not available to the population [8, 25, 33]. As Gerrig [16]
points out, the information processing is the same, whether the received information is
fictional or real. Regarding the proactive pedagogical agent, it has to be deemed
trustworthy in order to facilitate a believability, but possesses the power to convey
complex information in a more accessible way [20]. Within this context, Bruner [6]
states that experiences and memories are stored as stories. This in turn should lead to a
better retention of conveyed information when it is already presented while taking
narrative structures into account.

So by being mindful of narrative structures, like temporal cohesion, progression of
storyline and the individual complex developments of the characters [48], the learning
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material is anchored [26]. But this means a greater complexity for the agent system
itself, since it has to obey the basic narrative structures and has to include the acquired
environmental information. In order to achieve this goal, the learning material has to be
pre-structured according to narrative rules.

• Narrations are recognizable patterns of characters, events and have to regard cul-
tural storytelling techniques [35].

• Stories itself are not considered to be interesting. Only by the inclusion of one or
more relatable characters, a narration is able to function [36].

• Since characters are pivotal, the current living situation has to be ‘threatened’ [6, 37,
38, 40, 44] but the crisis can be resolved by implementing newly experienced
events.

• Stereotypical applications of characters can be used to reduce the complexity of the
narrated scenario [42].

In order to keep the development of the learning material at a lower level of com-
plexity, the narrative technique of five acts should be implemented [43].

1. Characters and the basic setting is described, upcoming challenges are insinuated
but kept vague.

2. Events are depicted in greater detail and the introduced characters are confronted
with the challenges ahead.

3. Depicted occurrences culminate into a cataclysmic event which the characters are
not able to solve with the acquired knowledge up to this point.

4. The characters are given time to reevaluate their attempts, their knowledge and to
complement their learned lessons.

5. A reintroduction of the events in step three, accompanied by ways of implementing
the learned and trained knowledge to succeed in the storyline.

By implementing these features, the learner is able to gather relevant information in a
concrete and tangible way while maintaining an easy to memorize structure of the
learning material.

3 The Agent as a Social Catalyst

Due to the necessity of relatable characters and based on the narrative structure, the
agent system is then capable of integrating other visitors of the exhibition into the
learning scenario. By implementing the already described steps [46] to facilitate a
communication between former strangers, the proactive pedagogical agent is able to
structure learning material according to the storyline. Therefore the aforementioned
model [46] is augmented by the narrative elements.

1. Based on information about the users beforehand, the system makes an initial
analysis about user interest compatibility

2. The initial connection to another user is facilitated by the two respective agents
onscreen, depending on the proximity of the users to each other and an exhibit
which is used as an anchor for the initiation
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3. Once the agents acknowledge each other, the storyline is adapted to the specific
interests and used to engage the users into a conversation by pre-structuring the
knowledge elements

4. Users have the option to decline this event in a courteous way without offending the
other person – the agents then disengage and continue to function as a traditional
information system while increasing the distance to the failed interaction

5. If the interaction is confirmed by both parties, the agents join each other visibly on
the shared screen adjacent to the exhibition and initiate the information conveyance
by building on the narrative structure

4 Proactively Enhanced Museum Exhibition

In accordance with the published scenario, the two level system of a handheld mobile
device and a wall mounted installation is retained [46]. The tablet is used to display
information about the exhibit in conjunction with environmental information like
location, chain of visited exhibits and predetermined interests of the user. Wall
mounted displays transmit information via RFID or simple QR Code like information
encoding and trigger adequate reactions inside the electronic educational instance
(EEI) [45, 47] (Fig. 1).

Within this enhanced EEI, the additional environmental information of the sensory
input is obtained, analysed and a corresponding variation of the learning material is
prepared. Thereby, the proactive pedagogical agent is capable of detecting potentially
hindering elements and is able to form a situational context within the exhibition.
Accordingly, in conjunction with the previously entered person specific information,
the learning material can be adapted to information about the users and is capable to
proactively prepare the learning material for people with impairments.

The newly integrated sensory input devices is capable of gathering information
about the environment and to adapt to the individual preferences and outside infor-
mation. Due to the expanded social catalyst function, the visitors of the exhibition are,
with the help of their information devices as well as their personal agents, enabled to
learn on their own or in cooperation with other, like-minded visitors.

Fig. 1. Enhanced model of the Electronic Educational Instance (EEI) [45, 47]
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5 Conclusion

The presented paper discussed the pre-requirements for the development of pedagog-
ical agents as well as the current steps being undertaken to enable the proactive
functions of the agent system in the form of the aforementioned model regarding the
enhanced electronic educational instance. This EEI model is currently used to integrate
already established learning material and to integrate sensory input on stationary and
mobile devices.
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Abstract. In this paper, we assess the effectiveness of an extension of
Alice, named AliCe-VilLagE, which allows two students to work on the
same project, with synchronous communication mechanisms and shared
view of the same virtual working environment. The virtual environment
supports multi-modal interactions among students (e.g., video, instant
messaging). AliCe-ViLlagE collects statistics about each team members
contributions, allowing for evaluation of the effectiveness of the collab-
orative environment, and supporting teacher’s assessment of the team
work. The paper describes the first formal evaluation of the AliCe-
ViLlagE platform with a group of undergraduate students. The results
show impressive results in terms of number of interactions between the
students, enabled by the AliCe-ViLlagE framework, levels of satisfaction
of the students, and completion time.

1 Introduction

AliCe-ViLlagE [1] is a novel extension of the Alice introductory programming
environment [15], that enables interaction and collaboration among students in
the development of programs. In this paper, we assess the Collaborative Vir-
tual Pair Programming (CVPP) model and AliCe-ViLlagE . In this evaluation,
we aim to investigate the benefits of using a collaborative virtual environment
for learning programming. The evaluation tests two hypotheses: (1) Building
a collaborative virtual learning environment for learning programming through
extending the standard pair-programming model to CVPP makes the group
interaction more effective and usable in the programming group. (2) Extend-
ing Alice into a collaborative virtual learning environment that implements the
CVPP model makes learning programming within a group more effective and
creates more interaction between the group members. In this paper, we present
the evaluation of AliCe-ViLlagE in the context of learning programming with
entering undergraduate computer science students.
Motivations. The Computer Science community is facing a complex question
[8]—how to engage more students in gaining competency in computing (and
possibly pursue academic degrees in the field of computing), in order to meet
the pressing demand for trained computing workforce. Unfortunately, while more
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and more jobs demand sophisticated computing skills, the number of students
considering careers in this field remains abysmally low [7,12,14]. According to the
United States Bureau of Labor Statistics, the number of professional positions in
computer science is increasing at a rapid pace. The projections indicate growths
in number of positions of more than 20 % by 2022 in all core areas of computing,
making computing the fastest growing cluster among all occupations. Moreover,
according to statistics from the Computing Research Association (CRA), women
represent 51 % of the US population while only 12.9 % of undergraduate degrees
in computer science are granted to women [22].

The somber numbers of students pursuing computing can be attributed to
a variety of factors—e.g., negative image [3,20], fear of offshoring. But a crit-
ical factor lies in the CS gaps in the K-12 system. While other countries have
enhanced their educational efforts in computing (e.g., China has integrated CS
throughout the high school math curricula [16]), the CS Teachers Association
(CSTA) reports a neglect of CS at the high school level in the U.S. From 2005
to 2009, the percentage of schools offering CS courses dropped from 40 % to
27 %, due to lack of interest and lack of teachers; CS courses often count only
as general electives, not as college-preparatory electives [19]; many of them are
more about use of applications than actual CT. Students are often faced with
scarce access to introductory computing courses, and they are often isolated in
their learning experiences, especially when the learning experience takes place
in afterschool programs and in rural communities.
AliCe-ViLlagE. In this paper, we describe an evaluation of a collaborative vir-
tual pair programming model (CVPP) and its implementation in a novel collab-
orative environment for Alice programmers, called AliCe-ViLlagE . The CVPP
model is an extension of a standard pair programming (PP) model. Two pro-
grammers collaborate to solve a shared programming task. The design of CVPP
allows programmers to work together over distance—e.g., each programmer sits
in a different room, building, city. CVPP supports the original pair program-
ming model (i.e., a driver and a navigator) as well as allowing variations of this
model. The ability to provide dynamic modifications of roles allows CVPP to
support more flexible pair programming models, where the two team members
can play the two roles (driver role and navigator role) at the same time. There
is a significant value in allowing this type of extension:

• It allows both team members to act as concurrent navigators—which is impor-
tant for brainstorming and debugging;

• It allows both team members to act as concurrent drivers—enabling modular
development of an Alice project.

The implementation of CVPP in the context of Alice requires the addition of new
features and functionalities to facilitate concurrent programming of 3D worlds by
a group of programmers. We refer to the new environment as AliCe-ViLlagE [1].
The environment combines the benefits of using Alice in teaching programming
and the benefits of using a collaborative PP model in programming and learn-
ing, e.g., increased technical experiences and skills exchange, sharing of informa-
tion, better program quality with fewer bugs, and enhanced student confidence.
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The first version of AliCe-ViLlagE focuses on two-people teams. The AliCe-
ViLlagE framework is designed to meet the following requirements:

• The assignment of roles to team members should be dynamically changeable;
• The system should allow roles to be assigned (e.g., a teacher requiring the

two students to maintain fixed roles) as well as roles that can be modified
on-demand by the team-members;

• Each team member should be allowed to view the code on his/her own dis-
play, and the two team members should be allowed to collaborate even if not
physically at the same location;

• AliCe-ViLlagE should provide a synchronous behavior: each change to the
code made by one team member should be immediately reflected on the view
provided to the second team member.

The environment provides a number of functionalities aimed at maintaining
a record of the contributions of each team member to a given project (e.g., for
review by an instructor). AliCe-ViLlagE records the contribution of each mem-
ber in a log file; these contributions can be reviewed in summary form (e.g., in a
table or a bar chart). AliCe-ViLlagE allows the instructor not just to monitor
the progress for each team, but it provide him/her with all required informa-
tion to evaluate the individual contributions of each member. Thanks to these
features, AliCe-ViLlagE is more than a programming environment: it is a col-
laborative virtual learning environment, promoting collaboration, simultaneous
code development, and interaction regardless of physical location. AliCe-ViLlagE
programmers work on the development of a 3D world by programming in a vir-
tual environment. Furthermore, consistency controls are present to prevent con-
flicting modifications of the same entity. The contribution of this paper is the
first evaluation of AliCe-ViLlagE with students in an actual learning setting.

2 Brief Literature Review

While the practices of programming have always acknowledged the importance
of teamwork and collaboration, it was only in the 1980 s that software engineer-
ing research started highlighting the benefits of software development activities
conducted by teams of two people at the same workstation. Larry Constantine
was perhaps one of the first researchers to investigate the benefits of working
in pairs in programming tasks, like producing code faster with fewer errors; he
referred to this practice as Dynamic Duos [6]. Working in pairs is not new, but
studying pair programming as methodology started by the end of 1990s. The
authors of [13] reported that pair programming started gaining traction and
popularity around 1995.

Software engineering research has, since then, widely explored pair pro-
gramming (e.g., [2,4,9,11,17,21]). Pair programming is one of the practices of
Extreme Programming (XP) and is one of the Agile Methods [9] in software
development. In pair programming, two programmers work collaboratively at
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one computer on the same design, algorithm; researchers emphasized the impor-
tance to control such interaction—e.g., the authors of [5] require a single key-
board, monitor, and mouse to be shared between the pair. One of the team
members in a pair is assigned the role of the driver, where s/he has the con-
trol of the keyboard and the mouse; the second member plays the role of the
navigator (also known as observer or pointer) [2,4]. The navigator has a more
strategic role, such as looking for errors, thinking about the overall structure of
the code, finding necessary information and brainstorming with the driver [9].

Several case studies reported a positive effect of pair programming. The
authors of [4] indicate that a good pair programming team is fast, efficient,
and effective. According to [4], pair programming leads to fewer bugs, a bet-
ter understanding of the code structure, higher quality of code, better design
and improved morale. The authors of [11] conclude that students who work in
pairs, produce better programs and pair programming can be used effectively in
an introductory programming class. The authors of [21] strongly support such
conclusions; students in pair programming tend to develop a positive attitude
towards collaborative programming, while developing stronger individual pro-
gramming skills—thus, working in pairs does not affect the ability to work indi-
vidually in the future. Also, the conclusion of [18] include that pair programming
affects people’s habits, helping them to focus more on productive activities.

3 Methodology

In this investigation, we design two programming assignments which ask stu-
dents to build a 3D world. Students in the team are located at different
sites, and they need to use Alice or AliCe-ViLlagE to build a solution to
the two assignments. In the case of Alice, students are required to use “tra-
ditional” communication mechanisms (e.g., email) to communicate and trans-
fer ideas and information among them. In AliCe-ViLlagE , students are asked
to use the built-in communication channels (e.g., text chat, audio, video
conference).

Participants to the study are randomly assigned to teams, each consisting
of two students. Each team has to work on both programming assignments. To
make the comparison fair, half of the teams start by solving the selected assign-
ment using Alice and then switch to AliCe-ViLlagE for the second assignment,
while the other teams start by using AliCe-ViLlagE and then switch to Alice.
The two members of each team are placed in two different rooms, and they are
unable to see each others or directly interact. After completing each assignment,
the students are asked to complete a survey.

3.1 Background of the Participants

The experiment is targeted to entering computer science undergraduate students.
Participation to the experiment has been solicited through email announcements
sent to the mailing lists in the Computer Science Department at New Mexico



On the Effectiveness of a CVPP Environment 587

State University. We recruited 10 students, organized in 5 teams. Throughout
the study, the identities of the participants have been kept anonymous and no
personal information was revealed or required—except for information regarding
the students’ academic background. At the beginning of the session for each
team, students have been asked to complete a pre-survey, in order to assess their
academic background and programming skills (Table 1).

Table 1. The Pre-survey

In the pre-survey, students are
asked to describe their experience
levels in the different related topics
(as shown in Table 1). the overall pro-
gramming experience of participants
is low. Figure 1(left) summarizes the
overall level of confidence of the
participants in all the areas related
to programming, Alice, and collab-
orative environments. Figure 1(right)
summarizes the level of experience
for the different areas.

3.2 Assignments

The assignments are group assign-
ments. Therefore, the team members
have to work together to finish the
assignment’s requirements. In each
assignment, the team has to build a
3D Alice world. In the first assign-
ment, the story talks about city life, while the second talks about kids that are
playing in a farm. In both assignments, students need to add all components of
the scene, such as incrementally building the city in the first assignment (e.g., by
adding buildings, roads, traffic sign, cars, people, etc.) and the farm components
in the second assignment (e.g. farm house, animals, trees, kids, etc.). In each
assignment, the students have to add the program components (e.g., objects,
methods, function, statements, etc.), and they need to discuss within the team
what other components are required to complete the assignment. As part of the
assignment, we are requesting students to communicate among themselves the
issues encountered during the resolution of each assignment and to coordinate
within the team on the completion of the work (e.g., by agreeing on who does
what). In Alice, the team has to select a “standard” communication channel,
while AliCe-ViLlagE provides dedicated communication channels that are built
in the environment.

3.3 Questionnaire Design and Measures

After completing each assignment, the students have been asked to fill out a
survey about the environment adopted in the work. Table 2(a) and (b) show the
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Fig. 1. The overall experience in all fields (left) and experience by area (right) (Color
figure online)

questions that students have to answer after completing their work using Alice
and AliCe-ViLlagE , respectively. Each question in the survey is used to rate
one aspect of the programming and collaboration experience, rated on a Likert
scale from “Strongly Agree” = 5 to “Strongly Disagree” = 1.

Table 2. The Post-survey
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4 Discussion and Findings (Descriptive Analysis)

In this section, we discuss and analyze the students’ behavior during the team-
based resolution of the assignment, and analyze their answers for each question in
both surveys. At the beginning, we study the students behavior and interaction
while they work on each assignment. Parameters that we observe include the
number of transactions—a transaction is any event that the student perform in
the development of the program, such as adding an object, adding a method,
adding a function, editing a method, changing a value, etc.—the amount of time
to complete each task, and the percentage of time spent on other activities (e.g.,
communication).

4.1 Analysis of the Time-Line During Software Development

AliCe-ViLlagE records the students’ events and transactions in a log file, and
provides statistical representation of the activities in charts and tables. Unfor-
tunately, Alice does not offer comparable analytical capabilities. Therefore, we
use a free application to record the student screen in Alice environment. Figure 2
shows the total of transaction that each group completed using Alice and AliCe-
ViLlagE . The figure shows that the percentage of transactions successfully com-
pleted by each team using AliCe-ViLlagE is significantly larger than the cor-
responding percentage of transactions completed using Alice. Each group used
each environment for thirty minutes, and the amount of works finished by each
group in AliCe-ViLlagE are larger than the amount of works finished in Alice. In
other word, respect to the required time to complete the assignment, we found
that the time required to complete the whole assignment using Alice will be
around the double time that required to complete the same assignment using
AliCe-ViLlagE .
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Fig. 2. Percentage of completed transac-
tions for each team under different envi-
ronments(Color figure online)

The reason of the big gab between
the number of finished transactions
is related to the total of time that
each student in the group spends work-
ing on the program. In Alice, one of
the group member should work while
the other member wait until his/her
partner finishes and sends the 3D
world using any communication chan-
nel (e.g., email). Figure 3 shows the
time line for each team. The figure
shows that, in the case of Alice, it is
common for one student to work at a specific time while the other member
is often idle, waiting for the partner to share the partially completed project.
The idle student cannot easily brainstorm, looking for errors or share immediate
ideas with his partner because, s/he does not have access to the latest version
of the program and does not know exactly what aspect of the project the other
team member is specifically working on. This type of situation instead does not
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occur in AliCe-ViLlagE . AliCe-ViLlagE allows both students to work at the
same time, sharing the same synchronized view of the 3D world, immediately
reflecting any modifications made.

Figure 4 shows the percentage time for each team that has been dedicated
to coding, communication, and idle time during the team activities. Comparing
the percentage of coding time for each team in Alice against AliCe-ViLlagE
(Fig. 4), we observe that students in AliCe-ViLlagE spend the majority of their
time coding (from 95 % to 99 % of the time). In Alice, students spend a high
percentage of time idle. We can also observe that in all the experiments, the idle
time in AliCe-ViLlagE is actually 0.

In Fig. 3, teams 1, 3, and 5 work smoothly using Alice, while teams 2 and 4
face difficulties. Figure 4(left) shows that the coding time for the two groups is
high, especially in team 2, and idle time is very low. This percentages for these
two teams are derived from a very undesirable pattern: each student in the team
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works on a local copy of the 3D world and does not wait for his/her partner to
send him/her the file. This results in miscommunication and conflicting solutions
in the project. Team 2 discovers this problem at the end, when one of the students
send a message to his/her partner about it; “It is like passing a file from one
person to another”. They found that the file that each one have contains a
different contents from the file on his/her partner side, and the result that they
got is presented by a message when a member send to his/her partner said: “We
cannot integrate our work”.

4.2 Post-survey Part2

Each team has to build a story in Alice by following one of the two assignments.
After finishing the assignment within a given time limit (30 min per assignment),
each student completes a survey about working in Alice with a partner over
distance. The questions assess the effectiveness of using Alice in collaborative
group to solve an introductory programming assignment.

The first two question asks the student to assess the communication chan-
nels used in the project. Figure 5(a) shows that all teams use emails as a main
communication channel, to exchange information, questions and to transfer files
between team members. The results also show that no team opted to use (audio)
phones for communication, while 20 % of participants use text messages in addi-
tion to emails. The students’ satisfaction of the communications channels used is
summarized in Fig. 5(b) (the percentages in the graph are related to the number
of participants that use the communication channel).

Participants face difficulties in solving the assignments using Alice, as can
be seen in Fig. 5(c). We can observe that more than 50 % of students rank the
difficulty of the problem solving process as high. The group face an issues in
working together because of; (1) the miscommunication between team members
(as in teams 2 and 4, as shown in Fig. 3), (2) the amount of time that each
member spends working compared with the time that the member spends idle
(waiting his/her partner to send him/her the file and switch the work between
them). According to these difficulties, the overall level of satisfaction of the
students in the team is quite low—as can be seen in Fig. 5(d).

From the students’ responses summarized in Fig. 5(d), we can observe that
the level of satisfaction of the students is distributed over four levels. On the other
hand, the students identify the possibility of errors to occur to be as high—only
20 % of the students indicate a level of confidence to ensure a low probability for
errors.

Finally, the survey asked the students to suggest a modification of Alice
to enhance the team-work and support the collaboration between team mem-
bers operating at a distance. Some students suggest the integration of dedi-
cated features to support team-work; interestingly enough, some of the students
who experience Alice for the first time indicate as needed specifically the fea-
tures present in AliCe-ViLlagE , while students that experience Alice after using
AliCe-ViLlagE recommend the collaboration features of AliCe-ViLlagE as the
recommended extensions for Alice (e.g., S3, S4).
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4.3 Post-survey Part3

AliCe-ViLlagE is developed with the goal of providing students with collabo-
ration features to facilitate team communication and collaborative code devel-
opment in the context of a shared assignment. After each team finishes the
resolution of the assignment using AliCe-ViLlagE , we collect answers to the
corresponding survey (Table 2(b)).

The first question inquires about the overall level of satisfaction of the stu-
dents in using AliCe-ViLlagE to solve the assignment. We can observe from the
responses that 50 % of the students rank their overall experience as very satisfac-
tory; furthermore, no student ranks his/her experience as low or very low. These
results confirm that AliCe-ViLlagE is a simple and enjoyable environment to
use collaboratively. The bar chart in Fig. 6(a) shows that the students did not
face any particular difficulty in solving the assignments; these results are fairly
different than what we observed in the case of Alice. Moreover, the students
found that the communication components are easy to use (Fig. 6(a)) and they
provide an effective communication media between team members (Fig. 6(c)).

The students’ responses in rating the quality of collaboration and the quality
of interacting with a partner at a distance are also significantly different than
Alice. Figure 6(b) shows that 70 % of the students demonstrate a very high level
of satisfaction in the use of AliCe-ViLlagE to collaborate with a partner at a
distance (the corresponding question for Alice shows 60 % of participants rating
the solution as very low satisfaction). On the other hand, the students rank the
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Fig. 6. Responses to the survey part 3(Color figure online)

features of AliCe-ViLlagE (system speed and reliability) as high—this relates to
the ability of AliCe-ViLlagE to automatically maintain synchronized copies of
the code/3D world on the monitors of the two students. Finally, most of students
rank the possibility of errors to occur as low or very low.

5 Conclusion and Future Work

The first part of this project is to build a collaborative virtual pair programming
model. The model is designed and implemented as an extension of Alice—leading
to a first effective prototype, named AliCe-ViLlagE . The resulting experience
in the use of AliCe-ViLlagE by students, compared to the use of Alice, provides
evidence of high levels of satisfaction and effectiveness. The features included in
AliCe-ViLlagE to enable synchronized code development and communication
simplifies distributed code development, enhancing team work and effective col-
laboration. Furthermore, AliCe-ViLlagE provides an instructor with capabilities
to oversee the activities of each team, track contributions, identify difficulties,
and determine team performance. The feedback from the students shows that
the resolution of assignments using AliCe-ViLlagE is faster, easier, and more
reliable than working with Alice at a distance.
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A second prototype of AliCe-ViLlagE has been recently completed and it is
now ready for evaluation. In this new prototype, we allow a group of students
(more than two) to collaborate to solve shared programming assignments. The
role of students are extended to include more than just a navigator and driver
role (e.g., leader, time keeper, analyzer, designer, etc.). The second version is an
extension of the Affinity Research Group (ARG) model [10].
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Abstract. Collaborative work is an activity done by more than one person to
get a job done. For healthcare workers, several jobs are considered as collab-
orative work such as consulting or diagnosis. In this study, medical images were
used as the objects manipulated by physicians at different locations. They could
manipulate and provide comments or opinions to each other during collaborative
sessions which included time proximity: at the same time or at different time.
The system composed of application program for managing collaboration and
image processing functions. Two case studies have been done on analysis of
tumor and diabetic retinopathy. The first case dealt with real-time collaboration
at different locations while the second case dealt with different time
collaboration.

Keywords: Collaborative work � Medical image � Processing � Healthcare
worker

1 Introduction

Collaboration is an act of someone working with other people on a joint project. In real
life, there are two kinds of job achievement i.e. by doing it alone or having other people
to help or participate with. Actually, using software to get a job done by more than one
person may require an enhancement of tool or software that one person uses to do their
job to a tool that support more than one person to do the job together. Decision making,
for example, starts with having a decision support system (DSS) for one decision maker
and later when there are situations that the decisions have to come from a group of
people, the board or committee for example, a group decision support system (GDSS)
is then introduced [1, 2].

In order to be able to collaborate for decision making, the number of people
involved are not the only matter, the tool for supporting collaboration is also important
as well. To set up a tool, there is also the proximity for time and space involved. For the
time, it can be at the same time or different time while space can be in the same place or
different place [2]. The combination of time and space that will be benefit from using
software for collaboration are two cases. For the first case, users are in different location
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and they use the system at the same time. This means that they have to set the schedule
to use the system. The second case is the situation that users are in different locations
and they use the system at different time. If this tool is used in healthcare unit such as
hospital, the staff at different hospitals can have a floor for the diagnosis without any
needs to travel.

When we focus on the use of computer applications in healthcare organization such
as hospital, there are several examples including the information system that are based
on healthcare information, decision support and quality assurance [3]. For healthcare,
decision making is more complicated than others, so information and tools to support
the decision must be accurate and easy to work with.

Nowadays, medical Imaging plays the key role in helping physicians diagnose and
make decision to treat the patients. We can have the digital images of the patients from
X-rays machine, Computed Tomography (CT) Scanner and MRI (Magnetic Resonance
Imaging) machine. Interpreting those images may need some experts or someone with
more experience to consult with, especially in an unusual case. With the advance in
telecommunication network, transferring images from one location to others for dis-
cussion or consultation may not be a problem. It would be more useful if the image can
be manipulated by healthcare workers at different sites in consulting session.

Since there are many types of images that are related to health information and the
use of those images should be analyzed and discussed by more than one expert in the
field for accurate result, there should be a tool to support real time collaborative work
for problem solving, decision making or consulting in healthcare.

In this research we are interested in setting up a software program to help healthcare
worker in one location to collaborate in real time with experts from other locations for
decision making using information gathered from medical image processing. Users can
use the program to analyze medical images acquired from CT scanner, MRI machine or
any devices that provide digital image for specific purposes which would benefit in
decision making and all the visual images can be shared amongst experts in real time.

2 Related Works

There are several papers on the use of computer for collaborative works in many areas
such as in education [4–6], government services [7] and healthcare [3, 8, 9]. In edu-
cation, collaborative learning is implemented in different ways [4, 6]. By using the
internet, the community of learners could be constructed and applications were
implemented to support distance learning especially web-based applications like chat
rooms, blogs, wikis. For government service such as transportation, the use of com-
puter in the collaborative works have been implemented as a training tool for trans-
portation teams to practice on how they should response in emergency events [7]. The
computer-based system provided the team with the drills for different situations with
details like daily traffic situations and unusual situations. In healthcare, when computers
were used in hospital units such as patient wards, laboratories, and departments,
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computerized data were every where. Now, global computer network makes it possible
to connect with external units such as patient residents and other hospitals [3, 9].

With the advance in technology, especially computer graphics, all the new scanning
machine for healthcare have a digital output, making them easy to process. Right now
there are many software tools which can speed up and enhance the operation of the
analysis of medical image. Fifteen of these software programs were compared in several
aspects such as function, system language, platform and etc. [10]. Some researchers
emphasized on finding new algorithm that could be used in image processing such as
image reconstruction, image enhancement, image smoothing and etc. [11] While other
used parallel algorithm for tumor edge detection which could detect cancer tumor at
early stage [12]. Methods and algorithm for detecting different categories of cancer such
as breast, liver and brain tumor were also investigated [13]. The methods used were, a
restively loaded bowtie antenna with genetic algorithm approach, FPGA (Field pro-
grammable Gate Array) - 3-D Ultrasound computer tomography with adapted matched
filtering algorithm, in pentetreotide SPECT-A Collimator based on Monte Carlo sim-
ulation, and Cellular automata (CA) based segmentation method – MR (Magnetic
Resonance) Images.

3 Use of Medical Image Processing in Collaborative Works

Medical images are usually used for radiographic technique in diagnosis, clinical
studies and treatment planning, so it is quite important to life and death situation.
Today with the advance in the field of computerized image processing and digital
equipment, all the medical imaging system such as X-Ray, Computer Tomography
(CT), Magnetic Resonance Imaging (MRI) and etc. provide the output in a digital form,
making them easy for transferring and interpreting. When interpreting the data,
sometimes the physicians rely more on their experiences than the output from the
machine. The decision may come from one physician or from a group of physicians
which means that they might prefer to get some help or opinions from others. For
example, two dimensional images from the imaging devices may look unclear or may
have some suspicious points to be considered, if there are some collaboration process
before progressing into the next step of processing, the decision may be more reliable.
Figure 1 shows the flow chart of the process.

3.1 Experimental Setup

In order to test the concept that collaboration in healthcare for real time decision
making using medical image processing can be done for users who are in different
places, we have developed the software applications to support the work flow shown in
Fig. 1. This software was installed in a server which acted like a host for the system
where users could join in and behaved like clients.

In real life situation, MRI digital images from local hospital can be diagnosed by
the physicians at the hospital or with the help of experts or other physicians at that
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hospital or experts somewhere else. If the decision did not need real time analysis, then
each person can get the image by mail or by other means. If the decision must be in real
time, video conferences may help. In the case that images need to be manipulated by
someone or everyone before making any decisions, then we have to create a new
application to support these activities. Figure 2 shows how each person interacts with
the image.

The hardware requirements for this setup were one standard server attached to local

Fig. 1. Flow chart of the collaborative session

Fig. 2. Flow of medical image to and from experts
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area network and few clients which could be tablets or laptop computers. The only
condition was that all of them must be in the same network. The system flowchart is
shown in Fig. 3.

3.2 Software Development

For healthcare collaboration in which real time decision making on medical image is
required, the software should support the users to work on the same image at the same
time. For example, all three users would like to discuss about the tumor on the same
image, they can mark on the tumor, paint them with different color and etc. Few
properties of the software are as following:

• Basic functions for image processing such as image enhancement, edge detection,
segmentation an etc.

• 2D image from medical imaging devices can be stored and retrieved to display on
each users screen.

• Manipulation on each screen can be done and image on each screen can be saved as
individual or can be accumulated to new image under assigned condition.

• Information related to the same image that has been evaluated can be analyzed and
can be used to formed 3D image.

• 3D image that has been created can be transformed i.e. rotate, translate, enlarge and
etc.

• Manipulated Image by different techniques or different users can be compared.

The user interfaced and menu for the program are shown in Fig. 4.

Fig. 3. System setup for collaboration
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4 Case Study 1: Collaborative in Brain Cancer Diagnostics
Using Image from CT Scan

Usually, visualization of human tumor can be done by analyzing the cross sectional
image of the human body from CT scanner in the suspicious area. CT is the abbre-
viation for computed tomography or computerized tomography that will provide the
cross-sectional images of human body. Analyzing the tumor for its shape or whether it
is cancer tumor or not sometimes need more than one physician opinion. Figure 5
shows the conceptual framework of collaborate physicians analyzing the CT image of a
brain cancer patient.

In order to prove whether collaboration can be applied to the image processing
analysis, we have set up the experiment using modified image from CT scanner and
then stored in our program. We proposed that two users (physicians or experts) helping
each other to estimate the size and shape of the tumor. With the help of the software

Fig. 4. User interface and menu for the collaborative software.

Fig. 5. Conceptual framework for physicians collaboration
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functions, the image has been enhanced and the shape of 2D tumor cells could be seen
easily on each user’s iPads in Fig. 6.

In real life, the machine can only differentiate the objects under conditions that we
have created, so there is a room for skill physician to make different opinions. In this
case, these two experts may identify the boundary of the tumor differently and the
shape may be different from the machine proposed. Figure 7 shows how the two
physicians identified the boundary of the tumor differently.

Fig. 6. Image from CT scanner showing the suspicious part to be identified

Fig. 7. Two physicians identify the boundary of the tumor differently
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By accumulating all the new boundaries of the tumor from 2D CT layers images
(Fig. 8), the program could put them together and construct them into a 3D image as
shown in Fig. 9.

5 Case Study 2: Detection of Diabetic Retinopathy

Diabetic retinopathy is the leading cause of new blindness in diabetic patients. The
exact mechanism by which diabetes causes retinopathy remains unclear, but if it is
detected in early stage, treatment can be provided to save the vision. In the initial stages

Fig. 8. Accumulation of two images from two experts

Fig. 9. Using 3D construction function, 3D tumor cell can be constructed
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of diabetic retinopathy, red dots caused by the breakdown of blood vessels appears in
the superficial retinal layers of the patients. If these dots or hemorrhages can be
detected and identified using image processing and collaborative technique, then
treatment can be provided. Figure 10 shows the initial sign of the symptom compares
to the normal one.

Since the dot is very small at the early stage, identifying them is very difficult.
Using the software to process the image and then by consulting with experts using
collaborative function, the diagnostic result should be more accurate than by one
judgment.

Figure 11 shows the retina images before and after processing in which we could
see the dots and blobs clearly and experts can identify them whether the patients has
Diabetic Retinopathy or not.

6 Result and Discussion

In the first case study, by implementing our system to help identifying the location and
shape of the tumor, each user (medical doctor or expert) could identify the parts that
they considered as tumor. The system would collect all the information that each user

Fig. 10. Diabetic retinopathy compare to the normal one (Color figure online)

Fig. 11. The retina images before and after processing
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provided such as the boundaries of the tumor, the remarks and etc. and then put them
together to form the results, which in this case was the shape of the tumor. This kind of
collaboration will help the workers in identifying uncertain areas and providing more
accurate result. In the second case study, users could manipulate retinal images and
processed them so that all the red dots caused by the breakdown of blood vessels could
be identified. Depending on the image processing method each user used, the results
from each user may be different. Since the system also had functions for comparing the
results, so the final correction could be made after all users read the results from others
and an agreement was made.

The differences between these two cases was that, the first one made real time
collaboration from users who were at different locations while the second one, the
collaboration was done in different locations and at different times.

7 Conclusion

Even though, there are some software for collaborative decision-making available in
the market, but they are mostly designed for business purposes. With the software tools
that support both collaborations through network and having functions for image
processing, healthcare work could be processed in real time with results more accurate
than from the judgment of only one expert. In this paper, we have tried to show that
real time collaboration in group support systems for medical purposes by using data
analyzed using image processing is possible. More detail works should be done which
to people in healthcare businesses to work more effectively.
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Abstract. In this work we try de demonstrate that implementing new tools for
medical doctors must be discussed using some aspects of the game theory and
from a sociological point of view. Taking into account this interaction, we could
help to better fit the needs of medical doctors and help them to succeed in
private area. We will discuss the process under Hayek and Boudon approaches,
in order to explain the non-normative behavior of these specific users, and to
push them in the best way, using learning structure, introducing the important
role of mediator and the measurement of feedback using lexicomotric tools.

Keywords: Information � Learning processes � Hayek � Medical doctors �
Boudon � Allais paradox

1 Introduction

In France the Private Health System is considered in crisis for many constraints. An
important one is how to motivate medical doctors to choose private sector and not to
remain in hospital despite the fact that sometimes they are under a precarious situation
[1]. They have in fact a fixed-term contract and are not considered as a permanent staff
of the hospital.

This paradoxical situation, push the official organizations in France (ARS,
HAS, …) or the town halls, and the regions to invite a foreign doctors to settle in
France, which does not necessarily meet all the needs, and mainly does not address the
situation of the management of medical graduates in France [2].

This situation causes a major problem of the management of the French health and
implies major problems in some areas named “medical deserts” because of the problem
of the replacement of retired doctors or lack of attractiveness of some areas [3].
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These isolated and depopulated rural areas but also deprived suburbs of large cities,
suffer greatly from this problem and can’t face to offer an efficient care to their citizens.
These areas need to improve the attractiveness for the installation of new practitioners,
especially doctors, who themselves are reluctant to go or sometimes consider that there
are a lack in their cursus program during their graduation in the field of management.
Avoiding this tension, is a vital need for people and the best performances of distri-
bution of practitioners, especially young doctors, it is one of the major challenges that
is facing our health system. It is therefore become essential to understand why medical
doctors are not interested by this project and focus on motivating young graduates
doctors based on innovative training practices in managing of medical office.

The Admedico project is addressed to medical doctors, in order to help and push
them to understand the main mechanism of managing a medical office [4]. Indeed, we
aim to optimize the organization of getting medical doctors into private practice for the
first time and link them the various operators, economic or administrative. In this work,
we have chosen to evoke the notion of game theory because of the issue of uncertainty
that can arise during learning process. We will try to justify the use of such an approach
and do not get into a playful dimension only and purely innovative effect.

In this work, we will inevitably raise the important issue of understanding of both
the nature of doctors in terms of risk-taking and decision-making in a field to which
they are not necessarily prepared but doomed to perform, and also what would be the
best learning tools for a subject like management approaches while they are in a very
behaviorist learning process, but also very specifically about their job considered as
purely technical.

For this purpose, we will expose briefly the approach of Boudon in learning process
[5] and we will consider the work of Allais [6] and Hayek [7] to better situate stake-
holders including learners, their learning strategies and the role of the trainer, since we
have implemented remote learning strategy through a variety of tools such as video,
educational games, etc.

2 The Profile of Concerned Doctors

Hayek is the first to oppose the so-called “constructivist” school or construction of a
social reality by the agents [8]. This approach in which human are all equal in their
social construction, is confronted to the true social reality. Hayek will seek to
demonstrate that the reality is more complex and we need to adapt the tools to this
reality. This idea is in the same approach of the work of Moscovici [9] and Abric [10]
which attempts to show that the concept of group, is more complex and that our values
may overlap the values of others. This work is contiguous to the work of Mead of the
concept of social interactionism to model a social being [11]. We can of course build
more easily on a group of doctors agents since they often come from the same social
spheres and that this identity or social affiliation is relatively high.

Hayek’s work shows the concept of the absence of collective standards and that
individuals are different [12], which goes against Durkheim’s approach on rules of a
collective standard [13]. Indeed on the basis of Hayek, Nonaka develops the idea that
more the person acquires knowledge and more its relationships and strategies with
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others change or evolve [14]. This multiplicity of facets of the individual justifies the
multiplicity of tools. The aim is obviously to develop sufficient tools but also the
interaction between the learners to achieve the goal of common knowledge.

The configuration must be a cooperative game in which agents are engaged through
a guaranteed contract by the learning structure [15]. It is essential to develop this
organizational architecture, this will create the prior idea of mutual trust and the
organization of the learning structure and actor’s interaction. This entirely fulfill in the
preceding description of our work in a socio-constructivist approach [16]. This last is
actually opposite to the utilitarian approach, that established rules are based on igno-
rance of the actors. In our case, all players know and the contract is completely
symmetrical. The objective of learners is pursued by trainers and tools implemented
consolidate that.

3 Reasons that Penalize Doctors to Try the Private Sector

This forces each player to an accepted or tolerated ignorance of the circumstances of
the future and raises the question of forecasting, including my future, if I have to leave
this situation where I work so sometimes “precarious” in the hospital, so I program
training that encourages me to settle my own behalf and that is necessary for the
success of my plans. It must then establish objective information. These rules play in
the role of behavior standards and facilitate the learning process of agents, on which
Hayek questions from Economy and Knowledge [7].

According to Hayek, the agents are moderately rational, meaning they decide to
share a little with assumptions developed. They are only partially informed, to the
extent that they base their behavior on limited sequences of observations from the past
behavior of other agents that shape their social environment. They can abandon their
project on the basis of this information partition.

In conclusion, we understand that agents must in a hypothesis of the presence of an
artifact, which should lead to the more rational patterns of learning, through examples
of video testimony, correct the informational bias. Through the work of Boudon, we
will show that the establishment of a multi-tool system meets current needs of agents
that appear to be socially or culturally identical but may ultimately be different and
should therefore require a different approach [17].

Thus taking into account Bourdon work, which shows the clear role and importance
of the system of interactions to account for social phenomena and draws attention to the
effects of aggregation or goal congruence. It indicates that sociology cannot be done
without the interest to the agent,, it must refer to a subject with intentions and a some
autonomy. The tool that we develop must consider this essential aspect to ensure
success. It is in the spirit of Hayek when non standardized layout of the individual
especially in a complex task of learning [18]. Indeed, the sociological parameters for
Boudon cannot explain everything about human behavior. The individual is always
with a certain autonomy [19], which can lead to a paradoxical situation or perhaps
explain some irrational choices.

The role of the mediator artifact is here reinforced by its influential role on the
learner group (according to Boudon). Beyond this influence, the adherence to training
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cannot occur without the mediator. It is certain that in order to an agent to adopt this
innovation, it is necessary that the agent must be informed by its existence, its benefits,
its situation and its representations to led him to expose to the influence of others.
Besides this, Boudon shows that on another aspect namely the development of new
therapeutic treatments with private doctors where the network is less dense than in
hospitals, the role of the medical representative is primordial which shows here the role
of mediator and his importance.

To consolidate the above and take account from the idea of Boudon [19], that the
individual may react to other aspects that sociological elements, we will discuss
decision-making mechanisms and that could help us understand why doctors do not
want to integrate the liberal sector, and also explain how the choice of tools could affect
their decision making. The physician’s interaction with the tool could become an
incentive tool.

In conclusion, and according to Boudon terminology [5], there are two ways to see
the agent, as an individual player, we speak in the case of functional systems which
explain here the development of different which could explain also the vision of Hayek
on the non-normativity of agents and as a social agent in the interdependent systems.
This justifie the presence of learning modalities and measurement feedback with the
necessity of artifact presence or mediator.

Finally we get into to the essence of game theory in order to better explain the
situation experienced by learners. We will use the Allais paradox on the commitment of
the agents in a risky or a uncertain situation [20]. Von Neumann and Morgenstern [21]
and John Nash [22] obviously, develop this theory that will show that individuals
contribute to maximize their welfare or the utility function, utility that can manifest
itself in many ways and can vary according to circumstances. In fact the agents take
decision considering whether or not the decisions taken by others, and it measures the
interactional and strategic decisions between actors. They will establish access prob-
ability to this outcome depending on the strategy that other agents will set up, avoiding
risky situations, hence the obvious connection with the learner profile will have a fear
of uncertainty and therefore can accept a lower gain if the strategy is risky to achieve a
higher gain.

In our work, we’ll look at the consolidation of the aforementioned profiles, showing
that individuals avoid risky situations but also that every individual is unique and that
the notion of individual is not a normed standard. There are certainly social groups
previously explained, but in the context of learning, certain specific features may
appear including even within supposedly homogeneous groups.

Maurice Allais provides an essential element to the issue of management of
uncertainty by agents [20]. This will involve doctors who leave a precarious situation to
a risky situation even uncertain. In fact, the precarious situation in which there is a
contractual physician at the Hospital is considered almost certain due to information
available to the agent components; In fact, the hospital itself suffers from a lack of
practitioners, therefore, the physician under contract knows that his contract will be
renewed continuously from authorizing it to believe that it will eventually become part
of the permanent staff of the hospital.

Indeed, we can evaluate this almost paradoxical situation as defined by the eval-
uation of the decision following the work of Maurice Allais [20]. Following the work
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of Bernoulli commented that the first through the paradox of St. Petersburg in 1738
which states that players have a risk aversion [23], which is formulated by replacing the
gain or wealth of the player by his utility function. It is in this spirit that Maurice Allais,
on the basis of the work of Savage on the theory of expected utility [24], will build a
lottery in which players will be confronted to different situations, in this example we
expose only the principle of risk aversion:

A situation, where is the gain of € 5 million with a 10 % chance, 1 M € with 89 %
chance, and finally zero gain with 1 % risk.

B situation with a gain of € 1 million with a 100 % chance and therefore no risk of
loss.

The result that interests us here is that the money will choose the least risky or the one
with the least uncertainty about the B. This option is less interesting in terms of pay but
less risky option because the risk of loss is zero. Indeed the overall allocation in the A
version is more important than in version B.

This can fit a priori to our case of the learner profiles and will introduce the question
of the learner towards risk, and the main question, of ability to understand the
mechanism of management and to be well accompanied in the installation process. For
the first point, it is essential to take account of this mathematical approach that will
reduce the risk sentiment due to the multiplicity of tools to implement, to their com-
plementarities and a to their partial recovery, some concepts, to be so to speak, can
exist in other tools.

4 The Organization of Learning and Its Context

The current field of education and training is subject to the pressures of the economic
context. International competition is driving companies or the state to invest in new
educational and several ideas emerge in the field of educational innovation [25].
Employees are also required to develop new skills and versatility, being always more
qualified, with new technical skills including those in information and communication
[26].

With regard to the first element, namely learning, the first question is the motivation
to learn, and how learning can add value to the learner as the fulfillment of a profes-
sional project that will include both aspects, the skills and the financial well-being.
Berbaum shows that adults in the public training, have poor intellectual work habits
that can be an obstacle to the acquisition of new skills [27].

Concerning adult education, many often believed incorrectly that they are only
sensitive to the learning of know-how or skills. We forget that it is part of a com-
prehensive approach that includes, learning to know, and about learning techniques
including the issue of accumulation of knowledge [28]. The acquisition of the
knowledge, skills and attitudes are not the subject of a transmission based on a classical
approach but a comprehensive transformation involving all actors. We must now be
aware of the added value of learning structure in terms of methods and tools,
notwithstanding the resources that it can offer [29]. The place of the learner must be
motivated by learning outcomes that will acquire and personal investment by learning
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how to learn helped by the mediator or artifact. The latter will be the one who will
accompany the learner by putting it in a learning situation by providing the necessary
assistance, by challenging the learner.

5 Presentation of ADMEDICO Project

5.1 Description

The Education Project of a “usual practice”, is the creation of a learning platform and
scalable digital learning housed on the Web, the theme of which is to popularize the
essential knowledge of practices to the installation for liberal health professionals.
ADMEDICO is an innovative online learning solution that responds to digital edu-
cational and interactive questions that will arise to any medical professional and/or
paramedic during his first installation in liberal way. This transversal project covers the
information technology, teaching methods, learner interactivity, validation of skills and
the understanding of the ongoing optimization of the format and content, all of which
find their justification in the different Recent work on the development of teaching
techniques and understanding of psycho-socio-cognitive phenomena involved in the
transmission and use of knowledge and which will be detailed below.

5.2 Methodology

AdMedico The platform is a participatory educational approach through continuous
exchanges with learners, and will include:

(1) A dynamic approach:
A tutorial teaching as a film composed of six to ten video sequences (episodes) of

six to ten minutes maximum each, having the same structure (introductory video of the
problem followed by a video of using as a creative and educational tutorial adapted
with final synthesis and return to the forums and/or appropriate interlocutors), inter-
active with learners (through quizzes and/or exercises to achieve online and corrected
between each session) to cover all the issues raised by a great theme (instances, the
installation process, social security, taxation, accounting, partnerships).

(2) An online support, whose forces are based on:

• Attractive presentation that uses audiovisual professionals to render captivating
• Content designed by men (and women) experience who share a deep understanding

of their complementary visions
• A validation of knowledge through QCM/QUIZ which induces a participative logic

for learners
• A “human” help available for each step in real life (in the form of a “hotline” or

“hotline”).

The educational content will be developed by a doctor in charge of the project
within a drafting committee. The technical aspects of this digital optimization and
innovative educational format will be optimized and the footage will be broadcast on a
dedicated web platform, open to learners, live or with the intervention of the mediator.
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(3) AdMedico will be updated permanently
The student is co-producer of content and not only consumer, in our conception and

point of view during the implementation of Admedico, regarding to the theory
described before. ADMEDICO will also optimize the collection learners feed-back for
the purpose of continuous improvement and real-time interface and learning tools
(questionnaires, interviews, exchanges) through the learners’ suggestions.

5.3 Audience

Every year in France, 40 000 new doctors, dentists, nurses, physiotherapists, midwives
are facing the problem of the successive steps of the liberal system. Professionals are
facing difficulties such as the declaration of liberal activity, administrative and usual
constraints, often some fees unanticipated of and therefore anxiety, administrative
burdens and malfunctions without having practical knowledge. The platform AdMe-
dico would initially be built for the Liberal installation of the medical profession, then
in a second time evolve into content specific to the needs of each health profession.

6 Measuring Feedback Using Lexicometry Tool

This technique allows text analysis in “natural language”, keeping the speech as it is
written or said [30]. In this way, in the open questions in surveys, we analyze the
responses to lead to a critical judgment in improving the process of evaluation and
feedback. Several points emerge in the use of lexicometry, mainly the creation of
knowledge in an unknown area through the corpus construction which does not appear
in the tool that was introduced and consequently on the construction of new approaches
to learning where the terminology of knowledge engineering [31].The second relevant
factor would be the critical analysis of the content or pedagogy of the new educational
approach for an audience that does not know this new educational approach.

The interaction, justified both by the uses of the tools, will be measured by a
number of tools such as quizzes, direct interaction but also by corpus analysis of
questionnaires sent to learners but also those visible on the forums in place. In a society
dominated by the use of Web 2.0, it is certain, as we turn to a professional group, that
the mechanisms underlying the functions of the social network will appear. The role of
lexicometric tools is to gather the main idea widespread in this tools to reconstruct the
reality of the speeches [32].

7 Expected Results for the Project and ADMEDICO
and Criteria/Indicators to Evaluate These Results

We want to optimize the first installation of medical doctors, it’s the main goal of this
project, shorten the startup time of liberal activity avoiding the dead time, and through
precise targeting and personalized support (specific activity, discipline, geographical),
to connect the various economic and administrative actors with the future liberal doctor
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according to their needs. Outcome indicators should first assess the capacity of this
innovative teaching method to transmit knowledge but also in measuring the impact of
this tools on the real number of medical doctor installed after this learning process.

This type of education developed by doctors, scientists, teachers and experts from
the Liberal professional world allows the pooling of complementary areas of expertise
(pedagogy, ICT) and could be a bridge between the world of education and practical
reality. It is these mediators that fully enable the success of the educational platform.

8 Conclusion

In this paper, after analyzing the situation of liberal medicine and current gaps to fill a
glaring structural deficit despite the strong financial incentives, we observe that the
situation do not evolve in the right way over time but quite the contrary. We show
through factual analysis, taking into account the situation of doctors towards learning
methods and that new practices of better training to deal with the administrative and
fiscal procedures can succeed. Our tool Admedico can fully participate in finding a
solution, to help medical doctors to settle in private area.

A look worn by Hayek’s vision but also by Boudon, according to these specific
actors from both as an individual and as social agent, shows the non-normativity of
actors faced to learning methods which justifies the multiplicity of tools but that this
learning process will reduce both the risk and the uncertainty as defined by Allais. This
will help us appropriately, according to the completeness of the methods and
approaches, facilitate the installation of physicians in private area.
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Abstract. Designing a cooperative system in Computer-Supported Cooperative
Work (CSCW) is a description-oriented approach. Maritime engineer emphasizes
that such an approach is inadequate to convey ‘how to solve problems’ although
it can describe ‘what the problems are’. An approach called the Knowledge
Transfer Technique (KTT) has recently been developed with the purpose of
bridging the distance between the ‘how’ and the ‘what’ for the maritime engi-
neering community. This article applies KTT to a maritime example in which a
CSCW researcher and a maritime engineer cooperate to produce a system
framework involving humans and their activities in machinery processes for
designing cooperative systems. It highlights the CSCW designer to communicate
better with the engineer. In turn, KTT has the potential to aid engineers in
understanding how they can effectively implement engineering design in creating
products to be used in cooperative material environments.

Keywords: Knowledge transfer technique � CSCW � Systems engineering �
Maritime technology

1 Introduction

Maritime Technology, as defined by WEGMT (Western European Graduate Education
in Maritime Technology), focuses on the “safe use, exploitation, protection of, and
intervention in, the maritime environment” [1]. It is anticipated that engineering
knowledge will be used to manage safety in offshore operations with the support of
computer systems [2]. Despite recent advances in technology, the humans in cooper-
ative operations still have a significant impact on the computer systems used [3], and
this is particularly true of maritime technology.

In the maritime domain, the design of machinery with its integrated computer
systems involves engineers rather than designers from the fields of informatics and the
other design disciplines [4]. Although engineers can offer brilliant machine systems
with the necessary functionalities, the understanding of how a system should look [5] is
seldom able to satisfy the user’s expectations of machine use as it relates to safety
operations. It therefore remains a challenge to include the perceptions of humans into
the development of maritime products. Investigations in other research fields have
illustrated that a purely engineering understanding of a system in use is generally
unsatisfactory due to its inadequate awareness of cooperative systems [6, 7].
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Designing cooperative systems is not new. However, using a theoretical analysis to
inform design is not enough because it is hard (for example, for maritime engineers) to
deploy this without a professional informatics background [8]. Cooperative work, with
its supported systems, is very different from the engineering field where tasks can be
accomplished by solo machines. Maritime technology is a complex and interactive
environment where humans’ activities are combined with machinery to create a social
technical system [9]. It may erroneous to understand maritime technology as being
solely about control and automatic systems [10]. Humans and their activities affect the
computer systems in use. Thus, cooperative systems must acknowledge the interactive
relations among and between humans and their support by the computer systems, and
the combination of these factors in the material environment [11]. This is crucial and
fundamental to the design of cooperative systems aimed at safety operations in mar-
itime technology. In this article, we present how the knowledge transfer technique
could help to combine the ‘what’ and ‘how’ questions to promote a picture for
designing cooperative systems.

2 Knowledge Transfer Technique

KTT is based on a theoretical analysis of cooperative systems—known as awareness in
actor-network theory [10]. It is central to note that in this article awareness refers to the
human’s awareness of activities and work procedures rather than the mental process of
acquiring information and humans’ awareness of their world [10]. This is fundamen-
tally different from Endsley’s concept of situation awareness and user supported design
in engineering [12]. From the CSCW point of view, awareness in cooperative settings
is used to describe how the individual monitors and perceives information that is
available from their colleagues and from the surrounding material environment in
which they are functioning [13]. It involves the processing of pre-known knowledge to
reflect any issues related to design in the material environment [10]. Awareness is not
subject to design; however, we can use computer systems to support it. KTT is based
on this philosophy and customizes actor network theory (ANT) [14] to explore a
critical approach to thinking for designers against an engineering field.

Awareness in KTT is defined under three categorizes [15]: self-awareness,
we-awareness, and group-awareness. Self-awareness is explained as occurring when an
operator is the focus of his own attention, or when he becomes aware of himself acting
on his work. For example, an operator may wonder whether his work influences other
operators [15] and could be monitored and understood by his colleagues.
Self-awareness happens when an operator tries to reduce the discrepancy between his
standard activity and his outcome expectations. We-awareness refers to the extent to
which collaborative activity in the material environments depends on the participants’
ability to remain sensitive to each other’s conduct whilst engaged in their own distinct
activity [16]. Group-awareness is a specific task procedure in which a group of oper-
ators work cooperatively on subtasks. During the group-awareness procedure, self and
we awareness are allied in subtasks, and may occur in relationship to one another,
while the group may be involved in different operations simultaneously.
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Awareness alone could not adequately represent the interactive relationships occur-
ring when humans are involved in maritime technology in actual use. In order to
understand the interactive relations in amaterial environment, we have to understand how
humans, computer systems, and the physical environment are connected and how they
interact. ANT is a useful tool for analyzing social-technical environments, and deals with
objects as part of an interactive network [14]. Researchers state that in order to make a
social technical system readable and visible, it is essential to visualize the actor network
[10, 17, 18]. Figure 1 shows the procedure by which information is processed (see
Fig. 1). This is an iterative process that integrates cooperative work and social interac-
tions together with technological systems to create a social-technical system.

Maritime technology is complex. Hence, a maritime operation may involve more
than one task and many subtasks [19, 20]. People sometimes misunderstand fieldwork
[21] and that has resulted in a failure to categorize the types of awareness. In addition,
the configuration of awareness in ANT is a process that deploys different types of
awareness. Interactive relationships can establish a network where different actors are
connected toward the accomplishment of a specific task. Hence, the connected actors in
a network can be portrayed as a visualized actor network. Schoffelen et al. [17] argue
that visualized actors can be read as things to be included in design. In addition,
humans may practice cooperative systems with different objectives. This opens up the
dynamic capabilities of actors in an actor-network to function in cooperative systems.
Hence, the IT designer has to iteratively categorize awareness until humans and their
interactive relations can be interpreted into an operating technical system via the
visualized actor network [17].

3 An Empirical Case

An offshore supply vessel has to execute four offshore tasks simultaneously with two
systems (Integrated Automatic Systems (IAS) and Dynamic Positioning System (DP)):
providing and retrieving water, providing mud, uploading and reclaiming cargoes, and

Fig. 1. Framework for designing a cooperative system
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exercising its dynamic positioning operations. Two officers work on these offshore
services. The chief officer first checks which crane is available for use, and then turns
from the dynamic positioning operation checklist to the workload checklist. From this
checklist, the chief officer can see which cargo needs to be uploaded to the platform and
which cargo should be taken back from the platform (see Fig. 2).

In Fig. 2, different colors on the cargo plan mean that the vessel has different tasks
at different platforms. At the same time, the first officer uses a communication channel
to contact the platform and request it to put down pipes for providing and retrieving
water and mud. Deck crews help to connect the pipes to the vessel. After these
activities, the first officer starts his operations involving the water and mud tasks. The
chief officer starts to monitor the cargo operations and records the cargo information on
the paper. In addition, the chief officer shares this information verbally with the first
officer. Simultaneously, the deck crews and the crew on the oil platform also assist the
first officer via the communication channels. While interacting with the IAS, the first
officer is concerned with safety issues, so all operation information is important to him.

IAS involves the integration of four individual systems: the liquid mud system, the
stripping system, the tank cleaning system, and the bulk handling system. These four
systems each have just two displays to show all their information. Hence, the first
officer has to shift between screens based on his needs. Every time a cargo is uploaded
to the platform or reclaimed from the platform, the chief officer records this information
on the checklist and tells the first officer the weight of the cargo based on the number
marked on it. The first officer also obtains information about the cargo’s position on the
deck as reported by the deck crew via the communication device.

The IAS can show only limited information about the speed at which water is
piped, and about the amount of water and mud; furthermore, the first officer does not
know which container has the water or mud because the onshore crew usually does not
share this information immediately. When the first officer is doing his job, he therefore
has limited information about which side of the vessel has the water and which the

Fig. 2. Crane information on oil platform and cargo plan. (Color figure online)
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mud. Due to this, there is a risk that the vessel may roll over due to an imbalance,
exacerbated by the sea waves and wind. In addition, the tons of cargo being loaded up
and down from the oil platform make this risk more unpredictable. Furthermore, there
is no alarm system for such an imbalance issue. The alarm system is used only for
identifying if the vessel is too close to something, such as the platform or the coastline.
Inside the vessel, there is another alarm system for tank cleaning, which is used to
indicate if the container is too full of water or mud. It is also important to know that first
officer has to maintain the dynamic positioning system. This becomes necessary when
sea waves change the vessel’s position making it unsuitable for delivery of the offshore
services.

4 KTT-Based Systems Engineering

Self-, we, and group-awareness are grounded and intertwined in this offshore service.
The actors have to make sure that their activities are visible to one another and are
communicated to the other actors — the first and chief officers, the deck crew and
platform—via communication channels. They need to ensure that their activities can be
“heard” and observed [16]. For example, the first and chief officers transmit their
communications to other actors (whether humans or machines) in different locations on
the vessel or on the platform. Simultaneously, the computer systems are involved in
these transmission processes through the actions of their operators who interact with
the computer systems to communicate important information. This back and forth
communication in the offshore service involves interactive relationships where different
actors participate through practicing their role in the operation and thereby create an
actor network facilitating a successful operation. In the offshore services, the actors in
such an operation network are the platform, the first officer, the chief officer, the deck
crew, and the supported computer systems.

Awareness happens during the activities when officers are working on their own
tasks and task procedures. For instance: (1) The first and chief officers are aware of the
position of the vessel and whether it is correctly positioned. The checklist and form
preparation work have to be completed in a self-aware manner. The platform needs to
know information when cooperating with the bridge. This is very important for the
offshore services. (2) The deck crew also has to be involved in the offshore services.
They manually help to check the valves. The officers have to exchange information
with the deck to ensure that the cargo operation is adequate. This is important for
balancing the vessel during its offshore services. (3) The first and chief officers need to
exchange information about the cargoes because this information is necessary to enable
the first officer to calculate how much mud and fresh water he can provide to the
platform, and from which side of the vessel—the left or the right? In addition, the deck
crew, officers, and platform are all aware of the offshore services that ensure cargo,
piping, and positioning services go smoothly. The offshore services are conducted on
the basis of the calculations made, yet even so, breakdowns in operations do happen
because the systems’ functions are outside the domain of the maritime technology.
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4.1 Self-Awareness

Both officers also need to be aware of their actions when interacting with the digital
systems and with other people. For example, the first officer needs to know information
regarding the crane position before positioning the vessel in the correct position. To do
this, he needs help from the deck, the platform, and also from his colleague, the chief
officer. Information about the IAS system also needs to be confirmed by the first officer,
such as the status of the containers for liquids, stripping, tank, or bulk systems. All of
these factors build up the actor network from the first officer’s position. The chief
officer needs to check the cargo information and monitor the cargo operations as well as
report information to the first officer. Hence, an understanding of the system’s archi-
tecture will provide a focus indicating how to design the systems so that they can
support the operator’s self-awareness in the material environment.

Figure 3 shows the first officer’s practice of self-awareness with other actors in the
network (in the box) as well as manipulated computer systems and supported tools
(forms and checklists). Current maritime technology can support his awareness by
checking information from the IAS system. However, it is impossible for him to
process information which must be provided by the other actors, such as the chief
officer, the platform crew, and the deck crew, all of whom have to communicate with
the first officer during the dynamic positioning operation. The first officer has to make
his self-awareness visible and public by means of the communication tools. Maritime
technology, to some extent, must support such self-awareness, although this is outside
the functionalities of the dynamic positioning system. However, without these
self-awareness oriented activities, the dynamic positioning operation is pointless
regarding safety operations in some extent. KTT integrates social interactions into
machinery via connecting actors (human and nonhuman) in the network by weakening
the system borders between social world and machine world (see Fig. 3).

Fig. 3. First officer’s self-awareness
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4.2 We-Awareness

Interactive relationships lead both actors toward task accomplishment in a safe manner
through their joint effort. The chief officer needs information from both the platform
and the deck crew when doing the cargo service. The platform needs to let the chief
officer know what cargo needs to be conveyed up and down from the platform. In the
meantime, this information about the cargo needs to be forwarded to the deck crew by
the chief officer because the deck crew needs to double check the cargo information
and coordinate with the platform to position the cargo in a suitable place. In addition,
the chief officer needs to tell the deck crew where to position the cargo on the deck.
Hence, the chief officer, the deck crew, and platform have to be aware of each other’s
tasks and understand the activities that are done by the other actors (see Fig. 4) with
respect to purposes of safety in the actor network they built jointly.

4.3 Group-Awareness

An offshore service is complex. The offshore service demands a high level of coop-
eration between the DP operation and the cargo operation because work conditions at
sea are unstable. The first officer needs to make sure the vessel is in the correct position
and has a good balance to counter the sea waves. When servicing the platform with
water and mud, the first officer must be assisted by the chief officer in knowing the
cargo information in order to decide which container under the deck should be used.
Such a decision is important for his DP operation since the IAS system is impossible to
notify him regarding the balance status of the vessel [22]. The cargo information cannot

Fig. 4. We-awareness in chief officer, platform and deck crew’s interaction
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be processed directly by the chief officer as he needs to confirm it with both the
platform and deck crew. Therefore, in this process, when the DP, cargo operation, and
offshore service come together, the maritime operation becomes a single operation, its
parts organized to function together to accomplish a specific maritime task. It grounds
the interactive relationships between the actors consisting of both self- and we-
awareness through dynamically changing work procedures that are connected and
re-connected from task to task.

The intricate relationships arising from awareness result in system functions that are
unlike the process order of most engineering processes. In order to ensure better safety
precautions through the design of maritime technology, our critical thinking needs to
address the human activities. In addition, how these activities affect the maritime
technology when in use. This is crucial for designing maritime simulation. There is a
need to use this new understanding to reframe maritime technology. In relation to
system operations, tools and artefacts must support the human activities. This requires
CSCW researchers to design supplementary systems from a higher level than the basic
technical process [23]. In addition, it is necessary for the process sequence of a system
function to fit with the human activities that involve the different tasks conducted under
cooperative work conditions.

4.4 Supportive from KTT to Maritime System Design

Maritime system in engineering discourse sees cooperative work as a process of
connecting individual operators and interacting machines [8] through frameworks,
functions, and models [24]. It is a logical process in which elements of machines are
assembled, and integrated in an automatic machine as engineers believe that dividing a
system’s problems into small pieces can solve the overall problem of designing a
product [19]. For example, system modes are connected together as system function-
alities to realize offshore operations. Operators might interact with one individual mode
in servicing offshore with water and mud. However, if we assume that the mode used
for providing water to platforms can cause the vessel to become imbalanced, due to the
sea waves and the cargo’s weight, then other system modes cannot simply be con-
nected to the offshore service mode, since this mode’s only function is to run piped
water and mud from the containers. It is not possible for the two officers to convert this
offshore operation into an automatic process as the engineers expected as shown in
Figs. 3 and 4 where machinery has a flowchart-based process, i.e., cargo and IAS
systems must be done after DP is finished. Officers have to engage with the DP and the
cargo operation to process necessary information to assist with their own work with the
offshore services. Such engagement in other work naturally has a significant impact on
the human activities in the maritime technology. Humans must coordinate in order to
realize the maritime technology’s functions in the material environment via digital
systems, devices and other possible tools on the vessel. This reflects the current
shortage of engineering design using cooperative systems in maritime technology [7]
may need supportive tools, services to help offshore operations toward to safety
consideration.
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With KTT to support engineering design, we are able to highlight awareness in
maritime operations with the purpose of visualizing the actors involved in each section
of the maritime technology, the machine functions in particular. By extending each
mode of function, we believe it has the potential to enhance current maritime operations
toward a safer situation by zooming in a specific problem area in different actor
network (see Fig. 5) to figure out possible supportive solutions and tools. This is
because extending each part of engineering design for maritime technology allows each
mode involving human activities and their influences to be respected and engaged in
the maritime operations at the engineering process level. This additional function will
be used to control the engineering process by giving humans and their awareness
activities supported tools that coordinate the workflow in maritime operations, whether
parallel or non-parallel.

Researchers have suggested that CSCW knowledge does not inevitably show how
to bring design knowledge into practical design [25]. CSCW researchers collect people
and material artefacts in order to deploy a different approach, informing design about
cooperative systems [26], for example through workshops [25]. However, the extent to
which systems engineers can benefit from engaging with CSCW researchers and users
in workshops remains an unanswered question [8]. It is a dilemma for both the CSCW
researcher and the engineer. Researchers have also suggested that design should use the
visualized actor network [27]. All these suggestions are important and to be respected.
Designers are not engineers, they are outsiders to the professional mechanical area who
raise critical questions and promote design requirements according to their ability to
ensure the success of the final product, so that it will be safe to use. CSCW researchers
are free of the institutional and political [25] influences of the engineering world and
are free to respect human values in technology and to encourage engineering design to
acknowledge human activities. Engineers could benefit from the critical questions
which are asked by CSCW researchers regarding human influences on technology use
in order to create a more comprehensive account of the cooperative situation [25].
Hence, we believe that by applying awareness in actor networks during offshore
operations, system architecture could be designed as a process that involves humans
and their supported tools in order to coordinate maritime technology in use.

Analyzing awareness in ANT allows engineers to become aware of the interactive
relations among humans and with machines. In addition, it suggests how an interactive
relationship can be built around machine activity. This process would allow the
designer to scrutinize the design for cooperative situations on which to focus attention
[25] and thereby design between-ness [18] in order to make interactive relationships, or
in other words the actor network, more readable and designable [17]. Simultaneously, it
would inform engineers that engineering systems need to allow room for human values
and supported tools in coordinating the human activities with the running of the
machine. Hence, the assembly of a single machine to represent cooperative work
becomes a challenge, but human values and human activities, with their supported
tools, can successfully contribute to meeting this deficiency. It may be incorrect to
change the whole structure of the engineering process involved in maritime control
functions. However, we can transfer design knowledge to notify engineers where
designers can contribute to enable human activities to be appreciated in the application
of maritime technology. KTT stands for this point of view.

624 Y. Pan and H.P. Hildre



5 Conclusions

We applied KTT to a maritime example to show how KTT could support engineering
design through categorizing awareness in the design of cooperative systems and
through visualizing the actor network. KTT does not aim to redefine the whole design
process in the engineering field; rather, it offers a supportive suggestion based on
knowledge of CSCW design to enhance maritime system to provide a better framework
for taking human values into consideration in designing cooperative systems and
systems structure. Awareness cannot be designed; however, researchers can design
tools that support awareness of the group functions in cooperative systems to support
humans’ activities in machinery world. Grouping functions involves an understanding
of how humans function in operations and what materials they use. Designing coop-
erative systems thus becomes a way to design supportive tools for actors and their
relationships with other actors. We conclude that KTT is a not standalone tool. It is a
process that integrates design knowledge from interdisciplinary fields. Maritime
technology is no exception. This field needs a fresh approach to motive and promote
the engineering society. This can be achieved by embracing CSCW as a means to
understand humans and their values in the design of engineering products.
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Fig. 5. Adding humans and their activities into the engineering process
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Abstract. This paper introduces an approach to allow English Language
Learners (ELLs) to collaborate in the Software Engineering field using their
individual native languages. Natural-Language Neutrality (NLN) aims to bridge
the Knowledge Divide in Software Engineering by providing tools and
methodologies to allow speakers of different Natural Languages to learn,
practice and collaborate in an environment that is Natural-Language agnostic.
A Knowledge Divide in Software Engineering is constituted by the differ-

ences in the knowledge assimilation capability, between native English-speakers
and ELLs, due to the English-language barrier.
NLN intends to provide standardized methods to enable already-existing and

new Programming Languages to be accessible to learners in their Natural-
language context. The tools created to achieve this purpose, Glotter, Glotation
and the Collaborative Model, are described.

Keywords: Human Computer Interaction � Computer Science Education �
Learning & Collaboration Technologies � Programming Languages

1 Introduction

A Programming Language (PL) is a formal constructed language used to create a
program, a list of instructions, to perform a task.

Although a PL specifies a notation (Aaby 1996) to write programs, these are often
written with a combination of mathematical and everyday language characters, words
and phrases.

According to World Language Statistics (SIL International 2015), English is the 3rd

most spoken language in the world, with 5.43 % of speakers, behind Chinese1 and
Spanish with 14.4 % and 6.15 %, respectively. Nonetheless, a survey of the most used
PLs’ (TIOBE Software BV 2015) Syntax, Semantics, Standard Library and Runtime
System indicates that the most popular are all English-based.

1 A group of related varieties of languages spoken in China described as dialects of a single Chinese
language.
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Although Non-English-based PLs exist (Wikipedia 2015), currently the most used
have syntax, learning resources, Runtime, and Development Environments that are
developed with an English-speaking audience in mind.

Hypothetically, in a universe of more than 7 Billion people, to make usage of the
speed and computational capacity of machines to solve problems, approximately 94 %
of the people would have to be able to express their instructions to the computer in
English, even though not speaking it as a native language.

Software Engineering is a fast changing and evolving field. Thus, it is a challenge
to translate and distribute the learning material in languages other than English, keeping
pace with the technology development. This fact often categorizes a non-native English
speaker student of Software Engineering as an English Language Learner (ELL) since
the learning process makes usage of material and tools that are in English, regardless of
whether the medium of instruction is English or not.

The discrepancy between the English Language not being the most spoken
Natural-Language but being the most widely used in the most popular PLs, inability of
ELLs to use their native languages and the constraint of being taught in one language
while practicing the concepts (programming) in a different language altogether create a
Knowledge barrier, or Knowledge Divide, to ELLs in Software Engineering.

To keep pace with innovations and generate ideas, people need to be able to
produce and manage knowledge. However, the increase in the 21st century of access to
information has resulted in an uneven overall ability to assimilate it.

Knowledge Divide is a term that denotes the differences between those who have
access to knowledge and can assimilate it, participating in knowledge-sharing and
using it as a tool for development, and others who are impaired in this process (Bindé
and Matsuura 2005).

A Knowledge Divide in Software Engineering is constituted by the differences in
Software Engineering-related knowledge assimilation capabilities between native
English-speakers and ELLs, due to the English-language barrier.

ELLs need to develop English language and literacy skills in the context of the
subjects being taught to keep up with English-speaking students (Lee 2005). However,
the linguistic knowledge that students already possess is often not taken into consid-
eration (Janzen 2008).

By allowing students to employ their existing language skills, the Knowledge
Divide can be decreased.

Thus, this paper proposes a methodology to bridge the aforementioned Knowledge
Divide.

2 Data Collection

During the month of April of 2015, a Survey was conducted to 78 students of the
University College of Engineering, Osmania University. The students were from dif-
ferent streams of Engineering but had common introductory Programming courses in
C and C++.
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The sample was split into two groups, of 34 and 44 students to have a represen-
tative sample, and the questions presented to the students intended to study the fol-
lowing factors:

• Perceived importance of comments in source code
• Perceived importance and difficulty in understanding source code written in a native

language.

3 Results

Students found a program without comments easier to understand but when presented a
choice the version with comments was more favorable. When asked about the
importance attributed to comments the majority (54 %) of the students was neutral.
This inconsistency might suggest that comments are under-used, although of consid-
erable importance in reading and understanding the source code (Fig. 1).

Regarding the difficulty and importance of the usage of Native languages in source
codes, a similar scenario could be verified.

58 % of the students found understanding a program written in their mother tongue
difficult. Although a small portion would prefer reading a program written in their
native language, when asked about its importance 45 % were neutral (Fig. 2).

It is this considerably undecided portion of the sample that led to the following
questions being raised regarding students’ perceptions:
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Fig. 1. Perceived difficulty in understanding a program’s source code
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• Are students aware of the resources available to them?
• Are the resources being presented and contextualized to suit the students’ learning

process?
• What determines the outcome of the learning process in Software Development:

students’ usage of their existing resources or their ability to adapt to the already
established required resources?

Having this questions in mind, we decided to venture in the construction of a
learning and practice model that would highlight the importance of using students’
existing resources.

4 Multilingual vs. NLN Programming Languages

In one hand, Multilingual PLs, also called International PLs, allow the usage of more
than one Natural Language for writing programs. Such are the cases of ALGOL 68
(van Wijngaarden et al. 1969) and BabylScript (Iu 2011).

ALGOL 68 is the 1968 version of the Algorithmic Language. It is an imperative
PL, which succeeds ALGOL 60, and provides translations of its Standard in Rus-
sian, German, French, Bulgarian, Japanese and Chinese. The translations allow the
internationalization of the PL.

BabylScript is an open-source, multilingual scripting language that compiles to
JavaScript. It is implemented using the Java PL, by modifying the open-source Mozilla
Rhino JavaScript engine. BabylScript has different language modes in which keywords,
objects, and functions names are translated into non-English languages. With this
feature, it allows programmers to write programs in languages other than English.
BabylScript also allows a mixed language model, on which the same source code can
contain code written in more than one language.

At the time of writing, BabylScript has 17 language translations including Chinese,
Hindi, Swahili, Spanish and Russian.
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Fig. 2. Perceived importance of a native-language in understanding source code
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Although Multilingual PLs reduce the initial language barrier, they pose a threat to
their development and adoption for being Natural-language isolated. A larger audience
can be engaged, but ultimately only speakers of the same language can collaborate.

So far, the approaches used for the creation of Multilingual PLs have not been
standardized and a single approach to enable the feature to different PLs, existing as
well as newly created, has not been identified.

On the other hand, NLN is an approach that intends to provide tools and
methodologies to allow speakers of different Natural-Languages to learn, practice and
collaborate in an environment that is Natural-Language-agnostic.

By allowing learners with different Native languages to interact in a unified plat-
form, the Single Natural Language (English) knowledge requirement can be reduced.

The English-language is still required in Software Engineering. However,
re-establishing a balance between its usage as a Lingua franca and native languages is
desirable, recognizing the existing linguistic diversity (Bindé and Matsuura 2005).

NLN can be integrated into an already existing or newly created PL, taking
advantage of the most used English-based ones (Fig. 3).

At the core of the NLN approach is a Natural-Language Translation mechanism.
The required translation is only of the PL’s keywords, not of the complete source code.

Hence, we came up with a Translation mechanism that can be further exploited.

5 Tools

The proposed tools contemplate the source code keywords, comments and Collabo-
ration between programmers.

Although each tool is designed to iterate over the elements of Bloom’s Taxonomy
Cognitive Dimension (Bloom et al. 1956), they mainly intend to stimulate the Affective
Dimension elements in students, through the inclusion of their existing linguistic
knowledge in the problem-solving process.

Fig. 3. Natural-Language Neutrality model
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5.1 Glotter: A Compiler-Level Natural-Language Neutrality Enabler

A Glotter is a Lexical Analysis tool that converts the source code Lexical Units
(tokens) from a Source to a Target Natural-Language.

A Source Natural Language can be any existing Natural Language while the
Target Natural-Language is a predefined Bridge Natural Language, a Lingua Franca,
which will enable all other Source Natural Languages to be translated to and from it.

The name is derived from the Latin word glot, which means Language, and the
English word enabler. Therefore, a Glotter is a Language Enabler.

The Glotter receives a list of tokens, a list of Language Dictionaries and a selected
Natural-Language, which serves as the context for the translation.

Its integration to a compiler enables the possibility of different (translated) versions
of the same keywords being compiled into a single version. This process ultimately
serves the purpose of enabling a single PL to be used with various Natural Languages,
while maintaining all the syntactic and semantic structure and rules.

Upon processing, if the keyword is present at the selected Language Dictionary its
value is substituted by the matching value. Otherwise, it is left intact. Although it is
possible to implement an error reporting functionality upon detection of a non-existent
keyword version in the selected Language, this feature might exceed the responsibilities
of a Lexical Analyzer. Furthermore, this error can be reported by the Syntax Analyzer.

Implementation Methods

Embedded. By integrating the Glotter to the compiler, each token can be translated at a
time. This approach is more flexible and does not add a performance impact on the
normal working of the compiler. An Embedded Glotter requires modification to the
compiler source code for an existing PL, what poses a disadvantage in case a seamless
integration is expected (Fig. 4).

Fig. 4. Embedded Glotter Implementation
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Standalone. In this alternative method, the Glotter is separated from the Compiler. The
complete source code (input) is parsed by the Glotter, in a process that involves a
Lexical Analysis (Tokenization) of the given code. Therefore, the source code is
Tokenized twice. This process requires no modification of an existing compiler’s
source code, a fact that constitutes an advantage to enabling NLN in already existing
PLs (Fig. 5).

Note:
It is assumed that the List of Lexical Units comprises of a list of objects with at least

type and value properties and upon not finding an entry or entry-value in a dictionary
null is returned.
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5.2 Glotation: Natural-Language Annotated Comments

A Glotation is a special kind of comment that includes a source Natural Language
attribute and the comment message.

The name is derived from the Latin word Glot, which means Language, and the
English word Annotation, metadata attached to text (in this case, attached to source
code).

The source language attribute can later be used to translate the comment message to
a different Natural Language.

Syntax.

@xx message
Where:
@ is a Symbol that denotes a Glotation, xx is a two-letter lowercase ISO 639-1
Language code2 and message is the Comment message or text.

Example:

@en This is a Glotation
@pt Esta é uma Glotação
@fr Ceci est un Glotation

The example above creates Glotations in English, Portuguese and French with the
equivalents of “This is a Glotation”. Each time a user will access the source code, an
option to translate the Glotations, Glotate, can allow the translations to occur, provided

Fig. 5. Standalone Glotter implementation

2 http://www.infoterm.info/standardization/ISO_639.php.
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the user specifies to Environment (target) Language. Therefore, although the comments
can be written in different languages, a user can choose to visualize all comments in
his/hers context-Natural-Language.

The @ symbol is desirable since its usage is not common among the most used
PLs. Therefore, it is possible to avoid confusion between a general comment and a
Glotation.

A Glotation translation can be achieved using a Third Party translation service,
which might require an internet connection.

To implement Glotations, the rules of the Syntax Analyzer (Parser) should be
modified. The rules should detect a Glotation by the symbol @ and build an Abstract
Syntax3 node with the following properties:

– type: “Glotation”
– language: two-letter country code (content immediately following the @ symbol)
– value: the message text (separated from the country code by a whitespace).

Therefore, the rules for a well-formed Glotation can be deduced as:

1. Starts with the @ symbol
2. Has no space between the symbol and the following text
3. The text immediately following the @ symbol consists of a two-character string
4. Immediately following the two character string, there is a whitespace
5. After the whitespace follows the comment message with alphanumeric and special

characters, including whitespace.

A message should only be translated if the Glotation language is different from the
Language currently being used in the Development Environment by the user. There-
fore, there should be a mechanism to obtain the Development Environment language.

3 Tree representation of the Abstract syntactic structure of source code written in a programming
language.
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5.3 Natural-Language Neutrality Collaborative Model for Programming
Languages

Making usage of the Glotter and Glotations, a collaborative model can be implemented
to allow dissimilar Natural-Languages to be used in a programming environment. Such
model should employ a mechanism to allow a user to write a program with keywords
and comments in his/hers Natural-Language granted that this same program can be
understood by a user with a different Natural-Language.

Translation of keywords and comments can be achieved by the Glotter and
Glotations, respectively, but the key factor lies in the data format being used when
storing and exchanging the program among the users (Fig. 6).

Upon creation, the source code to be exchanged should desirably possess only
Glotations, instead of only comments or a mix. Such process can be automated on the
Source code editor by automatically replacing general comments with Glotations,
granted that the user has already permitted the functionality and chosen the environ-
ment Natural-Language. Similarly, the source code should always be stored with the
keywords in the target Natural-language.

Such source code file, with Glotations and keywords in the target Natural-
Language, will serve as the intermediate file format, the essence of the collaborative
model.

When a different user receives this same source code, the process of contextual-
ization can be performed by applying the Glotter and Glotation functionalities, joint or
separately.

Therefore, the inverse process can take place by the second author editing the
source code file, storing it in the intermediate file format and sending it back to the first
author.

Fig. 6. NLN collaborative environment workflow
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6 Conclusion

Language plays a critical role in a student’s effective education. This process also
depends on the teaching institutions taking into consideration the sociocultural aspects
of the learners, such as their identity and experiences (Janzen 2008; Lee 2005).

Making the current trends and developments in the Software Engineering field
available should be accompanied by processes, tools, and resources that will enable or,
at least, ease the ability to assimilate this knowledge to the underprivileged. This
increase in literacy would benefit not only the disadvantaged but the society as a whole
since more people would be brought to an acceptable level of literacy and employa-
bility, becoming active contributors in combating poverty.

Although Multilingual PLs exist, a standardized and methodological approach is
required to explore the context of Bridging the Knowledge Divide in Software Engi-
neering thoroughly. Such can be accomplished through the proposed NLN approach.

Further research should be undertaken to understand its underlying factors, provide
quantitative as well as qualitative indicators of its effectiveness and to incorporate new
tools and methodologies to support it.
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Abstract. A large academic cloud storage service was launched in the begin-
ning of 2015 by the majority of the public research and applied science uni-
versities in the German state of North Rhine-Westphalia (NRW) under the brand
name “sciebo”. One year after the start, we will examine if the predictions made
on service adoption in the preparatory project phase based on the well-known
diffusion model by Rogers apply to reality. This is the first study about the
adoption of a specific cloud service at several universities. We identify two
factors affecting the speed of diffusion: share of technophiles and the use of
marketing measures. Organization size does not seem to influence the speed of
diffusion .

Keywords: Diffusion of innovations � Adoption � Cloud-storage � Project
report

1 Introduction

Cloud storage services like Dropbox or Google Drive became quite popular in the
course of the last half decade, not least in the academic context among students and
researchers, making it possible to easily share documents with others and to syn-
chronize data across multiple devices. Those commercial services are very comfortable
in use, but security concerns about their data utilization arise, especially after the
Snowden disclosures. In 2013, as a consequence, the majority of the public research
and applied science universities in the German state of North Rhine-Westphalia
(NRW) formed a consortium to start a jointly operated private cloud service for the
academic community. This sync and share storage platform should be free of charge,
easy to use and, most importantly, it should be hosted on premise at several university
data centers to be fully compliant with German data protection regulations [1]. With
respect to the software functionality and the required hardware setup for potentially
500.000 users, the system design was grounded on empirical user studies.
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A first exploratory survey on the demand for a university operated alternative to
Dropbox etc. was conducted among potential users at Münster University in 2012 and
extended to a multi-site survey with more than 10.000 participants from three major
universities in late 2013 [2]. Both surveys focused on the participants’ intention to use
such a university operated cloud service, their demand for storage space and client
platforms, the type of content (file types) they intended to store, and the communities
they wanted to collaborate with using the service’s file sharing functionalities. The
procurement of the software solution as well as the sizing of the hardware platform
were based on the adoption and usage estimates derived from these surveys.

In February 2015, after extensive preparatory work done for the funding proposal,
the procurement process, and the system setup and commissioning, the sync and share
cloud storage service was launched under the brand name “sciebo – theCampuscloud”
(sciebo being short for science box) with three university data centers (Bonn,
Duisburg-Essen and Münster) hosting the system platforms on premise. Almost exactly
one year after the start, it is now the right time to review how the initial expectations on
service adoption and usage correspond with reality. After a year of operation (as of Feb
02 2016), exactly 40.000 users from 24 universities (out of 33 in NRW) and one public
research center have signed up for sciebo through the self-enrollment web portal.

The case of sciebo is unique because it allows us to observe the diffusion of a
technical innovation from the beginning in a well-controlled setting. There is plenty of
literature about the adoption of cloud systems in organizations like SMEs [3–5] or
special industries [6–13], but only little is known about the adoption behavior of
end-users who can decide freely if they want to use a new cloud service or not [14].
Universities are a special case: On the one hand, they are organizations with a quite
uniform population and a manageable size. On the other hand, because of the principle
of freedom of research and teaching held high in Germany, there is no possibility to
command the use of a system, so users have to be convinced.

1.1 Predictions

According to Rogers [15], innovativeness, i.e. the readiness and the degree to which a
person or an organization adopts an innovation (i.e. a new product) compared with the
other members of his population, follows the Gaussian distribution. He identifies five
adopter categories (innovators, early adopters, early majority, late majority, laggards;
see Fig. 1) who have different characteristics referring to their innovativeness. If you
accumulate the adoption decisions of all those adopters over time, you will get an
S-shaped curve, the diffusion curve. The faster the innovation is adopted the more
steeply this curve will rise. The speed of diffusion depends on the characteristics of the
innovation, in particular its relative advantage compared to other existing products,
compatibility with existing values and practices, simplicity and ease of use, trial ability
and observable results.

As our data from a large user survey conducted in 2013 [2] show, Dropbox is the
most used storage service among members of the universities with about 80 percent of
market share. This value recurs in another survey conducted in 2015 at the same
universities (unpublished work), so we conclude that Dropbox obviously has reached

640 R. Vogl et al.



the saturation of demand five years after its inception in 2007 and two years after the
release of the first stable version 1.0 in 2010. Examining Dropbox’s worldwide dif-
fusion (see Fig. 2), a flat growth is visible in the first two years and a take-off in the
third year.

For sciebo, we predicted an even faster diffusion because the technology is already
known from Dropbox. Moreover, sciebo’s high security standards and bigger free
storage space seem to be significant relative advantages as stated by the participants of
a survey in 2013 [2]. According to Diffusion Theory, market potential is not the total of
all potential users (i.e. all members of the participating universities), but the total of all
those persons who will realistically use a new service. In the survey, 92.5 percent of the
participants stated that they wanted to use sciebo. Being informed that their usage

Fig. 1. Adopter Categories according to Rogers [15]
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Fig. 2. Diffusion of Dropbox (in mio. users) [16]
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authorization would be revoked when leaving university, the count dropped to 65
percent. Thus, 65 percent of all members of the participating universities – that is about
252.000 individuals – constitute the estimated market potential of sciebo.

Based on the distribution of per user storage demands from the survey, we could
refine the initial assumption that each user would utilize the planned 30 GB quota to
the max and were able to predict an average storage volume of 8 GB (pessimistic
scenario) to 16 GB (optimistic scenario) per user and could ascertain that a maximum
storage space of 30 GB should fit most users. Assuming that users would switch their
academic data from another platform to sciebo in the first days after the registration, we
expected a quite linear growth with a 30 percent basis synchronization at the beginning
and just small gain of 3 percent a month.

Considering the predictions on service adoption and storage demand, different
scenarios were derived to estimate the size of storage systems to be procured and the
internet bandwidth required. The total storage volume required for the operation of
sciebo in the long term was estimated at 1.7 PB (pessimistic) to 5 PB (optimistic), and
the internet connection bandwidth requirement for service operation was estimated at
3 Gbps in the optimistic scenario.

2 Findings

2.1 User Diffusion

Nearly one year after the official launch, sciebo hit another milestone with now 40.000
users – this means an actual market share of 17.3 percent. In terms of the Diffusion
Theory, this implies that sciebo’s diffusion has already reached the early majority
phase.

However, diffusion speed varies significantly at the different universities. Figure 3
shows the state of diffusion at the 14 universities that started sciebo in Feb 2015. The
spectrum ranges from 6.7 percent at the University of Paderborn to 33.9 percent at
RWTH Aachen. University size might serve as one explanation, as information should
flow very fast at a small campus with a manageable number of departments. As stated
by Rogers [15], diffusion can be seen as a communication process: In smaller and
spatially closer populations, communication between the members is much more likely
and easier than in a complex university with lots of different departments distributed
over the whole city.

Though in theory size suggests itself as a reason for the different diffusion speeds, it
does not seem to be a good explanation in our case: Comparing same-sized universities
– e.g. the Universities of Münster, Duisburg-Essen and RWTH Aachen with about
44,000 to 49,000 members each (see Fig. 4) – the differences in market share are still
evident. Results show a remarkable variance of 24.5 percent between RWTH Aachen
(33.9 %) and the University of Duisburg-Essen (9.2 %), with the University of
Münster (23.0 %) ranking mid.

Taking all universities into account, RWTH Aachen appears to be an outlier with its
high market share. Both, the University of Münster (23.0 %) and the University of
Duisburg-Essen (9.2 %), rank much closer to the overall average. One possible
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explanation for RWTH’s high performance is that, unlike the Universities of Münster
and Duisburg-Essen, RWTH is a technical university with many technophiles. They
resemble the innovators described by Rogers and are the first to adopt new technolo-
gies. Logically, a technical innovation like sciebo diffuses faster in a technophilic
environment than in other populations.

The low performance of the University of Duisburg-Essen, compared with the
same-sized universities and the overall average diffusion, is similarly interesting.
A closer look reveals that the universities’ commitment in terms of marketing activities
might be another decisive factor. While RWTH Aachen and the University of Münster,
in particular, performed a variety of marketing activities (i.e. direct mailings to all
members), the University of Duisburg-Essen did not to that extent. Therefore it is likely
that only innovators and early adopters who are interested in innovations and actively
search for information on their own account for their share of sciebo users. Further
monitoring will show if an early majority can be reached with no marketing and just
word of mouth, or if the number of users will be stagnating. According to some authors
there is a gap between the early adopters and the early majority which has to be bridged
by marketing activities [17, 18], while Rogers [15] considers both groups as a
continuum.

Examining the diffusion curves of the different universities (see Fig. 4), deviations
from the ideal S-curve of the diffusion model are clearly visible. Usually, they are

Fig. 3. Diffusion of sciebo after one year (only universities starting in Feb 2015)

Predictions on Service Adoption and Utilization Meet Reality 643



caused by special events. The first boost in February 2015 is the official launch of the
service. In the run-up we realized a large Facebook campaign with posts in over 400
user groups related to the participating universities. Also, test users were now added to
the statistics. The second and largest user increase in April, at the start of the summer
term in Germany, is triggered by direct mailing, that most participating universities did
send to their members. The diffusion curves of those universities passing up this
opportunity show no such steep rise. In October most universities welcome their largest
share of new students for the winter term, explaining the next boost. In December,
some universities used direct mailing to promote an online survey related to sciebo,
again gaining attention and an additional boost for new users for sciebo.

As regards storage space, we initially expected 9 GB (30 % of the intended per user
quota limit of 30 GB) right after registration and a monthly growth of 3 percent (until
the quota limit is reached). Currently, the average volume needed by an active user (i.e.
a user who uploaded some data) is 3.3 GB, amounting to a total of 99.8 TB storage
space used in sciebo. Those universities which grant access to sciebo only to their staff
have a substantially higher storage demand per active user (e.g. Düsseldorf University
with 7.4 GB) than most other universities where usually three out of four active users
are students (e.g. Münster University with 4.7 GB).

Fig. 4. Diffusion curves of chosen universities with same size starting in Feb 2015
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2.2 Data Storage

In Fig. 5 we analyzed the storage load on an individual user basis. In particular, we
looked at the dependency between the consumed storage space of a single account and
its age. Shown is the mean used disk storage for user accounts in dependency of the
account lifetime (solid black line), the 0.05-quantile (lower grey line) and the
0.95-quantile (upper grey line) in a logarithmic plot. The broken black line represent
the expected and the dotted black line the observed linear model of the user behavior.

Altogether 6,581 user accounts were analyzed on a day-wise basis. The statistical
values were computed across an ensemble of user accounts for a specific account age.
In addition, two data-sets from different time points are independent from each other
because accounts were not tracked over time. The analysis was restricted to active
accounts with a used storage capacity of more than 10 MB. Thus, inactive accounts
from seasonal side effects, such as beginning of a new semester, are excluded from
analysis. In addition, a moving average with a window size of 7 days was used to
accumulate the number of user accounts for statistical analysis, i.e. in average
N = 225 ± 92 accounts were analyzed for each day.

We observed two main findings: First, we predicted that on average an account
initially requires 30 percent of its full 30 GB quota and grows in a linear fashion with 3

1

1

Fig. 5. Storage load on individual user basis per time vs. model (broken line)
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percent of its quota per month. One can rewrite this assumption to a linear equation of
the form f(x) = A + Bx with the function f describing the disk usage in dependency of
the time x and the coefficient A as the initial off-set, B as the slope of the function, i.e.
we expected Aexp = 9000 [MB] and Bexp = 29.6 [MB/Day]. However, we observed
an offset aobs = 2077.1 ± 239.3 [MB] and a slope bobs = 33.5 ± 2.0 [MB/Day] with
a linear Least-Squares Fit (p < .001 and adjusted R-Squared 0.578). The observed
results show that on average a user synchronizes less data directly after the subscription
than initially expected, but fairly consistent with 30 % of the average storage space per
user of 8 GB in the pessimistic scenario deduced from the survey findings. However,
the growth of the data synchronized is higher than expected.

Second, sciebo has to handle a variety of usage scenarios. In Fig. 5 the close
distance of the average to the 0.95-quantile indicates a positively skewed underlying
distribution, which is caused by an extensive disk usage of some few accounts. This
indicates on the one hand that usage scenarios will differ in strong fashion between
users and, on the other hand, that sciebo is capable to deal with a wide variety of use
cases.

2.3 Bandwidth

The initial estimates of bandwidth requirements were essential to make sure that the
internet connection bandwidth of the three university data centers hosting the sciebo
platform was not entirely consumed by the new sciebo service. Based on simply
models of service utilization (up- and downloads) an overall limit of 3 Gbps sustained
for the whole sciebo system, thus approx. 1 Gbps for each of the datacenter sites, was
predicted as being sufficient.

One year after the start of operation, this sustained data rate has not been reached by
far, but temporary bandwidth peaks at each of the three sites are in the 800 Mbps range
(see Fig. 6). With continuous growth of the sciebo user base and storage volume,
bandwidth demands will necessarily grow, but negative effects on the internet con-
nectivity of the hosting universities (each currently has a 10 Gbps internet link) are, as
initially predicted, not to be expected, especially since traffic policies limiting the
bandwidth allocated to individual connection could still be imposed. The mutual data
backups between the three sites are schedules in the 12am to 6am timeframe where
service utilization is low and thus do not negatively impact the bandwidth budget.

2.4 Additional Findings

Apart from those findings related to our predictions, some additional outcomes are
worth mentioning. The first finding broaches the issue of user activity: 38 percent of the
registered users are inactive, i.e. they have not uploaded any data to sciebo yet. Based
on Rogers’ Diffusion Theory [15], this inactivity of a substantial user fraction could be
interpreted as either a prolonged phase of decision making or as discontinuance
(without having used the service apart from signing up) [19, 20]. This finding needs
further research.
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The second finding focuses on the key collaboration feature of sciebo – sharing data
with other sciebo users or externals (share via hyperlink). With an overall average of
2.4 shares per active user, this feature is not used very strongly yet. Folders (66.5 %)
are shared more often than files (33.5 %). Approximately 50 percent of all shares are

Fig. 6. Internet bandwidth (in = black, out = grey) consumed by the 3 sciebo sites at Bonn
(BN), Duisburg-Essen (DU) and Münster (MS) on a typical day after one year of operation.
Corre-lated in/out peaks between two sites in the 12am – 6am timeframe are due to mutual
backup copy operation.
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performed via link (primarily intended for external exchange), contrary to expectations
from the survey [2], where 65 percent of the participants intended to share within their
university and only 21 percent intended to share with externals.

3 Conclusion

These first results shows that the predictions phrased in the aftermath of the 2013
survey [2] are – up to now – in line with the service’s adoption, and, moreover, Rogers’
diffusion theory has proved to be an adequate model. We could identify two factors
influencing the speed of diffusion of the sciebo cloud-service:

1. Share of technophiles in the organization
2. Use of marketing measures

Both findings are supported by the diffusion model. As known from the diffusion
literature, an innovation is more likely to be adopted if it is not too complex and
consistent with known products. Consequently, technophiles who understand a tech-
nical innovation much better and usually find it less complex than other people, will be
more likely to adopt an innovation quickly. As noted by some authors, there might be a
gap – in terms of missing peer-to-peer connections – between innovators and early
adopters on the one hand and the early majority on the other hand, because of the
significant differences between those groups [17]. Marketing measures like direct
mailings, Facebook posts, YouTube videos etc. can bridge this gap by informing the
early majority about a new service, and thus speed up the diffusion process. According
to our data, organization size does not influence the diffusion speed.

Finally, the universities’ heterogeneous rate of adoption and the high fraction of
inactive users leave a wide field for further research. In the upcoming months, ana-
lyzing the reasons for discontinuance of use will be a key focus.
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Abstract. New learning is required from nuclear power plant operators: subtle
changes to work emerge as new changes to safety improvements are introduced.
This study reports challenges, trade-offs and potential solutions related to career
long learning in NPP operation. A NPP operating organization was studied with
two focus groups sessions (N = 9). The focus group session outline was gen-
erated based on individual (N = 2) and group interviews (N = 6) along with
existing published studies and concepts of learning theory. The identified
challenges reflect limited resources and limited self-determination of a specific
functional group as part of bigger organization.

Keywords: New learning � Nuclear power plant operation � Training
development

1 Introduction

New learning and rehearsing the learnt is crucially important for nuclear power plant
(NPP) operators: improvements to nuclear safety involve constant development of
safety procedures and these, in turn, have to be learnt by the operators. Additionally,
the operators should maintain and enhance their capability to handle challenging
emergency situations, although these situations might never actualize during their
career. Despite these needs, it is not at all certain that new learning is organized in the
best possible fashion at power plants. Operating organizations in the NPP domain are
typically large and fairly old, given the big resources needed and that the nuclear
technology has been in widespread civilian use for more than half a decade already.
These, along with extremely stringent safety requirements, could imply hierarchical
and slowly developing organizations with limited flexibility and capability to adopt
new learning trends and methods efficiently. Therefore it could beneficial to consider
the current learning practices with an evaluation and perspective by an outsider, such
as, a researcher, consultant, or, say, new leader. This study provides an example on
how to consider and develop operator training at a NPP operating organizations.
Additionally, our study findings – involving both solutions and challenges in training –

may provide useful insights to other domains as well.
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The theoretical and methodological background of this study draw from the resi-
lience engineering thinking and from the change laboratory method. Resilience engi-
neering [1] emphasizes the positive impact of human activity as a part of a larger
system in maintaining safety. This is to say that safety does not only involve the
reduction of human errors (in the design of the system or during the operation), but also
the problem solving capability of an active operator in special situation; no system can
be considered totally safe, and eventually capable human is needed in solving or, even
better, foreseeing and preventing an abnormal situation.

Our study draws inspiration from the change laboratory method [2] where devel-
opment of training can be seen as a process, which firstly involves identifying the
challenges the current training practices, along with the explicative background reasons
to these, as well as solutions; these draw from the discussions with the workers within
the organizations. In other words, change laboratory is a collaborative method: new
concept for training can be identified and generated together with the operators. The
change laboratory would also involve testing and establishing the new learning prac-
tices, while our study is not yet in this stage of the method.

Firstly, background understanding on training was acquired through interviewing
two training developers and through two freeform interviews of operator teams; two
simulator training sessions were observed as well. Based on these and background
studies in NPP operation and in learning, focus group session outline was developed.
Nine individuals participated in two focus group sessions.

Our study identifies a handful of practical challenges in the current learning
practices and two basic sources explicating these. Firstly, it seems that the operators
simply does not have sufficient time resources for optimal learning in the current work
context: they would need more time to apply and more freely “play” with the simulator;
this would allow better capability for handling abnormal situations. They would also
need opportunities to witness and exchange the practices of operators in other shifts;
this would allow the proliferation of good practices between the teams. Another basic
“problem source” is being part of a hierarchical organization. This involves several
aspects, such as, lack of influence on the content of learning and therefore perceived
suboptimal content during learning days. Also, reflecting hierarchy and that the safety
critical nature of the nuclear domain, learning the system holistically and by criticizing
and inventing new practices with simulator training, can be seen as challenging due to
the fact that the current safety procedures dictate operator activity very specifically. In
addition to these challenges, we will also discuss preliminary solutions, that is, new
training practices.

2 The Study Context: NPP Operation

Our study concerns a European NPP site; the site applies pressurized water reactors –
this is typical reactor type at plants. At the studied NPP site, the operator shifts entail
three types of work tasks: (1) shift supervisor (who is responsible of the overall
operating activity), (2) reactor master (i.e., the primary circuit controller), and (3) tur-
bine technician (i.e., the secondary-circuit controller). The work is in essence shift work
and takes place day and night. The operators’ main tasks are to monitor the NPP
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process and operate the plant safely and economically in all possible situations. In order
to achieve this, the operators need to maintain clear understanding on state of the
process. They have to be capable to act and to perform the procedures in any given time
and to work in collaboration with the other staff.

Prior entering to training at the operating organization all operators have an engi-
neering degree. The training at the plant consists of class room training, co-working
and observation with the existing operators (i.e., an apprentice training), written exams,
visits to the varying parts of the plant (during yearly maintenance when usually
restricted areas are accessible). Fifteen work-weeks will be spent at the simulator.

After the training for new operators, the career-long new learning consists of
simulator training, classroom lessons, and self-study. Any safety enhancement or other
change at the plant translates into content that has to be learnt by the operators; new
procedures, for example, are reviewed by the operators, as needed. The continuation
training for the operators is mandatory as well, as the authorities dictate a minimum of
days in simulator training.

The applied simulator is an almost exact mock-up of the operating room and, in a
functional sense, it replicates the plant dynamics meticulously. The operating room and
simulator consist of three walls filled with analogue controls. The control layout
“replicates” power plant system itself, that is, the control devices on the walls follow
the dynamics and causal links at the plant (including connections between steam lines,
generators, pumps, and such). There are some newer digital devices as well, that is,
computers, which are mainly used for monitoring the plant parameters; there is also one
relatively newly fitted digital control device, but this too is linked to the analogue relays
controlling the plant. The shift supervisor monitors the plant at the centre of the large
room. One the left side operates the reactor master who controls the heat and pressure
transfer, as produced by fission, at the shielded core of the plant; the turbine technician
on the right, in turn, monitors and controls the heat and pressure transfer rotating a
turbine connected to a generator that ultimately produces electricity.

In emergencies the plant operation relies heavily on alarms and procedures. The
aim is that a procedure would be available for any given critical situation; as an alarm
sets of the shift supervisor selects the corresponding procedure, that is, a specific and
numbered flow-chart-filled paper leaflet. Each of the three operator types has their own
dedicated procedures. During emergencies (and emergency training), a supplementary
safety engineer will be asked to join the team; s/he monitors the plant state, based
mainly on measures, and has her/his own set of procedures. There is, however, vari-
ation in this activity as the shifts seem to differ in the way in which they use the
procedures. Some shifts have been found to express parameter-based anticipation,
critical consideration of multiple sources of information, discussion and double-
checking activity more than others [3]; assumedly, with dialogical interpretation of the
situation, the work shifts entail better problem solving capabilities and more profound
shared view of the plant state is generated [4].

Overall, NPP operation is complex and responsible work requiring career-lasting
new learning. Abnormal situations are, in principle, dictated by the procedures.
However, one may consider the resilience engineering thinking [1] according to which
no system is complete safe and that therefore human understanding and problem
solving capabilities would eventually be needed.
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3 Methods

3.1 Background Studies

For background understanding, NPP’s training experts and two operator teams were
interviewed. Two simulator training sessions were observed as well.

The first of the training expert interviewees works as a trainer for trainers and
developer at the NPP site. S/he has a long background career as a shift supervisor. The
other expert informant works as a training developer and has academic training as well
as vocational background in teaching and adult education. At the observer simulator
training certain emergency procedures were rehearsed. After observing the training, the
two shifts were interviewed in a freeform manner, in two separate sessions.

Based on these observations and interviews, as well as on literature [3, 4], basic
understanding on the training and the features of the work were developed. Addi-
tionally, the first ideas of the possible challenges in training were created. This
understanding was used to form the outline for two focus group sessions, which
validate the findings of the background studies and provide the main data source for
this study.

3.2 The Focus Group Sessions

The two focus groups consisted of the two training expert interviewees mentioned
above, operator trainers, and regular NPP operators (total N = 9). Most of the partic-
ipants were regular operators (N = 5).

Firstly, to provoke thinking and initiate discussion among the focus group, general
challenges related to NPP training, as interpreted by the researchers, were introduced to
the focus groups; these challenges were identified during the background studies (as
explicated above). Firstly, a general issue found in the preliminary study was that
“remembering the taught details is challenging.” The issue was voiced in the
after-training interviews and it reflects the complexity of procedures and the NPP
system itself. Secondly, a related finding was introduced, this being the issue that “plant
dynamics are not learnt as before with the simulator:” formerly the emergency pro-
cedures were much less specific, with targets rather than precise tasks. As explicated by
our informants, with these more unspecific procedures, the operator had to consider the
system functioning in order to actualize the procedure – this, assumedly, provided
better basis for learning the system dynamics. Thirdly, it was noted that “motivation
towards self-study varies strongly between the operators” – some interviewed operators
expressed enthusiasm while others where less interested. Fourthly, a general obser-
vation on the curriculum was that “challenging and abnormal situations were rehearsed
only seldom by the operators.” Fifth, based on the literature [3] and overall observation
of the work, it was concluded that NPP operation entails a general challenge of “the
complexity of work and need for holistic understanding on the system.”

After discussing these five potential challenges, four themes were discussed with
session participants. The themes were mainly theoretically justified, but also partly
derived from training expert interviews. First theme was “learning together;”
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collaborative learning is a common theme in learning literature – dialogue between
peers enhances exchange of good practices and new ideas, for instance [5, 6]. Second
theme was called “learning goals.” Prioritization between aims and the issue of who
will be setting the goals was discussed here. This theme thus links to the theoretical
ideas (such as constructivism) on learners being active and critical subjects (able to
learning goal setting, among other things) rather than mere objects [5]. “Development
of problem-solving ability” was the third theme. This connects to the resilience engi-
neering line of research according to which safety is not merely the “negative” lack of
mistakes, but also “positive” capability to solve and anticipate problems [1]. The final
fourth theme was “inventing new.” This is in line with the “expansive learning” [7]
concept, according to which learning involves creative generation of new ideas rather
than mere “input” of existing thinking.

The themes were first introduced by the researcher (the authors of this paper) and
discussed with the whole focus group. Then the focus group was split into half and the
participants discussed each theme without researcher participation (the operators were
allowed to discuss without the trainers). The participants were guided to consider
challenges and practical development ideas in view of different modes and aspects
training, these being (1) simulator, (2) class room lectures, (3) self-study, and
(4) evaluation: As an example, the group considered simulator-related challenges and
ideas from the viewpoint of “learning together”. Finally, the participants’ ideas were
discussed with the whole focus group and the researchers. Overall, the focus group
session consisted of three types of conceptual “stimuli” for initiating discussion among
the operators and their trainers: initial findings and assumptions on challenges, theo-
retically justified themes, and the four ways and aspects of training.

3.3 Qualitative Content Analysis

The analysis of data followed roughly the principles of basic qualitative content
analysis [8], that is, the participants remarks were bundled together into fewer cate-
gories. The categories were not predefined per se, but the overall aim was to pinpoint
practical training-related challenges and possible solutions. This process took place
intuitively, based on perceived similarity between the participants’ suggestions. The
categories were generated on different levels of abstraction for the purpose of gener-
alization of the study results: viewing the study findings more generally might help to
consider whether the challenges and solutions could apply to several work contexts.

4 Results

The practical development ideas, resulting from the focus groups, reflect the challenges
and problems of the current training. The ideas in Table 1 were listed after the group
work sessions and they represent the possibilities and wishes that the participants
considered as realistic to implement in the current training, given the current training
resources and means. Of these ideas, simulator training without the dictating proce-
dures seemed popular as this was consider to better improve understanding on the plant
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dynamics. Additionally, to further develop self-study was seen interesting and inspir-
ing. The contradiction between current theory training (class room lectures) and the
operators’ needs for more targeted and practical learning content could be identified.

Table 2 also presents results of the study, these involving now both problems and
solutions, and being further categorized by the researchers. The table presents “specific
sources of challenges” (second column), which entails issues that were presented at the
discussion by the focus group participants or were presented by the researchers agreed
upon by the participants (this taking place in one result cell “procedures now more
specific than before”). The third column entails “implied practical challenges,” that is,
potential problems related to the abovementioned sources of challenges as assumed
either by the participants or the researchers; all of these were voiced at the focus
group. “Specific solutions” column (fourth column) refers to solutions discussed at
focus group sessions, the solutions being voiced either by the researchers or the par-
ticipants. Finally, “generic sources of challenges” and “generic solution category” (on
the extreme left and right columns, respectively) are abstractions as interpreted by the
researchers.

Table 1. Operators’ ideas by focus group learning themes and modes of training

Focus group
learning themes:

Modes of training:
Simulator Class room

lectures
Self-study

Learning together More
collaboration
between
shifts.

More
(collaborative)
hands-on
exercises.

Group work that
enhances
discussion.

Preparing for exams through
collaboration in shifts.

Other self-study through
collaboration (e.g.
transferring tacit
knowledge from experts
to novice).

Learning goals More ideas from
the operators
included in
training.

Use of digital applications
(such as digital exams).

Development of
problem-solving
ability

“Blind” plant
dynamic
training
without
procedures.

Diffusion of best
practices
between
shifts.

More examples
from real-life
situations.

Development of background
material for procedures.

Inventing new More collecting
needs for
procedure
improvements.

More self-studying new
procedures and major
changes in NPP before the
simulator training.
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Table 2. Challenges and development solutions regarding career-long operator training at a
NPP site

Generic sources of
challenges

Specific
sources of
challenges

Implied practical
challenges

Specific
solutions

Generic solution
category

limited resources limited
possibilities
for applying
simulator

limited “routine
capability” in
emergency
situations

laptop-based
simulator;
another
simulator

resources, new
digital training
applications

limited
training
days

limited time for
study needed
issues

some less-crucial
issues to
self-study

resources,
organizational
development

no
possibilities
for seeing
colleagues
in one’s
own task

lack of exchange
in good work
practices; lack
of comparative
understanding
on one’s own
performance

new means for
representing
simulator
performance
and
post-simulator
self-study;
simulator
performance
observations

resources, new
digital training
applications

limited
self-determination
of a specific
functional group
as part of bigger
organization

the class-room
training
content of
learning
days is
largely
dictated
top-down

lack of
appropriate
prioritization
in content (as
perceived by
the operators)

some less-crucial
issues to
self-study
(would require
a special status
within the
whole
organization)

organizational
development

limited
background
knowledge
about
procedures
(at times)

limited learning
by
understanding
and criticizing;
limited
bottom-up
development

more resources
for distributing
information

resources

procedures
now more
specific than
before

plant dynamics
not learned as
before in
simulator

more freeform
simulator use;
post-simulator
self-study;
laptop-based
simulator

new digital
training
applications

bureaucratic
obstacles

reductions in the
amount of
training
development

reconsidering
some
bureaucratic
obstacles

organizational
development
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Firstly, a bundle of challenges seem to relate to the notion that there are only
limited time resources available for training. The discussion recurrently reflected the
issue the operators had only limited possibilities for applying simulator and limited
days for training the content they felt pertinent for NPP operation. It was complained
by an operator that limited simulator days do not provide sufficient experience for
handling the emergency situation in “routinized manner.” Simple solution would be to
add more training days and, since the current simulator now seems to be well utilized,
another simulator. Some additional solutions, which would not require much less
dedicated training hours as provided by the energy company, emerged as well. Firstly,
the idea of laptop-based “minisimulator” was discussed: apparently this had been in the
making for several years now. This would allow training with the simulated plant
dynamics more freely and often in self-study.

A specific problem, related to lack of training days, was that the operators lacked
the possibility to witness colleagues actualizing the same task as oneself. There is
rotation between teams, that is, a reactor master, for example, would not spend the
whole career with the same shift leader. However, a reactor master would practically
never see another reactor master in action during the career – this would only take place
in the apprentice training phase. Lack of possibility to compare oneself to others
implies insufficiency in both diffusion of good practices and in professional
self-knowledge. There is no specific reason inhibiting this, but the training is organized
in a manner such that there are in practice never opportunities for this.

Better prioritization in selecting content for training was also discussed as the
means for overcoming the problems of limited time allocated for training. However,
there were only limited possibilities for this, reflecting the second general problem
source identified by us: limited self-determination of operators as part of the overall
power company organization. Much of the content of class-room training days is
dictated top-down, with issues mandatory for the whole organization. The operators
generally complained that some of these mandatory-for-all issues could be transferred
to self-study (as being not in the top priority, in their view) while other issues, more
crucial for operation of the plant, could be studied during the learning days. For
example, if the content of lectures on, say, information security, could be studied at
home or during easy phases at plant – it was suggested that instead of following these
lectures time could be spent, say, in visiting some parts of the plant for more profound
understanding on the plant dynamics.

The subordinate nature of the operators within the hierarchical power point orga-
nization can be seen as explicative of some other issues as well. It was explained by the
operators that at times they felt that sufficient background knowledge about procedures
was not provided. This implies difficulties in learning by understanding and criticizing
as the procedures are simply given without explication of the logics beneath the pro-
vided rules. There is also no bottom-up operator-driven development of the procedures
in this approach. This varied, however, since, at times, the operators were well inte-
grated into procedure development.

The hierarchy also relates to an issue identified in the background study and agreed
upon in the focus group: emergency procedures were now much more specific than
before. With the previous type of procedures, the operators could assumedly achieve
more profound understanding of the plant dynamics during exceptional situations at
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simulator training as they had to figure out the exact operating actions by themselves. It
was considered that more freeform use of simulator could be beneficial due to this. This
could take place with the abovementioned laptop-based simulator. It was also discussed
that developing training is generally challenging due to plant bureaucracy. We did not
go much to specifics, but information security, for instance, is vigorous within the plant
site and apparently a common reason for precluding developing ideas. Overall, the
emerged solution options involve increasing or re-allocating time resources for train-
ing, new digital training applications and organizational development.

5 Discussion

The background studies and the focus-group sessions provided a rich set of suggestions
on potential challenges and solutions (see Table 1 and Table 2). Based on these
findings, we may consider potential general tensions between training and operating
within an ultra-safe industry. In addition, we will also further consider solution options;
self-study will be discussed in particular.

5.1 Some Learning-Related Contradictions in Ultra-Safe Industries

Bainbridge (1983) has discussed general safety-related challenges related to automa-
tion. A contradiction lies there that as the reliability of the system increases, less
common will it be to experience abnormalities and problems at work – this, in turn,
implies limited on-the-work learning needed for solving these situation, which could
eventually lead to under-achievement in emergency situations. In other words, creating
an ‘ultra-safe’ and highly reliably system could, in principle, create counterproductive
safety results.

Similarly, creating exact foolproof procedures seems to entail an element of
paradox: if the procedures can be actualized by simple rule-following, training with
these procedures does not necessarily create understanding of the overall system.
Simulator training would thus need to entail situations to which procedures do not
exist. Actualizing simulation training of this kind might not be as simple as one might
imagine: if the aim is that the system would be safe in all imagined realistic situation,
creating abnormal situation to which procedures do not exist would imply a fail in the
system design. Indeed, the focus group participants remarked that this kind of training
takes place too seldom.

The contradictions above – that is, (1) between comprehensively dictating proce-
dures and learning as well as (2) between the aim of absolute system safety and creation
of simulator training with surprising system failures – imply challenges in cultivating
problem solving capabilities. Yet, as assumed by the researchers within the resilience
engineering community [1], no system can be completely safe and ultimately there may
be a need for human problem solving capabilities.
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5.2 Developing Self-Study

The role of self-study and self-directed learning has apparently been a recent topic of
interest at the studied NPP. It could be developed by supporting collaborative learning
within and between shifts, and supporting the personal and group learning goal setting.
Transferring more resources for self-studying requires new organization of training and
new kind of learning materials. More profoundly, it could require a mindset that
supports shifting the training away from predetermined learning goals and methods.
This might be a challenge in an ultra-safe context, and the development efforts should
be made in close collaboration between NPP personnel and suitable stakeholders, such
as learning experts and researchers.

There are many ways in which new digital possibilities could contribute to
self-study as the digital laptop-based “minisimulator” could be applied by the operators
as they wish. In addition to solving emergency situations and actualizing procedures,
more freeform use could in principle be possible with this application, that is, the
operators could more freely make their own try-outs with the programmed plant
dynamics. Additionally, “gamification” is a trend in training [10], which could be of
inspiration here; game elements could be introduced to the simulator use – the oper-
ators could compare “results” or they could even design tasks and emergencies one for
another. This would, however, require additional programming and design.

New digital possibilities could also contribute to post-simulator self-study: auto-
matically created representation of the performance can be imagined, this including
video clips synced with time-line of simulator events; audio could be represented
visually for indicating collaboration. With this kind of media representation of the
simulator performance, the operators could be able to better reflect and compare
activity in discussion after simulator sessions.

5.3 Limitations and Future Study Plans

A limitation of this study is certain one-sidedness: we have had the operators’ opinion
on training and our study entails an element of critique towards the energy company
organization – some identified challenges seem to reflect inhibiting hierarchy and
bureaucracy. However, a fuller understanding and alternative points of views could be
achieved by discussing with representatives at higher-levels of the organizational
hierarchy. We are planning to do this in the future. Additionally, reflecting the dis-
cussion above, we will also develop and test new self-study methods for further
developing NPP training.
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Abstract. In times of demographic change, skill shortage, and disrup-
tive innovations, organizational knowledge and innovative capacity are
the key to a company’s success. But how can knowledge be retained
with fast staff-turnover, global project-based work and parental leaves?
Using social networking sites to improve knowledge dissemination at
work seems promising, when looking at the success of private social net-
working sites. In this article we investigate how user diversity influences
the motivation to use such a site at work. We conducted a survey in a
company that successfully implements social networking for knowledge
dissemination (n = 50) and analyzed differences in usage motivation using
multiple linear regression analysis. Among other effects, we found that
women use such a system because of a stronger need for social interac-
tion and information. From our findings we derive practical implications
for designing a social networking site for work.

Keywords: Social networking sites · User diversity · Motivation ·
Knowledge management · Web 2.0 technologies

1 Introduction

Globalization processes, rising international competition, and a constantly aging
population [1] cause knowledge to be a key resource with indispensable value in
any innovation process [2]. As the maintenance, management, and expansion of
a companies employees accumulated knowledge is no easy task, a functioning
knowledge management becomes important. A well prepared and cared knowl-
edge management tool can not only compensate for staff leaving the company
for e.g. parental leave or retirement [3], but provide the essential support for the
company’s success in the era of digital technology.

The usage of social networking sites (SNS) for business purposes seems to
be a promising approach for enhanced connectivity and communication among
employees independent from space, time and position [4–6]. Since social media
services like Facebook, Twitter and other SNS are part of our daily private
lives [7], their implementation as a business support tool spread with amazing
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rapidity [8]. Day-to-day tasks, which previously used to be solved by unsystem-
atic mailing lists and shared servers, are now shifted into social media related
technologies. This is particularly important in cases of short-term and project
related employment, or for steadily growing companies, which continuously have
to integrate new, sometimes inexperienced staff. But even if a company manages
to implement a business community, it sometimes generates low user rates and
fails to succeed.

But studies concerning usage motives for SNS have been conducted on a
merely hypothetical level, which should also be supported by studies in real
applications. The approaches do not include local, hands-on investigations, so
that answers about prospective usage still remain unclear. Therefore, we need
to investigate employee motivation in success stories of already existing compa-
nies with a functioning SNS, so that everyone’s personal needs and motivation
are met.

2 Related Work

In order to identify where to start we must determine which factors to investigate
first. Research from the field of knowledge management has investigated success
of knowledge management systems but implementing these as a social networking
site brings new challenges. Here individual motivation seems to play a major role
in usage, as the network benefits when all users participate. Therefore one must
reach the largest number of users possible. In order to customize a system that
it meets all user emotive and motivational requirements, diversity of employees
must be regarded.

2.1 Social Networks for Knowledge Management

Leonardi et al. [9] were among the first to systematically investigate the advan-
tages of social network systems for knowledge management. They describe SNS
as the “leaky pipe”, “echo chamber”, and “social lubricant”. Enterprise social
networks allow information to passively leak to a broad set of employees and
provide a space to strengthen existing communities of interest. At the same time
they provide insights into what others are doing. On the other hand these prop-
erties come with problems, such as information leak to outsiders, groupthink of
isolated groups, and the illusion of social connection. Still both these advantages
and disadvantages are based on the assumption of actual implementation and
acceptance.

A study conducted in 2008 reveals that there are differences between use
and user motivations in enterprise versus private SNS usage [5]. Even though
the usage of social networks in business is becoming standardized, ubiquitous,
mobile and less costly [10], the challenge of meeting individual needs remains.
Otherwise users might reject yet another platform [11]. From the plethora of pos-
sible criterias that influence acceptance and rejection, one must first determine
the criteria by which a work-based portal should be evaluated [12,13].
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2.2 User Diversity and Usage Motivation

Over time many studies about success and motivational factors concerning SNS
were conducted. Research has indicated that users would use such a system,
if it addresses their need for information, self-portrayal, feedback and social
interaction [14].

Findings by Lin and Lu [15] reveal the importance of enjoyment as the most
influential factor for continued usage. Right after the fun during usage comes the
number of peers, followed by usefulness. In addition, the authors found notable
differences concerning motivational factors due to gender. Others state that gen-
eral diversity factors like gender and age are not of great or even any importance
when regarding motives for business community usage [6,14].

Schaar et al. [14] found out that there are correlations of usage motives
with technology related diversity factors like social media usage frequency. They
claim the need for information and autonomy as the most important motives.
But diversity not only influences why a system is used, they also influence how
it is used. There are crucial differences in what different users are willing to
share on social networking site, depending also on its usage context [16]. Still,
the findings from existing literature are not unanimous but rather depend on the
specific user group, so that the specifics of user diversity should be investigated
further.

2.3 Research Question

Often research has investigated usage of social networking sites at work as a
proposal for future implementation. But users projections of their own desires
and future behavior may differ from reality. Often real-life implementation leads
to different conclusions about why users actually use a system and why they
reject such a system.

For this reason we wanted to investigate what really drives users to use a
social networking site, in contrast to a prospective study [6]. We wanted to
conduct a study at a relatively young company that uses a SNS at work to
streamline all communication and knowledge management.

Our investigation took place in international, online-operating clothing
retailer in Germany founded in 2008. The company with about 110 employees is
constantly growing and they implemented yammer1, a social network solution
offered by Microsoft, as a central institution for any internal communication and
exchange purposes.

Here, we investigate the usage motives reported by users and determine which
user factors influence motivation in this real-life scenario. For this purpose we
use factors established in earlier research and examine how they interact with
four usage motives (see Fig. 1).

1 https://products.office.com/de-de/yammer/yammer-features.

https://products.office.com/de-de/yammer/yammer-features
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Fig. 1. Our case study investigating explanations for differences in usage motivation.

3 Method

In order to understand how user diversity and personality influence usage moti-
vation, we conducted a study at a company that uses a social networking site
at work. The questionnaire was conducted online, using survey monkey and was
sent to all, approx. 110 employees by email. For all participants we assessed their
age, gender and how long they have been working at this company (job dura-
tion). We measured the usage motivation and technical affinity with 21 items
from previous research. As personality measures, we use the BFI-10 inventory
to measure big five personality attributes [17]. We used six-point Likert scales
and normalized to this scale range for all other cases. We also measured which
features of social networks were used how often depending on the usage context
(work or private). This usage frequency was measured on a logarithmic scale
(i.e. daily, 2–3× per week, every week, 2–3× per month, every month, rarer).

3.1 Statistical Procedure

The survey contained items developed from previous research, namely usage
motives (see Table 1) and technical affinity (see Table 2). For these we also pro-
vide a short summary on their factorial structure and internal reliability (i.e.
Cronbach’s α, see Table 3) from our data-set. We used principal component-
analysis with vari-max rotation to identify the factorial structure, but report
only factorial load of individual items.

We use α = .05 as the level of significance and α = .01 as the threshold for
highly significant findings. We do not assess power for our statistical tests, so we
can not conclude from non-significant findings that no differences exist. Since we
assume that our measurements are normally distributed, we used student’s t-
tests to assess differences of means between groups. In cases were this assumption
might have been violated, non-parametric tests were conducted. Since parametric
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Table 1. Dependent variables: Item texts and scales. Loading refers to the factor-
loading of the principal component analysis after varimax rotation with Kaiser-
Normalization.

I use the software because,... Scale Loading

I can access information more easily Information .825

I can access information that is relevant for me Information .817

I will get informed about activities in my department Information .775

I can present my ideas Information .697

I can show my successes Self-Related .610

I can show what my skills and competencies are Self-Related .726

I can work more autonomously Self-Related .721

I can work independent of place and time Self-Related .691

I can plan my work on my own Self-Related .675

I get feedback from my colleagues on my work Feedback .900

I get feedback on my work Feedback .881

I get feedback on the results of my work Feedback .864

...my work is valued in the system Social Interaction .726

I can exchange with my colleagues regularly Social Interaction .714

...my colleagues are reachable immediately Social Interaction .710

I can stay in touch with colleagues I don’t see often Social Interaction .654

tests are quite robust against the violation of the assumptions, non of these tests
revealed differing results. Thus we only report results from parametric tests. As
effect size we report Cohen’s d.

We use multiple linear regression analysis to identify the strength of multiple
factors on outcome variables. The step-wise method was applied to identify all
possible predictors for all our models. Gender is dummy-coded (female = 1) to
allow it as a predictor in our models. For all predictors, variance inflation factors
are not reported, as they never exceed a level of 1.5. We report the full regression
table, including standardized slopes (β) to identify the size of effect for each
predictor.

Table 2. Independent variables: Item texts and scales. Loading refers to the factor-
loading of the principal component analysis after varimax rotation with Kaiser-
Normalization.

I agree with the following statement: Scale Loading

I can understand technical processes easily Technical Affinity .931

I have no troubles in using technical devices Technical Affinity .922

I understand physical and technical cause-effect relationships Technical Affinity .839

I can get excited about technology Technical Affinity .823
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4 Results

In the following section we present the results from our online study. We first
describe our sample to provide an overview of the employees in our company. We
then look into variables that influence the usage motivation and try to determine
the strength of influence by using multiple linear regression analysis. This allows
us to compare the relative influence of each predictor on our outcome variables.

4.1 Description of the Sample

A total of 50 participants completed the online questionnaire, 36 of which were
women and 14 men. This matches the relation of men and women employed at
this company. The age of participants ranges from 19 to 61 years with a mean
age of 28.5 years (SD = 8.06). The employees have been working on average for
1.5 years at the company (SD = 1.13, range 0–6 years).

Our sample shows a relatively high technical affinity (see Table 3), which is
expected for an Internet company. Yet, there is a difference in technical affinity
between both genders (t(36) = 2.638, p = .012, d = 1.04). Men show a higher
score (M = 5.0, SD = 0.79) than women (M = 4.04, SD = 1.06).

The participants are moderately extraverted (M = 4.04, SD = 0.77) and
show a high level of conscientiousness (M = 4.72, SD = 0.81). The latter could
be slightly biased towards the top-end of the scale, as employees might over-
report their level of dedication for work in this measure. Openness also scores
moderately high (M = 4.46, SD = 1.05), similar as agreeableness (M = 3.97,
SD = 0.73). The employees are open to new experiences and team-capable.
Neuroticism scores slightly below the scale mean (i.e. 3.5) with a mean of M =
3.23 (SD = 0.87). We find that women (M = 3.44, SD = 0.88) show a higher
score on this scale (t(36) = −2.463, p = .019, d = 1.51) than men (M =
2.73, SD = 0.60) as found in multiple other studies. Sadly, not all participants
completed the personality questionnaire (n = 37).

4.2 Usage Motivation

All usage motives scored moderately high, with the exception of the need for
information, which scored very high (see Table 3). Interestingly we found dif-
ferences in usage motivation, when looking at gender. Overall, women reported
high scores on all four scales (see Fig. 2). But, these differences are not significant
in all cases.

The need for information is reported more strongly by women (t(39) = −2.36,
p = .023, d = 2.36) than by men, indicating that women use the yammer system
in order to find information. Needs that are related to oneself, such as organizing
work autonomously and presenting ones successes show no difference between
genders (t(39) = −1.59, p = .120, n.s.). A similar finding can be found for the
need for feedback (t(39) = −1.418, p = .164, n.s.). Both genders have a similar
need for feedback as a motivation to use a SNS. Still, there is another gender
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difference in the need for social interaction (t(39) = −2.49, p = .017, d = 2.5).
Women also use the SNS out of a higher need for social interaction within the
company.

Table 3. Description of the sample with internal scale validity and sample means with
standard deviation.

Scale Cronbach’s α M SD

Information .870 5.07 0.84

Self-Related .891 4.02 1.05

Feedback .969 3.92 1.12

Social Interaction .827 3.91 0.95

Technical Affinity .920 4.32 1.07
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Fig. 2. Usage motivations show differences between genders. Error-bars denote the
standard error.

4.3 Linear Regression Analysis

In order to determine whether these differences are actual gender differences and
not effects of other confounding factors we conducted a linear regression analysis
with all our independent variables. First, we look at the need for information.
The multiple linear regression outputs a model with three predictors (F (1, 33) =
4.201, adj.r2 = .321, p = .048). This model can explain 32 % more variance than
using the scale-mean alone. The strongest predictor is still gender (β = .383),
but agreeableness (β = .348) and age (β = .289) show similarly strong influences
on the motive information (see Table 4). This means that women show a strong
need for information that increases with age and with a team-focused personality.
Younger men report to use the SNS less out of the need for information.

Self-Related motivation to use can be predicted with a model that has two pre-
dictors (F (1, 34) = 4.881, adj.r2 = .187, p = .034). This model explains 18.7 %
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Table 4. Linear regression tables for three models used to predict usage motivation.

Model Predictor B SE B β p

Information (const) 1.080 0.895 - .236

Agreeableness 0.421 0.169 .348 .018

Gender 0.745 0.273 .383 .010

Age 0.035 0.017 .289 .048

Self-Related (const) 5.991 0.741 - .000

Job Duration −0.354 0.139 −.385 .016

Technical Affinity −0.341 0.155 −.334 .034

Social Interaction (const) 2.380 0.607 - .000

Gender 0.870 0.340 .397 .015

more than the scale mean. Job duration and technical affinity have similar nega-
tive influence on the self-related motivation (see Table 4). This means that employ-
ees that have been longer with the company and/or show a higher affinity use the
SNS less in order to portray themselves or to become more autonomous at work.

A true gender effect can be seen at the motive social interaction. Here a
model with only one predictor was significant (F (1, 35) = 6.548, adj.r2 = .134,
p = .015). Indicating that the gender difference found by the t-test before has
no confounding variables hidden underneath it (to our knowledge and measure-
ment). Women do report that they use the SNS at work to socialize with cowork-
ers more then men.

Interestingly, no model could be found for feedback that had significantly
improved the explained variance in the ANOVA of the linear regression proce-
dure. Thus women and men use the SNS to get feedback with the same intensity.
The need for feedback is not strong but universal in our sample.

4.4 Results on Usage Features

Beyond understanding which user diversity factors influence why users access
a SNS, we want to understand how users use the system and how their usage
differs from using a private social networking site like facebook. For this purpose
we asked users how often they used certain features of a social networking site
in two contexts (privately and at work). Features that are more typical for work
related scenarios are functions such as sharing documents as well as creating and
using polls. On the other hand posting music or posting photos are features that
are more suitable for a private context.

When we focus on the usage frequency of different features in our sample, we
see that following news, chatting, sending messages and liking content are the
most frequently used features in both private and work settings (see Table 3).
Most people in our sample do not post music or photos often, neither at work
nor privately. These two typical private features get even less attention than
the typical work-related feature sharing documents (see Table 3). This indicates
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that sharing information at work is actually used more than sharing photos in
a private setting. The SNS site is actively used for knowledge management and
organizational learning (Fig. 3).
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Fig. 3. Usage frequency ordered by the strength of difference between contexts. The
diagram starts with typical work-related features and ends with typical private features.
Features in the middle are used in both contexts and also get the highest usage. Error-
bars denote the standard error. Usage Frequency is a logarithmic scale.

5 Discussion

In this article we investigated the effect of user diversity on the motivation to
use a social networking site at work. The study was conducted at a company
that successfully manages all knowledge exchange based on a Yammer system
and included fifty participants. These participants were asked to report on why
they use the system and which features they use.

We found that gender, age, agreeableness, and technical affinity influence
specific motives to use the system (see Fig. 4). Women use the system because of a
greater need for social interaction and information. The need for information will
also become an increasing reason to use the system, when an employee becomes
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Fig. 4. Outcome of the multiple linear regression analyses. Numbers denote standard-
ized slopes (β).

older and is more agreeable. Employees that are team-focused (or agreeable)
might want to know how well the team is doing and how far they have progressed.
Older users might need more information from the network, as they could be
less experienced in using social media. Another explanation could be that older
employees are often in higher positions and thus require more information to
complete their job. On the other hand being on the job for a longer period of
time or having a high affinity to technology is related with reporting to use the
system out of reasons that are less self-related (e.g. self-portrayal). People who
are longer on the job might already be known at company or just perceive a
lower need to portray themselves. Employees with high technical affinity could
experience some of the self-related items differently. That is, they already feel
independent through use of technology. It is interesting to point out, that all users
report to use the system for feedback similarly. Either feedback is a universal
need satisfied equally across diversity factors in our sample or any explanatory
variable has not been assessed.

5.1 Implications for Businesses

Depending on the structure of diversity factors in a company, one must make
careful decisions when planning a social networking site for work. The features
and structure of the system must address the needs of the users otherwise it will
get rejected. From our results we see that features for social interaction, even if
not-directly business related form a major component in usage motivation; even
more so for women. A social networking site should therefore allow communica-
tion and self-portrayal as well as provide information needed by employees.
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5.2 Limitations and Caveats

We must be careful when extending the results from this study. All participants
come from a single company, which happens to be a very young company. Start-
ups often have a vibe that stems from selecting personnel often highly alike.
This sample is highly social-media affine and atypical. Diversity in this com-
pany is present but might drastically underestimate the diversity found in older
companies. Specific and customized analyses must be performed when trying to
implement a similar solution to ensure acceptance of such systems.
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Abstract. Among the problems affecting Higher Education Institutions
(HEI) in Latin America and the Caribbean there is the dropout, which relates to a
more general issue consisting in dealing with the diversity of students. Here
provided solutions are to detect and deal with student’s particular capacities and
needs. To cope with this situation the ACACIA project has defined a framework
that develops both CADEP centers and technological infrastructure. The former
consists of an organizational unit focus on Empowering, Innovating, Educating,
Supporting, Monitoring and leveraging institutions in dealing with such diver-
sity. The latter is based on building the required infrastructure to tackle those
issues and covering both face-to-face and eLearning educational settings. This
comprises non-intrusive affect detection methods along with ambient intelligent
solutions, which provide context-aware affective feedback to each student.
Preliminary experimentation results open interesting avenues to be further
progressed thus taking advantage of current developments on affect computing
technologies.

Keywords: Emerging technologies for collaboration and learning �
Recommender systems for technology-enhanced learning

1 Introduction

UNESCO in its Post-2015 Education Agenda presents evidence of problems affecting
Higher Education Institutions (HEI) in Latin America and the Caribbean. This has been
useful to identify critical situations. Among those situations there is the dropout, which
is caused mainly by affective and academic factors, as well as cultural, economic or
social exclusion or disability.

Nicaragua, Colombia, Brazil, Peru and Chile share key priorities in their devel-
opment programs for education, which to be achieved would require to open regional
mobility for the students in higher education institutions based on the optimization of
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resources and international cooperation processes. These aspects can be found in
European Union priorities for the region (European Commission 2014).

In order to tackle the student retention problem, the importance of evaluating
students’ motivation and attention to the class is of major importance. This entails
dealing with class evaluation and further planning. Aiming at performing such eval-
uation, it is possible to obtain information by distributing surveys or by performing
measurements, which may involve psycho-physiological information sources. The first
case allows subjective assessment and depends on the will of participants to contribute.
When the approach is to use measurements, this requires the proper consent of par-
ticipants and their parents (when dealing with underage students). Here, although the
approach should be as minimally invasive as possible, even non-invasive at all, there is
the problem of collecting and dealing with sensitive data such as psychological and
physiological information. This information is expected to provide more reliable means
of getting assessments. Although the prospect of invasive measurements can be seen
reluctantly by students, or any other people, who tend to resist such approach. Here
there is the problem of invading each one’s privacy as with such measurements it is
possible to surpass a person’s will by measuring their physiological information and
not depending on his/her voluntary deployment of information.

This paper addresses how the ACACIA project is dealing with the student retention
problem in terms of setting up an organizational unit, so-called CADEP centers, which
deals with the educational and managerial issues involved, and developing the required
technological infrastructure, which needs to be established in order to detect and
manage the affective issues involved in such problem. To present such view, this paper
is organized as follows. First the problem of the student’s retention and the required
infrastructure for detecting affective related issues are described in terms of related
literature. Then the ACACIA approach to deal with those issues is presented covering
both, the ACACIA-CADEP strategy and the technological infrastructure that has been
developed to detect and manage the affect state of students, which affects their reten-
tion. The paper concludes with a summary of main conclusions and future work.

2 Student Retention and Affective Related Issues

The problem of student retention is well known and widely studied, as can be seen in
(Summerskill 1962), (Astin 1977, 1993), (Bean 1980, 1983), (Bean and Metzner 1985)
and (Spady 1970) among others. Studies by the Centre for the Study of College Student
Retention indicate that despite the efforts of universities retention policies have not
succeeded in increasing retention rates (Seidman 2015).

There is evidence for problems affecting higher education in Latin America and the
Caribbean (LAC) which relates to how these countries are dealing with the concept of
education for all (UNESCO 2014), were following critical situations arise:

• Dropout derived from emotional factors, academic, economic or social cultural
marginalization, or disability;

• Lack of educational resources among faculty staff to meet the requirements affecting
vulnerable students;
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• Gaps in communication and cooperation among teachers, researchers, administra-
tors and managers, which hampers collective action that is needed to address
cross-section issues related to access and successful stay in college.

Studies by the Center for Student Retention -CSCSR- indicate that despite the
efforts of universities in retention policies there has not been any significant increase in
retention rates. The main strategies proposed by the CSCSR have to do with the setting
up of the so-called Retention Committee in institutions, which is focused on identifying
both students at risk of dropping out and problems within the classroom such as a little
attention, getting poor grades and little class participation, among others. Nearly one in
two students drops out of high school before graduating (Busso et al. 2013) and besides
the quality of the educational system this can also be affected by low self-esteem,
self-motivation, study habits, persistence and frustration tolerance, expectations and
student’s own personal values, which makes it even more difficult for institutions to
adapt their system to address these issues.

Teachers, as any other human being, are able to sense and detect affect states from
their students, which relate to their attention and restlessness states, their “boredness”
or their motivation towards the class. The problem arises when students are learning
remotely, as in eLearning, or even in live classes while students are interacting with
computational devices. In this sense, the identification of students’ affect features is
required. To this with this issue it is well-known that humans display their emotions
through different channels, including facial expressions, body movements and physi-
ological reactions, which have been considered as elements of the non-verbal com-
munication forms (Pantic and Rothkrantz 2000). Thereof the idea is to collect these
human features and investigate to what extent they confirm a particular affective state.
To deal with this issue affective computing is currently an active research field with
significant efforts and advances linked to the emergent devices and gadgets.

There have been well-known studies in affective computing and the affective
relation of humans with computers, which can provide insights on possible solutions
for the aforementioned problems (Picard 1997). The affective assessment, which has to
deal with both eLearning and face-to-face student, could be based on using different
computational equipment and approaches. Since most laptops have cameras, can be
used locally or remotely to give emotional information to professors and trainers using
text assessment (Shivhare and Khethawat 2012) or reading facial expressions (Adolphs
2002). The analysis of such emotional clues, generated by real-time physiological
signal readings from aforementioned devices, can provide information (e.g. analytics)
on students’ attention and motivation. The teacher will then be able to adapt the
teaching process and later report the successful methods to the community.

There is vast research including reviews on the state of the art in emotions detection
beyond the aforementioned examples. For instance, a review of available works on
emotions detection with facial gestures was published in (Saneiro et al. 2014). As for
using more intrusive psycho-physiological sensors, in (Villarejo et al. 2013) authors
introduced a commercial pulsimeter and alternatively skin conductance to detect stress,
where the skin conductance presented wider differences in the relaxed and stressed
stages. Here it is noticeable that most successful approaches have applied several
information sources. In particular most of them comprise verbal, non-verbal and
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physiological measures. Heart rate is used in (Van den Broek 2013), which is combined
with speech along with the Self-Assessment Manikin scale - SAM (i.e., a non-verbal
pictorial assessment technique that directly measures several emotional dimensions)
(Bradley and Lang 1994). There is work that has used Blood Volume Pulse, Galvanic
Skin Response, Pupil Diameter and Skin Temperature to detect stress (Zhai and Barreto
2006).

There are as well many examples on the progress of affect computing in educational
settings. For instance, a framework has been proposed to recognize learner’s emotions
using electroencephalography, skin conductance and blood volume pressure (Jraidi
et al. 2014). In (Handri et al. 2010) authors made use of the e-learning material
provided to learners in relation to their galvanic skin response. Electrodermal activity
was used to detect the 12 proposed emotions in (D’Mello 2014). There are also
instances on using non-verbal communication, such as body movements and facial
expressions, which were used for evaluating learners’ states (Afzal and Robinson
2007).

Some of this paper authors are also conducting a study related to the attention
evaluation of students attending e-learning courses, where such analysis is conducted
using physiological measurements as ECG. This work intends to increase the efficiency
of students’ attention in attending courses in this case related to the aquaculture
business processes of the project AquaSmart. The AQUASMART project mission is
driven by the business need of the European aquaculture companies, when companies
have business objectives that cannot be achieved due to lack of instruments that would
enable them to manage and access global knowledge and big data, in a multi-lingual,
multi-sector and cross-border setting. Therefore, although this is a completely different
domain still the main objective of the study reported in this paper is focused on
supporting students’ motivation while achieving their learning objectives, which in this
case comes from an effective knowledge transfer from a specific industry research
project.

3 The ACACIA Approach

The ACACIA project defines a system to address the above-mentioned issues, thus
covering organizational and technological requirements involved in dealing with the
student retention. The latter is addressed by building the required technological
infrastructure.

3.1 The Acacia-CADEP Strategy

From the organizational viewpoint, the approach consists in supporting centers for
education and professional development, which are called CADEP. It integrates
modules named as: Empower (“Empodera”), Innovate (“Innova”), Educate (“Cultiva”),
Support (“Apoya”) and Convenes (“Convoca”), that all together create the appropriate
framework for (1) monitoring students at risk; (2) providing training and supporting
equally both the academic staff and technical and administrative staff of the institution;
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and (3) exploring, via its laboratory system, new strategies for university teaching and
innovative use of ICT in teaching practices, encouraging entrepreneurship among
students and teachers. This system articulates the educational community to deal with
each student’s capacities and needs.

The model of CADEP is the result of analyzing multiple theoretical approaches that
address the problems of student retention. Thus, it is proposed the creation of a
committee in institutions for the identification and analysis of students at risk of
dropping out. These committees intends to contribute for the demanding target of
keeping and encouraging student’s interests in an active participation in class, and
empowering teachers with the skills and tools that will allow the adoption of new
teaching models. This should cope in the best way with their students’ differences and
needs.

Innovation is an essential part of each module within the Acacia CADEP, thereof:

• Innovation in dealing with social affection issues at the university, through infor-
mation systems capable of generating educational recommendations that meet the
student’s emotional states, which are to be detected and tracked in order to improve
students’ academic level and prevent dropout (Apoya).

• Technological innovation in university teaching, by using knowledge management
systems and personalized solutions based on students’ interaction tracking and
machine learning analysis of collected data, which are to be provided with tool that
detects emotions, using among others the paradigm of the Internet of Things
(IoT) and the creation and reuse of applications and devices, encouraging university
entrepreneurship (Innova and Apoya)

• Innovation in teaching in university environments through: the development of
applications to support teaching and learning differentiated according to cognitive,
affective and cultural conditions of students who achieve lower levels. Innovation in
every respect to deal with individual needs and preferences, thus considering the use
of 3D printers, which serve as educational support material for blind students.
Ultimately the approach consists in adding new references to the current university
curricula to make them more flexible and suitable to care for students with a wide
variety of personal and social needs, which also implies to provide accessible
learning environments for populations with differences in access to knowledge
(Cultiva and Empodera).

• Innovation in the university academic management through a knowledge man-
agement system for partnership, which detects and transfers innovations related to
affective, technological and didactic issues throughout the CADEP network system
(Convoca).

The specific objectives of each of the modules are as follows:

Empodera: Providing training in areas of eLearning standards, accessibility and
usability; Maintaining the Kit & Thesaurus ALTER-NATIVA knowledge base; as well
as dealing with the creation of adaptations that cannot be performed directly by
teachers, e.g. sign language interpretation.
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Innova: Innovating in terms of new infrastructure, applications and programs which
are developed and used to meet special educational needs and diversity, e.g. using
ambient-intelligence solutions and 3D printers.

Cultiva: Training faculty through innovative programs with the support of the
ALTER-NATIVA’s curricular elements and VLO, which are to promote educational
development of vulnerable populations from the perspective of a Community of
Welfare.

Apoya: Detecting, tracking and supporting emotions of students with disabilities and
critical family situations through both regular and advanced techniques (e.g. automatic
emotion detection systems) to improve academic performance and avoid abandonment.
And, train administrative and teaching staff, techniques and strategies for dealing with
students at risk.

Convoca: Organizing and controlling the activities in the establishment of the different
centers (e.g. space, physical resources and institutional rules). Addressing the devel-
opment and continuous evaluation of capacity building issues though the various
CADEP.

3.2 Technological Infrastructure Developed for Managing Affect

From the technological infrastructure standpoint, aforementioned developments on
affect computing are expected to leverage the possibilities of taking care of students’
retention. Here, the aDeNu Research Group at UNED has designed, implemented and
evaluated the Ambient Intelligence Context-aware Affective Recommender Platform
(AICARP) infrastructure to explore the potential of context-aware affective feedback
beyond computer-based recommendation approaches taking advantage of the possi-
bilities of ambient intelligence (Santos et al. 2015). The corresponding personalized
support is provided without interrupting the learning activity by delivering the rec-
ommended action to the learner at the same time she is carrying out the learning
activity (e.g. while the learner is talking, the system can tell her to slow down by
switching on a light or playing a sound). This requires enriching the system with
capabilities to detect changes in the learners’ affective state (e.g. from physiological
sensors), as well as to interact with the user through the preferred sensorial channel
(e.g. sight, hearing, touch, smell). Different experiences are taking place within two
related research projects, MAMIPEC and BIG-AFF, from where it is expected to
progress on the results to date and thus provide valuable feedback to ACACIA (Fig. 1).

It is expected that monitoring students affective states, especially in what regards to
their attention in classroom will become a reality in pilots for the South and Central
American countries participating in ACACIA. That is an on-going process partially
verified by the physiological trials performed in lab or in classrooms (Salmeron-
Majadas et al. 2015), which also takes advantage of other developments such as
evaluation frameworks (Marcelino-Jesus et al. 2015) or those ontologies that were
successfully implemented in the project ALTERNATIVA.
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The approach proposed here covers both small-scaled (i.e., intra-subject) and
detailed lab experiments limited in time to be carried out from the scientific viewpoint,
which are expected to clarify the main issues involved, and on a larger-scale (i.e.
inter-subject), try to use non-invasive measurements. As for the latter, the eye-tracker
becomes one of the best options because it does not depend on wearing additional
detector devices. It is also planned to use heart-rate variations and even galvanic skin
response measurements, both of interest for the evaluation of emotional states and
attention, which are minimally invasive, as they become part of the equipment of
smart-watches and other consumer products. This work ultimately aims at providing
lessons learned from the evaluation, which is expected to determine which type of
detectors, contents, media and multimedia should be used in a particular class and
context.

Another expected outcome of performing such studies is an increase of teachers’
awareness of the actual involvement of students in class and consequently supporting
their responsibility in actively assessing, adapting and developing class activities
towards student’s success. This way it is expected a better identification of students at
risk. Thus problematic individuals can be spotted early and intervention can be readily
prepared in order to improve the success rate of such rehabilitation actions.

In general, it is expected that such approach lead to a successful upgrade in the
classroom towards students’ commitment and success. The proposed methodology
aims at making a difference to traditional classroom behavior where problems used to
be identified in a too late stage or not identified at all until the student abandons school.

Fig. 1. AICARP platform
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4 Conclusions and Future Work

The work described in this paper is a continuum from previous work developed by
members of the consortium and from relevant scientific publications in the field. Thus it
is consistently aiming at supporting students in their learning process and addressing
specifically the problems associated with demotivation and withdrawal from studies.
The proposed approach here is focused on managing affect related issues that impact
students at risk of abandonment and aims at the empowerment of an attentive school
community, continuously updating their methods and instruments towards its success.
The objective is that the on-going work will prove its usefulness during the course of
ACACIA project so that results can be made available for the community. Future work
will be based on the achieved results and it is foreseen that the conjunction of
self-assessment with physiological measurements will generate results that will
improve the overall process. From those results, future work will aim at the selection of
the best methods and eventually include new physiological measures that increase the
quality and readiness of the evaluation process so that the proper measures can properly
be deployed and positively help students towards success in studies and in personal
fulfillment. Additionally, the work conducted will be also integrated in different pro-
jects and contexts. In particular, e-learning programs as in AquaSmart, which main
objective is to develop solutions for increasing the student attention in courses and
better integration of different types of materials available online. Within MAMIPEC
and BIG-AFF the affect detection infrastructure will be evaluated in different scenarios
ranging from laboratory to real world settings.
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Abstract. This work discusses the usability experiments conducted
around a proof-of-concept implementation of a novel tablet-based Digital
Teaching Platform (DTP). The platform is intended to address specific
issues with tablet usage in a classroom setting, and address problems with
technology adoption in education, particularly in Brazil. We evaluated
the DTP in two separate studies, a Usability experiment in a laboratory
setting, and an in-situ experiment in Brazilian classrooms, with the aim
of identifying specific problems with the current solution, and identifying
usage patterns that better engage students in the classroom. We found
that our DTP leads, overall, to a very satisfactory experience. However,
any such platform aimed at classroom usage should take special care
to address note-taking, and tasks related to collaboration, sharing, and
general social aspects of the classroom experience.

1 Introduction

Student engagement has long been recognized as integral to both performance
and retention of learning [4]. Nevertheless, it is still an ongoing research and
policy topic to understand the aspects that could lead to improve students
engagement [2]. Digital Teaching Platforms (DTPs) in the classroom have been
identified as a tool for engaging students, however only if suitable pedagogical
methods and Learning Objects are adopted to meet the teachers pedagogical
plan and classroom needs [7].

In this paper we evaluate the proof-of-concept implementation of a novel
tablet-based DTP, designed from the ground up to support teachers in Brazil-
ian classrooms. After in-loco interviews with specialists and students, classroom
observations and review of the literature, we found two significant research
opportunities: (1) the existent solutions rely on a stable broadband internet con-
nection, which in Brazil is not always available; and (2) teachers indicated that
they did not know how to use the existent platforms due to an over-abundance
of features and lack of support. The principal requirements were thus an easy-
to-use out-of-the-box platform that enables teachers to incorporate the use of
tablets into their regular lesson plan and stimulates student engagement.
c© Springer International Publishing Switzerland 2016
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We developed a proof-of-concept implementation of the DTP consisted of four
principal components: (i) a light-weight content server, running on a Raspberry
Pi, (ii) a wifi router, (iii) one tablet per person (students and teacher), and
(iv) a SmartTV or interactive whiteboard and tested in two different ways: in
a usability lab where we identify hurdles in how students navigate through the
content, and in field trials where we evaluate the response from both students
and teachers when using the system.

The DTP we developed can be categorized in the scope of Mobile Learning, as
described by Pereira et al. [8]. They found that through the evolution of Learning
Models, traditional learning techniques could be enhanced by Electronic Learn-
ing and Mobile Learning. Our principal difference from current works in this
area regards the user-centric research in order to build our software solution.

The work of Samuel et al. [10] presents IGLOO, a mobile learning technology
that intends to support educators and students in learning environments. IGLOO
consists of an administrative interface and a mobile application to run of the
educator’s device. The administrative interface is used by the educators in order
to create quizzes. The educators interface will receive those quizzes by SMS or
Bluetooth. Their evaluation is based on achieved tasks rather than the student
performance. The difference from our work is that we are proposing a solution
that encompasses different aspects regarding educational activities; for example,
the association of the educational contents with the program of the discipline.

Potts et al. [9] propose an m-learning application for administering quizzes
that offers a multi touch interface compatible with Android and iOS devices.
After the students answers tests, the results are sent to the educator by email.
The presented work, developed a prototype that is flexible to provide such feed-
back during a class. In our point of view, this approach provides more dynamic
classes and improves the communication between teachers and students.

We believe that this is the first work that collects best-practices and usability
results for a digital teaching platform in the classroom. In the next section we
describe the study in the usability lab, and in Sect. 3 describe further research
in classrooms. We then conclude the article highlighting the principal findings
from both experiments.

2 Usability Tests

2.1 Methodology

The usability lab study evaluated the DTP with 14 students (1 female and
13 male) with ages between 18 and 35 years old and enrolled in vocational edu-
cation programs. The study was conducted with one student at a time, and
each test took approximately 45 min to 1 h. The task analysis was based on
the 5 quality attributes of usability proposed by Nielsen [5]: learnability, effi-
ciency, memorability, errors and satisfaction. The test was designed to verify
issues regarding the natural process, and teaching methodology, by emulating
a classroom environment: each test was conducted with two mediators, one of
whom acted as a teacher to enhance the immersion of the subject. The test
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Fig. 1. The educational content in the DTP Player. Note that the UI is in English to
enhance understanding, but we used a localized Portuguese version for the actual tests.

simulated a lesson on Brazilian biomes (see Fig. 1), a topic that has nothing to
do with the students’ studies, but was indicated as an interesting general topic.
The other mediator acted as interviewer and thus played a more traditional role
in usability studies.

Five activities were scripted, that are related to different types of content avail-
able in the platform (e.g. watching a video, studying a slideshow, and answer-
ing exercises). As this is performed in a usability lab, all movements, speeches,
questions and errors in the experience of the student-subjects were recorded. Eye
tracking was used to identify attention hotspots in heat maps and gaze plots. After
completing all the tasks, each subject was invited to reflect on their general expe-
rience, and what went well or not. Each user answered questions regarding their
experience in each activity on a Likert scale from 1 to 7.

The study was divided into three phases: introduction (self-exploration), com-
pleting the set of tasks, and an interview and debriefing.

Phase 1: The experimental process started with a short warm-up. We received
the participants and asked them questions about their technology preferences
and hobbies, trying to relax them and make them as comfortable as possible.
They were invited to explore the system by themselves.

Phase 2: Two researchers conducted the experiment, one acting as a teacher
and the other monitoring the eye tracker results. The users were invited to
sit and be positioned adequately in front of the X2-30 eye tracker [11]. It was
quickly explained what would be requested, and what the students would
do through the Digital Teaching Platform. The evaluation was conducted
following the sequence of tasks divided by the activities described below:
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– video tasks: tasks related to interacting with the video player
– reading texts: tasks related to textual content
– slide navigation: tasks related to paging through a gallery of educational

slides
– navigation: tasks related to navigation, in which the students had to find

the teacher’s page
– exercises: tasks related to answering exercise questions

Phase 3: After completing the tasks all the users were invited to watch their
session, which was recorded. The goal was to enhance the results and compre-
hend why specific areas were the focus of attention. The study was concluded
with an interview and questionnaire.

2.2 Results

Watch Video. Most users like to see the title and the description of the video
and had no problem watching the video. An example of the focus from eye
tracking can be seen in Fig. 2. However, the users did suggest a reorganization
of the page: they expect the features “Like”, “Share” and “Notes” below the
video, as opposed to next to it; we noticed that YouTube1 is the main reference
for the arrangement of elements on the screen. Furthermore, some users expect
functionality that is not currently offered, such as easy access to content that
they “liked” for future access. Moreover, they would like to be able to take notes
while watching the video (the video pauses when the users pull up a keyboard).
Another feature that users would like is more cohesion between the different
contents, such as direct hyperlinks from the video to texts, or slides, that give
more details.

Reading Texts. All users consider texts to be very important for the appli-
cation, despite large texts on the screen being unattractive. The digital text —
together with the price and a lighter backpack — are mentioned as the most
positive and practical points for tablet usage in a classroom, and they leave the
users satisfied. The users like to have a zoom feature for reading. According to
the users the figures in the text draw more attention while reading. Most users
would like to have more options for note taking and highlighting, and mention
a tool bar with options to make it possible to select, copy, paste, highlight and
bold parts of the text. The users would like to have an option to consult a dic-
tionary for the meaning the words they do not know. Most users would like to
send the text to their personal email, or otherwise access the texts outside of the
application.

Slide Navigation. Swiping between slides did not cause problems, but users
indicated they would like further navigation options, such as a bar with thumb-
nails and previous/next buttons. Moreover, as with viewing videos, most users

1 www.youtube.com.

www.youtube.com
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Fig. 2. Heatmap generated by the X2-30 eye tracker during a video task.

want it to be easier to take notes. There was also some confusion of the UI ele-
ments, where we noted that the icon for viewing the slides in a timed slide show
draws more attention than the icon for viewing the slides in full screen.

Exercises. The users felt there was feedback missing when answering exercises:
they were confused that there was no confirmation that their answer had been
accepted, or that the quiz did not proceed automatically to the next question.
They also missed buttons to navigate forward and backward through the ques-
tionnaire, in addition to the current option of clicking on any question to open
it. Finally, the users would like the ability to take notes while doing the exercises
(for instance, to write down the intermediate solutions in a math question). The
users very much liked receiving feedback of their performance — an optional
screen for the teacher displays the correct answers and a percentage of the stu-
dents who gave each answer.

Navigation. The button to navigate straight to the teacher’s page was identified
by all, but not associated with that action: most students thought it accessed
a special page for the teacher and ignored it. They navigated to the teacher’s
page by navigating back to the class overview page and finding the content the
teacher had opened. They all identified it as an important functionality once
told about its use.

Relevance Map. A relevance map of application was created according to
the users expectations. We asked the users how relevant to a classroom content
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application they judged all activities they had seen, answered on a 7-point likert
scale, with 1 being irrelevant, and 7 extremely relevant. The main areas and the
“teacher’s page” feature were considered for the analysis. In general, the content
and functionality was seen as very relevant by the users. To validate the social
features (Like, Share and Notes) a ranking of preferences was created. The users
were asked about “what they do after accessing an interesting content”. The
ranking was created according to the users decisions and choices. These rankings
can be seen in Fig. 3.

Fig. 3. The relevance of all the functionality tested to the educational process, accord-
ing to the students; and the ranking of what social action they would take with inter-
esting content.

3 Field Trials

In the field trials, we tested the platform with teachers and students of middle-
school mathematics in three different school environments: two public schools
in Manaus, AM, and an institute providing extracurricular school activities for
students in Campinas, SP. The students were between 13 and 16 years old. In
addition to observing the classes and capturing automatic interactions, we con-
ducted on-the-spot satisfaction surveys asking the participants to fill out a ques-
tionnaire after the classes, using the User Engagement Scale [6], and conducted
interviews with some of the students and the participating teachers.

The field trial focused on mathematics classes on the topic “functions”, and
the content was created by the respective teachers, using a slideshow, video,
questionnaire and interactive content. The content was divided into two classes:
introductory knowledge and enrichment on the topic. Using this content, the
two class hours were used to evaluate two aspects of the DTP:

– to measure the satisfaction with the DTP on the first contact (first impres-
sion);

– and to evaluate specific usage issues that appeared in a classroom setting.

3.1 Methodology

We used an adaptation of the Experience Sampling Method (ESM) [3], a method
originally developed to perceive people’s emotional response to events, and
since adapted to measure users’ satisfaction, particularly in situated mobile
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scenarios [1]. While there are different ways of applying the method, we adopt
a straightforward application for situations where both the evaluator and the
subject are in the same physical location: the evaluator asks the subject to point
out his or her current emotional state (with regards to satisfaction) on a printed
card (Fig. 4), which gives a choice of five states ranging from very dissatisfied to
very satisfied at the time of the app use.

Fig. 4. The five emotional states the users could indicate on a card for applying the
ESM method.

In addition to asking students about their emotional state during the class,
we asked all participants (including the teacher) to participate in a short self-
reporting survey based on the User Engagement Scale (UES). The UES is a
self-report measure that builds upon earlier work in the area of educational mul-
timedia. Many applications of the method were found and analyzed by O’Brien
and Cairns, who suggested that “the UES is a “good” measure that can assist
researchers in capturing the users’ perception of information interactions, and
be used in mixed methods studies to help make sense of, for example, behav-
ioral data” — O’Brien and Cairns [6]. The original survey they proposed has 31
questions, which is too long for the quick application of a survey after the class.
We adapted the survey to focus on the dimensions that O’Brien and Cairns
indicated were most stable, and reduced the survey further by not asking the
questions in their negative form, resulting in six questions on the dimensions
aesthetics, usability and focused attention, and we added a final question that
conflates some of the other dimensions into what we call perceived experience,
as a way to measure the user’s engagement with the app. The questions can be
found in Table 1. The questions were answered on a Likert scale from 1–5, with
a similar emotional aid as in the ESM method.

Finally, we augmented the self-report methods with observation and inter-
views with some of the students and the teachers. A summary of the times and
methods applied is provided in Fig. 5.

3.2 Results

The principal findings are that both the students and the teachers were very
satisfied with the usage of the DTP in the classroom, and showed a high level of
engagement, in particular in the dimensions of aesthetic appeal and perceived
experience, as showed in Fig. 6.
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Table 1. Questions used in the user engagement survey during the field trials, catego-
rized by dimension.

Aesthetic Appeal I think the app is beautiful

I think the graphics and images used in
this app are beautiful

Focused Attention I was so involved in the task that I lost
track of time

I realized that the class went faster

Perceived Usability The application responds the way I
expected

I think the application is easy to use

Perceived Experience I felt excited while using the app

Fig. 5. Overview of the field trials and the evaluation methods applied throughout this
experiment

The DTP app is an easy, focused, interactive and richer way to learn, accord-
ing to the students we asked. One finding was that they reported that in a tra-
ditional setting without tablets they had to copy the teacher’s notes manually,
whereas on the tablet with the DTP this is unnecessary, and does not “waste
their time”: they can concentrate on the content itself and use the time to com-
ment, take their own notes and answer the teacher’s questions. Students think
that is also improves the teacher’s performance: “He explains better and stu-
dents be more engaged”. Finally, the students report that they were required to
participate in the exercises: “in the DTP app we must do the exercise. In the
textbook we can pretend”.
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Fig. 6. Satisfaction at the moment of use (left) and the outcome of the survey for each
dimension (right)

Specific usability issues also arose, most importantly: (i) the login and mate-
rial download process is too slow, and cost the teacher minutes that could have
been spent teaching. (ii) it is essential that students notes (whether made with
a stylus or a keyboard) are prominently displayed together with the content.

A more general observation is that the students (and teachers) expect a more
collaborative behavior: they want students to contribute to the class content and
activities; proposing exercises, topics, videos and also suggesting approaches to
the teachers. All of this appears to be more evident and easy in a digital setting.
In their opinion, during the experiment with the DTP, the students interact more
with each other because of the tablets. We observed this in particular when the
exercises were corrected, and the students’ integration became effusive and very
participatory. Creating more tools for sharing ideas and content among students
and teachers is a direction we intend to explore in a future version.

4 Conclusion

Our research is preliminary, nevertheless we conclude that despite usability issues
of the proof-of-concept, the DTP appears to motivate teachers performance and
engage the students in a classroom setting. User feedback indicates that our DTP
offers advantages in class time optimization and interactivity. The findings show
that tablet usage is an important tool to motivate students in the classroom
setting. We must however place a caveat; while the students had all used tablets
in the classroom before, it was not common practice, and the novelty may play
a part in the positive evaluation: long-term evaluations are scheduled to better
evaluate this and to identify additional features to incorporate in the DTP.
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Abstract. 21st century information society requires more and more use
of ICT (information and communication technology) in everyday life.
Nowadays there is much talk about the digital divide, which means eco-
nomical and social disparities in digital technology use and availability
in society of a particular country and among different countries. In this
paper we sought to explore teachers knowledge and use of ICT resources
in the context of free/libre and open-source software (FLOSS). When
relying permanently on free tools there are several benefits which in
turn will grow sustainable information society and will fortify economy
in larger scale. For the mentioned purpose we use Technology Accep-
tance Model (TAM) first version. We found that TAM model is not ideal
to accomplish mentioned tasks, especially in educational institutions. If
teachers will be aware of FLOSS then they can increase ICT resources
use in schools in a meaningful way. This in turn will reduce also disparity
in schools and we may call it as a digital turn.

Keywords: Technology Acceptance Model · Adoption · Digital divide ·
Free/libre and open-source software

1 Introduction

Contemporary information society is sequenced by the emergence of different
21th Century Technologies, ICT (information and communication technology)
particularly. Educational institutions are preparing students for tomorrows life
[4,14]. This phenomenon have had immense influence in the educational systems
in both developing [13] and developed [6] countries. The scenario of digital divide
cannot be overlooked in educational institutions; giving rise to inequity and
various shades of digital disparities in those schools. Disparities could be seen
in several ways among educational institutions: these include a lack of hardware
and software resources, however, what is most important, is the know-how to
use them in a pedagogically efficient and meaningful way. We do not argue the
c© Springer International Publishing Switzerland 2016
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ICT importance in education, but we contend that the suitable knowledge how
and what to use in terms of ICT. Also its availability and use in educational
institutions in the first place. This all will provide sustainable and equal access
to information society resources to ensure tomorrows workers but also teachers’
competitive achievement ability. We assume that through the use of free/libre
and open-source software (hereinafter: FLOSS) it would be possible to reduce
the digital divide in schools to the nearest minimum. This will happen due to
released funding resources to establish the minimal level of ICT equipments in
educational institutions. The opened funding can be then used to achieve other
goals that will facilitate teachers and students engagements in accessibility to
ICT resources and raising knowledge awareness and how to use technologies in
reasonable ways.

In this paper we sought to explore teachers’ knowledge and use of ICT
resources in the context of FLOSS. When relying permanently on free tools there
are several benefits which in turn will grow sustainable information society and
will fortify economy in larger scale.

We used the Technology Acceptance Model v1 (hereinafter: TAM1) [3] were
adopted it as the research framework to explore constructs associated with
FLOSS and digital divide in Estonian, Ghanaian and Georgian schools. Teachers
voluntarily participated in the survey Fig. 1.

Fig. 1. Technology acceptance model [3]

Not less important is the social mechanism around the FLOSS. This means
that the community of users holds together and shares the knowledge and teaches
each other in addition to sharing tools the software itself. This makes equal
opportunities for participating in information society regardless of students’ or
teachers’ wealth.

Having access to ICT resources implies ability to participate in nowadays
information society. FLOSS plays crucial role here with not only saving money
but also freeing educational institutions from vicious circle of paying money
continuously in a ascending direction and as often as software companies ask.
This in turn gives the opportunity to ensure given education competitiveness at
labour market and economy in general of whole country.

2 Background

In our study we have three countries: Ghana, Georgia, Estonia and we are giving
a short overivew of these countries about ICT use, especially in education.



Bridging Digital Divide in Schools in Developing Countries 697

2.1 Ghana

The use of digital technologies of ICTs on a day-to-day basis in digitally divided
communities has become widespread in spite of the digital limitation [15]. Ghana,
a Sub Saharan African country has been identified as among the ten ICT proac-
tive nations in Africa, though located in the block of developing nations; and
characterised globally as digitally disadvantaged. Nonetheless, there is a window
of digital opening for such countries. In the opinion of James [11] developing
countries could generate substantive savings and also to a large extent bridge
the global digital divide if they migrated to the use of FLOSS applications. He
further observed that to meet the demands of the proprietary software, com-
puter users in developing countries resort to piracy and illegal procurement of
applications. Unfortunately, the use of FLOSS applications has not caught up
with most developing nations. According to the article [12], developing nations
are making more conscious efforts towards the advancement of FLOSS initia-
tives. He observed that from 2006 to 2010 FLOSS advancing FLOSS initiatives
in Africa arose from four (4) to eight (8). However, not so dramatic increase, it
is a token of the progressive awareness of FLOSS in digital divided communities.

Not oblivious to the global digital trends and developments, ICT integra-
tion into teaching and learning at the pre-university level of Ghanas education
system was rolled out 2007; marking a New Education Reform (NER). Rely-
ing on the merits of FLOSS, government commenced the supply of laptops to
a target over 60,000 schools. The first set of laptops came with FLOSS operat-
ing system but later agitations resulted in the change of the operating system
to proprietary (MS Windows 7) [8,9,19]. A study [18] indicated that some dig-
ital disparities exist across basic schools in Ghana. This Digital Divide (DD)
was found across the schools ICT culture components; which included teacher
ICT competence, activities in the classroom, confidence in use and availability
for digital equipment resources [17]. It could be speculated that digital divide
resulting for teacher digital literacy in schools, less use of digital resources might
be the results of contention between the use of proprietary software and FLOSS.
Through observation and literature, it has been established that in the ICT
terrain in Ghana, people are more inclined to the use of proprietary software,
mainly Microsoft Windows (hereinafter: MS Windows) operating system than
FLOSS and it holds true for teachers as well. In related article [22] found out
that 84,7 % of organisations run their systems on MS Windows operating sys-
tem, 11,9 % on GNU/Linux (hereinafter: Linux) while 3,4 % on UNIX. It further
noted that generally FLOSS operating systems are used on servers; while the
proprietary operating system is predominantly used on desktop computers and
laptops. This clearly adds to the fact to controversy of teacher use of FLOSS
in lieu what is known to be the status quo in the context of their ICT use. In
the light of the forgiving, it makes sense that teacher position on the use of
FLOSS will be a challenging if they are well versed and prone to the use of MS
Windows operating systems. In this context the case of divide across the schools
digital culture could persist; in the form of disconnection between human and
material (digital) resources [18]); unless there occurs holistic digital paradigm
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shift on the part educators and trainers. Literature acknowledges why possible
challenges will exist when it came to the mainstream ICT practices in Ghana. In
his view, [22] noted that some of the challenges accounting for less use of FLOSS
is the fact that Ghana has no FLOSS policy to generate actions and interest is
this of aspect of ICT activities. Accordingly, in the reviewed ICT in Education
policy has factored in the need of bringing FLOSS into the digital practices in
schools [9]. He further realised that many proprietary software users live with the
perception that it is difficult to migrate to the use of FLOSS owing to its com-
plex systems and applications and navigations; as new skills and knowledge are
needed to be acquired. Nevertheless, bringing FLOSS applications into educa-
tion and training systems will go a long way to eliminate the obstacles propriety
software pose in the integration of ICTs in schools. Thus, teachers, well trained
on FLOSS could possibly have access to a lot more of educational applications
for daily use than his/her colleague who will be required to pay for the use of
applications. In this paper the situation of teachers knowledge and engagement
in digital activities using FLOSS based application are compared with other two
nations: Georgia and Estonia.

2.2 Georgia

The first successful attempt of ICT integration in the general education of Geor-
gia began in 2005 by replicating Estonian Tiger Leap program into Georgian
Deer Leap. The goal of the Deer Leap program was to support development of
ICT infrastructure and utilization of modern information technologies into the
general education (Decree of the President of Georgia) [5]. The program built
on equipping all the schools of Georgia with computers and Internet connection,
ensuring fast adoption of ICT by teachers and pupils across various disciplines
and age levels in primary and secondary schools, developing e-learning environ-
ment with corresponding e-resources. Technology inheritance of the program was
in relatively bad condition in the country: outdated and insufficient amount of
computers without Internet connectivity; despite informatics being a compulsory
subject in all secondary schools, the content was often taught without computers.
At the end of the first phase of Deer Leap program, by 2008, 26 520 new com-
puters were provided to schools (with a 20:1 student-computer ratio) equipped
with Linux operating system and a collection of open-source software applica-
tions; Web-based collaboration environment was developed and integrated into
LeMill.net in order to support eLearning with sharing opportunities; 60 % of all
primary and secondary pupils had access to Internet at school; Basic computer
literacy training were carried out for 21 540 teachers out of 70 000 on the Linux
operating system basis. 8158 laptops were provided for excellent pupils within
Presidential program - My First Computer. By the end of the first phase of Deer
Leap program the master plan was developed for Deer Leap Plus (2009–2012)
programme with the goals to establish digitally enriched learning environment
by integrating ICT into curriculum as a cross-curricular theme via innovative
e-learning methods. With the change of ministry officials the realization of the
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goals defined by Deer Leap plus program took different turn. The program com-
ponents came apart to different agencies under the Ministry of Education and
Science of Georgia, instead of cumulating them within one program. The respon-
sible MoES agencies according to a new structure were: Education and Science
Infrastructure Development Agency, Education Management Information Sys-
tem, Teacher Professional Development Center, national curriculum department
of MoES. Major shift occurring besides the restructuring of Deer Leap program
was switching of computer parks from Linux to Microsoft proprietary software.
The memorandum between Microsoft and Ministry of Education and Science
of Georgia was signed in 2008 [21]. As a result all the schools of Georgia was
equipped with MS Windows operating system and MS Office software under
the Microsoft academic licensing terms. Accordingly Teacher ICT training pro-
grams were converted to the use of Microsoft software. As a transitional period
a dual boot Microsoft and Linux operational systems were installed on school
machines to let teachers and students select suitable working environment. At
the moment the only operating system working in school computers is Microsoft
software. We might conclude that the Ministry decision was partially based on
the FITS (Focus on ICT in Schools) [21] survey that was held in 2008 on the
use of ICT in the schools of Georgia. The objectives of FITS was to analyze
the scope and ways of integrating ICT into learning/teaching processes and
the problems related with educational use of ICT; According to the survey the
majority of teachers (75 %) used mainly MS Office software. However, 43 % of
the teachers were satisfied with the availability of software in schools and 1

3 of
teachers estimated that the situation is good. About 1

4 of teachers estimated
the situation with software as very good. Only 5 % of teachers were not sat-
isfied with the availability of software. There was disparity between the popu-
larity of MS Office among teachers and the satisfaction level of the availability
of software if considering that absolute majority of computers in schools were
Linux-based. This contradiction was explained by a hypothesis that teachers
used MS Office mainly at home [21]. Another ambitious initiative - Netbooks
for Primary Schools - took start in 2010 in Georgia [3]. The program aims to
provide quality education to the students and develop their ICT skills in order
to support their integration in international educational space. All the pupils as
well as their mentors get netbooks for personal educational use on their first day
at school. Up to now all the classes 1 to 4 are equipped with computers to use
in the learning process. Teachers go through intense training course of how to
use ICT-enhanced pedagogy in teaching and learning process (91 contact hours).
The netbooks are equipped with Microsoft software and Intel-powered Mythware
classroom management system. Mythware platform enables teachers to digitally
manage classroom, supervise individual students as well as groups activities by
sharing resources through intranet connection.

2.3 Estonia

Tiger Leap (1997–2000) was the first national-level strategy on computeriza-
tion of Estonian schools, aiming at equipping all schools with computers and
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Internet connection, providing the basic ICT skills for all teachers and educa-
tional software for all subject areas. The follow-up strategy (called Tiger Leap
Plus, 2001–2005) focused primarily on the implementation of this technology by
integrating it into everyday teaching an learning in all age levels and all subject
areas across the secondary education. During this period, majority of the teach-
ers passed Intels 40hrs course Teach to the Future, Virtual Learning Environ-
ments were taken into use by shcools. The third strategy Learning Tiger (2006–
2009) focused on integrated e-learning. The new educational e-services have been
developed and/or implemented within local and international projects: collabo-
rative Learning Object authoring portal LeMill.net, Learning Object Repository
(called Waramu) which is connected to all-European repository network LRE,
virtual learning environments (Moodle, Krihvel) and online testing tools (TATS,
PETS). A new teacher training programme DigiTiger has been developed and
implemented by a group of enthusiastic teachers, this programme focuses on the
use of Web 2.0 tools in teaching and learning. The implementation of all three
strategies has been led by the Tiger Leap Foundation, a non-profit organisation
that was founded by the Ministry of Education and is financed mostly from the
state budget and European projects [16].

One of the main issues related with Tiger Leap project was renunciation of
platform neutrality quite in the beginning. Mainly proprietary Microsoft soft-
ware platform was chosen. This has been influencing Estonian society, especially
educational institutions, until today.

During December 2014 to April 2015 there was FLOSS pilot project in Tallinn
educational institutions (3 schools and 2 kindergartens) [7]. Even though the
project had obstacles, the overall result was positive and the mentioned educa-
tional institutions remained to use the FLOSS. Today there is even some schools
additionally joining the project. The use of FLOSS still lasts and there has been
developed a massive deployment tool [1].

3 Methodology

There are different methodologies used to investigate digital divide and its pos-
sible solutions. Mainly we are concidering here disparities in society which also
affects information society. The most famous approaches are different acceptance
models. Technology Acceptance Model was used to carry out current research.
We used the research instrument created in University of Michigan, Business
School [3]. The instrument contains of 20 questions: ten for Perceived Usefulness
(PU) and ten for Perceived Easy of use (PEU).

Procedure. Data was collected in January 2016 from three countries: Esto-
nia, Ghana and Georgia. We used the convenience sample and collected 209
responses: 168 from Georgia, 34 from Estonia and 7 from Ghana. We have to
admit that these samples are not representative but this is the data we could
collect. We created a web questionnaire in three languages: English, Georgian,
Estonian in order to collect the data during 2 weeks in all coutries. After data was
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collected, all Georgian and Estonian text was translated into English. The situ-
ation of each country was relatively different. As the questionnaire was online,
accessibility to the internet was required in order to answer. This was relatively
challenging issue in Ghana, where access to the internet is quite limited. This
fact is also reflected in the results. In Estonia we had also relatively small, but
reasonable sample. In Estonia there are proportionally large amount of different
research regularly carried out and it would be also quite challenging to collect
data among others. In Georgia we had best opportunities as one of the authors
was in place and visiting schools so this also reflects in the results.

We used 7-point Likert-scale where 1 was strongly agree and 7 strongly dis-
agree. Additionally we asked some questions about teaching and ICT experience
and terms. The questionnaire was selective: participants were asked whether they
use free and open-source or proprietary software. Both cases teachers answered
same questions but with previously selected focus.

We formulated the following research questions:

1. What is the opinion of teachers about the meaning of FLOSS and PRS?
2. What perceptions do teachers hold about the usefulness and ease in using

either FLOSS or PRS?
3. What principal constructs are influencing differences in perceptions about

FLOSS and PRS in different countries?

. . . where: FLOSS means free/ libre and open-source software
PRS means proprietary software

4 Results

The study drew participants from Ghana, Estonia, and Georgia. In all 209 teach-
ers participated, whom 89.5 % were females and 10.5 % males. The age distri-
bution of participants stood as follows; 30 or less years (10 %), 31–40 (37.3 %),
41–50 years (39.7 %) and 51 and more years (12.9 %). We collected data from
three different countries and as the samples were quite different, also results are
as follows (Table 1). For statistical analysis we used IBM R© SPSS R© Statistics v23
and GNU PSPP v0.8.5.

Table 1. Samples from participated countries

Teacher School type

Sample Percentage ICT Non-ICT Pa Eb E+Gc Gd

Ghana 7 3,3 % 100,0 % - 100,0 % - - -

Estonia 34 16,3 % - 100,0 % 5,8 % 73,5 % 17,7 % 3,0 %

Georgia 168 80,4 % 24,2 % 75,6 % 6,6 % 92,3 % - 1,1 %

legend: a primary school | b elementary school
c elementary + gymnasium (or highschool)
d gymnasium (or highschool)
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The sample age reflects also age of teachers in each of country. When in
Ghana there were mainly younger teachers, then in Estonia and Georgia we can
see more older ones. This reflects also teaching experience, which is relatively
higher in Estonia and Georgia.

Research Questions. RQ1: What is the opinion of teachers about the meaning
of FLOSS and PRS?
This question sought to establish the knowledge what participants have about
FLOSS and PRS. We have to admit that awareness of terms is still relatively
low (Table 2)

Table 2. Awareness of terms and choices

Terms correct, % Use, %

FLOSS PRS FLOSS PRS

Ghana 28,6 71,4 14,3 85,7

Estonia 26,5 68,6 23,5 76,5

Georgia 34,5 47,6 22,6 77,4

RQ2: What perceptions teachers hold about the usefulness and ease in using
either FLOSS or PRS?
This question explored the variations existing in the perceptions participants
have on the perceived usefulness and ease of use (Table 3). The lower the mean,
the higher the agreement. A independent t-test was conducted to evaluate partic-
ipants perceived usefulness and ease of use of free/libre and open-source software
(FLOSS) and that of proprietary software (PRS). There is statistically signif-
icant higher mean on the usefulness of PRS (M=3,07; SD=1,44) over FLOSS
(M=2,59; SD=0,80), t(-4,0163)=208; p<0,001; with eta squared value=0,07)
indicating a large effect for the benefit of FLOSS as we used Likert scale where
the value 1 were strongly agree and the value 7 was strongly disagree. While, in
the case of perceived ease of use for FLOSS and PRS; a statistically significant
higher mean was recorded for PRS (M=3,95, SD=0,70) over FLOSS (M=3,73;
SD=0,36); t(208)=-4,015; p<0,001; with eta squared value=0,07); indicating a
large effect for the benefit of FLOSS.

RQ3: What are the variations of different countries in perceptions about FLOSS
and PRS? This question explored country perceptions about FLOSS and PRS.
Table 4 shows the descriptive statistical analysis of the participants responses.
We also analyzed Perceived Usefulness (PU) and Perceived Easy of Use (PEU)
all together to get overall picture of Technology Acceptance Model (TAM) capa-
bilities. First we compiled independent t-test to compare PU and PEU over
all participated countries. Variable “greater control over the work” (2nd ques-
tion in PU part) was rated higher by free software users (M=2,57; SD=1,612)
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Table 3. Means of PRS an FLOSS

Mean N Std. deviation

Pair 1 FLOSS PU 2,59 47 1,69

PRS PU 3,07 162 1,64

Pair 2 FLOSS PEU 3,73 47 0,76

PRS PEU 3,95 162 0,80

than proprietary software users (M=3,22; SD=1,847) (p=0,032). “Software eas-
ier to use” was rated higher by free software users (M=2,23; SD=1,386) than
the proprietary software users (M=2,78; SD=1,759) (p=0,029). As there was
relatively small sample from Ghana, we repeated separate t-test between Esto-
nia and Georgia to see possible influences there. In Estonia the free software
users (M=2,13; SD=1,126) rated the use more easier than proprietary software
users (M=3,54; SD=1,679) (p=0,034) about the 10th question in PEU part.
Georgia there were several significant results. All questions in Perceived Use-
fulness were significant and overall PU module t-test showed that free software
(M=2,29; SD=1,48) users appreciated perceived usefulness higher than propri-
etary software (M=3,13; SD=1,71) (p=0,007). ANOVA test was compiled but it
did not show any statistical significance among participated countries according
to chosen significance level of 5 %. When we compared mens and womens among
countries then there was no difference of statistical significance in t-test. ANOVA
test among different types of schools has been compiled with Tukey honest sig-
nificance test comparison at Post Hoc option and did not show any statistical
significance. T-test between Estonia and Georgia compared PU (Perceived Use-
fulness) and PEU (Perceived Easy of Use) did not show any statistical signifi-
cance. But in Estonia we see that PEU has important significance free software
users (M=3,77; SD=0,33) assess their software easier to use than proprietary
software users (M=4,15; SD=0,44) (p=0,035). The overall Cronbach’s Alpha in
case of PU (Perceived Usefulness) was 0.974 (N=209) and in case of PEU (Per-
ceived Easy of Use) it was 0,498. As we see the PEU reliability is lower than
expected (0,7). When to look per country then we see that Estonia has most
influences here: Ghana (αPU = 0, 987; αPEU = 0, 542), Estonia (αPU = 0, 961;
αPEU = 0, 359), Georgia (αPU = 0, 975; αPEU = 0, 543). One influence in Esto-
nia is recent FLOSS project [7] which has influenced the PEU component has
brought some confusion among users due to some misunderstandings among
organizers.

Discussion. Initial objective of the study was to evaluate FLOSS (free/libre
and open-source software) in the context of TAM1 model. We intended to use the
outcome to explore country variations in the use of FLOSS and PRS (proprietary
software). In the process we establish that in the context of varying ICT policies
and implementations structure in the three countries using TAM 1 turned out
to be challenging; as participants did not respond proportionally the required
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Table 4. Country variations regarding FLOSS and PRS

Country TAM component Mean Std. deviation

Ghana FLOSS PU 3,22 1,665

FLOSS PEU 3,92 0,519

PRS PU 1,78 0,777

PRS PEU 3,44 0,673

Estonia FLOSS PU 2,80 0,888

FLOSS PEU 3,74 0,155

PRS PU 3,09 1.083

PRS PEU 4,10 0,391

Georgia FLOSS PU 2,53 0,707

FLOSS PEU 3,72 0,378

PRS PU 3,12 1.506

PRS PEU 3,94 0,742

Total FLOSS PU 2,59 0,794

FLOSS PEU 3,73 0,358

PRS PU 3,07 1,443

PRS PEU 3.95 0,701

constructs for measuring of the model. In lieu of exploring the model, a com-
parative analysis was carried out across the variables Perceived Usefulness (PU)
and Perceived Ease of Use (PEU). Even we see that countries are mostly using
proprietary software (PRS): Ghana 85 %, Estonia 76,5 % and Georgia 77,4 % -
users perceive FLOSS easier and more useful. Also noticeable would be under-
standing the terms and there is better understanding of PRS than FLOSS terms
which reflects also in usage. All school levels perceive software usage similarly
and there is no significant difference. Estonia has been the driving force with the
experience of Tiger Leap project and this has been reflected and used to develop
similar processes in Georgia and would be as one example for future develop-
ments in Ghana. Despite great projects in Estonia and Georgia the digital divide
is still there, especially in Ghana but could be mitigated by deploying FLOSS
[2]. There are many good projects running to reduce the digital divide [10] and
it does not only affect developing countries but even developed ones [20].

5 Conclusion

TAM depends on user attitude and will but at school context the choice of
technology (software particularly) does not depend only on that. There are also
situations where there have been software usage decided by decisionmakers: local
authority, usually the school owner or sometimes by school management board.
In such situation there is quite often not much discussed the technology choice
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with teachers and the choice does not very much depend on teachers’ preferences.
This in turn may cause frustration among teachers as were also mentioned in
current research comments. There are also different groups of teachers: in current
research we had 25 % of ICT and 75 % of non-ICT teachers. It is obvious that
ICT-teachers have been more influenced by technology, certain software partic-
ularly, and therefore more biased than non-ICT teachers. One moment would be
also challenging according TAM to maintain or preserve FLOSS + PRS ecosys-
tem at educational institutions. Based on the previous discussion we may say
that TAM did not measure all aspects that affect technology choices, especially
at educational institution context.
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Abstract. In cyber security of a modern information society, digital safety is
becoming more and more important regarding governance and schools as well
as well-being of common people, especially children. There are models to
evaluate cyber-attacks and technical risks in institutions and ICT services, but
there are no good models yet to help understanding the concerns and issues of
everyday e-life of commoners, including students and teachers - especially the
ones that can be encountered at schools (from primary to upper secondary). This
makes digital safety an essential part of innovation and cooperation at schools as
well as in teacher training. The aim of this paper is to propose a model that helps
to build up internet security training and other activities that will improve
children’s and teachers’ safety skills and resistance to security threats.

Keywords: Digital safety contextual model � Internet safety � Security risks at
schools � Security training � Innovation and cooperation in teacher professional
development

1 Introduction

Our society allows having online connections with nearly anyone or any device. This
has developed new types of crimes - cybercrime, cyber-bullying, online social
manipulation etc. Despite the rules and regulations to enhance safe online behavior it
has not been sufficient. For example, according to the Eurostat 7.02.2011 newsletter
21/2011, Estonia belongs to top 3 countries using secure software in EU; the EU Kids
Online II [15] study stated that it is one of the top countries where children are facing
online threats whereas most parents don’t have a clue about the online life of their
child. The situation has not changed since. The wider use of cloud services, social and
automated software solutions (Internet of Things) at schools also brings larger risks and
misuse of technology. In addition to their intended targets, attacks and abuse can also
influence third parties (institutions, but sometimes even the whole country).

In this article, we define digital safety as a branch of cyber security that deals with
people and the levels of online comfort, privacy and reputation, especially in the
educational context. Earlier Estonian studies used the term “internet safety”, but we feel
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it being too narrow - as we are also talking about the use of mobile technology and
other parts of wider digital context. The cyber security approach has been mostly
focusing on technological and institutional aspects, the laws and regulations prioritizing
critical infrastructure of the government and businesses. At the same time, commoners
including children and teachers lack necessary support, as this task has been relegated
to voluntary workers or NGO-s. Luckily, political support and interest to develop this
field has been growing. It has recently been stressed that commoners are an important
part of information warfare [17] - e.g. as reflected by Estonian strategic documents
Cyber Security Strategy 2008–2013 [7] and follow-up documents like the same
strategy in EU 2013.

1.1 Cyber Security Related Strategy and Policy Documents in Estonia

We have looked at the strategy and educational policy documents in Estonia to propose
a cyber-security model for schools. There are not many documents related to digital
safety and cyber security (only the Cyber Security Strategy and Defense Strategy), but
there are documents that mention digital literacy skills of commoners.

The new Cyber Security Strategy 2014–2017 [8] highlights understanding and
discovery of cyber threats and finding ways to ground them. This document empha-
sizes the rise of digital threats and cybercrime targeting modern technologies, at the
same time it is pointed out that the weakest link can be also be human itself. This
means that training and digital security related life skills should be taught not only to
specialists but also every citizen (including children) that can be targeted in cyber war
through social manipulation. The Information Society Development Plan 2020 [11]
forecasts the rise of different technologies, suggesting that the added value from using
ICT and mobile technologies can only be achieved by enhancing digital literacy skills,
including safety skills in this area. The Local Authority Information Society Devel-
opment Plan 2015 [16] and the Internal Security Development Plan 2015–2020 [13]
suggest that the awareness about needed skills for a digital society is a big issue. At the
same time they state that as important as the skills are, the values and attitudes that
affect our security behavior in this technology rich and global world would be even
more important. And finally the National Defense Strategy [22] mentions again the
need for better psychological defense: prevention of panic, influencing and containing
hostile mindset spread, as well as ensuring trust to the state and defense activities from
the commoners’ view. It will be also important to ensure that traditional media channels
would work in a case of attack; informing population in an emergency situation would
be of prime importance. Finally, an important strategy is to eliminate economic
incentives for cybercrime.

In Estonia there are many different institutions and companies that deal with digital
security in every day basis. As up to 2014 the main issues and campaigns were related
to the project “Be smart online!” [1] that had its limitations in focusing on internet only.
From 2014 on, the ICT companies have started their own campaign “Connected with
mobile safety” [5]. These projects help to promote the discussion in the society - e.g.
parents are increasingly demanding that schools should take action, as parents them-
selves lack necessary knowledge to support their child.
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Based on the strategies, we conclude that the most important is to train citizens who
cannot be manipulated, can detect when someone attempts it, and can deal with digital
crime or difficulties. At the same time they should preserve good attitudes towards
technology, be enthusiastic about present and future developments and keep up the
trust in authorities. These goals are expected to be delivered by the teachers and
education system.

1.2 Education Strategy and Guidelines

The problem with digital safety in education is that it is not considered important
enough. Proper educational use of technology is still lagging behind its social use, there
is also opposition from older teachers who think that “school and teaching should be
free from digital intervention”. Such attitudes may stem from diverse reasons, such as
lack of skills, learning aids or devices, or even slow connection speed. At the same time
the younger generation and lot of innovative schools are up to the task regarding needs
of the modern society. The problem with security is that while digital skill standards
have not been implemented yet (they are optional), there is less consensus about
whether digital safety should be a responsibility of school or parents - while parents
provide the students with devices, the students usually learn most of the skills and
develop attitudes “by themselves” or “through social media and real life experience”.

We find that our educational strategies that strive to include everyone from the
kindergarten to university actually support only the digital skills needed by the labor
market. Guidelines that influences schools doings are national curricula (evaluated in
the Digiturvis study as explained below) and International Society for Technology in
Education (ISTE. NETS) [14] standards that are also optional. As Teachers Profes-
sional Standard V [26] also points to ISTE, it is the most important document to
understand which problems should be solved through education in digital safety. ISTE
standards were introduced to Estonia 2013–2014 when the governmental NGO called
the Information Technology Foundation for Education (HITSA) started to implement
in in its trainings to teachers and programs for students. The main 5 focus areas are:
overall ICT competences in every level of educational; specific competences in
vocational and higher education; ICT specialist training; teaching and learning in a
digital age; information system in education. Digital safety areas are scattered between
every section, e.g. understanding internet safety trends; choosing secure devices to surf
online; recognize potential insecure behavior or threat; know how to act when some-
thing bad happens or seek help when needed; understand your own and others online
behavior; knowledge about account maintenance; help students to learn how to act nice
and consider others online. A parallel can be drawn with cars - a good car in the hands
of an inexperienced and/or ignorant driver can pose a major danger.

We also looked at the national curricula (from kindergarten to university level), but
could find only a fraction of what is really needed. For example, to effectively prevent
cyber-crime, students should keep up with the changing technology in education,
communities in personal and institutional life. The whole Digiturvis [9] study results
can be found here in Estonian: http://1drv.ms/1N7KmtZ.
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In conclusion, digital safety topics and areas are mentioned in different strategies.
Usually the development is focused on positive aspects – developing services, acces-
sibility, raising awareness and develop skills and competences. Drawbacks are less
mentioned, but we see a lot of hints that suggest that future documents will deal with
the issue more thoroughly. However, at the moment the documents contain no clear
goals to be reached. This means that digital safety area has not been fully understood
and this makes it really hard for teachers and schools to understand what is or is not
their responsibilities.

1.3 Related Studies in Estonia

As mentioned, the digital safety research done in Estonia so far has mostly been
focusing on the positive – overall evaluation of the situation where the youth nowadays
live in (social media, online communication). Specifically, no one yet has fully focused
on digital safety as it is often hard to separate from its context. The most important
study that dealt with the issue on European level was the 2009 EU Kids Online II [15]
that gives some insight to young people’s online behavior (online habits, exposure to
threats, parental supervision). Internet safety issues for the EU countries have been also
focused through European Union project InSafe (In Estonia Safer Internet SIC) [12]
and European SchoolNet gives out award E-Safety Label [10], that sadly focuses only
in the management level and collecting some cases (e.g. cyberbullying and
privacy-related issues).

In Estonia we can also refer to international studies like PISA [24] and PIAAC [23]
or TALIS [25] that ask some interesting questions about technology. Estonian adults
tend to have good basic e-skills, but as the workplace does not value these skills
directly, they will deteriorate. At the same time, Estonian schools lag behind the rest of
society. The digital literacy level of students almost uniformly exceeds that of teachers
- but unfortunately, this does not apply to digital safety skills.

The CreativeClass [6] and “Conceptual framework for increasing society’s com-
mitment in ICT” [6] studies point out the autonomy of the schools to interpret the
curricula and also reveal different priorities. The digital literacy is one of the main
goals/challenges for the Ministry of Education, but it is not always so for the schools.
This means that not every school has computer labs, technology lessons, or e-learning.
The results show that schools have a lot of autonomy at primary and secondary school
level – every school did something differently, but some of them supported it through
optional or mandatory courses or extracurricular lessons.

An interesting study in terms of digital safety was the Mobile/Smart Security study
carried out by the ICT industry representative Look@World Foundation in 2014 [21]
that gives overview of mobile technology use among Estonian adults and children
(usage, attitudes and security knowledge). The results show good access to mobile
technology which will increasingly be the focus of personal technology use. Unfor-
tunately, the safety awareness is again rudimentary and practical defense skills are low
- usually, people are aware of dangers in general, but do not know specific threats. For
example, only 2 out of 5 people locked their phones. And importantly, parents are
unable to support their children, as they are helpless themselves.
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The issue is also that in digital safety, people rely on “friends” more than they rely
on official help [19]. Principals really think that technical limitations will help [20].
Depending on the school’s traditions, these regulations will be developed by principal,
teachers or involving students, parents or outside experts. Importantly, the effectiveness
of these regulations depends heavily on the level of cooperation - authoritarian rulesets
will be much more likely ignored by students.

In conclusion, in the “Education Guidelines to Schools” there are some mention of
digital safety and digital literacy skills, but it is still unclear who is responsible and how
it is being implemented. Schools’ freedom in organizing education and applying cur-
ricula makes this really difficult task, as there is no clear understanding what the cases
that education should concur. For example, considering things like phishing, seeing/
sharing inappropriate content, trust to government, reputation, illegal content, tech-
nology over usage, cyber bullying, harassment, public data, identity theft – are they
issues that should be dealt with as they appear, or after turning 18 when the youth enter
workforce? Would the questionable attitudes (internet is a no-man’s land; do but don’t
get caught) that can foster in the heads of youngsters easier to counter when they are
already grown up and have their own opinions how the digital society really works?

Thus, there seems to be a need for a model that education sector could use to
understand and teach digital safety issues on the commoners’ level rather than in cyber
security level that already involves criminal acts. The low-level pranks and distur-
bances can be dealt with by the educational sector, to raise more responsible and aware
people that can really stand up to social manipulation and solve low level situations by
themselves, not always seeking help immediately when e.g. somebody sends a spam
e-mail. The model should help to detect, explain, solve and choose an awareness
training for different low level cases that happen in the schools and usually go unno-
ticed. This should be a basis in the teacher professional development training regarding
digital safety issues.

2 The Model and Its Evaluation

2.1 The Model

We have developed a model based on the research done about students’ and teachers
online behavior. The digital safety contextual model is based on the school as a
smaller-scale model of society dealing with digital world risks on institutional and
personal level.

The model is divided into zones, types, challenges and levels, and solutions.

2.1.1 Zones
The model involves different stages. The first is Zones that “people are concerned or
not or how much” are divided into two: public and private. For common people
(including students) the public zone is something that is not part of the person’s
immediate interest; school, online friends, acquaintances and society. The private zone
includes family, friends, but sometimes even really close online friends (see Fig. 1).
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For a teacher as a representative of an institution (school), the public zone includes
his/her classroom, school board and expectations from society. The private zone
includes colleagues, students and their parents. In the center there is a zone of igno-
rance called “nothing matters” (see Fig. 2).

2.1.2 Types
Cyber security and digital safety cases can be divided into two areas based on their
nature: a. technical concerns, where the solution involves technical approach (e.g.
technical restrictions or monitoring) and b. behavioral concerns, where solutions
usually are related to internal procedures, habits, guidelines etc.

At the same time, cases can also divided into institutional and personal (based on
“who will solve it”). Yet in digital safety, both categories must be addressed - for
example, a person can function well on institutional level (he/she follows secure
practices at work) whereas being at serious risk on personal level (disregards security
guidelines e.g. on Facebook), especially as the latter can have wider consequences (see
Fig. 3).

Fig. 1. Personal zones of concerns in digital safety
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2.1.3 Challenges/Concerns
Challenges or concerns of digital safety and security can be divided into 5 categories
(reputation, data, fraud, health, freedom) that in turn will be divided into 9 areas of
challenges with 7 layers of each. This is the basic conceptual model or taxonomy we
are proposing that is inspired from the Concerns-Based Adoption Model (CBAM)
(2006).

1. Reputation
a. Self-inflicted damage (others think I am incompetent) – as I have no skills to

deal with the issue, others see me as stupid. This situation can occur when the
person is forced to use technology and there is no or little help available. At
school the common occurrence is when people start to use BYOD solutions. In
the end there can be issues with technology overuse, misuse and other risks.
Without regulations there can be chaos. People can become incompetent when
using websites, answering emails, translating digital content or even when the
technology is not working properly;

Fig. 2. Institutional zones of concerns in digital safety
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b. Outside damage – it can result from spreading false information, bullying and
harassment. Countermeasures are technical (know how to remove data from the
internet) and psychological (raise self-esteem), there might be a need for legal or
judicial assistance.

2. Data
a. Data loss – the situation can occur on attacks on technology or when we don’t

have the skills to keep our data secure. A typical example can be sharing one
account with more than one person;

b. Data exposure – this is a concern about privacy. Examples include data leak
through email, website, losing password, using spyware, hacking, too much
contacts online that one does not personally know. There is a need to raise
awareness how to make, store and share data in a secure manner.

3. Fraud
a. Dishonesty – identity theft, but also spreading false information, prank calls,

slandering, plagiarism or other cheating. This will often result in people
becoming disillusioned as they lose trust to the society and people’s honesty;

b. Money loss – fraud involving material (including monetary) loss. Examples
include fake bills or paid but undelivered services. These acts can often result in
legal actions.

Fig. 3. A model for understanding digital safety incident types (Lorenz 2012b)
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4. Health
a. Physical risk factors – this involves technology misuse or overuse or even

addiction (gaming, communicating etc.);
b. Mental risk factors – includes exposure to inappropriate data (sexual abuse,

child pornography, torture of animals etc.).
5. Freedom – various diverse issues: obstructive malware, connection and usage

monitoring by others, manipulation how one is acting online, restricting freedom of
speech.

2.1.4 Layers and Levels
To understand concerns or challenges we can divide them into 7 layers (see Table 1).
Personal layers are quite similar to organizational levels (school as an institution). In
different layers there are different solutions that can help to evolve into the next higher
level of understanding. This means that when person or institution is in a lower level
then it is not wise to offer them a high level solutions, or you can just predict that
probably they will be stuck in “this kind of situation” that “can be solved with a help of
this and this”.

More examples can be found at https://goo.gl/HwExq3.

2.1.5 Solutions
Solutions in security field example in aviation safety are tied with the Bowtie model
(2009), where the problem is in the middle with its causes and solutions on both sides.
On the right there prevention tactics that include identifying the case, reasons and
effectiveness for the tactics to solve the case before it will occur; on the left there are
collected tasks that are related to damage detection, minimization of the effect and
finding helpers/responsible persons to solve the bad situation (see Fig. 4).

This model gives us tools to find ways to solve one or another concern and at the
same time raise awareness level and develop skills (see Fig. 5).

Example of different levels understanding we can use this simple case where tea-
cher asked primary students to send her their email passwords to make another envi-
ronment users (see Table 2).

In the students’ view, there were no problem as the case was not recognized. They
were happy that teacher offered this kind of solution where they could use the same
password in several places. At the same time it was manipulating them to think this is a
good practice. Problems in this case could be lack of privacy or hacking, as now
teacher had a list of students’ passwords which can be considered a serious offense.
A solution for this will be awareness training to students. In the parents’ view - as the
parent was competent in digital safety, he insisted that this incident would be treated as
cyber security expected it to be treated. Even if it was a semi-criminal case, it was not
treated in that way, as in education there should be a way to people learn from the
mistakes (the school board opinion). In the teacher’s’ view it was an easy solution as
the students forget their passwords all the time, so it had affected the e-learning quality
as most of the class time was spent changing passwords or fixing accounts. The
solution would be to have a discussion with the school board as the institution needs
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Table 1. Personal layers and Institutional levels

Layer/Level Personal Institutional

1 Nothing matters “It does not involve me, I don’t
care”. It can be solved through
awareness training – to let
people know these things are
out there in the world

This concerns me a little or not at
all

2 Need for more
information

“I should know about this more”.
In this stage we can offer
guidelines like “when you see
something like this, you might
want to act like that”

It’s someone else’s concern
(parents, ICT manager,
students themselves)

3 Attitude “It is important to me as well”.
The support will be related to
explain cases, discussions in a
small group, but also public
presentations and mass media
influence

This can be dealt with
technological restrictions –
where there is a regulation that
you cannot pass, then the
behavior will be more secure
(e.g. obligation to use 15
character password)

4 Skills “How can I do that”. There is a
need for training, practice

Issues occur, we must start to deal
with them with a help of
experts (class teacher,
psychologist, ICT manager)

5 Trial and error “I will test it myself”. In this
stage people are searching for
sharing experiences to another,
coaching, supervision or other

At school it can be dealt with
regulating the field – when it is
publicly not visible, there is no
problem. Schools involve also
external experts like child
welfare. Everyone must obey
the rules and regulations even
when testing the limits

6 Implementation
of routines

“I don’t think in that matter
anymore, it’s a kind of
elementary, hygiene level to
me”. In this layer there can be
only a shocking cases that can
shake the person’s mind or
he/she has developed a need to
give something back to the
community, to be asked to be
involved making others life
easier

This is our concern. We need to
discuss and solve it together. If
needed there should be an
active board to solve cases.
Cases are also measured and
logged

7 Expert Future developments, creation of
the law, development plans,
finding out new threats and
reporting it to the community,
helping others and taking
responsibility of it

We include everyone to the
process of agreements and we
believe in it. All concerns will
be dealt with. There is an action
plan. And everyone that is
needed are involved in the
solution finding process
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more clear regulations and understanding responsibilities of different parties, as well as
to inform the teacher that this kind of action would not be a good practice.

The validation process shows that the schools still lack understanding about dif-
ferent internet safety issues and their solutions. We also understood that the level of
action is related to school culture and the level they are on. Most schools are lagging
behind in the level 2–4 depending of the situation as in every school there are teachers
that “don’t use the internet and so don’t see it as his/her problem” and most of the
schools have had first entry level training in internet security but see the solution to be

Fig. 4. A simplified bow-tie model for dealing with digital safety risks

Fig. 5. The complete model to evaluate digital safety concerns of commoners
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part of ICT managers, the psychologist’s or class teacher’s job. Only one school had an
idea for a plan where teachers and students would get training once in every three year
or had a board to solve the cases. No one had significant written regulations, logging
the events and knowing where to turn when they needed external help, except e-police
services as this kind of campaign has been going on in Estonia for 4 years by now.

We propose that this model can be used to develop a tool that can collect cases from
a everyday life of a student - both personal and institutional. First it helps to reflect to
the student itself what she/he can do in this situation, if she/he really is thinking of the
solution. Also, as these cases can be collected and refused to give good examples how
different ways in different levels people can solve issues. This can be a learning tool, at
the same time it can be a tool to also not only understand the cases, but solve them and
improve awareness training both in teacher’s professional development studies and
students.

3 Conclusions

A big problem is that digital safety issues seem either to be of equal importance to the
overworked school administration or are dismissed completely as “parental challenge”,
not an educational one. The biggest security risk in the future is predicted to be “located
between the keyboard and the chair”, defense always lagging behind attackers and
challenges. Training security mindset is not only a workplace and adults challenge, it

Table 2. Sample cases

Connected persons Students Parents Teacher
Personal/Public Personal Personal Personal
Technical/Behavioral Technical Behavioral Technical/Behavioral
Concern Freedom Dishonesty Self-inflicted damage
Layers/Levels 1 7 2
Prevention Can’t use

services
that are
offered

Understanding the
nature of the issue
(why it can happen,
is it a malicious act
or not)

Knowledge about
personal data security
issues was low

Consequences Cannot
participate
in school’s
activities

Trust in the institution
will decrease

Data exposure, hacking

Who will I get help
from/What is
needed to be done

ICT
personnel
will help

Web Police, School
board, talking to the
teacher

Need for rules and
regulations in the
institution regarding
personal data
protection and
passwords
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should be dealt already on a basic school level, where the school can give students
appropriate digital skills and security understanding that can help them throughout their
lives.

For different levels of awareness, different solutions are needed. Our model helps to
detect low level incidents and disturbances that influence commoners’ attitudes. Some
students are in the level that they don’t know and they don’t care, others in the same
citations might see lot of things that can go wrong and prepare for it, that the threat will
not realize. Model helps also teacher and school leader to understand in what areas they
are in a low level position and where they might be already an expert. Model also helps
to choose solutions – will we need regulations, awareness trainings, specialist help,
technical regulations or other.

Based on the model above, most digital safety issues found at school are related to
data, reputation, free will and fraud (people are not honest). When students or teachers
act then there is a fine line between ethics and real life regulations as policy and law.
Usually at school, even the cases that has a hint of criminal behavior (sharing personal
data without permission, weak passwords and password sharing etc.) will not be
prosecuted with full intent. Eventually these cases are solved by removing the
offending data from the internet and hoping for the best or changing the password and
account regulations. Most of the time the issues are not dealt with as the threat is not
being recognized or is taken as not so serious that the case might need. Sometimes the
case is being noticed but no one knows how to act on it. At the same time most cases
can escalate rather quickly to more serious issues that needs police or court attention,
depending of the country, school and people. When solving these cases, the solutions
fell into the field of awareness training; arguing and discussing with each other and
community; implementations of new rules and regulations both technical and
behavioral.

So we also propose to develop a tool using our model to let digital safety incidents
be simulated - the tool should reflect in which direction should think before acting or
when something has already happened, the tool can point you in the right direction to
solve the case. So we could call the tool also as “prevention” not only “solution” but
definitely both cases are presented. The perspective would be students anonymously
tell stories, through which also feedback as solution is given by the model. In this way
the model will be enriched with new cases and solutions. This model is for younger
people to analyze cases independently or together with teacher and find the solution.
For time to time experts will look at the given solutions and correct the model if
needed. Also web police and teachers are engaged to develop understanding of cases
and its solutions.

The tool based on our model would help to raise awareness and through this also
solve problems (“It helped me without having to reveal my ignorance or involve the
police!”).
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Abstract. Schools from all over the world are moving into the direction of
using more e-learning, digital gadgets and BYOD (Bring Your Own Device). In
the Estonian Strategy for Lifelong Learning 2020, the switch to 1:1 computing
in classroom is called “Digital Turn”. The strategy relies on expectations that
smarter use of personal digital devices will improve not only digital literacy of
pupils, but also their academic achievements in various subjects. The Estonian
government plans to allocate 47 million Euros of national and EU structural
funds until year 2020 for this purpose. There is also interest in improving digital
skills of school-leavers on the side of the industry, as the Estonian ICT sector
expects to double the turnover within the next 4–5 years. The sectoral analysis
estimated the need for 8000 new employees in ICT companies. To achieve this,
the industry has supported various educational programs like the Look@World
Foundation’s Smart Lab project, Samsung Digital Turn project for schools,
using Raspberry Pi-s at school supported by TransferWise, Microsoft’s Partners
in Learning projects and so on.
Challenges for the digital turn are related to people’s involvement (teachers,

school leaders, students, parents, officers); resources (gadgets, time, salary,
maintenance); promises (this is beneficial for improving the students’ skills and
competences and also is the only way); lack of analysis (act more, measure less).
In this article we will study the Samsung’s Digital Turn project applications for
the schools 2014 and 2015 in order to understand what are the goals for the
schools when they think of digital turn; we also have asked school ICT
administrators, educational technologists and school leaders to list seven issues
that come into their mind that should be death with in the process, and surveyed
teachers of one school over a 4-year period, tracking the changes in using
technology as well as learning and teaching.
We will analyze the data to understand the trends and difficulties schools will

face during this journey. This information is needed to train all other 450
schools that have not started their digital turn change yet, but are forced to act
soon. The trends in digital turn projects will tell us the maturing process and
goals that the schools have as opportunities and strengths while the list of
difficulties shows the project’s weaknesses and threats. Looking at one school
over 4 years will help us to understand the change, especially the areas that have
changed in teachers’ practices.
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In the conclusion we propose a list of actions that can be used to meet the
challenges that can ruin the digital turn for most schools. We also propose an
area of measures where the digital turn is the most visible.

Keywords: Digital turn � Digital skills � Innovation at schools

1 Introduction

Digital media, digitalization and e-learning changes our behavior, transforms the way
we do and experience things, work life and also education [28]. New literacy practices
are arising that will benefit from current solutions in many fields [20]. Trends of the
internet shows us that computer-oriented solutions are designed ‘one size fits all’ (like
television) rather than more interactive ones (see also Gilster [7]).

Digital divide is not only a challenge of old vs new generation, it also lurks between
students - over the years, there are many interesting studies pointing out that tech-savvy
students rely more on internet to finish homework or experience social interactions
[14]. Whether today’s students learn differently or not is heavily debated - while
common understanding is that “world and learning has changed”, some researchers
point out that it is not so [26]. At the same time there are socio-economic issues
stemming from background and culture one comes from [10]. The PISA study also
looks at connections between background and academic results and they show that this
key difference is present in some countries, while in others (like Estonia) it is not that
problematic [24].

In Estonia, some interesting discussions have been taking place over changed
learning and teaching in the context of development of national curricula. Challenges
that have been pointed out are related to student’s focus, skills of planning, commu-
nication and presentation skills, problem solving, and motivation [14]. The Estonian
Lifelong Learning Strategy provides guidelines for schools to emphasize students’
special needs, cooperation with the industry and digital skills [5]. In 2015 there was
coexistence of different learning theories at schools - some teachers lean towards older,
more traditional approach, others being more liberal. The need to train teachers in both
technological and theoretical aspects of learning has been stressed [1].

1.1 Situation in Estonia

1.1.1 Strategies
In Estonia, the sights have been set to the period of 2020–2050, attempting to predict
what will happen in the world and what kind of students/workers will be needed by that
time. At the same time, strategic plans and scenarios are often developed thinking of
only near future, or even according to political election results. The Estonian Lifelong
Learning Strategy mentioned above is one of the key documents that all of the
stakeholders have agreed with. It includes ideas of changed learning, relearning and
unlearning; motivating school leaders and teachers; benefits or effects of lifelong
learning on workforce, digital turn and equality. Another strategy that focuses more on
knowledge-based Estonia states that it is important to have good-quality, diverse and
internationally competitive research sector to support economy and society [25].
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The digital turn focuses mostly on schools improvements - there are many work-
groups that discuss digital literacy skills of the students and teachers as well as ways of
measuring them. For example, the EU Commission has published guidelines that all
states can use to compare digital skills [6]. The Estonian Ministry of Education and
Research website contains the Digital Turn Programme 2015–2018 that points out three
directions: digital culture integration with teaching and learning; development and
accessibility of digital teaching materials, and equipping the schools (network and
technology) [4]. The Information Technology Foundation for Education (HITSA) has
assured that they have means and goals to improve digital skills on every level
(kindergarten to university), are able to support special digital education needs at voca-
tional and university level and maintain the information system and structure needed [9].

1.1.2 Research
Research involving Estonian teachers, students and digital skills gives us a controversy
- student’s state that teachers do not use technology in class and teachers disagree. The
common issue is that teachers in fact do use a lot of technology to prepare lessons and
use presentation tools, but students in the classroom are considered active participants
allowed to use technology. Also from TALIS research [29] we learned that school
leaders are not that worried about lack of possibilities concerning computers and
software. It is confirmed further when we look at the PISA 2009 [17] and PISA 2012
[11] results suggesting that school leaders do not see digital improvement as a priority
task for their schools.

Overall the national curricula from 2012 supports digital technology use at schools
and points out that every subject has its own commitment. For example, study of
languages (Estonian, English, Russian, German or other) is meant to introduce digital
communication tools, translation, using forums, email, social networks and blogs, and
textual analysis; mathematics is to also promote cooperation, using different statistical
programs, simulations and models, visualization and research; national sciences
(Estonian language, history and culture) should include maps, videos and use of
learning environments; social sciences should support individual or group activities,
international cooperation, diagrams and data analysis; art and music are also obliged to
teach about online museums, archives and databases, Creative Commons, sharing data,
creativity as 3D, video and animation; and finally, informatics (which is voluntary)
should focus on virtual identity, web meetings, wikis, podcasts, internet safety and
security etc. [18].

The Digital Turn workgroup at the Ministry of Education and Research has also
asked Norstat to survey teachers, students, parents, school leaders and local authorities
to understand attitudes towards increased use of digital devices at school. The results
are not published yet, but overall sentiment is that the respondents were positive about
schools starting to use more technologies (mobile devices, laptops, develop WiFi and
digital materials). There are some challenges regarding health, concentration and class
management issues, manual skills development, support and training, or cost of tools.
Also, teachers expect that the chosen solution rather leans towards using school devices
than BYOD, and government should provide free learning and teaching materials for
everyone. At the same time, students and parents are more or less interested of using
their own devices.
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Due to prominence of the ICT sector in Estonia, there are many different studies
regarding ICT students and their profession. The Tartu University study shows that 20–
25 % of all applicants are women - this ratio stays the same throughout the university
and later work life, even if the probability to get accepted is 12 % higher than for men.
The decision to go to the IT sector is often related to an earlier experience solving
problems or doing something practical like creating a website or a game; other factors
include IT lessons or personally knowing someone from the field [13]. The Praxis
study predicts IT sector developments and workers need towards year 2020 [12].
According to that, there is a need for more support, database and system administrators
and developers, a slightly smaller need is for leadership and design professions. Of
people currently active in the sector only 57 % have some kind of academic degree,
and 16 % have vocational education. According to the study, the IT Sector currently
needs 2500+ new employees (the number for other sectors combined is estimated to be
4000), of which 2/3 should be specialists with higher education. In order to raise
interest in the ICT field, many companies have started to run or support different
educational programs.

1.1.3 Supporting Innovations and Projects
‘Digital jumps’ are characteristic to Estonia. Projects backed by the Tiger Leap
Foundation have been present in our education starting from 1997. At first, the main
goals were to change the way of thinking and harness the digital world - to get schools
connected, teachers to develop their own materials and create their own training
courses, also providing teachers with laptops. Since then, the Tiger Leap has moved
into many other sectors in Estonia where innovation and change is needed. Today the
project is managed by HITSA and they offer several training to teachers and school
leaders regarding the digital turn. For example, the “Leadership in teaching and
learning process” is a school team challenge where 4–6 people (principal, main teacher,
ICT manager and teachers) set their school’s goals and solve the problems with the
help of external experts. The program lasts 6 months [8]. For teachers they offer various
trainings starting from basic computer lessons to programming and from 3D printing to
webinars. HITSA also provides support for coding, robotics and other technology use
in classroom via the Progetiiger program and runs the Digital Innovative Classroom
“Smart Lab”.

From the university aside there are two-three major players - the Centre for
Innovation in Education at Tallinn University (provides teacher training, project days
and training for working teachers), the Pedagogicum at the University of Tartu pro-
vides their own training and solutions via the Network of Innovation schools, and the
Mektory Innovation Centre at Tallinn University of Technology provides schools with
training for students and teachers about science. There is also the “Noored kooli”
(Youth to Schools) initiative that is similar to “Teach for America” in the US.

The local authority has to maintain the schools’ technical equipment and network
connections as well as provide tools and services that help to improve education. Some
authorities have stepped up to do even more. Usually they make a competition and let
schools compete for the prize money. For example, some Pärnu area schools started
their own Digital turn project [16]. Also the council of Tartu has started to test out
“open learning area” and digital school implementations with assistance from EU funds
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[21]. In Tallinn, the Department of Education initiated the “Digi-idea” project giving
out three prizes for innovative projects [22].

Likewise, IT industry has pushed schools to reach higher quality standards and
activeness level of changing the education and implementation of technologies. For,
example, starting from 2009 Microsoft has run several projects under the aegis of their
Partners in Learning program [19]. BCS Training has a Creative Classroom project that
has been funded by Erasmus+ [3]. Samsung Baltics started several Digital Turn pro-
jects in Estonia and Latvia starting from 2014, with the common idea to train 6
members of the school (including school leaders) who will proceed to innovate the rest
of the school and community. At the end of every year, there will be a prize of 10 000
euros for one of the schools [23]. Also, the SmartLab project that is funded by Estonian
Association of Information Technology and Telecommunications runs small-scale
projects focusing on robotics, coding and engineering education as extracurricular
activity [27].

In conclusion, there is a drive from the industry as well as from the government to
make education more digital and innovative. Yet, schools are worried about possible
setbacks. We have followed the Samsung Digital Turn schools project over 2 years in
order to find out which steps have the schools taken to implement various technological
and theoretical aspects, what are the challenges, how to measure success, and what are
suggestions to others.

2 Methods

During the last four years, we have seen different ways for schools to handle the digital
turn. In this study we have collected data from experts to learn about current chal-
lenges, also looking at project proposals addressing the digital turn prepared by schools
over the last two years and the published results and changes from a number of schools
over several years.

Our aim is to find out:

• what are the first steps when they start to implement changes, what do they envision
to be the catalyst for actual change?

• what are the changes that can happen in one school over 4 years?
• what are the common mistakes and problems that experts point out in the digital

turn projects and how to avoid or solve them?

The first answer could be found through qualitative data analysis the Samsung Digital
turn projects from 2014 and 2015. In this project, 109 schools applied (43 first year, 66
more schools joined later). The application consisted of information of their activity
level in digital turn preparations, their dream project for 9 months. Every year 8–12
schools are chosen for the full training program and competition where the first prize is
10 000 euros. The program content and training is provided by Tallinn University
experts - professors, lecturers and researchers. We also we studied the published data
from three schools that have documented their digital turn over several years. These are
large (over 700 students) schools from all over Estonia, known for their innovation and
digital drive. The data was collected from their websites.
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The second question was answered using input from ICT technologists, ICT
managers, school leaders and active teachers that participated in open discussion about
“what are the 7 mistakes that school can do regarding digital turn”. Their ideas were
collected in 7 days using a social media discussion board. Everyone was able to say
something, comment others’ sayings and ask questions. 26 people shared their
thoughts, 12 of them provided a full list of difficulties. The respondents were identified
(rather than anonymous) and they were experts in the area. We annotated given sen-
tences using Open Coding method 2–3 people and analyzed the results using grounded
theory to discover categories [2].

3 Results and Discussion

The results show that the schools that joined the project during its first year were
already active or very active in the field, while 19 % of the late joiners were newcomers
(no previous significant digital turn project experience). It should be noted that there
was no visible correlation between the schools overall activity level in digital turn and
technological steps like implementing online shared folders, mobile technology usage,
public WiFi, also the size of the school did not matter.

Thus, while all the applicants had good idea what should be done to implement 1:1
computing, using and developing digital materials or creating more student-centered
learning processes, there was difference regarding BYOD - most active schools were
more willing to test out new gadgets brought in by students and implement them into
everyday schoolwork.

The more active the school was in digital turn, the more higher and complex goals
they were aiming at. Less active schools wanted to solve extracurricular and informal
learning related challenges (setting up a robotics lab, improving WiFi quality in library
etc.), while the active ones focused on more general categories like international
relations, value-based learning, immersive language learning, qualitative feedback,
developing their own materials and learning systems etc.

We also found that the manageable amount of students participating was in the
range of 50–350. Thus small schools were able to engage in whole school projects,
larger ones had to focus on a specific age or area group.

Most popular topics in 2014 were development of e-learning materials and using
mobile technology, but also creating videos, cross-curricular activities and systemati-
zation of technology usage and improvement of digital skills of the students. In 2015
the focus shifted to teacher training and most important keyword was digital skills of
teachers and students, but also learning stories, community involvement, nature trails
etc. Thus we notice an evolution - at first they started with narrow, specific require-
ments, moving ahead to the community level later on. A follow-up of the three schools
from a year after the Digital Turn project can be found at https://goo.gl/jkp7uv.

The second part of the study looked at the mistakes preventing the digital turn was
the topic of a discussion involving school experts (mainly educational technologists
and ICT managers, but also school leaders and active teachers), the main outcomes are
listed below:
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• Lack of resources - while the problem seems to be endemic in education, it is
possible to find funding for digital turn activities if supporters can see the actual
impact. While there is a need for mobile devices, new PCs, software and net-
working to start the digital turn project, schools make the abovementioned mistake
of ‘thinking too small’, stating the specific need but failing to show its greater
impact. Many schools obtain technology sporadically (“we have the sum X and
have to spend it by the end of the year”), the fact that most local authorities are
unaware of the actual needs of schools in their area does not help either.

• Technology malfunctions resulting from misuse - most smart gadgets of today
are meant to be personal by definition, yet many schools designate e.g. tablets to
common use (citing their small numbers). There are several maintenance issues that
makes the school-owned tablets a security risk. This kind of “digital communism”
results in devices being unmaintained (“if it belongs to everyone, who should care
for it?”), there is also a serious lack of guidelines and lists of which applications
should be used and which ones avoided. In addition, school WiFi networks are
often designed with small loads in mind (as small is cheap) and do not handle the
spiking workloads from BYOD well (e.g. a network designed for 120 users is
actually used by 400).

• Missing support - this includes several aspects from general school management to
tech support to training. This is exacerbated further by serious overload of teachers -
as they are supposed to use their leisure time to familiarize themselves with the new
technology, lack of support will result in ‘dropping the ball’, disillusionment and
letting go.

• Teachers are not on board - due to the reasons mentioned above, many teachers
are afraid of ‘rocking the boat’ - both fearing the unknown and an ever-increasing
overload play a role here. Many teachers do not own the devices, using a shared one
at school has but a limited training effect. Due to this, many teachers are actively
against any increase of digital technology at school.

• Lack of community involvement - as digital skills and knowledge of students
often exceed the teacher’s, they will sometimes ‘test’ the teacher during classes or
switch to other activities as the teacher is unable to manage the situation. One
solution to instill the proper ‘digital etiquette’ could be at home, but parents often
display the same symptoms as teachers (no time, ignorance and negativism, fear of
costs etc.).

• Immeasurable benefits - this is possibly the most important factor in understanding
the obstacles of implementing digital turn at school. Currently the impact mea-
surement has mostly been limited to quantitative aspects (number of devices, speed
of networks etc.) while it should become much more qualitative (impact on
learning, changes of attitudes etc.).

• Other issues - this was the area with many different variables, e.g. school culture
and its effect to the change; understanding of national curricula goals; digitalization
of the sake of digitalization; going digital for a campaign not because there is a real
need. Also some schools said that they are not motivated by being average in the
field as then they will not benefit as much (as most projects and funding go to the
‘stars’). And there is also lack of constructive criticism - while nobody dares to say
that is a “bad thing”, the discussion moves to the level of “is it for me” (in short, the
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question is whether the digital world is ‘just for geeks’ or everyone). In comparison,
looking at the government programs and strategies, all of them assume that the
matter is long settled.

We see that Estonian schools are quite independent in the things they do - they look
for guidance from outside partners, national curricula and strategies, but decide their
actions by themselves. The challenge is that also the teachers are so independent that
sometimes even the school leaders and school goals can be overruled. This means that
attempts to do the rapid digital turn by forcing it with strategies, programs and events
(and even money) has a short-lived effect. So the key is to find a common ground with
the schools, let them choose their own path and set the overall goals. If the schools get
more people on board the chance to succeed is much greater than if starting alone and
doing the digital turn with just a small group of people.

We have formulated the following suggestions:

• Governmental stakeholders and ministries should analyze strategies and the
curriculum, refraining from politicizing action plans. For all important decisions,
clear communication should be provided about where the funding comes from,
what are the metrics and what are the expected roles for all sides. Partners on all
levels should be included in this.

• Local authorities should accumulate knowledge about governmental level strate-
gies and possibilities and share that information to school leaders in their area.
Again, these activities should be inclusive, involving not only the top schools but
also less successful ones.

• Industry should provide insights about future developments, employment and
expectations to future employees. School need help in determining the goals and
developing curricula, especially from practical perspectives.

• Universities and research facilities should provide academic insights of the
development in schools and analysis of both positive and negative trends. They are
essential in supporting schools in becoming able to develop the ‘big picture’ and
setting the goals larger than just ‘improve the WiFi in cafeteria’.

• Schools should focus on plans that are not only directed to acquiring technologies,
but to change and develop learning communities and culture. They should strive to
train teachers, students and parents about future learning perspectives and benefits
on the school level.

• Teachers should become more welcoming towards new learning methods, seeing
beneficial tools and methods that can be used to activate students. They also should
provide an example by being lifelong learners themselves.

• Students and parents should strive to be part of learning culture rather than
bystanders or opponents. Inclusion from both sides is the key.

4 Conclusion

In carrying out the digital turn, the most successful schools are dealing with the human
resources. They discuss issues and developments with the wider community – their
goal is to include everyone and aim high. Lack of technical resources can be dealt with
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the help of industry, local authority or various projects. A more difficult problem is the
learning community and ideas about the curricula where new and old way of doing
things clash. In order to solve them, a balanced approach is needed where all involved
sides will be able to contribute. We set goals to explain obstacles and solutions to the
digital turn program in Estonia and we have accomplished that by including real digital
turn best exemplary schools stories and ICT technologists, ICT managers, school
leaders and active teacher’s ideas about what is wrong and how we can fix it inside out.
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Abstract. The paper presents institutional experiences between three higher
educational institutions of national excellence in India who were collaborating in
the creation of a digital learning environment for Design in India undertaken
under as a project under the Government of India funded project ‘National
Mission in Education - through Information Communication Technology’
(NME-ICT).

Keywords: National Mission Project in Education � Design education �
e-Learning � Higher educational institutions in India

1 Introduction

To face the challenges of the emergent knowledge economy, the Ministry of Human
Resource Development (MHRD), Government of India, brought focus on the education
sector into a national mission mode in early 2009. It formed an expert committee to
formulate the broad framework for reforms necessary for the education sector and
announced the ‘National Mission Project in Education through Information Commu-
nication Technology’ (NME-ICT). The objectives of this project were to be met by
developing suitable pedagogical methods of various classes, intellectual calibers and
research in e-learning and outline curriculum for the different knowledge in a sys-
tematic and unambiguous manner following well established pedagogical principles.

The committee laid out guidelines and invited leading Higher Education Institu-
tions (HEI) to participate in development of courseware by proposing the following
terms of reference:

1. It outlined the composition of the course design and development team and
methodology to be followed.

2. Course content was to be delivered through a dedicated web portal specifically
developed for this purpose.
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3. The inclusion of faculty members from partner institutions was strongly
recommended.

4. Deliverables expected of the course team was articulated under the heads related to:

– Curriculum Design activities.
– Curriculum Development activities.

The learning out-comes was based on specifications and guidelines outlined in the
Washington International Accord on Education.

This paper presents the outcome of one such project undertaken under the
NME-ICT project. It focused on the domain of Design Education in India, the contents
of which are available on an e-learning platform called D’source (http://www.dsource.
in). Its relevance must be considered in the context of the current status of Design
education in India and the importance of the need for such an online platform in design
learning for prospective learners. It envisaged that it would add value to design edu-
cation and contribute to the growing demands of the creative industry in India.

2 The Case for Creating Digital Learning Environment
for Design Training in India

2.1 Design and the Creative Industry in India – Some Facts

The India Design Report 2011 published by the Confederation of Indian Industry (1),
highlights an overview of the evolving nature of opportunities amongst various sectors
of Indian Industry. The services extended by creative industries in India include visual
communication design, product/industrial design, digital and multimedia design and
needs of the vast social sector.

Leading Indian industrial houses meet their needs by sourcing in-house design
talent, of design firms from abroad or from amongst these freelance design firms
located in metro cities. There is increasing acceptance amongst Indian industry that
investment in good design means good business. However the vast MSME sector in
India still offers a vast potential for design intervention and needs design services to
make them competitive.

The acceptance of Design as a contributor for industrial growth is reflected in the
setting up of the India Design Council (IDC). The Government of India (GoI) has now
put in place a National Design Policy document and a plan towards its implementation.
Design Education forms an important focus in the National Design Policy. IDC has
instituted the India Design Mark as a symbol of Good Design. Over the last few years
there is seen an increasing trend in Indian manufacturers seeking recognitions for the
India Design mark for their products.

2.2 Design Education and Professional Designers

Till early Nineties the National Institute of Design in Ahmedabad and the Industrial
Design Centre, IIT Bombay in Mumbai were the only two leading Design schools in
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India. In the three decades since then, there are nearly 30 Design Schools and over 100
commercial art colleges in India that offer different domains of specialization. The
number of professional designers, around 8,000 in number, is still very small. This
number is expected to grow exponentially in the next few years. It is probable that India
will have over 200 design colleges by 2025 and over 1000 by 2030. Clearly making a
case for supplementing training inputs through alternate channels such as ICT enabled
synchronous and asynchronous modes of e-education.

To bridge the wide gap in knowledge dissemination in the design education
domain, three of the leading institutions viz. National Institute of Design (NID) through
its Bengaluru Centre; the Industrial Design Centre, IIT Bombay at Mumbai and the
Department of Design, IIT Guwahati located at Guwahati in Assam came together to
form a collaborative alliance and share its wide learning experience in Design Edu-
cation. Geographically these institutions are located in South, West and North East
region of the country. It was agreed that each Centre would act as the coordinating lead
institute at each of these geographical locations and invite associate institutes to share
their courseware in its efforts to generate content planned for the diversity of this
ambitious pan-Indian coverage.

3 Planning the Design Content for the e-Learning Platform

The term ‘Design’, has over the past years, gathered many dimensions and definitions
within the folds of its discourse. Considering that the nature of the profession has
evolved to be multi-disciplinary and inclusive of a number of new fields of expertise,
the plan for generation of content for on-line learning has necessarily to be broad based
and divergent in terms of content. The need for an approach to introduce the concepts
and approaches in ‘Design Thinking’ is articulated in the recently published Design
Manifesto (2), which suggests that with inter-discipline convergence as the new
paradigm, there is an urgent need for an introduction to the design thinking across
various educational streams.

‘…An interrogation and re-imagining of academic processes and structures, curricu-
lum and pedagogy for enriching the existing design departments as well as the engi-
neering, sciences, architecture, humanities and management streams within Centrally
Funded Technical Institutions (CFTIs)’.

The aim and objectives of on-line education platform in design should therefore attempt
to complement and enhance learning that these centers of learning offer and should at
the same time meet the national objectives.

Drawing from the Design Manifesto, it was decided that the design content required
highly porous boundaries between established disciplines and design, and the content
should aim to position design thinking as a cognitive process central to all disciplines.

3.1 Statement of Objectives

The overall objective outlined amongst the collaborating partners was the creation and
development of new learning environments related to Design that would provide
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greater access and enhancement to acquisition of critical knowledge, skills, and abilities
for economic and social development in our country.

These initiatives will be based on the use of information and communications
technology in the development of digital online content for learning Design with
distance e-Learning programs on Design.

The main activities under this heading would be to:

a. Create online content for design learning through documentation of lectures, design
exercises, design explorations, problem solving activities, and design process and
design projects.

b. Create systems for online learning through distance education using suitable
medium of instruction and ensure that the distance learning and dissemination of
knowledge could be thorough the Internet with access to many media formats –

video, documents, etc.

The dissemination could also be through synchronous live transmission of lectures,
case studies and briefings through satellite TV transmission mode.

The content creation would be a joint initiative taken by co-ordination amongst the
three partner institutes who would draw out a plan of action for carrying out the project
activities.

3.2 Social Networking for Higher Learning with Collaborative Learning
Space for Design for Synchronous and Asynchronous Interaction

The benefits of collaborative learning that can be expected from the use of group work
are widely known but rarely practiced. These are academic, social, and psychological
in nature and include factors such as building self-esteem, reducing anxiety, encour-
aging understanding of diversity, fostering relationships, and stimulating critical
thinking.

The Internet seems to provide an ideal environment for exploring new forms of
collaborative learning. The project aimed to research, experiment and build an online
collaborative environment for learning applications on the net applicable for design
learning.

The main activities under this heading were to:

a. Create a social networking platform for design learning that should have the
potentials to get students interested in creating and building an environment for
exchange of information with respect to design learning.

b. Create a collaborative space for both Synchronous and well as Asynchronous
design learning that could be used to create problem-solving topics with both the
teacher to students, students to students and teachers to other teachers being able to
interact collaboratively.
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3.3 Digital Design Resource Database Including the Craft Sector

The main activities under this heading were to:

a. Create systems for the documentation of existing knowledge of design and crafts
both in the formal as well as in the informal sector. The documentation was planned
to be through video, photos, documentaries, interviews, case studies, sketches,
digital mappings, etc.

b. Create access to digital design resource database that will make information
available to more numbers of people located in different places as well as enabling
the access of this information at different times. Termed as a “virtual” or “digital”
design resource database, this will have the capacity to allow the user access to
information in multiple formats and media, independent of their physical location or
ownership. In an efficient way it could help in the transformation, the generation,
the storage, the dissemination and the management of knowledge.

4 Methodology

Prof. Ravi Pooviah as the Principal Project Head outlined and submitted the project
proposal to the NME-ICT. Prof. Ravi Mokashi Punekar as center coordinator from the
Department of Design, IIT Guwahati and Prof. Bibudatta Baral as the center coordi-
nator from the National Institute of Design, Bangalore center joined as participating
members of the partner institutions. Budget outlay proposed included salaries for
project and administrative staff to be engaged on the project; space requirements;
Equipment including video, photography and computers required for setting up the
e-kalpa labs for each center. In addition the running costs and institute overheads were
also factored in.

It was agreed that the administrative center for managing the web portal and
integrating the contents submitted by the three centers would be the responsibility of
the Industrial Design Centre. A common template for submission of content including
visual documentation was agreed upon. Creative freedom was built into the approach to
the study, based on the nature of the course content and diversity of the subject to be
covered. It was agreed that the content should have a pan-Indian coverage. This would
help to cover subjects that typify the rich diversity that is India.

Each center was free to build its own team and engage resource people and subject
experts to cover the diverse domain of design including product design/industrial
design; basic design; visual communication and new media; human factors; design
methods; design management etc. Studies in craft documentation would be field study
based with emphasis of documentation of the community of craftsmen, their making
process, study of design elements etc.

Each center coordinator will build a network with other professional institutions,
designers/subject experts from the region and be responsible in planning, execution and
delivery of content. All contents will be sent to the e-kalpa lab at the Industrial Design
Centre where it will be suitably adapted for uploading on the website to be created and
administered. The web site was named www.dsource.in.
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5 Results

The collaboration between the three partnering institutes has resulted in a unique
collection of pan-Indian Design learning content being made available on an open
platform at the web portal www.dsource.in. Presented below are specimen screen shots
of the portal (Fig. 1).

Nearly 15 subject experts, 25 faculty members, 30 project staff, 50 Design graduate
students, 85 ongoing students from the undergraduate and graduate program and nearly
150 craftsmen have contributed content available on this website.

The content generated with an ‘India Centric’ focus is reflected in all its rich
diversity of content categorized under the heads:

Courses: 85 courses have been developed in the form of modules from the domains of
Design fundamentals (12 Courses), Graphic/Communication design (15 Courses),
Animation design (28) courses), Product design (13 courses), Interaction Design,
(7 courses), Design related other subjects (10 courses).

Resources: 235 field based documentation of the living traditions of handicraft and
handloom practices of India have been documented making it one of the rich online
visual inventories available on the subject.

Case Study: 85 design projects and experiments in creative learning undertaken by
design students and faculty have been documented highlighting the design method-
ology followed in creative problem identification and solution seeking. The viewer gets

Fig. 1. Screen shots from the site www.dsource.in
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an idea of the engagements and pre-occupations of design interventions that occupy the
cross section of Indian designers and its relevance to the Indian society at large.

Showcase: 15 field based documentation of professional practice and entrepreneurship
of Indian Designers work and their professional experiences in the field showcase the
challenges and success of professional work offered to the creative industry in India.

Gallery: 600 different subjects, each containing 12 photographic images each with
supporting descriptions has been generated through crowd sourcing. It captures the rich
visual diversity of the land and the visual sensibilities of its people in every day life
surroundings.

Videos: 45 video presentations capture impressions and inputs of various people and
personalities, methods and process, tools and design assignments as live demonstra-
tions are presented in this section.

The web portal was launched nearly 30 months ago. Nearly 45.0 gigabytes of
content has been uploaded on this site. Analytics indicate that the site receives nearly
12000 page views per day, 300000 page views per month. It has 30 % return viewers.
The website is visited by both national (68 %) and international (32 %) end users.

6 Institutional Collaborations for Content Generation – Some
Insights and Conclusions

The success of the project is reflected in the increased awareness to Design reflected
amongst prospective students who apply for admissions to the various design schools.
Most of them have visited the site. A national level admission test is being administered
amongst the design schools called (UCEED) for undergraduate admissions and
(CEED) for graduate studies admissions. The number of applicants to these programs
has significantly increased reflecting increased awareness amongst the applicants to the
opportunities in pursuing Design profession as a career choice.

There is a steady flow of e-mail enquiries requesting for contact of the craft clusters
for prospective business. These include exporters and inland retailers. This points to
opportunities amongst crafts community for better returns to their craft.

Nearly 50 faculty members amongst the different design schools refer to the content
on this site for teaching. The content is used for short training/awareness programs for
industry professionals/executives. It is being showcased during national and interna-
tional conferences and exhibitions.

The project outcome has received a very positive response from the MHRD who
have now approved that this project should be further scaled up and the work continued
during the second phase up to year ending 2017.

There is also need for critical review at this stage for identification of some course
correction in the approach undertaken so far and future directions to be pursued. The
medium of communication is all in the English language. This is both strength and a
weakness. Firstly the reach is global and large international and national audiences who
speak English have access to the content and benefit from it. But India is a land with
nearly 23 official languages. Imagine if the medium of communication can be made
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available in all the Indian languages, the impact and reach it can ascertain. It will be
phenomenal and this needs to be done. Following conventions of a standard educa-
tional model the courses can now be regrouped and formed into domain specializations.
Assignment sand a model of assessment needs to be aimed for. This will enable
possibilities of offering recognition to new educational program through on-line
courses. In the next phase there will be a need to aim for a balance between the subject
content for each domain of specialization.

The broad contours of the present contents and their coverage is perhaps one of its
kinds in the world that has been initiated and offered through a national mission
intervention of a nation state.

Acknowledgments. The authors would like to acknowledge the contributions of all faculty
colleagues, resource persons, project associates who have contributed generously with their
expertise and time in the generation of content put up on this website. A large numbers of
professional designers were forthcoming in giving permission for using their case examples and
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the larger audience. Learning of craft practices from the field has enriched the project experience
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