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Preface

The 8th International Workshop on Learning Technology for Education Challenges
(LTEC 2019): How Technologies Help us to Learn to Meet Future Learning, was held
at the University of Salamanca, Zamora, Spain, during July 15–18.

The conference was preceded by one day of free tutorials for participants who
wished to learn about the state of the art of research relating to the topics of LTEC. The
tutorials were held on July 15, 2019. The conference itself commenced on July 16,
2019.

There is a shift in attitudes from having a job for life to continuous learning at work.
Skills that businesses require today are changing. Individuals that succeed in the future
will be those who adopt the philosophy of lifelong learning. A continuous learning
culture needs to be at the heart of universities and all organizations. Technology is
absolutely central to the future of the learning community, particularly as we move into
the age of the Internet of Things (IoT), artificial intelligence (AI), big data, smart cities,
and blockchain.

Businesses must work with universities to provide work experience for students, and
universities must ensure they produce the employees that businesses want. A host of
learning tools are being used as the technology continues to mature, including
personalization, gamification, social media, and micro-learning, which allows students
to absorb ideas and lessons in bite-sized information chunks. Artificial intelligence is
used to provide intelligent and personal learning for students. Virtual-reality
technology is exciting because it allows both educational establishments and
employers to prepare people in a far more engaging and realistic way than traditional
classroom methods.

Higher education institutions are changing their roles, from focusing on research and
teaching to having focus on research, teaching, and more effective learning. It is
important to investigate teaching and learning approaches aimed at empowering
students to handle their lives during their education and toward an occupational life.

Co-creative processes are a trend that is going to grow in the future, together with
the growing of interest in creative solutions for future education and organization. We
must think of universities as an “indivisible whole” in which teaching, research, and
social impact work together for the benefits of all: an inclusive system. To achieve this,
universities need to partner within their ecosystem to facilitate value creation like the
natural ecosystem. This means adopting an e-learning ecosystem.

In today’s digital world, a web of learning resources surrounds every individual. It is
an environment where in each resource connects to others, creating an overall structure
in which all learning takes place. The e-learning ecosystem is the combination of
technologies and support resources available to help individuals learn within an
environment. This new revolution focuses on agility and integration of multiple
solutions. A learning ecosystem will make the most of digital transformation using a
stack of technology to facilitate learning.



The 8th LTEC (2019) examined how these technologies and pedagogical advances
can be used to change the way teachers teach and students learn while giving special
emphasis to the pedagogically effective ways we can harness these new technologies in
education. The aim is to provide a platform for research in the very broad area of
educational technology that bridges theory, research, practice, and policy.

The proceedings consist of 40 papers covering various aspects of technologies for
learning including:

Learning technologies
Learning tools and environment
E-learning and moocs
Learning practices
Machine learning and evaluation support programs

The authors of the papers come from many different countries including Austria,
Bosnia, Brazil, Colombia, Ecuador, Estonia, Finland, France, Germany, Greece,
Indonesia, Italy, Malaysia, New Zealand, Oman, Poland, Portugal, Russia, Singapore,
Slovakia, Slovenia, Spain, Switzerland, Taiwan, the UK, and the USA.

We would like to thank our authors, reviewers, and Program Committee for their
contributions and the University of Salamanca for hosting the conference. Special
thanks to the authors and participants at the conference. Without their efforts, there
would be no conference or proceedings. Particular thanks to Dr. Fernando De La Prieta
for dealing with the websites and local arrangements.

July 2019 Lorna Uden
Dario Liberona
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The Use of Gamification Technique in Agile
Development Methodology

Rula Al-Azawi1(&), Sebastin Antony Joe1, Mohaned Al-Obaidy2,
and Jonathan Westlake3

1 Gulf College, Muscat, Oman
rulaalaazawi@yahoo.com, Sebastin@gulfcollege.edu.om

2 Modern College of Business and Science, Muscat, Oman
Mohanad.alobaidi@mcbs.edu.om

3 Staffordshire University, Staffordshire, UK
j.c.westlake@staffs.ac.uk

Abstract. Students motivation and engagement difficulties are present in higher
education. Between many technologies to increase student motivation and
engagement, we found that Gamification technique is the most suitable case.
This paper presents our experiment of using Gamification in learning process
and based on the use of the Agile methodology in-order to obtain the best results
and engagements from the students.
Applying Gamification in software engineering is not as straight to move as it

may appear. Current research in the area has already recognized the possible use
of Gamification in the context of software development. It is still an open area of
research about how to design and use Gamification in this context.
Higher education universities, especially in the Middle East are sometimes

facing problems to get students engagement and motivation as a group structure.
This paper supports the proposed idea; we presented a preliminary experiment

that shows the effect of gamification on the performance of students involvement
in a funded project from TRC (The Research Council) in Sultanate of Oman.

1 Introduction

Nowadays, motivation and engagement is a very common problem in lecturers,
especially when they don’t find the purpose of learning activities [1]. Therefore, as an
academic lecturer, we faced a daily problem to motivate and develop students skills.
Actually, learning strategies related to the use of game components look like an
appropriate contribution to the development of these skills. Thus, gamification,
understood as the use of game design and game elements in non-game contexts [2]
becomes a relevant technique for increasing student motivation and engagement. By
applying gamification into the classroom, students could be motivated to learn in new
ways or become engaged in otherwise tedious tasks [3]. According to these principles,
different experiences are being carried out [4, 5].

In this paper, we introduced the concept of gamification to show how it may be
successfully applied to the process of Agile development methodology. Our final
purpose is to improve software education/training and to improve the quality of project

© Springer Nature Switzerland AG 2019
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development for team. The aim of using gamification in Agile was to increase the
engagement, motivation and to add fun to their work in the project. The gamification
includes setting the comfort level of members in the workplace.

Agile methodology is commonly used in terms of software development by making
the building process easy and efficient, thanks to iterative and incremental tasks
including permanent testing and corrections. The attention to the human motivation and
engagement issues gives Agile projects a particular relevance.

Through our course-work experiment, the method of Gamification was applied as
Final Year Projects (FYPs). The method was deployed after the funding approval of
project proposals by The Research Council of Oman (TRC). Agile methodology has
been assigned in the project proposal as a research methodology. We integrated
gamification technology as a part of our check-points by counting the students
engagement and motivation in all Agile iteration process.

This paper is structured as follows: Sect. 2 presents the best practice for higher
education. Agile methodology and Gamification in education are sub-sections. Sec-
tion 3 introduces our framework to integrate gamification technology in Agile
methodology. Section 4 aims at explaining the findings and observations of the study.
Section 5 shows the results related to our experiment. Finally, Sect. 6 presents con-
clusion and suggestion for further studies.

2 Best Practices Recommend for Higher Education
from the Literature

In this section, we highlight various ways in higher education to enhance the pro-
duction of software and furthermore how to increase engagement and motivation of the
students.

In this experiment, the students should create a mobile application with the title
“Scientific and Numerical Miracles in the Holy Quran” using Android studio.

The following subsections are covering first, the main methodology used in mobile
application (Agile Methodology) and secondly, the new trend in higher education
learning strategy to increase students motivation (Gamification).

2.1 Agile Methodology

In mobile software engineering, we have found that Agile methodology is an appro-
priate for mobile application development [6]. Agility means having the capacity to
move rapidly and effectively. Utilizing Agile methodologies in software development
process improvement makes the procedure sufficiently adaptable to adjust rapidly and
effectively to the changing patterns and innovations. In mobile software engineering,
methodology is of extraordinary significance, since software applications are perpet-
ually changing and developing in view of quick client prerequisites. For the team
concentrated on customer satisfaction by means of advancement of a very much
composed application by methods of generation procedure. Agile methodology was
adopted. Projects were produced through arrangement of emphases called “sprints”
Projects are developed through series of iterations called sprints. Each sprint was in a

4 R. Al-Azawi et al.



perfect world a pack of low level SDLC (Systems development life cycle) forms where
a little sub highlight is driven from thought origination, arranging till testing stage,
which took around two to four weeks to finish. Short meeting were hung once a day to
talk about announcements of the group’s sprint undertakings. In our case we proposed
weekly meetings. Post sprint review meetings led to reporting the shortcomings and
improvements. It has been found that agile-scrum process is most appropriate for
project development scenarios with highly emerging or quickly changing requirements
as in the case of mobile software development.

The Agile methodology as mentioned earlier is an iterative and incremental
approach and it achieves the quality and productivity through iterations. Each iterations
of sprint phase includes a software development team working through a full software
development cycle including planning, requirements analysis, design, coding, unit
testing, and acceptance testing as shown in Fig. 1 [7].

The Agile phase approach diagram which is used by Keith [8] as shown in Fig. 2
shows that Agile methodology is based on iterations that could start new iteration
before completing the previous iteration. Agile methodologies aim to improve the
efficiency and quality of the final developments, having the ability to respond to
changes and new definitions and by providing the greatest possible satisfaction to the
final user and continuous feedback. Therefore, in contrast to traditional methodologies,
Agile relies on incremental developments with very short iterations, giving greater
value to the individual issues with high effectiveness in unclear and changeable
environments. Agile development encompasses a broad set of principles and
methodologies [5].

Fig. 1. Agile methodology diagram

Fig. 2. Agile phases approach

The Use of Gamification Technique in Agile Development Methodology 5



2.2 Gamification in Education

In this section, we have Gamification analysis as an educational technique. Gamifi-
cation appears as a good match for education [9].

Gamification is defined as the use of game design elements in non-game contexts
[10]. The most elementary gamification element consists of a rewarding mechanism
that awards people in response of the accomplishment of certain activities (also known
as challenges) that need to be encouraged.

We see gamification as using social gaming elements such as team-work, game
thinking, and game mechanics, in non-game environments (e.g. higher education).
Figure 3 shows the actual relation between Gamification concept and different types of
game. The main promise of gamification is that it gives the educator a number of
powerful and predictable tools for influencing human motivation and behavior and,
when done right, to activate various types of students in pursuing learning activities.
The main concern is to make technically and conceptually challenging courses inter-
esting for classroom of students with various personalities and skill-levels [11].

There are many reasons for this (1) Games are built on sound learning principles.
Play is an important element to provide concept of learn through play, as digital games
can provide an opportunity for play through simulated environments. (2) Games pro-
vide an environment where failure can happen without consequence, allowing learning
to happen. (3) Games provide personalized learning opportunities. As games support
the use of levels, games can provide students with the ability to learn at their own pace

Fig. 3. Relation between gamification and game

6 R. Al-Azawi et al.



and at a level that suits where they are. (4) Games provide more engagement for the
learner. Games contain the pieces necessary to engage students and help them enter a
state of flow [12], where they are fully immersed in their learning environment and
energized and focused on the activity they are involved in (5) Games teach 21st century
skills. Teaching and assessing 21st century skills frequently require exposing learners
to well-designed complex tasks, affording them the ability to interact with other
learners and trained professionals, as well as providing them with appropriate diag-
nostic feedback that is seamlessly integrated into the learning experience [13].

Gamification can be divided into two main categories: internal and external [14].
Internal gamification focuses on motivation of internal employees in some company. It
has several types of use in internal environment such as company development, Human
resource improvement and work efficiency; while external Gamification is customer-
oriented and it focuses on building strong connections between customers and a
company. Propagation is a part of external gamification when it is implemented into
web pages to motivate visitor to be more interested in a board. Education is another part
of external Gamification. It is mainly used in e-learning courses or as a part of the
software user guides.

3 Approach to a Conceptual Framework in Education
Context Based upon Agile Methodology

This section focuses on the use of game elements in Agile methodology. We have a
previous experience of using Gamification in higher education classes [15]. Our pre-
vious experiment results show a very positive feedback from students and the pass rate
was increased, as well.

In this experiment, we have created a framework to include gamification technique
in Agile methodology life-cycle. Many gamification frameworks exist in the literature
and most of them were developed with business, as shown in the bibliographic review
[16]. Gamification in learning focuses on specific experiences [15, 17]. The approach to
a conceptual framework in education context based upon Agile methodology also
presented in the literature [5, 9, 14, 18].

In Agile, gamification is often used as part of release planning [19]. The release
planning requires a high level estimation to give the business an indication of what
stories to include in a release and how to prioritize them. However, when faced with the
need to produce an estimation, the team were spend a significant amount of time,
discussing the low level detail, and how the story would be implemented, rather than
giving an estimate. These discussions were often only of interest to the development
team, or sometimes specific members of the development team, with others in the
meeting quickly losing interest. The release planning session was used to estimate and
prioritize many stories [9].

From the previous definition, we have noticed that gamification is a great tool to
increase peoples interests. That is why game became very common to use in Software
Engineering as well as our experiment used same concepts of Agile methodology
and we added the gamification technique in the proper phase or iteration in Agile.
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For the followings, we explained some of the game concepts and how we have inte-
grated in the Agile methodology life-cycle.

1. Team profile
It is important to the team to understand that team success can always be a good
motivation element for all team members. Each team member can publish their
profile status, results and evaluation, gain experience point, team velocity, gain
budget, etc.

2. User profile
Since we are dealing with mobile application, it is important to know some of the
main data such as contact information and relevant information expertise, skills and
user feedback.

3. Experience points
With the end goal of users motivation, exertion spent by utilizing Agile structure
must be compensated. Picking up experience points is an exceptionally valuable
method for users evaluation with the end goal of reward framework. Experience
points should be received during whole development process for teams achieve-
ments. As an inspiration apparatus, experience point ought to be increased just for
significant exercises. Framework gamification is intended to contain these point-
gaining possibilities:

a. Points for work time
Teams and their members get experience points for every week for work in the
environment using Agile framework. Prototype is designed to give every person
2 points for every week spent in the team assigned to some projects.

b. Points for finished user stories
Every user story should be evaluated, with its completion being rewarded. Main
parameter of this evaluation type is sum of really finished (state Done) user
stories compared to sum of user stories planned to be finished during current
sprint. Both team and its members get 0 to 5 points according to ratio mentioned
above for every week spent in previous sprint, after it ends.

c. Points for efficient work
If sprint ends and all finished user stories from sprint backlog are approved by
product owner, the team gets 1 point multiplied by average product owner
evaluation of customer satisfaction for every week of such sprint.

d. Points for integrated work
Each team member is responsible to integrate his/her work with other team
member in a Drop-Box file. For each correct integration activity they get 1 point.

4. Progress bar
People always like to see their progress in visual forms and not just as a number, so
the framework should also contain a progress bars which display how much
experience points user/team currently has and how much points are left.

5. Badges
Team evaluation by experience points is a good approach; more can be done more for
their motivation increase, such as system of gaining badges for some achievements.
There exist lots of opportunities, for which users and teams can gain some badges.
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Badges are evaluated regularly as mentioned at every badge description. Gamified
Agile framework should contain at least these team badges:
a. Hard workers

All sprints of given team in last semester have been completely finished (with no
undone user stories), evaluated once at the end of each semester.

b. Stable workers
Velocity of sprints in the last semester, evaluated once at the end of each
semester.

c. Completion masters
All user stories of one project has been finished before end of the project,
evaluated after end of the project.

d. Customer importance
Product owner is satisfied with the team work, evaluated after end of the project.

6. Attendance holder
Team average attendance. Evaluated once at the end of each semester.

7. Team leader board
Agile is based on the rule of team as an individual. People are typically motivated
by comparison with others, so the prototype should contain leader board which
compares results of all teams.

8. Rewards
It is really great to have a system, which can show differences in efficiency and
work effort between people and teams, but all of that is only in virtual world. For
better motivation of all members of development teams, there is also a need of some
tangible thing they can get.

The main purpose of this experiment is to integrate gamification into Agile
framework in a way that it increased the motivation and engagement of all the team
member. We have selected Agile because it is defined as a way to increase motivation
among the whole team as a unit and gamification to motivate individual team member.
In our experiment, each student should submit two products. First, as his/her individual
work to be evaluated as a final year project. Second, an integrated project with other
team member as a FURAP (Faculty Mentored Undergraduate Research Award Pro-
gram) scholarships are granted by The Research Council of Oman (TRC) through
higher education institutes, colleges and universities in Oman project. The challenge
was how to evaluate both products in a separate measurement procedure. A team
member should communicate with other members and at the same time, must be
careful about submitting similar projects.

For motivation increase, we have used the following modification and its gamifi-
cation improvement:

• Unit tests
Unit tests are good for fast and efficient software development. It can improve team
effort to maintain framework rules and it can be based on their importance.

• Test-driven development
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uses a very simple process for test creation and product implementation. This
process can be very easily adapted on creation of unit tests and helps to maintain the
order and clear work-flow.

• Pair programming
Pair programming belongs to often used development methods in Agile approach. It
has several advantages such as increase in the team members substitutability, more
educated employees with wider knowledge and more efficient development with
fewer mistakes.

4 Observation and Finding

This section tends to discuss our observation in applying Agile Gamification in this
mobile project and the practical experience faced in developing our Android applica-
tion. Today’s smart phones support many different programming options. We focused
on the Android platform, since it is one of the most prominent platforms so far [20],
with the largest number of available devices [6].

The present study aimed at finding suitable answer the following questions

(1) Can gamification used with Agile project and improve the tracking of Agile?
(2) Can gamification improve the efficiency of the team and what are the impact

on the team motivation?

There was a positive result of our experiment. Our observation has focus on four
main areas:

1. Engage
Adapting gamification in the different phase of Agile methodology life-cycle
increases team engagement. Students notice that their individual work will be
integrated with other team members work and this issue increase their challenge to
submit high quality work. We have noticed that engagement has been increased in
the integration activities. For those activities, we propose target environments such
as dealing with same Android studio version and using Drop-Box to store the latest
integrated version of their practical work.

2. Train
The final objective of the study was to improve both software education and
training. In addition we aimed at improving developments activities frameworks.
Actually, using pair programming increases training among the team members.
They have created also Whats-up group to share their knowledge, information and
to support team member to solve any technical issues.

3. Monitor
It was a confusing task to be a student supervisor and at the same time, a team
leader for group project. This was the main reason to search for a technique to be
assisted in that complicated task. The gamification technique facilitates the monitor
tasks and gave us an easy indicator to monitor the students behavior and perfor-
mance both individually and as a team work.
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4. Motivate
Points system and rewards with points increase the students motivation. Further-
more, level access and power increase their achievements. For example, students
may get access to additional materials. As the project was funded, budget was also a
reason to increase students motivation, since this was the first time for students to
avail funds for their work.

5 Results

Finding of the experiment revealed several benefits of using Gamification integrated
with Agile methodology through Android Studio. Some examples may include
(a) project risk minimization, (b) better productivity, (c) High range of quality assur-
ance, and (d) on-time project release.

Our basic idea was to develop a light weight mobile application as shown in Fig. 4.
We have achieved the requirements to be easy to use and understandable in two
languages Arabic and English. The software is still under the evaluation phase with
different customers. Our application is available on the Google store under the name
numerical and scientific miracle of Quran and the application icon and link shows
below: https://play.google.com/store/apps/details?id=cm.exa.admin.nnq11848alkhatab

The team members in this experiment got the highest marks in their final year
project grade in comparison with normal students.

Fig. 4. Mobile application environment
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6 Conclusion and Future Work

Several research about gamification success in driving desired behavior already exist
[21–23]. Gamification does not necessarily mean success [24]. It also depends on the
form of gamification integration, used elements and target domain.

By using Gamification Agile in our experiment, we have been able to increase
students engagements and motivation and increase the project quality. Finally, it gave
us a good benchmark to evaluate team individually and as a team work. The application
was developed using important features from (Agile), technique from (gamification),
and software application by using (Android studio).

The Mobile industries need to adopt software development methodologies that
provide a balance between market-oriented and technical activities in order to sustain in
today’s market.

It is conceivable to enhance the current experiment by augmenting the project and
running it over a more extended period. Through this approach, the information could
be analyzed crosswise. This would in turn diminish the probability that the outcome
was identified distinctively A further augmentation to this would run the gamification
in more than one group.

Another area of research would be searching for a way to acquaint observing with a
group in a convincing way. As talked about in the evaluation, the group profited from
exact estimation of the venture, yet at the same time opposed observing to help them to
accomplish exactness. In summary, education and gamification turned out to be good
fits. Gamification helps to increase the engagement in a fun way.

The aim of this paper was not only to report on the outcomes of the research
project, but also to describe our experience with an approach for a teaching and a
learning method.

Acknowledgment. The authors would like to thank Raya Al Hajri, Majed Almaqbali and Al
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Abstract. This paper explores the impact of the use of Artificial Intelligence
(AI) it the dyslexic student’s learning process in higher music education. Music
involves almost every cognitive ability: not only the auditory and motor systems
involved in perception and music production (performance), but also attention,
memory and learning, language, social intelligence, creativity and (last but not
least) emotions. It is important for teachers to understand the different cognitive
abilities and challenges of each student to help him/her to reach the aims of the
learning process. It is necessary to avoid over-fatigue and psychological distress
of the student that can lead him/her to the loss of confidence and personal
motivation. The paper investigates the educational implications of the use of the
software CAMA (Computer Added Musical Analysis) designed with the explicit
purpose of managing the student’s motivation in order to promote effective,
active, efficient and satisfactory learning. Finally, some challenges for teachers
of Musical High-Schools in the adoption of AI-technologies are identified and
further directions for research are explored.

Keywords: Artificial Intelligence � Dyslexia � Intelligent tutoring system �
Learning motivation � Music education

1 Introduction

Many, perhaps too many, words are written about the concept of Artificial Intelligence
(AI) with the paradox that many people do not understand their meaning and impor-
tance. Technology based on Artificial Intelligence is a part of our everyday lives and it
is also changing the way we acquire information, think, work and learn. Indeed, among
its main objectives there are the ones related to simulating on a computer the cognitive
process [1, 2], behaviour [3], the human brain relationships [2, 4], so as to better
understand the human mind [5–7].

The recent Artificial Intelligent Technologies (AIT) attracted the teachers’ attention
for their potential to enhance traditional teaching and learning methods and improve the
learning process quality. This kind of technologies make it possible to personalise the
learning of the students on the base of their needs [8, 9]: every student learns differently
and technology may allow teachers to meet the students’ learning style on a case-by-
case basis [9]. AIT represents a support for students with learning disabilities and it
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helps them to reach the learning goals by individualized training and focusing on the
area which they need to improve [10]. In this way it could be possible to increase
student engagement, motivation and therefore independence in carry out a task
[11, 12]. AIT can support and help the student’s participation with learning disabilities,
overcoming the barriers created by traditional educational methodologies: they are one
of the most relevant elements for the realization of an inclusive pedagogy [13].

The use of the AIT must be done with responsibility and critical sense from both
teacher and student.

It is the responsibility of every single teacher, for their own discipline, to under-
stand what technology is better to use (to help students to reach their academic goals) in
relation to the class group [9], and on the base of the individual strengths and needs of
each student [14]. The presence of dyslexic students imposes on the teacher the need to
have knowledge of the technology developments and reflect on what effects these
might have on their learning process.

The teacher has to find the right balance between providing direct instruction (or
texts, notes, examples, exercises, …) to improve areas of weakness and the use of AIT
to compensate for the identified learning difficulties. The teacher must verify: (1) that
their use helps the student in the learning process and allows him/her to become more
independent [15]; (2) if the student has the prerequisite skills necessary to develop a
learning strategy [16]. This means that in some periods of the learning process, the
teacher should work in cooperation with the student to be sure that he/she is learning
and able to use the strategy in different contexts. At the same time this collaboration
work provides the teacher the possibility to know the student understanding and
supplies the necessary information (corrective feedback) to him/her in order to carry
out a task.

AIT must represent a support tool for the student with learning disabilities and not
become an instrument of dependency. The student should not feel disoriented in the
absence of this kind of technology because the aim of its use is to lead him/her to
become independent; he/she has to work at increasing independence in a supportive
environment. The student has to believe that his/her learning strategy allow him/her to
reach the learning goals [17].

In a Learning process supported by AIT the operation of monitoring and analysis
are essential. Without them the learning process will barely be able to guarantee
efficiency and effectiveness: the monitoring and analysis of the learning processes
assume an indispensable role for the development of quality processes. On the basis of
the above considerations, in Table 1 there are some indicators that the teacher could
consider to evaluate the learning process.

In order to explore the possibilities of the Artificial Intelligence Technologies to
support the dyslexic student learning process in a Music High School, a software has
been design, developed and released by the author: CAMA (Computer Added Musical
Analysis). The main objective was to assist the dyslexic students in the individual study
of the Theory, Analysis and Composition discipline. The software has agents capable of
mapping the student’s sequences of actions and guiding him/her in order to avoid
running into the same errors.

The structure of the paper as follow. Section 2 introduces the concepts of dyslexia
and provides a brief review of the strengths and weaknesses of the student with
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learning disability. Section 3 details the software architecture for providing teacher and
students with personalized feedback. Afterwards, Sect. 4 presents a case study to
illustrate the effectiveness of the use of AIT. Finally, Sect. 5 provides some remarks on
the current issues and future research possibilities.

2 Dyslexia: Strengths and Weaknesses in Music Education

In this paragraph the concept of dyslexia is analysed from the musical point of view,
trying to highlight the strengths and weaknesses of a student.

Dyslexia is defined as a Specific Learning Disorder (SLD): a reading disorder
which affects intelligent people who have difficulties automatizing the graphic signs
interpretation process [18, 19]. Dyslexia has nothing to do with intelligence but it
simply describes a different kind of cognitive processing.

Table 1. Learning indicators

∙ Learning tasks the student find manageable
∙ Learning activities the student find manageable
∙ How the student applies new concepts
∙ How the student follows the guidelines of the teacher
∙ How long the student remains focused on a concept
∙ Time required by the student to start an activity
∙ The student is able to answer the questions of the teacher
∙ How the student asks the teacher’s attention
∙ Clarifications required by the student
∙ Types of errors make by the student
∙ The student ask help to the classmates to solve a problem
∙ The student’s strengths are enhanced to mitigate the weaknesses
∙ The student transfers the acquired problem-solving skills to new problems
∙ While using technology student appears to be more engaged or more receptive to the learning
process
∙ The teacher uses the appropriate approaches for each student
∙ The teacher has an adequate planning for learning process with a back-up plan
∙ The teacher uses the appropriate words on the base of the needs’ student
∙ The teacher keeps student’s expectations high
∙ The teacher promotes dialogue with the student
∙ The teacher offers to the student several forms of the material
∙ The teacher provides the student with examples of satisfactory work
∙ The teacher encourages the student to use more often the type of activity where he/she has
particular success
∙ The teacher provides the student with prompts to lead him/her
∙ The teacher uses the student’s mistakes to allow and promote learning
∙ The teacher makes sure that AIT does not stimulate technology addiction
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Dyslexic people have normal or even higher intelligence. They can be creative
(strength), the most important characteristic of a composer or of a performer; they have
interconnected reasoning (strength), the ability to make connections between things
(i.e. relationships of similarity, analogy), which allows them to shift perspective and
view an object from multiple perspectives [20]: this represents a fundamental need in
the analysis of a music piece, where it is required to find the pre-thematic elements (i.e.
the elements that will characterize the entire musical piece) and the connections among
them; they have the ability to think critically (strength) and to synthesize information
(strength): in musical analysis one of the most important thing is to define what is
intended by motif repetition, more specifically which of the textual repetitions in the
score could be associated to the definition of musical theme, when there are different
repetitions and which criteria to adopt in order to select only the part that can be
considered “meaningful” by an expert [21]; they have the ability to think outside the
box, that means they have problem-solving abilities (strength): to better understand a
composition it is necessary to recognize the thematic elements that are never such
clearly expressed on the score by the musician (this lack of explanation can identify the
musical language as a meta-language, without rules about syntactic and semantic
elements of the compositions, that make art mysterious) [22].

People with dyslexia also have weaknesses. They have difficulties in reading
(weakness) which entails difficulties in comprehending the content of the (musical) text
(weakness); they can write and read, but they manage to do so using their capacities
and energies at the maximum (weakness), given that they cannot do it automatically;
they grow tired quickly (weakness), they make errors (weakness), fall behind and do
not learn (weakness).

One of the major issues of the dyslexic student is the lack of autonomy in the
learning process, which leads the individuals to disesteem and educational failure.

Most dyslexic students remember facts as experiences.
Focusing on weaknesses reduces their self-confidence, motivation and perfor-

mance. That doesn’t mean that the points of weakness must not be considered.
Working on the weaknesses contributes to personal growth: improving something hard
even slightly can make huge change in the student performance [23].

It is equally important to understand both the strengths and weaknesses. It is
essential for self-development and personal growth. Students who are self-aware
understand their abilities, interests and needs.

3 CAMA Software

The main aim of the software CAMA (Computer Added Musical Analysis) is to help
students with learning disabilities to reach the learning goals, with the explicit purpose
of managing the student’s motivation in order to promote effective, active, efficient and
satisfactory learning. The use of the software should offer the possibility for dyslexic
students to work independently and successfully revising, practicing and learning new
skill.
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CAMA is able to read a music score from a MIDI file and identity the musical
themes (see example in Fig. 1), through an algorithm based on the Entropy principle
[24].

The final analysis will be shown on the video and it will be possible to print it on a
sheet. The different musical objects identified by the algorithm, will be highlighted in a
different color so as to allow putting emphasis on its own features (that may be
rhythmic or melodic). This way an attempt is made to take advantage of the dyslexic
student’s visual thinking in order to reduce fatigue during studying.

CAMA is based on the concept of “discovery learning”: learning through discovery
provides opportunity for students to explore and experiment. The software also permits
the student to select a musical segment within the music score read from the MIDI file
and then highlight within the same score other segments that it considers to have the
same characteristics (see Fig. 2). This kind of analysis is based on three musical

Fig. 1. Example of musical analysis
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operators regarding melodic transposition (the process of moving a sequence of notes
up or down in pitch by a number of semitones), melodic inversion (the process through
which a melody is transformed by inverting the direction of its single intervals in
relation to the initial note, so that every ascending interval becomes descendent and
vice versa) and melodic retrogradation (the process that consists in representing the
melody backwards, from the last to the first note). The student can ask the software to
find the segments that are subject to one of these characteristics (such as a transposed
segment) or more than one of them (such as a segment with transposition and inver-
sion), only clicking on the corresponding button of the CAMA interface.

At the same time, the students can select two different segments and ask the
algorithm to compare them, and display an isometric diagram that illustrates their
differences through different colors. The colors are used to help the student to under-
stand possible differences among the selected segments, taking thus advantage of the
visual thinking of the dyslexic student in order to reduce fatigue during studying.

The interface has been designed as a set of buttons (see Fig. 3) every one of them
with a specific musical function. After reading a score, the buttons of musical operators
and analysis are enabled. The main area of the screen is a sort of musical editor where
is shown the musical score and the corresponding analysis.

Fig. 2. Example of musical analysis

Fig. 3. CAMA interface
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4 Application and Analysis

This research presents a case study referred to a pilot project realized in a Musical
High-School where the Headmaster and all teachers were interested for the integration
of innovative technologies in the learning process. In addition, attention was also taken
to this kind of school due to its attention to dyslexic students.

The discipline forming the object of the project was Theory, Analysis and Com-
position. The project was conducted for a time period of 8 months (from October 2017
to May 2018) and it involved 51 students (aged 17 to 19) of witch 7 dyslexic students.

The project consisted of three phases.
In the first phase (2 months) characterized by classroom lessons, students partici-

pated in the lessons listening to the explanation of the teacher regarding new concepts
of musical analysis, and only taking notes. In the same time, the teacher introduced the
use of the CAMA software asking students to do some activities (only in class) to
familiarize with it. For a better result of the learning process, 7 work groups were
created: the dyslexic students were introduced one per group. Collaboratively work
help all students (but particularly the dyslexic students) because they not only work on
the assignments, cooperating by sharing ideas and experiences, but also enhance their
skills. Moreover, it can reduce the risk of disorientation and consequently the anxiety in
dyslexic students.

In the second phase (4 months), students in addition to attending the classroom
lessons (where the teacher explained the new concepts of his academic program) had to
participate in an online activity: a forum was created (using the computer environment
Moodle) to permits students to share opinions, information and ideas, to collect and to
analyse data, to draw conclusions, … During this period, dyslexic students were
allowed to use, at home, CAMA for their personal study, sharing and comparing the
results of their analysis with their classmates, on the forum.

In third phase (2 months), the teacher alternated group activities with individual
activities helping students to work alone. At the end of this phase an examination was
passed in the classroom, identical for all students (non dyslexic and dyslexic student)
and the results were very satisfactory.

During the whole learning process the teacher observed a positive behaviours of the
dyslexic students, including the desire to attempt analysis tasks in third phase. All
students were actively involved in collaborative activity. Despite the difficulties, they
managed to complete their tasks in a highly collaborative process. All of them said that
“the result of the work was a collaborative product and that the environment con-
tributed to their collaboration”: they were all highly motivated to know the main
potentialities of the new tool. Finally, students found CAMA more interesting, chal-
lenging and enjoyable, as well as it allows self-directed learning and makes them be
proud of their work.
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5 Discussion and Conclusions

The student with learning disabilities is not a person who does not want to learn or who
is not committed enough. He/she has average to above average intelligence and has the
same desire to learn like all other students. There is not only one type of disability for
all students but each student can have a specific situation and the skills involved can be
different and of different levels. Compensatory tools should not be perceived as an
“excuse” by students and teachers. The goal is always to learn independently.

It is important to monitor the situation of each student to permit him/her to reach
together with his classmates the educational objectives, that are common to the whole
class. Teacher can use different approaches to satisfy the learning needs of all students,
and can support students with compensatory tools including any technology that per-
mits to increase, maintain or improve the abilities of a student affected by any kind of
disability (and, indirectly, of any person).

In other words, teachers can use Assistive Technology that is certainly a very
complex field even if sometimes the solution of problems may seem relatively simple.
This means that teachers must reflect on/reconsider their own didactic methodologies.

This article highlights the opportunity offered by the AI systems: an opportunity
that should be more thoroughly integrated into didactics, with formal and informal
learning environments, with the teachers and their methodologies, with the existing
resources and the activities performed by the students. The new AI-based technologies
alone cannot improve a teaching/learning process. Teachers must be able to understand
which technology to use and how to use it: the technology must support the student
with learning disabilities and help him/her to become autonomous in carrying out
specific tasks. For these reasons teacher must monitor dyslexic students during the
whole learning process and not delegate the AI-based technology the task to solve a
problem.

The development of technologies requires teachers with an innovative training in
line with the times, able to lead students during the learning process.
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Abstract. The impact of the Internet on education has been recognized for
decades in which learners or students are able to access educational resources
cross borders and languages. However, exposure to or provision of too much
information or data will lead to information overload, which dampens under-
standing and effective decision making. In this paper, we share a software
named Otowik that is able to extract keywords and keyphrases from wiki pages
and automatically construct a mind map based on the keywords and keyphrases
extracted. Otowik was evaluated via a User Acceptance Test and was highly
recommended by the participating respondents.

Keywords: Text mining � Keyphrase extraction � Wikipedia

1 Introduction

The world-wide web (WWW or the web) is an information space or storage of various
documents, text contents, images and a variety of other web resources are identified by
Uniform Resource Locators (URLs). Due to the vast growing information and
knowledge which is obtainable through the world-wide web, it is often the preferable
channel of choice for students to obtain information on their education or relevant
topics for their assignments. Especially with the help of various great search engines
which exist in the current high-tech world such as Google, Yahoo, Bing and many
more, it is significantly easier and faster for students to obtain information on a specific
topic or their relevant field of studies in the web. This, in turn, leads to the new form of
distance learning features where the idea of “global school” surfaced because courses
and content can always be reached despite the location and time. This also means that
school/college space, time and organization will no longer be a limitation for people to
decide on the configuration of their own learning [1]. Besides than being just a form of
distance learning, the world-wide web provides information on extensive range of
topics including those that are highly specific and rare, which are often not easily
obtainable if searched from the variety of existing books. This is the easiest, fastest, and
cheapest ways of accessing necessary information cited in [2].

Although the world-wide web as an education tool has been a very beneficiary and
indispensable source for students, the issue of whether the information provided by
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these web pages on any relevant topics are all important and are students able to
effectively gasp the information hurled to them in a huge amount of text content is
raised. For example, a given scenario where a student searches for a particular topic in
the world-wide web and the big amount of data obtained as results often drowns the
students with huge amount of information which may or may not be important for the
searched topic which only leads to the doubt of how well students are able to use this
method of text learning to learn effectively. Prior to [1], findings back then stated that
the vast majority of the existing educational websites are still heavily based on text
where 93% of the sites included multiple amount of text fields in all of its pages, 58%
included one image per page, 96.1% did not include interactive images, 81.9% did not
included interactive animation or sound which only describes how heavily dependent
web pages are to text and wordings.

Wikis such as Wikipedia and other Wikis are becoming the latest trend of tools
being used for knowledge structuring and sharing. The common processes of knowl-
edge formation are exploration, tentative guessing and trial-error conduct where
knowledge formation works hand to hand with regular knowledge revising. In the Wiki
environment, the knowledge content and structure evolves and grow by the supporting
community [3]. As time goes by, large structures of articles, content and categories are
formed which eventually requires the attention of manual refactoring. Refactoring is a
process of amending the internal structure without changing it external behaviors. Wiki
refactoring can provide changes to Wiki internal structure in terms of how well its
navigation is while maintaining the original content and authorship of the content.

During the 10 years of observing how people use the web, [4] observed that there
was a significant difference between how website owners think people use the web and
how they actually use them. What most people actually do most of the time is glance at
the web page, scan some text and clicks the first link that catches their interest or
vaguely resembles the thing they are looking for. This well-known fact about web use
is that most users tend to only spend a small amount of time “reading” websites, instead
they scan websites for words or any sort of phrases which is relevant to what they are
looking for. These issues raise the concern of how effective will it be for students to use
the websites for learning without missing out on the large part of the pages, important
information or keywords they are looking for. Such situation often leads students to
move on to different web pages which they think they have a better chance finding a
particular information and without doubt the same mistakes of missing out on large part
of the web pages is prone to recur, hence resulting an ineffective learning experience.
To assist users or learners to get better results in learning via the world wide web, this
work proposes a mechanism to the represent the content of unstructured information in
websites into a structured form with the use of mind map techniques.

Mind maps or mind mapping is a method which you can make notes or take notes
that helps your memory to remember. Mind map a diagram in which information is
represented visually, usually with a central idea placed in the middle and associated
ideas arranged around it. The literature revealed that there are major advantages of
applying the mind mapping technique in education regardless of web-based or con-
ventional way. As mind mapping is well-known for the collaboration and combination
of imagery, color and visual arrangements, it has been proven that it can significantly
improve information recalling compared to the conventional way of note taking and
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learning. Mind mapping has been proven to increase recall rate up to 32% [5, 6] and
improve long-term memory of facts in their participants by 10%. It is reported by the
participants also have a deeper level of processing and understanding. Finally, inte-
grating mind mapping into learning comprehension skills boost student’s under-
standing and memory of comprehension passages [7]. Mind maps also provide
creativity boosts. Common issues that occur during a session of brainstorming among
students are scenarios like brain freeze and writer’s block. These issues are the effect of
handling big amount of information and the inability for students to sort and organize
the information that are absorbed during web-based learning process. One of the best
mechanism of mind maps is the spatial layout characteristic that is able to provide
students a better overview and makes connections between facts. This is ideal in
fostering creativity and generation of new ideas as infinite amount of thoughts, ideas
and associations on topics can be created [5].

The remainder of this paper is structured as follows. Section 2 presents the related
areas from which the work is proposed and developed. Section 3 presents the proposed
extraction system called Otowik (automatically extract keywords and keyphrases from
wiki pages). Section 4 presents the evaluation findings and finally Sect. 5 concludes
with some indication for future work.

2 Related Areas

Text mining is a sub-process of data mining, which is commonly used to identify
patterns that are hidden and important information from big amount of unstructured
text materials [8]. A supporting definition by [9], stated that text mining is a field that
seeks to extract useful information from unstructured textual data through the identi-
fication and exploration of interesting patterns. It is essential to understand why these
text mining approach is used specifically for these hidden significant information and
patterns to be analyzed. Text mining approach is used towards analyzing texts that are
different compared with the kind of data stored in databases, text is unstructured,
amorphous, and difficult to deal with algorithmically [10]. In order to identify certain
specific patterns or significant information, text mining uses several approaches and
techniques in order to achieve that as understood by the researcher.

According to [8], text mining uses techniques of different fields like machine
learning, visualization, case-based reasoning, text-analysis, knowledge management
and information extraction to identify these patterns and important information. On the
other hand, [11] stated that the several techniques that are proposed to text mining also
includes conceptual structure, association rule mining, episode-mining, decision trees
and rule induction method. This information provides the researcher with a wide scope
to evaluate in understanding the main key techniques to be considered and evaluated.
As stated in [8], the main three steps that are taken place after any sort of data in stored
in the form of text are the preprocessing of data, the application of a text mining
technique and the bare analysis of results. Figure 1 shows the general processes of text
mining.

Within text mining, various technology premises included are Summarization,
Information Extraction, Categorization, Visualization, Clustering, Topic Tracking and
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Sentiment Analysis [8]. This work focuses on Information Extraction in order to
represent the unstructured form of wiki content into a structure form of mind maps with
relations. Onto understanding the purpose of information extraction within the text
mining implementation, [8] reasoned out that when data is in unstructured form,
information cannot be extracted out by ease. It is explained in the source that in
Information Extraction, natural language documents are first converted into structured
documents allowing the information to be extracted. However, it is stated as the aim of
Information extraction is to create structured view to represent information which is
understood by machines [12].

One of the common information extraction tasks include Named Entity Recognition
(NER). The general understanding of Named Entities are real world entities such as
“Malaysia”, “John” and “Google Inc. The task of named entity recognition, often
abbreviated as NER, is to identify named entities from free-form text and to classify
them such as organizations (e.g., ‘World Health Organization’), persons (e.g.,
‘Muammar Kaddafi’), place names (e.g., ‘the Baltic Sea’), temporal expressions (e.g.,
‘1 September 2011’), numerical and currency expressions (e.g., ‘20 Million Euros’)
[13]. This information will be taken down as a key information to the researcher in
understanding the representation of data within the applied information extraction
technique. Although there are more tasks related to information extraction, it is
essential to focus on the name entity recognition as entity recognition is probably the
most fundamental task in information extraction. Figure 2 illustrates the steps under-
taken commonly in the process of information extraction as adopted from [8].

Define 
Problem Obtain Targeted Text

Pre-processing Text

Perform Text Mining

Analyze Output 
Obtained

Satisfac-
tory?

Data Ready 
for Use

Fig. 1. General processes in text mining [21]
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Based on these premises, Otowik will be a tool for students to insert URL of
websites contain knowledge revolving their preferred area of studies. Then, Otowik
will convert these texts based knowledge representation into useful form of mind maps
in a PowerPoint slide. Otowik as an idea proves that there are various benefits to be
integrated within the web-based learning education of students. Otowik could be used
as an application to redefine the structure of information and knowledge represented
within the websites that are available. Students will find Otowik useful as it would
convert the text representation of knowledge and information of knowledge base
websites such as Wikipedia, ordinary web-pages and relevant informative content into
structured form of knowledge representation with high quality information which is
mind maps. With the text mining technology, Otowik will be able to filter necessary
important information from a huge amount of text based content into structure form
knowledge which is the mind map. This means important knowledge and information
can be extracted from big amount of text-based content, hence students will worry less
on information which they are unsure of its importance and about missing parts of web
pages.

3 Otowik

Otowik provides a mechanism to automatically convert text-based knowledge repre-
sentation in webpages (in specific wiki pages) into structural form of knowledge in the
form of mind maps. Otowik uses libraries containing PowerPoint tools to generate
these mind maps as output. In this case, the generated mind map will be displayed in
form of PowerPoint slides which allows user interaction as well. For this instance, the
Otowik can be a powerful tool because students will be able to move key-points, re-
color important key-points and even connect them to different key-points which proves
how Otowik can surpass the method of text reading as an educational tool. This overall
will provide students authority, preferences and likings in interacting (managing) these
generate mind maps to best suit their studying style. By using Otowik, student will be
given a more like “privilege” to avoid high amount of text reading but instead put some
sort of “reliability” in the key-points obtained through the generated mind maps.
Students will be able to avoid spending vast amount of time huge amount of

Unstructured Data

Structured Data

Pattern Matching Extracted 
Information

Database

Conversion Process

Fig. 2. Steps of information extraction [8]
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information which is scattered all over a web-page but instead understand the relation
of each information to each other in the form of a mind map “connectors”. The feature
of pairing a visual image/diagram corresponding to the information consist in the map
will allow students to understand certain non-familiarized terms/words.

The targeted user of the Otowik system will be primarily undergraduate students
due to their common practice of accessing the Internet and WWW on sites such as
Wikipedia, informative web-pages for information regarding their education purposes.
Although the target users are isolated as a priority, but as the Otowik system works for
generally any sort of websites, therefore its usage could be benefited for a wide variety
of crowd as well. For instances, the intended learning based Otowik Mind mapping tool
can also be used for the group of educators and home use as well to in fact generate any
form of text based content into a summarize structured. As one of the additional
features of the generated mind maps in terms of key-points is to be guided along with a
sample picture of the specific key, this will further improve users understanding of
Key-points generated by the Otowik mind maps. Figure 3 shows the steps involved in
build Otowik.

Basically, the URL on the Wikipedia page is pasted into system user interface, the
HTML codes are then changed into, the keyphrase extraction algorithm called MiKe
[14, 15] extract the keywords and keyphrases, and finally Otowik generates the mind
map in the form is PowerPoint. Next, Fig. 4 shows the user interface for Otowik. Note
that there is only one page that is used for user interaction. As shown the figure, only
four components will require action-driven event and to interact with the Otowik
system. Users are firstly required to input a preferred website link (URL) in the “Insert
URL” text box. Then users are required to click the “Download Web Content” button
which is proceed to download the necessary HTML content from the web page of the
provided URL. Once a message box displays “web page content is downloaded. please
proceed to generate mind-map”, users can then click the “Generate MindMap” button

Fig. 3. Framework of Otowik
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which will make the system to scan quality information and form a fully formed mind
map. After mind map is successfully generated, users can click “Open Mind Map”
button which will make the system direct the users to Microsoft PowerPoint where the
generated mind map will be ready for users to refer as shown in Fig. 5.

Fig. 4. User interface of Otowik

Fig. 5. Output of Otowik
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The generated mind map of Otowik will be displayed in Microsoft PowerPoint. The
structure of the mind map involves objects that are created using PowerPoint Library
tools to fit in the high-quality information that is generated. In addition to that, users are
allowed to interact with the output as this work-around is within the Microsoft
PowerPoint environment. This allows amendments or further editing in information on
the mind map to allow users to actively use by their preferences. Users can even add
any other PowerPoint objects to work-around with the output of generated mind-map.
This provides a more like “infinite” work-around with the generated mind-map of
Otowik which users can benefit from.

4 Results and Testing

The User Acceptance Test (UAT) has been conducted according to the Test Plan
strategized. UAT involved the targeted users of Otowik, which are university students.
This students are from Asia Pacific University of Technology and Innovation. The
university has huge number of international students around 12, 000 from more than
130 countries studying in the campus where this study was conducted. With the cos-
mopolitan learning environment, the undergraduate level 1 students were used in the
testing of OtoWik system. Age between 19 to 21 years old. All participants were
briefed on the mechanics of Otowik and how it can be used in their daily task within
their studying environment. The pool of students will be selected and divided into
category depending on the course of study. This is to ensure that the Otowik system
will be applicable to not only limited number of domain information, but rather as a
generic tool to be used for students across different disciplines. The number of students
involved as the respondents was 100 students. The questionnaires were built using
Google Forms to provide an easier approach to the respondents or participants.

4.1 User Background

The first question was the background of the students. This is to identify which
information related to a specific course is limited to; in terms of scope of knowledge to
be represented in the final mind map. As shown in Fig. 6, each of the 20% from the
domain areas includes business, computing, engineering, medical and other areas.

Fig. 6. User background
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4.2 User Acceptance

The second question was on to identify how difficult is it for students to use the Otowik
system. This will allow the rooms for improvement in understanding whether any
changes in terms of user interface. In Fig. 7, all the respondents agreed and rated at
max scale of 5 stating that Otowik system is easy to use. This will provide an insight to
researcher that the current interface suffices to allow users understanding of the
workflow.

4.3 Accuracy of Output

The third question is to identify the accuracy level of output from Otowik. This will
allow to receive feedbacks on whether information that is being represented are all
relevant to students. Based on Fig. 8, the respondents [60%] agreed that Otowik system
generated a mind-map with accurate and high-quality information while 2 respondents
[40%] agreed that it only generated averagely accurate information. No respondents
found that the information generated by Otowik system is invalid or irrelevant to the
subject topic.

4.4 Quality of Output

The fourth question was to identify whether any unwanted or replicated information are
being represented in the generated mind map. This provides an insight on whether
amendments are required for a better quality of information. From Fig. 9, the respon-
dents [40%] rated the scale of 4, 2 respondents [40%] rated the scale of 3 and while 1

Fig. 7. User acceptance the Otowik

Fig. 8. User satisfaction of using Otowik
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rated the scale of the completely disagree that the mind-map generates unnecessary and
redundant information. This shows that the information that are being generated
somehow plays a role in the subject topic and the relevance is maintained as most of
them rated towards disagreeing. This provides assurance that the theoretical under-
standing of high-quality information is being practically implemented successfully.

4.5 Overall Acceptance

The fifth question was to identify the overall acceptance level of Otowik to be present
as a studying tool to be used in a daily basis. Based on Fig. 10, the scale results indicate
the overall acceptance of the Otowik system by the pool of students involved in the
User Acceptance Test. 4 of the respondents [80%] rated 4 out of 5 stating the system’s
usefulness if it is integrated with students daily studying routine. While 1 rated 3 out of
5 for its usefulness. Overall, the feedback received in terms of acceptance rate is above
average and considered good. This provides that the entire Otowik system is ready to
be brought to the real-world application.

5 Conclusion and Future Development

The advancement of technology today enables information to flow across various
means, be it through digital media or printed materials. Similar concerns were also
expressed by [16] that too much data or information is impossible to be process by any
database. Websites contain too much text information, which not only require user’s

Fig. 9. User input on redundant information by Otowik

Fig. 10. User acceptance of Otowik as a studying tool
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patience and time to digest all required information but such huge amount of infor-
mation may pose a challenge to the users to be focused and interested in the infor-
mation presented before them. Thus, there is indeed a need to create applications to
help people better manage information [17]. In this regard, websites are better to be
represented as structured, giving users the required information in a simpler structured
form, thus focusing on only what’s necessary, relevant and current, as requested.
However, as pointed by [18], that with limited time in hand, there is a need to find ways
to process information in a more efficient way and structure the data in a timely
fashionable manner. In this regard, building an effective tool such as Otowik that can
covert huge web-based information content into high-quality structured information
becomes necessary.

Otowik is an extraction system that is capable to automatically extract keywords
and keyphrases from websites (in specific wiki pages) and generate a mind map based
on the keywords and keyphrases extracted. There are several limitations that the current
Otowik system. One of the limitation of Otowik is that it is designed based on
Wikipedia pages as a foundation. Therefore, the generated mind map is highly suitable
only for such wiki pages. Although Otowik can be used for just any websites and
various websites that exist, there is no best way to understand all the existing websites
design and how their HTML contents are organized. As the result, Otowik provides
unorganized information or inaccurate information depending on different websites. As
these intelligent systems are built in different environments or for different input types,
integrating such intelligent systems to work with web pages is indeed a difficult one.
Further development of Otowik must take into consideration of the amount of content a
web page may have and to understand simply because any web page design is equally
challenging. These challenges and factors may affect the quality of generated keywords
and keyphrases. OtoWik words the same way as how a mind map is design and used.
Due to information overload OtoWik helps by automatically drawing main concept or
idea and the rest of the map revolves around it, it starts from the middle point with the
main topic or chapter topic. From that main node, create branches not more than 5 for
the human brain to remember and that each represent a single word that relates to the
main topic. Then it creates the sub-branches that stem from the main branches to further
expand on ideas and concepts. These sub-branches will also contain words that elab-
orate on the topic of the branch it stems from. This helps develop and elaborate on the
overall theme of the mind map. Visual thinking is a learning style where the learner
better understands and retains information when ideas, words and concepts are asso-
ciated with images. Research tells us that the majority of students in a regular class-
room need to see information in order to learn it. Some common visual learning
strategies include creating graphic organizers, diagramming, mind mapping, outlining
and more.

Nonetheless, Otowik promises saving of cost, money and Internet resources due to
avoidance of manually loading web pages which could consume big amount of Internet
data for small plan Internet users. Saving cost in contact of now usage of papers and
students can understand the topic and ideas much faster and accurately instead of them
spending time drawing a mind map which leads to miss understanding of the points.
The final mind map drawn into powerpoint helps students use as learning piece of work
and they can add in more information from their readings which helps them as outline
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into difficult topics. As the student does not need to waste time brainstorming the idea
or concepts. They have more time to do critical thinking and adding on new ideas and
process thoughts. This helps them recall they keywords and keyphrases for exams.

As various web-pages that exist contains different elements such as advertising,
pop-ups and elements that utilizes a decent amount of Internet data consumptions. In
addition, students can avoid wasting papers on redundantly writing notes based on the
information in the Internet or web-pages but instead interact with the generated mind
maps in the PowerPoint slides to perform their form of studying. Students who do not
have access to Internet that uses Internet café to access the Internet to collect notes on
their studies can significantly reduce the amount time (money) spent at these Internet
cafés (paid service) by avoiding the necessity to read all these web-pages but instead
use Otowik to convert all these web-pages into generated mind maps in forms of
PowerPoint slides which to be studied at home later. Huge amount of papers and
printing usage is done in common scenarios of printing big amount of web pages in
order to study their knowledge content, this can be avoided as the Otowik is able to
generate mind maps of the content of a single web-page into a single PowerPoint slide.

There are several ways the Otowik system can be upgraded as a future enhance-
ment in providing a better experience and better results to the users. The enhancements
include (1) picture representation; to provide a sample picture as an assisting element to
each generated high-quality information in the mind-map, (2) color representation; to
use different color in different category in order to get high quality information. The
(3) to have a mobile version so students could excess with their hand held devices.
The new version will include combination for slides extraction into mind map and
Wikipedia extraction mind map. The prototype in progress.
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Abstract. The purpose of this article is to focus on the potential of using new
technologies such as Augmented Reality and Virtual Reality in science educa-
tion in general and in STEM education in particular. Although Augmented
Reality and Virtual Reality as a technology have strength and weaknesses, this
article focus to show how those technologies may facilitate STEM education
and how to improve the area of weaknesses. In this research, we address the
need for STEM education and training, which is currently either limited or not
interested for students. It is also overcome the distance limitation that students
face in STEM education. Furthermore, Augmented Reality and Virtual Reality
environments are an effective platform to encourage and attracting the new
generation technology to STEM field. Technology virtualization has been used
in a various way in STEM classroom to encourage creatively and innovation.
However, it is also important to take in our consideration that students learning
in this environment can be difficult in many directions.

1 Introduction

This article aims to study the assess impact of the next generation Virtual Reality
(VR) and Augmented Reality (AR) to increase the engagement, effectiveness and the
quality of student learning contents of STEM education.

STEM training specialists are required to be at the forefront of technology and how
it may fit into their classroom. This is particularly essential on the grounds that
undeniably, instructors are getting themselves encompassed by new students that hope
to be engaged with participatory, intelligent, interactive with opportunities for students
to be more creative [1].

Previous work discussed the STEM (Science, Technology, Engineering and Math)
education needs for suitable learning tools to enhance the quality of engineering
education.

This prospect combined with the way that technological advancements and mobile
devices have turned out to be pervasive parts of our lives, roused the creators to
investigate the likelihood of utilizing cell phones and tablet as instrumental guides to
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enhance the quality of classroom educating and learning. In particular, a context- aware
augmented reality application was used to create a pop-up book by superimposing 3D
graphics (virtual models, animations) and multimedia (images, videos, sounds) over the
pages of a construction engineering textbook. This empowered students to watch,
connect with, and learn abstract topics in development methods and techniques in
different settings [2].

The new generation of students is technology savvy with high knowledge of and
interest in social media, mobile technologies, and strategy games [3]. Several school
systems have recently initiated plans to deploy various types of classroom technology
aimed at providing students with higher quality education with long-lasting impact.
However, studies indicate that using technology without a suitable pedagogical
structure may not yield desired outcome and can even have negative impact on student
learning and long-term knowledge retention [4]. Therefore, having a technology-based
pedagogical learning tool besides traditional learning methods could potentially
enhance the learning quality [5].

It is very likely that within the next several years, instructional techniques that
benefit from new emerging technologies such as virtual reality (VR) and augmented
reality (AR) will become standard components of STEM education. Such techniques
will better assist teachers to be more effective when explaining abstract topics, while
providing students with a means to collaborate on a common problem which ultimately
strengthens their teamwork, communication, and critical thinking skills. This paper
presents the latest results of an on-going research project which aims at exploring the
potential of mobile context-aware AR in STEM education [2].

This paper is structured as follows: Section two presents a brief introduction of AR
and the usage of AR in education. Section three describes a brief introduction of VR
and the usage of VR in education. Section four explains the STEM education in details.
Section five and six explain the potential of using VR and AR in STEM education.
Section seven presents the conclusions and future work.

2 Augmented Reality: A Brief Introduction

The latest development technologies are Augmented Reality which can be easily
applied in many different tools such as computers, tablet and smart phone. AR also can
be utilized through wearable components such as glasses [6].

Augmented Reality (AR) is defined based on three characteristic [7]:

1. The combination of virtual and real objects in a real environment through mobile
devices.

2. Runs intuitively and in real time.
3. Virtual and real objects are combining together in the same environment.

Currently, most of the smart phone, tablet equipped with many of latest technology
such as sensors, camera, accelerometer and gyroscope. These sensors and extra features
allows the smart-phone to form a virtual perception of the real world and deal with
augmented layer of information on the real world as a simple motivation way. Aug-
mented Reality has a great potential to be used as a new technology in education. Many
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studies focus on the application of AR in the real life, only few studies conducted in the
educational field. Actually, the number of studies for using VR in education has been
increased recently and AR has been used in different field of education [8].

The next section explains AR in education field and showing the benefit and
limitation that mention from the literature review.

2.1 Augmented Reality in Education

Technology in education can affect students to learn adequately and can encourage
them, prompting a suitable method of learning. Past research has perceived the issue
that innovation will make by not included learning process if the innovation used does
not advance promote critical thinking and meaning-making. Since its introduction,
Augmented Reality (AR) has been seemed to have extraordinary potential in impacting
the learning procedure more dynamic, successful and important [9].

Augmented Reality used to improve the teaching and learning knowledge by
connecting with the student to investigate the world by utilizing interactive media
components to help the examination of the encompassing.

The students trusted that the integration of technologies would help them in their
learning process. Hence, instructors have started to look for technology that can possibly
be incorporated in training keeping in mind the end goal to enable students to learn
effectively and to enhance their seeing particularly in Science subjects [9]. Augmented
Reality is a new way to improve the 3D shape instead of using wood object. Many
advantage of Augmented reality are highlight it by many authors as shown below [10]:

1. Provide an easy communication among real and virtual environments [11].
2. Give teachers an approach to fortify students understanding in the classroom by

Augmenting physical props with Virtual explanations and outlines [12].
3. Makes a learning knowledge that is connected to the formal classroom, so students

can learn outside of class hours and outside of school limits [13].
4. Enables the visualization of interactions among static 2D/3D images and 3D

dynamic images (animations) [14].

AR technology has picked up a following in the educational market for its capacity
to bridge gaps and convey a more substantial way to deal with learning. Student-
centered exercises are improved by the incorporation of virtual and real-world expe-
rience [8].

AR offers another type of intuitiveness between the physical and virtual world and
improves users perceptions of actual world. As indicated by Wu et al’s review [15], AR
enables students to create essential practices and has become one of the key emerging
technologies in education [16].

3 Virtual Reality: A Brief Introduction

It’s an unpredictable type of technology that utilization closeness 3D imaging to trick
the brain into trusting that the user is immersed in the virtual reality world, and
exceptionally tools to enable user to associate with that reality to fluctuating degrees.
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Achieving the concept immersion is the main objective of Virtual Reality. Jennett
[17] defines immersion as the involvement with the Virtual condition which causes the
absence of consciousness of the real time and real world, causing an affair of “being” in
this Virtual universe. Jennet worked on this definition considering game context, yet
the embodiment of such definition could be investigated while examining any Virtual
Reality environment. “Immersion” in Virtual Reality is usually utilized as a part of
regard of “spatial immersion”, the impression of quality in a non- physical world,
which is caused by the stimulation of images, animations, sounds and others interac-
tivity aspects. The user can investigate the Virtual environment in 360 degrees. Virtual
Reality technology does not include other human detects, for example, taste, smell, and
touch.

In the previous decades, the beginning time of Virtual Reality has been integrated
development in view of the intelligent 3D designs, UI, and visual simulation [18].
Virtual Reality draws in individuals’ consideration, and the technology has been
connected in pharmaceutical, industry, education, computer games, tourism and other
industries [19].

3.1 Virtual Reality in Education

In education field, a new term has been arisen and used widely in education which is
Computerized learning environments. In such case, the students are given the chance to
solve well-defined problems using technology and technological resources particularly
intended for the learning environment [20]. Simulations, similar to critical thinking,
give students the chance to follow up on what they are learning, to get input in light of
their own decisions, and to give real-world relevance [21] thus empowering learning.
Virtual reality (VR) simulations have been utilized to upgrade the web based learning
condition by expanding the realism of the learning condition. Furthermore, mobile
technology has been presented and has discovered across the board utilize particularly
in gaming applications. To date endeavors have been made in a few separate directions
which have led to significant development, as follows:

1. More realistic, engaging and immersive games (e.g. Xbox).
2. E-learning that takes advantage of the Internet, simulation, multimedia, and virtual

reality (VR).
3. Advanced visualization and immersive environment for increased realism [22].

Virtual Reality is utilized to break the limits of formal education. Virtual Reality
has been utilized as a part of education sector so as to enhance the on-line learning.
A few perspectives give students the feeling of essence in an immersive world, and
carrying another approach to cooperate with associates and teachers when they are not
in a similar place [23].

4 STEM Educational

So what is STEM? STEM stands for science, technology, engineering, and math. These
four symbols represent the different areas of STEM education.
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The definition of STEM has not reached a solid conclusion, but it can be defined as
a broad area encompassing many disciplines and epistemological practices [24] or as
using trans-disciplinary knowledge and skills in solving real-world problems. Fur-
thermore, the extending definition of learning STEM is the acquisition of knowledge
and skills through experience and study integrated through multiple lenses allowing for
the appreciation of the encompassing complexity and crosscutting ideas across the
STEM disciplines as a whole [24]. It is noted that successful STEM learning is the total
effect of the interaction of affect, cognition, and application of ideas [25]. Background
highly qualified Science, Technology, Engineering, and Mathematics (STEM) pro-
fessionals will be needed for worldwide innovation and global economics [25, 26]
STEM education will help students develop their understanding of social issues. In
many countries, STEM is viewed as a means of developing the national economy and
citizens scientific literacy, but there seems to be decreasing readiness and motivation on
the part of students to pursue STEM majors and careers. Educators need to ensure that
human capital for STEM professions is well-trained for the workforce [16].

STEM education could take place in a separate STEM class or be incorporated into
practically any subject and grade level. Of course science and math classes would be
able to directly implement STEM-related lessons. In a social studies class learning
about the industrial revolution, however, students may design their own assembly line.
Or, in an English class, students may be keeping a journal about their thinking and
research processes while designing a realistic bridge from a fictional novel.

Provide learning experience in STEM is a major challenge that will be meaningful
to students with different need. Therefore, we selected new technologies (AR and VR)
to integrate knowledge and practical skills in the visualization form.

In the next section, we will explain the potential of using AR and VR in the STEM
education and highlight the strength and area which of improve which need to improve
to activate those technologies as a part of STEM learning experience.

5 Potential of AR in STEM

AR has the potential to change education to be more efficient in the same way that
computers and Internet did in the previous generation of educational method.

Researchers noted that providing case studies and opportunities for participant
feedback extended the wealth of knowledge available and provided key insights to the
quantitative data Engagement was also found while using augmented books through a
qualitative research study [8]. Surveyed user studies concerning elementary and high
school students to determine if AR enhances the learning experience. The authors
found that, AR educational media could be a valuable and engaging addition to
classroom education and overcome some of the limitations of text- based methods,
allowing students to absorb the material according to their preferred learning style [8].

Actually combining AR with STEM is activating complex problem solving and
increase the team work. As good results, AR increases the engagement, motivation and
involvement during STREM education.

AR tools are becoming more user-friendly and require less programming skills
making themmore pointed out that AR platforms could be employed that allow an author
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to create augmented reality games and experiences with no programming experience
required. In addition, [27] predicted that by the year 2030, students will be building AR
educational content on a regular basis to connect collaboratively with the outside world
from within their classroom attractive to the common educator. Overall, students reacted
positively to using AR technology both in and outside of the classroom [8].

6 Potential of VR in STEM

The significant gap in STEM skills cannot be bridged quickly enough by relying solely
on classroom teaching and physical laboratory training. Among the different STEM
fields/subjects, advanced manufacturing has received special attention as a US national
interest area. There are currently more than 600,000 unfilled manufacturing positions,
due to the lack of skilled workers, and this number is anticipated to reach 2 million by
2025 [28].

Students learning in an AR environment is more stimulating and appealing than
viewing a traditional slide presentation (i.e., Microsoft Power Point, Smart Notebook)
because they preferred the audio, video, and feeling as if they were part of the 3D
model that was transposed into a real physical space AR is continuously growing and
improving every day, and using students feedback allows AR technology developers to
incorporate these helpful tips to improve user experience [8].

One of good example is VR technology to bridge the gap in STEM is VOTE
(Virtual reality based On line Technology and Engineering) platform as shown in 1. Its
only a matter of time before virtual reality becomes a fixture in schools. Imagine a
technology that will allow students to virtually walk through museums on the other side
of the world, or swim with marine life in their natural habitat! It’s got so many possible
applications in education in general, and in STEM studies in particular, including:
Fig. 1

Fig. 1. VOTE (Virtual reality based Online Technology and Engineering) [22]
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• A cruelty-free way to conduct dissection on a variety of critters, or just to see what
they look like inside!

• The perfect way to conduct experiments that may otherwise be too dangerous for
the school science lab.

• A great way to test engineering and physics in simulated realities, and even in hard
to replicate environments like zero gravity or vacuums.

• The ideal way to conduct field trips to impossible to reach places. Imagine using the
footage from the Mars rover with VR to take a stroll on the red planet?

• An amazing way to model mathematical concepts in a digital reality, so kids can see
their formula at work, and manipulate them in real time!

• Access to the best teachers and experts from around the world, in a virtual reality
setting. Imagine if your kids could attend lectures by the leading lights in STEM
education from around the world, without leaving their classrooms?

The truth is, virtual reality is going to allow students to explore this world and
others in ways that we have never imagined possible. It’s going to let kids do things
they would never be able to do otherwise, and it will undoubtedly even find its way into
tertiary and high level medical, engineering and scientific study.

7 AR and VR Limitation in Education

In this section, we consider some limitation of using those new technologies as edu-
cational tools generally. We have identified the following three general and potentially
serious drawbacks that have limited or restricted the general application of VR and AR
in education [29]:

• Potentially high financial costs of acquiring a system.
• Lack of realism/fidelity/skill transfer issues.
• Physical effects on end-users.
• No Curriculum Content.
• Requires Mobile Device.

8 Conclusion and Future Work

This study proposes the possibility of using AR and VR technologies to support STEM
education and increase students understanding, engagement, enrolment.

This paper highlight the next generation of education by integrates technology to
take engineering, science, technology education to the next level.

AR technology can facilitate students manipulation of experiments in authentic
contexts. The findings contribute to an understanding of how high school students
perceive STEM lessons and the possible influence of STEM lessons on students career
trajectories.

However, there is still limitation of such research to effect STEM by using new
technology have a good experience with mobile application and new technologies.
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As a future work, it is important to find ways to create a seamless transition
between the outside world and the classroom environment. Surprisingly, a large per-
centage of students already have a good knowledge of terms such as VR and AR, but
cannot or do not know how to relate these tools to their learning experience.

References

1. Birt, J., Cowling, M.: Toward future’ mixed reality’ learning spaces for steam education. Int.
J. Innov. Sci. Math. Educ. 25(4), 1 (2017)

2. Shirazi, A., Behzadan, A.: Assessing the pedagogical value of augmented reality-based
learning in construction engineering 1, pp. 30–31 (2013)

3. Friedrich, K.A., Sellers, S.L., Burstyn, J.N.: Thawing the chilly climate: inclusive teaching
resources for science, technology, engineering, and math. Improve Acad. 26(1), 133–141
(2008)

4. Cristia, J., Ibarrarán, P., Cueto, S., Santiago, A., Severín, E.: Technology and child
development: evidence from the one laptop per child program. Am. Econ. J.: Appl. Econ. 9
(3), 295–320 (2017)

5. Echeverría, A., Améstica, M., Gil, F., Nussbaum, M., Barrios, E.L.S.: Exploring different
technological platforms for supporting co-located collaborative games in the classroom.
Comput. Human Behav. 28(4), 1170–1177 (2012)

6. Swensen, H.: Potential of Augmented Reality in Sciences Education a Literature Review,
pp. 2540–2547 (2016)

7. Azuma, R., Baillot, Y., Behringer, R., Feiner, S., Julier, S., Mac-Intyre, B.: Recent advances
in augmented reality. IEEE Comput. Graph. Appl. 21(6), 34–47 (2001)

8. Antonioli, B.M, Blake, C., Sparks, K.: Augmented Reality Applications in Education, no.
2009, pp. 96–107 (2013)

9. Saidin, N.F., Halim, N.D.A., Yahaya, N.: A review of research on augmented reality in
education: advantages and applications. Int. Educ. Stud. 8(13), 1 (2015)

10. Al-Azawi, M., Shakkah, R.: Embedding augmented and virtual reality in educational
learning method: present and future. In: 2018 9th International Conference on Information
and Communication Systems (ICICS), pp. 218–222 (2018)

11. Singhal, S., Bagga, S., Goyal, P., Saxena, V.: Augmented chemistry: interactive education
system. Int. J. Comput. Appl. 49(15), 1–5 (2012)

12. Coffin, C., Bostandjiev, S., Ford, J., Hollerer, T.: Enhancing classroom and distance learning
through augmented reality. In: EdMedia: World Conference on Educational Media and
Technology, pp. 1140–1147, Association for the Advancement of Computing in Education
(AACE) (2010)

13. Burton, E.P., Frazier, W., Annetta, L., Lamb, R., Cheng, R., Chmiel, M.: Modeling
augmented reality games with preservice elementary and secondary science teachers.
J. Technol. Teacher Educ. 19(3), 303–329 (2011)

14. Medina, E., Chen, Y.-C., Weghorst, S.: Understanding biochemistry with augmented reality.
In: EdMedia: World Conference on Educational Media and Technology, pp. 4235–4239,
Association for the Advancement of Computing in Education (AACE) (2007)

15. Wu, H.-K., Lee, S.W.-Y., Chang, H.-Y., Liang, J.-C.: Current status, opportunities and
challenges of augmented reality in education. Comput. Educ. 62, 41–49 (2013)

16. Hsu, Y.-S., Lin, Y.-H., Yang, B.: Impact of augmented reality lessons on students’ STEM
interest. Res. Pract. Technol. Enhan. Learn. 12(1), 2 (2017)

Exploring the Potential of Using Augmented Reality 43



17. Jennett, C., Cox, A.L., Cairns, P., Dhoparee, S., Epps, A., Tijs, T., Walton, A.: Measuring
and defining the experience of immersion in games. Int. J. Human-Comput. Stud. 66(9),
641–661 (2008)

18. Zyda, M.: From visual simulation to virtual reality to games. Computer 38(9), 25–32 (2005)
19. Martín-Gutiérrez, J., Mora, C.E., Añorbe-Díaz, B., González-Marrero, A.: Virtual

technologies trends in education. EURASIA J. Math. Sci. Technol. Educ. 13(2), 469–486
(2017)

20. Abdelraheem, A.Y.: Computerized learning environments: problems, design challenges and
future promises. J. Interact. Online Learn. 2(2), 1–9 (2003)

21. Selwyn, N.: Education and Technology: Key Issues and Debates. Bloomsbury Publishing,
London (2016)

22. El-mounayri, H.A.: Assessment of STEM e-Learning in an Immersive Virtual Reality
(VR) Environment (2016)

23. Cortiz, D., Silva, J.O.: Web and virtual reality as platforms to improve online education
experiences. In: 2017 10th International Conference on Human System Interactions (HSI),
pp. 83–87. IEEE (2017)

24. Lamb, K., Akmal, R., Petrie, T.: Development of a cognition-priming model describing
learning in a STEM classroom. J. Res. Sci. Teach. 52(3), 410–437 (2015)

25. Oppezzo, M., Schwartz, D.L.: A behavior change perspective on self-regulated learning with
teachable agents. In: Azevedo, R., Aleven, V. (eds.) International Handbook of Metacog-
nition and Learning Technologies. SIHE, vol. 28, pp. 485–500. Springer, New York (2013).
https://doi.org/10.1007/978-1-4419-5546-3_31

26. Eisenhart, M., Weis, L., Allen, C.D., Cipollone, K., Stich, A.: High school opportunities for
STEM: comparing inclusive STEM-focused and comprehensive high schools in two US
cities. J. Res. Sci. Teach. 52(6), 763–789 (2015)

27. Billinghurst, A., Duenser, M.: Augmented reality in the classroom. Computer 45(7), 56–63
(2012)

28. El-Mounayri, H., Wasfy, T., Fernandez, E., Peters, J.: Innovative online course using an
integrated virtual reality based e-learning tool with course management tool. In: Iskander, M.
(ed.) Innovative Techniques in Instruction Technology, E-learning, E-assessment and
Education, pp. 183–189. Springer, Berlin (2008). https://doi.org/10.1007/978-1-4020-8739-
4_33

29. Christou, C.: Virtual reality in education. In: Affective, Interactive and Cognitive Methods
for e-Learning Design: Creating an Optimal Education Experience, pp. 228–243. IGI Global
(2010)

44 R. Al-Azawi et al.

http://dx.doi.org/10.1007/978-1-4419-5546-3_31
http://dx.doi.org/10.1007/978-1-4020-8739-4_33
http://dx.doi.org/10.1007/978-1-4020-8739-4_33


Boosting Motivation Through Process
Gamification: Evidence from Higher Education

Julia Bilinkis(&) , Alexander Gromoff ,
and Yaroslav Gorchakov

National Research University Higher School of Economics,
ul. Myasnitskaya, 20, Moscow 129000, Russian Federation
yuliastavenko@mail.ru, agromov@hse.ru,

yar-gorchakov@yandex.ru

Abstract. Boosting motivation is a challenging task on the way of additional
productivity, especially considering new generations Y and Z. In this paper we
combine set of methods from process management, pedagogics and psychology
to develop an interactive gamification process and test it for generations Y and Z
currently studying in the leading Russian university. The efficiency of approach
is demonstrated on several models and authors suggest ways how to implement
them.

Keywords: Gamification � S-BPM � E-learning

1 Introduction

Theory of generations claims the current and future employees (Y and Z) differ from
their previous peers (X) [3]. Their engagement into working processes requires new
approaches to boost motivation, such as gamification. Kevin Werbach, an Associate
Professor at University of Pennsylvania, defines Gamification as ‘the application of
game elements and digital game design techniques to non-game problems, such as
business and social impact challenges’. Gamification focuses efforts on inner moti-
vations and autonomy in a controlled environment, where the contents of specific areas
subdivided and treated as stage in a surrounding context by cognitive, social and
emotional correlating [9, 10]. As the major part of generation Z are currently studying
in higher education institutions (HEIs) we decide to create and test our process
approach in the leading Russian University.

Educational systems there currently still are driven by the conventional offline
lecturing style content. However, the main content type students consume is much
more interactive than proposed by lecturers. Video and computer games (now followed
with mobile gadgets apps) has shaped so called Generation Y looking at reflexivity and
impact. Self-expression, interactivity and freedom of choice is a must for Y-s, while
traditional methods, such as installation of responsibilities are not efficient. Various
marking formulas (training attendance, activity, etc.) do not raise a slight interest in the
subject, rather it is perceived by students as a boring fulfilment of formal requirements.
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Luckily, is one of the most important indicators of Higher Education quality perceived
by students [1, 2].

2 Literature Review

There are earlier evidences that gamification has positive effects on engagement,
knowledge mediation and dissemination of knowledge. Papers devoted to gamification
are growing rapidly. From 2011 to 2014 according to Gartner, gamification has been at
the peak of increased interest, along with the Internet of things, big data and 3D
printing, and Gartner predicts only 5-10 years to reach a ‘plateau performance’,
indicating that the little-studied phenomenon gamification. In the 2015 Seaborn C. and
Fels D [11] considering more than 700 articles and scientific works, one way or another
affect the issue gamification [12, 13]. Based on the definitions of gamification in
various studies gives the following definition: gamification - it is purposeful and
intentional use of game elements and game design techniques in the context of non-
fiction [14]. This term came after the realization by many researchers that the creation
of a game to teach students is too expensive task, both in terms of development of
software to support the game, and from the point of view of its design [15].
Gamification is the intersection of the best methods and practices of game mechanics,
loyalty programs, and behavioural economics. To draw an analogy with the process of
learning the game, then during the game expects student awards and achievements
(assessment), each task considering how to stage a specific purpose (such as the level in
the game), and the road to the goal must be clear.

Traditionally the problem of involvement and motivation to learn was considered in
pedagogy and psychology, but in recent years it has increasingly become a techno-
logical challenge, especially with the new technologies in education and the transition
to the so-called digital economy [6–8]. Student Engagement is often seen as a multi-
dimensional construct and a large body of research is based on the definition of its three
components: Behavioural engagement (responsibility, commitment, perseverance,
attitude, habits, discipline, social skills), Emotional engagement (interest, motivation,
curiosity) and Cognitive engagement (improved academic performance, test scores,
assimilate information, skills) [4]. Recent work on the engagement shows that setting
goals and provide opportunities for joint activities in planning, assessment and
decision-making help making students more active participants in their education
processes [5]. Most often external motivation is achieved by creating a community
which consists of students sharing common interests, norms, behaviour and objectives,
and improving their training based on experience and shared knowledge.

In this paper we investigate gamification combined with process management and
test the solution in the the leading Russian University. We aim at better students’
involvement in the educational process by proposing a workflow oriented towards a
student comprising variety of tools, which student may select to impact the learning
process, depending on personal preferences. This ultimately contributes to improve the
quality of personalised education to obtain the necessary set of theoretical and practical
capabilities. By proposing a process-oriented solution [20–23] to cluster student groups
as communities in accordance with their needs and preferences we implement
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gamification components in the learning process to for better involvement of Gener-
ation Y and Z students. Thus, this study has the following research question:

RQ1: How can process management facilitate gamification of the conventional
learning process as perceived by students?

In order to answer this RQ we (1) assess gamification techniques for creating a
community of students; (2) analyze the current learning process and develop process
model supporting gamification techniques; (3) evaluate the efficiency of the` learning
process as compared to the traditional process of learning.

3 Process Management

Mastering disciplines in the educational program comprise measurable learning process
to obtain a degree. This requires the maintenance of a consistent trend of knowledge
acquisition and demonstration of obtained capabilities via exchange of ‘messages’ –
tasks and answers. Figure 1 describes the conventional learning process:

Regarding this model most of the students report longer feedback on task imple-
mentation, lack of interaction, unclarity of tasks, which leads to lower exam scores. To
improve the model, many teachers are taking the following steps mentioned above (see
Fig. 3):

1. Strengthening interpersonal relationships with students (unofficial social media
channels, such as chats in WhatsApp, Skype).

2. Creating a more flexible model of interaction. Tasks are not attached to student but
to students’ teams where more detailed division is done by members.

3. Proposing to execute a project rather than to accomplish a set of tasks. Project
manager inside the team divides tasks into smaller sub-tasks and distributes them
between members. Additional tasks here comprise coordination and quality
assurance.

4. Discussing projects with the presence of a lecturer to better understand the problems
and the resulting marks.

After these changes the interaction scheme could be redrawn as follows:
However, still this scheme also has disadvantages. Such team are often created out

of students presented with different knowledge and motivation for learning, but

Fig. 1. Conventional learning process through communication with a teacher
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granting a common grade for team work. Thus, it is not a personalized learning process,
and many students feel the injustice after the common mark is issued. To create an
effective learning community we add cognitive, emotional and behavioral (social)
components [16], that affect the learning process, that results in exchanging of tasks
(having different readiness) for getting feedback on what was done for the project and
clarifying messages from with the pool of students.

Creating a community of students allowed us to use motivation to measure a social
group and to run educational projects to achieve common goals. We facilitate common
problems solving using interactive feedback in a process environment, team spirit, and
contribution to the common deliverable. To improve cognitive component, we support
independent and team work fully compatible with the student interest in the course and
its current knowledge and experience. Student’s expression of emotions is also fully
supported: curiosity, the joy of victory, elements of gamification: scores, badges,

Fig. 3. The training model through the creation of a learning community of students and
gamification with constant feedback

Fig. 2. Model of creating a learning community of students

48 J. Bilinkis et al.



awards, progress bars, levels, avatars, quests leader board. Kevin Verbahom developed
one of the most popular gamified systems, abbreviated as 6D:

1. Define Business Objectives (identify business goals) - which is used for introducing
gamification;

2. Delineate target behaviour (delineate the target behaviour). The system should be
constructed in such a way as to give feedback to players, thereby stimulating the
desired behaviour.

3. Describe your players (describe the players). At this point, you can determine which
types of elements are preferred for one or another group of players (e.g., supporting
an atmosphere of competition and cooperation).

4. Devise activity loops (develop active loop) - how the system will give feedback on
the results of the behaviour of the player how a player can be motivated to advance
in the game, and how to grow his skill.

5. Don’t forget the fun (do not forget about the fun). It can operate without winning a
game, whether it will be interesting. The element of fun design is complex. Con-
sidering the preferences of the target audience need to understand what its main
interest will be.

6. Deploy appropriate tools (add the appropriate tools)

Mapping of these elements in the learning process additionally improves the
effectiveness of the latter [see also 17].

4 Gamification Tools

The system for one of the process management courses has been developed based on
Fig. 3 and Table 1. Teacher checks student’s introduction essays and forms several
communities of students (5-6 persons), depending on students’ knowledge and skills

Table 1. Gamification elements

Type of
involvement

Motivation Gamification elements

Emotional Monitoring learning
progress

Experience Points; Reputation; Skills and
‘Karma’

Social Demonstration of the
achievements of others and
the pursuit

Group assignments, awards and badges
The recommended model consists of:
1. Status (titles)
2. Access. Providing exceptional features,
such as lunch with the Rector or an internship
in a company.
3. Power. Implementation of control over
other people in the real or virtual world, for
example, the role of team leader in the project
4. Prizes and gift cards

Cognitive Call Quests during assignments
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that can be modified further. At the same time another group of students follows
traditional approach described in Fig. 2. In the traditional approach, the team is formed
out of the list of students. After courses have been finished we surveyed students. The
comparison between traditional and gamification approach is shown in the Table 2.

A student needs to go through four levels of “game” by analogy with the four
practical tasks to achieve a common goal. Each level proposes several missions. During
the execution of each “mission” students get badges with achieved results. It is
impossible to complete second-level missions, without completing first. The levels
provide difficulty thresholds (from simple to hard). Each new mission requires to more
immersion and the development of professional skills. This is necessary for the

Table 2. Comparison of two approaches

The traditional approach The gamification approach

1 Personal Job. Simulation of the business process modelling.
Student gets a task, and sends a
report via e-mail for marking.
Communication occurs in the
class.

1. Selection and confirmation of
modeling notations.

20 points

2. Modeling “as is” process.
Feedback from the lecturer.

20 points

3. Repeat ways to optimize
processes.

20 points

4. Modeling “as is” process.
Feedback from the teacher.

20 points

5. Create report, evaluation.
Badges:
• « The best Optimizer” - for the
best work
• « Early bird” -this first work
done
Awards: Free access to the
master class

20 points

2 Personal Job. Search processes to find bottlenecks using 6 sigma, lean and other
methods.
Student gets a task, and sends a
report via e-mail for marking.
Communication occurs in the
class.

1. Recap of process
enhancement methods

20 points

2. Process Analysis. Feedback
from the teacher.

20 points

3. Report, Evaluation.
Badge “Star” - for the best
presentation
Awards: Free access to the
master class, organized by the
University

`

(continued)
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calculation of progress that shows the percentage of the degree of the passage of each
level. Personal effectiveness charts allow obtaining an instant feedback on how well the
work is performed in comparison with others. Using the system also encourages social
interaction in the team.

5 Evaluation of the Proposed Solutions

Based on the survey with students (Appendix 1) the following diagrams have been
drawn (Figs. 4, 5 and 6).

Table 2. (continued)

The traditional approach The gamification approach

3 The group task. First level problem solving using analysis tools.
After the task distribution team
makes a presentation in class.
Communication occurs in the
classroom or during team
selection (online).

1. Case analysis, defining roles 20 points
2. Participants implement their

parts
20 points

3. Re-examination of the case all
together

20 points

4. Preparation of presentations 20 points
Protection of the presentation.
Evaluation
Badges:
“Helping Hand” -The best
student in the community
“Quality Mark” - for the best
presentation

20 points

4 The group task. Second level problem solving, using all the knowledge gained.
After the task distribution team
makes a presentation in class.
Communication occurs in the
classroom or when team prefers.

1. Case analysis, defining roles 20 points
2. Participants implement their

parts
20 points

3. Re-examination of the case all
together

20 points

4. Preparation of presentations 20 points
5. Presentation in front of

lecturer. Receiving evaluation
Badge “Star” - for the best
presentation

20 points

Exam Evaluation based on the answers
to questions and cumulative
assessment for the course.
Badges: “Legend” - the best
student - for the maximum
number of points

Accumulated
points
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6 More Application of Gamification Tools for Raising
Generation Z

A tremendous potential of gaming methods is used in other areas as well. Classical
learning approaches are being substituted to better cope with new generations [1, 18, 19].

First, the private school ‘Kodvards’1 installed an educational platform to teach
children the basics of software engineering to prepare them for the interconnected
world of digital economy [1]. Children who have been trained under the program, got
computer science skills, logical thinking, problem solving and software engineering in
a gamified manner. In contrast to classical approach of basic syntax learning much
discouraging students, authors have taught children and how to use the key concepts in
a language independent way. This course was created using a storytelling format to
broadcast programming concepts more interactively. It also allows students to
remember texts in an easier way and motivates them for a further study recognizing the
importance of programming skills in today’s world. Program “Kodvards” intends to
engage a wide audience of schools, art centres, centres of additional education in the
implementation of their educational program.

Second, the course has been implemented inside “Engineering Power” project
(Samara) that currently is still in progress of negotiation with other regions of the
Russian Federation. They plan to be a worthy alternative educational program in
computer science in the elementary school by interconnecting hundreds of schools and
summer camps embracing 15 000 children.

0
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10
15
20

Lack of
communica on with

students

Lack of understanding
of theore cal

material

The lack of discussion
in the classroomA formal approach

There should be more
prac cal work

Work in the classroom during prac cal training 

Tradi onal approach Gamifica on

Fig. 6. Assessment of practical training (40 people)

1 http://codewards.ru (accessed 03.03.2019).
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Third, the extracurricular activities of “Elementary School 2100” program– aim at
development of substantive skills, universal educational actions and personal qualities
of students. The authors believe that the challenge is to know what information is
needed but how to request it. The educational system ‘School 2100’2 is the first and
only modern experience of creating an integrated educational model which offers a
systematic and continuous training of children from preschool age until their gradua-
tion at the high school in Russia and CIS countries.

7 Conclusion

In this work, we considered Gamification not only as an obvious trend for new gen-
eration, but as a tool for enhancing learning process in universities, supported by ICT.
It has a high potential to change the behavioural patterns of students and support the
learning process. Once generations get older, more research is needed to analyse
potentials of gamification in their industrial working environments. We derive several
key aspects to consider gamification in learning processes:

1. Companies/Universities must develop Key Performance Indicators (KPIs) regarding
employees/students engagement into learning (e.g. participation in research pro-
jects) and regarding lecturers’ performance (such as student feedback after the
course), mapping them to the business strategy. Such indicators motivate both
lecturers and students for better engagement into learning process, boost motivation
inside gamification roles and lead to higher creativity.

2. Learning process owner must always analyse feedback from its execution in real-
time, that makes students and teachers more active and flexible, e.g. during subject-
oriented process interaction. Gamification tools such as bonuses, grade levels that
are integrated with coaching and e-learning tools for further performance man-
agement and training. Feedback from processes and users should be updated on a
regular basis, corresponding to the efficiency of the processes: for example, once an
hour, once a day, once a week, once a month, etc.

3. Learning process participants need additional motivation for their own contribution
to creative games and for reconsideration of their involvement. Accordingly, the
role of mentoring increases, when experienced “players” can help “beginners” to
show themselves from their best side. Achieving milestones and goals makes each
employee a hero of his own game. It’s important to avoid competition: better to
reach mutual involvement in the objective achievement than pursue personal sur-
vival. Therefore, the comparison between personal “percentage” within result
demotivating people and leads to a failure in achieving the effectiveness of training.
In gamification (as in any game at all) a positive emotional mood is an important
success factor.

4. There is a need for cooperation and exchange of knowledge between all participants
of the “game”. The system of involvement scoring in the “game” should support
updating of knowledge, its storage and the ability to remote access at anytime from

2 http://school2100.com/school2100/about/pedagogika.php (accessed 01.03.2019).
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anywhere. Within a short time, a common knowledge platform or knowledge center
should be created for the exchange of experience, rapid involvement in the learning
process, answers to frequently asked questions and standard solutions.

5. There is a need for support for business process roles in the “game”. One “player”
can take several roles, but these roles should be developed in each process and
contribute to the achievement of goals. For example, the role of the Manager can be
performed by the” owner “ of the process, the role of content managers is to update
the “mechanics” and content of the game. Technical support managers identify
system failures and errors, update the database, and provide solutions to problems.
“Communicator” sends announcements about new versions of the “game”, its
stages and changes, updates the scenario. Depending on the level of game and
involvement, the role of PR (GR) Manager can also be created, who establishes and
maintains contacts with the official government structures involved in the game,
heads of interested organizations.

Appendix A1

After completing the course, the students were asked to undergo a survey consisting of
the following questions from the perspective of cognitive, psychological and social
characteristics:

1. Evaluate the course content:
(a) Material difficult to understand
(b) Material partially understandable
(c) Few practical examples and exercises
(d) Material examined surface
(e) Material is untrue

2. Evaluate a course instructor:
(a) The teacher did not prepare the material properly
(b) No adequate explanation
(c) Skipped slides
(d) Lack of knowledge from the teacher
(e) The lack of feedback from the teacher
(f) Insufficient additional materials

3. Work in the classroom during practical training
(a) Lack of communication with students
(b) Lack of understanding of theoretical material
(c) The lack of discussion in the classroom
(d) A formal approach
(e) There should be more practical work.
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Abstract. Currently, the expressive growth of educational technologies has
made health education institutions discuss new pedagogical forms with the
reorientation and reorganization of teaching, being considered of utmost
importance the presence of information technology in the course of student
training and pedagogical practices. In this context, Google Classroom has
emerged as an educational platform that can be used as a technology innovation
to make academic activities more dynamic and effective. The objective of this
study was to evaluate the usability and user satisfaction of Classroom as a tool to
support the process of teaching learning. The methodology used was based on a
qualitative and quantitative approach through the method of usability analysis
and user perception. The qualitative and quantitative variables used to analyze
usability were the effectiveness, time of use and user perception through the
Attrakdiff questionnaire. The sample used in the study was 110 students from a
Faculty in the city of Recife, state of Pernambuco, Brasil, during the 2nd
semester of 2017. From the results, we can noted that the platform is relevant to
the learning process but improvements can be made to a greater identification
and interaction of the user. The student satisfaction analysis showed that
Classroom can be a great tool used in pedagogical practice as a support to the
teaching learning process and also to evaluate the benefits of its use. This study
can serve as a starting point for research in this area, and for the development of
new technologies related to education.
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1 Introduction

Teaching requires that the teacher have students participate in lessons, to keep their
attention and to develop the subjects addressed. The integration of new technologies
into teaching serves as a different and innovative pedagogical approach that provides
the student with a better environment for acquiring and building knowledge [1].

Academic institutions are ideal places to research, develop and test new tech-
nologies. This site of knowledge-creation arouses interest in seeking the new and
improving the old, especially in the area of healthcare information management, where
it is necessary to maintain and routinely update information about patient care precisely
to ensure correct treatment. Upon graduation, students must be able to apply what they
have learned in real life applications [2].

The technological changes occurring in the teaching-learning process, which focus
on contextualization in health education, has facilitated the formation of critical stu-
dents capable of interfering in decisions on these aspects. Understanding the rela-
tionship between Science, Technology and Society, means broadening the possibilities
of understanding and effective participation in the world.

Thus, the use of Information and Communication Technologies (ICT) has become
increasingly an immediate necessity in the construction and transmission of knowledge.
Society must live with the opportunities created by technology which bring information
at high speeds, reducing the boundaries of the world and facilitating social relations [3].

According to [4, 5], technologies are like bridges that open the classroom to the
external world. Besides being forms of representation of reality—in a more abstract or
concrete, static or dynamic, linear or parallel form they combine and integrate different
learning processes, favoring the potential of students.

Therefore, it is worth noting that students easily adapt to technological resources,
but teachers find it more difficult to adapt to the use of technologies in the classroom.
[3] states that the great difficulty is that many teachers were not born in the information
age, nor were they indoctrinated early in the utility of these digital resources in the
same way that their students have been since the beginning of their formal education.
With this, these difficulties become obstacles to the use of this important teaching
instrument.

In health, educators face many challenges not only in using technology in the
learning environment, but also finding the right technology to use. [3, 6] found that
health educators need more technology skills training, because it is essential to be able
to operate new technologies to engage students in the classroom.

Several new technologies are currently used in the classroom, such as laptop
computers, projectors and smartphones, as well as collaborative learning platforms and
virtual learning environments such as Google Classroom and Moodle. These learning
environments allow for student interaction, knowledge sharing and collaboration
beyond the walls of the classroom. When used during class time in an educational
context, it enables the transmission of knowledge through its attention-attracting
capabilities. In addition, the rapid emergence of educational applications is uniting
interest in technology with the teaching process.
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On the other hand, teachers have a variety of educational platforms to assist in
students’ teaching and learning processes and to provide a collaborative learning
environment for them. In this context, Google Classroom has emerged as an innovative
educational platform that makes academic activities more dynamic and effective.

Google Classroom is a free-to-use platform developed by Google, to help the
teacher in the classroom. With it, the teacher can create a virtual classroom to share
various materials, exercises, and activities, and where students can submit assignments
and receive teacher feedback and grades. This saves time and paper, as it is used
through smartphones, tablets, and laptops. It also develops a vibrant, interactive online
collaborative space to support and complement face-to-face classes. The platform can
be accessed from any device that has internet access and has a browser, there is also a
mobile version available to download for Android and IOS platforms [7].

All new technologies and educational platforms should be tested to identify pos-
sible errors before they are released. Verifying speedy operation, a user-friendly and
simple interface and the presence of all desired features that operate effectively for the
end user, thus guarantees usability and user satisfaction [8]. The goal of usability
research is to analyze whether the application is easy to understand and use and if it has
a dynamic and interactive format for the intended population, and to compare the real
benefits to those claimed by the producer, and evaluate the quality of their inclusion in
the learning teaching process [9].

In this context, the objective of this study was to evaluate the usability and satis-
faction of Classroom users as a tool to support the process of teaching learning.

1.1 Usability and Satisfaction Analysis

There are many kinds of Usability and satisfaction analysis protocols. According to
[10] there are three characteristics that will enable a positive user experience:
(a) Functionality: the artefact needs to match the function it proposes, otherwise it will
be considered useless and the user will be dissatisfied; (b) Usability: the artefact has
correct and easy to use; (c) Satisfaction: In addition to the above mentioned benefits,
users expect positive feelings when using a product. Among existing validated pro-
tocols to analyze usability and satisfaction (NASA [11], QUIS [12], SUPR-Q [13],
CSUQ [14], SUMI [15], ATTRAKDIFF [10]), these characteristics above fit to both
hedonic and pragmatic quality of AttrakDiff questionnaire. This questionnaire is based
on the same user experience evaluation criteria proposed by [10].

In this experiment, AttrakDiff was selected to evaluate the users experience in the
proposed system, as it allows one to evaluate the attractiveness through the different
aspects of an application. This type of testing becomes increasingly important, given its
ability to help developers understand the product from users’ perspectives [10]. The
questionnaire is divided into three dimensions: Pragmatic Quality (PQ); Hedonic
quality - in this dimension there is a subdivision where one part focuses on the Stimulus
(QH-E) in the Identity (QE-I); and Attractiveness.

The pragmatic quality refers to the objective use of the product by an individual and
is more related to the characteristics of functionalities and usability, that is, they will
analyze how good or bad is the experience that the product provides the user.
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This dimension describes the quality of an application and indicates the degree of
success that users achieve by using the application [10].

2 Materials and Methods

The methodology used in this study was based on a qualitative and quantitative
exploration of usability and user perceptions of the technology. The qualitative and
quantitative variables used to analyze usability were the effectiveness and perception of
the user through the Attrakdiff questionnaire [10, 16]

AttrakDiff measures the user’s perception about the intended object, and according
to [10] “allows assessing attractiveness through different aspects of an application.”
The questionnaire was divided into three dimensions: (I) the Pragmatic Quality (QP),
referring to the quality of the application and the desired objectives achieved by the
user; (II) the Hedonic Quality, that is divided into Stimulus (HQ-S), indicating how
much the object meets the needs of the user and promotes interest, motivation, etc., and
the Hedonic Quality of Identity (HQ-I), identifying of the user’s need with the
application; and, (III) Attractiveness (ATT), that indicates the general value of the
application based on the user’s perception of quality. AttrakDiff is composed of
twenty-eight-word pairs grouped in dimensions where each pair of words are placed at
the ends of a scale with a semantic differential of seven points (−3 to 3, with 0 as the
neutral point).

The number of items evaluated, are distributed as follows: seven items for Prag-
matic Quality dimension; fourteen items for Hedonic Quality (seven evaluate the
Stimulus and seven evaluate the Identity); and seven items for Attractiveness. It is
available on the AttrakDiff website [16] all explanations about the analyzed dimensions
and are therefore easily interpreted by commercial developers and/or non-usability
specialists.

2.1 Scenario

The usability and satisfaction evaluation were performed in the Google Classroom
application, a content management platform for educational institutions that seek to
simplify the creation, distribution and evaluation of educational content. The study was
conducted with the voluntary participation of 110 students from different academic
programs in the health informatics discipline at the same college, in Recife City, Brazil,
in 2017. The students used the google classroom during the second semester of 2017
accessing the pedagogical content (ebook, video, podcast, website and text) and doing
activities.

The usability evaluation occurred during the second semester of 2017 and was
divided into two stages. In the first stage, students used the Google Classroom for six
months, where it was possible to track the user’s immersion time and interaction with
the platform. In the second stage, students completed the AttrakDiff standardized
satisfaction test aimed at identifying usability issues, analyzing the user experience, and
determining the participant’s satisfaction with the product. Additionally, all participants
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completed a single-question, open ended questionnaire about their perception of the
Google Classroom platform.

3 Results and Discussion

The AttrakDiff questionnaire was answered by 110 students from different academic
programs at the higher education institution in the city of Recife, Brazil, in 2017. In the
portfolio presentation (Fig. 1), horizontal axis represents the value of the pragmatic
quality (i.e., the left = a low value). The hedonic quality values are represented on the

Fig. 1. Mean values of confidence dimensions and rectangles of portfolio-representation
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vertical axis (bottom = low value). Depending on the dimension values, the product
will be in one or more “character regions”. The higher the confidence rectangle, the less
sure which region belongs. A small rectangle of confidence is an advantage because it
means that the results of the research are more reliable and less coincident. The con-
fidence rectangle is displayed, if the users are in a in evaluating the product. The higher
the confidence rectangle, the more variable the rating scores.

According to AttrakDiff and the portfolio-representation, the application is
Desirable in the pragmatic and hedonic dimensions. The results of the measurement are
clearly situated in this quadrant, indicating that the product assists users, arouses their
interest and stimulates users as well as decreases the cost of teaching materials in and
outside the classroom. The confidence interval of pragmatic quality (0.22) is higher
than that of hedonic quality (0.20), although it is only located in a single quadrant. This
can be attributed to the different classifications given by the users, indicating that there
are still spaces for improvement of the product in terms of its pragmatic and hedonic
quality.

The results of the 3 dimensions can be visualized in the Fig. 2

According to Fig. 2, the Pragmatic Quality (PQ) describes that the user has
achieved all the desired learning goals, despite having the lowest score (1.30), thus
denoting that it meets the needs of a classroom. The Hedonic Identity Quality (HQ-I)
that indicates the level of user identification with the application has a score of 1.59.
Through this score, we observe that the application is a recommended tool for students

Fig. 2. Mean values of each dimensions
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of different age groups seeking a more dynamic knowledge. The Hedonic Quality of
Stimulus (HQ-S), which evaluates if the application is original, interesting and stim-
ulating, had a score of 1.29. The main items that stood out were ingenuity and cre-
ativity, demonstrating that the application is innovative and brings a different
encouragement for students to study. Attractiveness (ATT), which says how attractive
the Google Classroom is to the user, has a score of 1.73, very close to the maximum
value. According to the questionnaire responses, this is due to the application’s ease of
use and accessibility.

In Fig. 3, the AttrakDiff scale indicates user associations of word pairs on a seven
level, semantic differential scale. With the center point at 0, the values positioned to the
right are 1, 2, and 3, and the values to the left are −1, −2, and −3. The methodology

Fig. 3. Mean values of word pairs
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recommends attention to the points in the extremities, because they are very well
resolved or critical issues. We expect that most points will be positioned to the right of
the dividing line; i.e., values above 0 and, where possible, close to 3.

According to the Description of Peer Words in Fig. 3, in the Pragmatic Quality
dimension (PQ), the Technical - Human item has a value close to −0.50, showing that
the application has a less colloquial language, and in the Hedonic Quality of Stimulus
(HQ-S), the Caution - Bold item has a score of 0, a neutral value indicating that Google
Classroom had a good acceptance. Of all the AttrakDiff word pairs, these are the only
ones with non - favorable values that gave zero or below zero. In contrast, we obtained
other items with more positive scores. Under Pragmatic Quality (PQ), the Manageable
item has a positive score of 2, indicating that students felt extremely willing to work
with the application because it was easy to use, aligning with the Hedonic Quality -
Identity (HQ-I). The item Presentable has a value close to 2,0 denoting that the
interface of the application is quite interesting to users. Also, under the Hedonic
Quality - Stimulus (HQ- S), the Creative item has a very satisfactory value of 2, the
application is both creative and available at no cost. Finally, the Good item in the
Attractiveness dimension has a positive value very close to 2,0 thus highlighting the
high level of user satisfaction.

4 Conclusion

This article presented an evaluation of usability and user satisfaction regarding the use
of google classroom. The results found from the analysis of the data collected by
AttrakDiff showed that improvements can be made to promote a greater identification
and interaction of the user with the classroom. According to Pragmatic Quality, the
results showed that users exhibited a greater focus on the task to be performed, and the
predictability could be improved so that participant frustration is not caused. In the
dimension of Hedonic Quality, we can see that we have a captivating and connective
platform, bringing user motivation and satisfaction. With the results obtained in the
Practicality item, we can infer that the classroom fulfills its objectives: facilitating
student understanding of the content and making learning less dense. Improvements
still need to be made, in order to provide the most technical and fun educational game.
A difficulty reported by the participants was the process of responding to a task sug-
gested by the teacher, since the students did not know how to post the answers due to a
low proficiency with the technology.

When technology and education are applied together, everyone involved benefits.
The student, because the classroom is an easy-to-use platform that is quickly accessible
anywhere, and the teacher, because they can interact with the students, offer activities,
and track who has answered on the platform itself. The student satisfaction analysis
through AttrakDiff is a useful measure of the benefits of the Classroom platform, and
has showed that Classroom can be a great tool used in pedagogical practice as a support
to the teaching learning process. This study can serve as a starting point for research in
this area, and for the development of new technologies related to education.

In addition, the analysis of results obtained through tests with voluntary users
demonstrates the high degree of attractiveness, satisfaction and willingness to work
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with the application because it is easy to manipulate and customize the Google
Classroom. To corroborate this argument, we highlight the fact that the Classroom uses
different types of interactive devices than the most commonly used ones, allowing for
new ways of interacting and contributing to student immersion into the material.
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Abstract. It is particularly important to understand the role of motivation in
digital learning environments so that designers taking advantage of design
principles can encourage trainee’s engagement and, by extension, the learning
process and further contribute to reducing the drop-out rates. This study aims to
add evidence to the context of e-learning motivational design, based on Gam-
ification and motivational strategies of Self Determination Theory (SDT), by
integrating them appropriately into Moodle Learning Management System.
Judging from the initial positive results of the research conducted through an
e-learning course for adult trainees and where the combination of SDT and
Gamification played a key role, the proposed framework seems to have great
impact on trainees’ motivation and satisfaction, leading us to describe it as a
“well-designed” solution. However, a further rigorous analysis on the results is
considered necessary in the future.

Keywords: Self Determination Theory (SDT) � Gamification � Education �
Game elements � Intrinsic motivation � Moodle

1 Introduction

Nowadays, the way one learns, is constantly transforming. The rapid development of
technology, as well as the variety of human needs, have necessarily shaped a different
approach to the educational process. The entry of digital technologies and social media
has changed the way trainees are involved, creating, sharing, discussing and reforming
experiences. Increasingly, e-learning environments are developed and applied to sec-
tors, including the entrepreneurial. More and more, business recognize the multiple
benefits of e-learning and empower such training solutions in order to have in work-
force efficient and expertized employees. From the other hand and with no doubt
employees easily and fast can improve their knowledge and skills, as to become more
competitive, paving the way to their future career development.

However, in e-learning settings a major problem that continuous to involve many
researchers is drop-outs that appear in higher rates than in face to face settings,
especially in adult education. Obviously, this fact is justified, since adult trainees
dispose specific features like self-regulation, orientation to goals, familiar contexts etc.
[14]. Lately, literature research has highlighted e-learning drop-out factors [10] but
with a vague documentation about their comprehension. Nevertheless, most researchers
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advocate to factors such as lack of time, lack of supervision of management, problems
with technology, inexperienced operators, badly designed courses and mainly to lack of
motivation – satisfaction [5].

Focused on the last two abovementioned factors, there is a crucial need for con-
structing e-learning courses that will be well-designed under motivational guidelines,
capable to provide trainees motives for engagement, real participation and course
completion [21]. In addition, motivation boosts trainees’ satisfaction and attitudes
towards educational process [1] and drive them to accomplish their tasks, presenting
better outcomes. Based on this perspective, the article attempts to present a well-
orchestrated framework tailored on practices which incorporate the Self Determination
(SDT) theoretical background and motivational gamified techniques. The rest of this
document is structured as follows: Sect. 2 contains the theoretical background, namely
a literature review with our contribution to the theoretical knowledge. Section 3 refers
to the Methodology. Section 4 concerns SDT, Gamification and Moodle and finally,
Sect. 5 presents the Discussion and the Conclusions.

2 Theoretical Background

In order to enhance e-learning courses, designers are mainly based on motivational
design principals, aiming to empower intrinsic motivation. It is widely accepted that
when trainees are intrinsically motivated, they will have greater learning outcomes than
those who are not and consequently will be more motivated to do so in the future [12].

The emergence of intrinsic motivation arises from the coverage of three basic
human needs: (1) competence, (2) autonomy and (3) relatedness. Initially, the term
competence has been linked to many other terms such as self-efficacy [3] and strategies
for success [6]. Deci et al. [7] argue that the positive feedback is an indisputable factor
in the competence of the individual. Werbach and Hunter [22] also point out that every
person feels competent when it deliberately influences the environment in which it
interacts. When the person feels that can face and solve problems at that time feelings
of pleasure are created. Additionally, autonomy concerns someone’ s need to control
his actions and choices and implies his psychological freedom and will to fulfill a task.
Research results [22] revealed greater growth of intrinsic motivation, when trainees
were asked to define time frames and activities that wanted to carry out, in contrast with
the imposition of limits and the creation of possible fear assessment that led to its
undermining. Finally, relatedness represents the basic desire of the individual to be
integrated by the social environment [4, 8]. It refers to the inherent need of the indi-
vidual to develop social ties and feel part of a group.

Across the viewpoint of the three above human needs, Self Determination The-
ory SDT [8, 18], a long-term theory of human motivation, emotion and development,
focuses on factors that either facilitate or prevent assimilation and development pro-
cesses in humans. SDT can be studied more in the field of motivation in education as it
creates a two-way relationship between motives and learning.

From the other hand, gamification takes advantage of technological means and game
elements, practices and methods, stimulating engagement, affecting behaviors in per-
forming a task or achieving a goal via game-like systems [1]. It includes a variety of
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game elements [22], namely game components such as among others, badges, points,
levels and quests; mechanisms such as collaboration, discovery and feedback; dynamics
such as emotions, progress, narrative and relationships as well. By exploiting game
design elements in non-gaming contexts like work or learning environments, motivation
is enhanced effectively [13] and as a result, performance increases. According to
Zichermann [23], gamification techniques could grow skill acquiring new knowledge up
to 40%. In general, surveys converge to the fact that if design and implementation are
done properly, gamification will have positive effects on learning [9].

Table 1. SDT and gamification

SDT Gamification techniques
(e-courses)

Gamification elements

Core
components

Strategies Components Mechanisms Dynamics

Competence C1 – Scaffolding Inform users for their
progression through messages

Instant
Feedback

C2 – Fun learning
activities

Integrate interactive digital
material

Quests
Content Unlocking
Battles/Boss fight

Challenges
Luck

Emotions
Constraints

C3 – Control of
learning process

Integrate visual elements for
game levels and user’s
progression

Levels
Progress Bar
Ranking/
Leaderboards

Progress

Provide users measurement of
success

Points
Virtual
Goods/Assets

Emotions

Autonomy A1 – Clear learning
goals

Present main learning goals
and guide users achieve them

Narrative/Scenario
(Syllabus)

Emotions

A2 – Customization of
the environment

Provide the possibilities to
customize their profile and
dashboard

Avatar Emotions
Progress

A3 – Feedback Inform users for their
progression through messages
or visual elements

Levels
Progress Bar
Ranking/
Leaderboards

Instant
Feedback

Emotions
Progress

A4 – Meaningful
choices

Provide opportunities for
choices with consequences

Quests Challenges
Transactions

Emotions

Relatedness R1 – Collaboration Provide opportunities for
teams’ creation

Teams Transactions Emotions
Relationships

R2 – Interaction and
communication

Provide opportunities for
socializing

Competition

R3 – Mutual
Assistance

Provide possibilities for help
(Co-Solver users)

Gifting/Sharing
Resources

R4 – Social status Give conspicuous rewards
(Marks/Certifications/Badges)

Points
Badges
Achievements
Collections
Ranking

Resources
Rewards
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However, in order to create a gamified e-course and evaluate the levels of efficiency
based on the intrinsic motivation, there is a need to combine motivational theories with
gamified practices [20]. SDT components directly seems to get linked to the games,
since games enable autonomy (mode and game type), competence (end of the game)
and relatedness (sharing success to friends). As a result, the following table (Table 1) is
emerged through a literature review, [1, 2, 7, 8, 17–19] as an attempt of matching in
detail SDT theory (human needs displayed as theory’s core components and theory’s
strategies), as well as gamification (techniques and elements), in order to orchestrate
robust solutions of well-designed e-courses.

As can be seen, gamification mechanisms and dynamics are shaping up a more
exciting and participatory experience that encourages trainees to carry out concrete
actions. They also rely on user’s wishes for reward.

3 Methodology

This article aims to present the high impact of a well-designed conceptual framework
on the motivation of adult trainees. Particularly, it presents how gamification tech-
niques are tailored to the SDT guidelines by providing capabilities for customization of
an e-learning environment such as Moodle, while increasing its potential, thereby
positively affecting trainees’ engagement and performance. According to that purpose
the Research Questions are formed as follows:

RQ1: Is there an effect on the motivation of adult trainees by designing an edu-
cational scenario based on Self Determination Theory (SDT), adapting
appropriately gamification techniques/elements?

RQ2: How Moodle could be customized upon the guidelines of Self Determination
Theory (SDT) and gamification in order to serve effectively the proposed
framework?

In order to find answers to the above research questions, an online training course
for customer communication and training was developed based on a well-orchestrated
educational scenario. The name “Lord of the Riiiings” was chosen for the course as a
variant of the famous trilogy by J. R. R. Tolkien, “The Lord of the Rings”. This choice
is entirely justified, because either the course refers to trainees involved in a customer
service department or the enjoyment was attempted to be increased. Besides, the
scenario/narrative is encompassed by the gamification dynamics which is related to
users’ behavior and interaction and provokes their greater urge.

Specifically, in this game-based scenario, the powerful Lord Sauron has stolen all
communication skills that belong to the Hobbits and has closed them on an object
called the “golden” earpiece. A little hobbit called Frodo asks each trainee to help the
Hobbits find the pieces of the golden earpiece and destroy them, releasing the stolen
skills. As a result, all trainees, having been informed about their mission, pass through
all the main stations of the journey in Middle Earth, from Hobbiton to Mountain Doom
(Fig. 1), learning basic facts and facing various challenges. If they deal with them
successfully, they will reach their destination and defeat Lord Sauron.
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4 Instructional Design

Since the SDT Theory doesn’t include specific steps for the instructional design the
macro-script was set in accordance with the gamified scenario. Thus, the training
course was composed of five different modules. Each module serves different learning
objectives (Table 2), corresponds to a station of the abovementioned journey and
includes a four-step micro-script design of (1) Goals, (2) Material, (3) Activities and
(4) Assessment. Furthermore, the Fig. 3 presents at the same time the macro-script (the
five modules) and the micro-script (the four steps) of the design. The procedure
(numbered tasks), the interaction (individual, group) as well as the components/
strategies of the SDT theory are clearly imprinted.

However, a brief description follows:

Module 1. Hobbiton (Estimated time: 1 day): This module is preparatory and
concerns tasks such as the announcement of the e-course learning objectives and
syllabus (goals) as well as instructions for Moodle’s environment functionality
(material) and avatar creation (activities). It aims to join trainees to the learning process
in order to be part of the story as individuals.

1. Hobbiton
2. Rohan

3. Godor
4. Mordor

5. Mountain
Doom

Fig. 1. The journey in Middle Earth (modules of the macro-script design)

Table 2. E-course main learning objectives – Step 1. Goals

ID Learning objectives

LO1 Identify the characteristics of good customer service
LO2 Identify different types of customers and choose the appropriate management mode

depending on the corresponding type
LO3 Learn ways to communicate effectively with all kinds of customers
LO4 Apply real-world knowledge and connect knowledge with incidents that are

encountered
LO5 Make decisions and work with others
LO6 Develop communication skills
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Module 2. Rohan (Estimated time: 3
days): In this module trainees deal with
the concepts of good/bad customer service.
After they have get informed for the
learning goals (goals – LO1, LO4) and the
learning content (material), initially they
are asked to define the features of an effi-
cient customer service by brainstorming. In
addition, they accomplish interactive
activities (activities) like a case-study
analysis. A positive feedback is given for
their correct answers and at last they test
their knowledge through quiz
(assessment).

Module 3. Godor (Estimated time: 3 days): The concept of effective customer
management is highlighted in this module. Once again, the learning goals (goals –LO2,
LO4, LO5, LO6) and the learning content (material) are announced, including further
information about the collaborative technique of Think-Pair-Share. Therefore, pair-
teams are formed by user’s free choice and a collaborative case-study activity takes
place (activities). The module ends up with both peer-to-peer and self-assessment
(assessment).

Module 4. Mordor (Estimated time: 3 days): A similar procedure is repeated as in
the previous module. However, the difference refers to the learning content, namely the
concept of effective customer complaints management (goals – LO3, LO4, LO5,
LO6/material). In addition, the activities include two case studies (activities) with the
second being decisive for the progress of the trainees, since the trainees must be
evaluated (assessment) based on all learning concepts they have been taught, as well as
they must overcome a grading limitation of 80%.

Module 5. Mountain Doom (Estimated time: 1 day): In this module, trainees gain
their certification for the course completion as an instant feedback which is a visual
recognition of their achievement.

Figure 3 also presents the Moodle tools that were incorporated by the design and
will be described in detail in the next section. For example, in Module 3, in “Godor”, a
page was used to announce learning objectives to the trainees. In accordance with the
narrative, the “Elf”, through a SCORM and a lesson activity, helped trainees study the
digital material. Then, in order to deal with the threat of the Trolls’ chief (Fig. 2), who
trapped them in a case-study workshop activity about effective customer management,
they collaborated with peers. At the end, through a quiz, namely a challenge, trainees
managed to escape from Sauron and through access restriction & activity completion
settings, they discovered a piece of the “golden” earpiece.

It is worth to be mentioned that while the story evolves during modules, trainees
have opportunities for free choice, social interaction as they ask and give help,

Fig. 2. Screenshot of narrative and activities
in Moodle (Module 3)
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communicate, discuss in order to collaborate, share their experience, gain enjoyment
and recognition. Through this dynamic process, autonomy, competence and relatedness
get enhanced. At the same time motivation and satisfaction get empowered.

5 SDT, Gamification and Moodle

O’Donovan et al. [16] argue that there is a lack of technological support in formulating
properly a gamified activity as well as there is no effective management system learning
that could provide what is considered necessary in gamified courses. Nevertheless,
Moodle is one of the Learning Management Systems (LMS) that dispose elements
customized easily and simple, facilitating gamification, aiming at trainees’ active

Fig. 3. Instructional design of the e-course “Lord of the Riiiings”
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participation and motivation. Researchers [11, 15] outline that Moodle can offer the
following capabilities for gamification:

• Avatar: Users can upload a picture to their profile. Avatars are important, since
they cover autonomy’s perspective of free choices [2].

• Users’ Progress: Through the progress bar, a visual representation of progress,
users have the ability get informed of the number of activities to be done, those that
are completed and those that are not. Progress bar is a useful tool for self-regulation
and empowers the components of competence and autonomy, given that it offers
users continuous feedback.

• Quiz Results: The “Quiz Results” block contains the highest or lowest scores
results and strengthens the competitive users’ nature, whereas they enhance peer to
peer interaction and therefore the relatedness.

• Levels: The “Level Up” block displays the level of trainees and the progress to the
next level. This information could be considered as feedback, too.

• Feedback: Both quiz and assignment, among others enable feedback that encour-
ages trainees to continue the learning process.

• Badges: They are rewards to users for their accomplishments. Trainees can share
them as a means of social recognition.

• Ranking block: Users can get informed of their points through the ranking tables
and compare them against the results of their peers.

Despite, several other tools have been used in the proposed framework. The
matching and distribution of all used Moodle tools to the theoretical background as
well as to the instructional design is listed to the following table (Table 3).

In addition, the next figure (Fig. 4) shows the most important gamification elements
that were used for the needs of the proposed framework.

Fig. 4. Gamification in Moodle – Screenshots
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Table 3. Design, theoretical background and moodle

Instructional design Moodle tools Core Plugin Aim/ gamification
technique

SDT
strategies

Gamification
elements

Macro-
Script

Micro-
Script

1. Goals Page ✓ Presentation of
main learning
goals

C1, A1 Narrative/
Scenario
(Syllabus)

2. Material Lesson ✓ Provision of
different learning
paths for the
learning material

C2, A1 Challenges

SCORM ✓ Presentation of
Interactive
Content

H5P ✓

3. Activities URL ✓ Access to external
websites

A2 Avatars

Wiki ✓ Brainstorming R1, R2,
R3

Quests
Teams
CollaborationAssignment ✓ Individual/

Collaborative tasks
C1, A4,
R1

Choice ✓ Free user’s choice
on queries for
customer service

A3, A4 Instant
Feedback

4. Assessment Workshop ✓ Collaborative
tasks and peer-to-
peer assessment

C1, A4,
R1

Quests
Teams
Collaboration

Quiz ✓ Formative
cognitive
assessment

C1, A4 Challenges

Macro-Script Badges ✓ Provision
ofrewards

A3, R4 Badges/
Achievements
Rewards
Instant
Feedback

Certification ✓

Progress Bar
Block

✓ Visualization of
progression

C3, A3 Progress Bar

Level Up
Block

✓ Levels

Ranking
Block

✓ C3, A3,
R4

Ranking

Forum ✓ Interaction
Communication

A4, R2,
R3

-

Chat ✓

Dashboard
Customization

✓ Integration of free
choice

A2 Avatars

Access
Restriction

✓ Integration of
constraints

C2 Content
Unlocking
ChallengesActivity

Completion
✓

Survey ✓ Collection of
research data

- -

Feedback ✓
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The research was conducted with the participation of sixteen adult trainees without
previous experience on customer communication and training. All of them completed
the e-course successfully and gained the certification of accomplishment. The initial
research findings can give a clear picture for the impact of the design on their motivation
(RQ1). The research data collected by a post-test (an improvised questionnaire with
twelve questions in likert scale 1–5, where 1 = Absolutely Disagree, 5 = Absolutely
Agree), shown greater means than mean test-value 3 (Table 4), for all SDT components.

Therefore, the presented framework attempted to support an e-course for adult
trainees by combining SDT strategies with gamification elements and incorporating
them appropriately into Moodle Learning Management System, aiming to enhance
their motivation. As one can find out, from the abovementioned (Table 3), the three
components of SDT theory, competence, satisfaction and relatedness seems to be
supported by the instructional design sufficiently.

From the other hand, Moodle can be customized effectively under the guidelines of
SDT and gamification (RQ2), by installing third-party plugins and exploiting appro-
priately a variety of educational tools that disposes (Table 3). This assumption is
confirmed by the research data collected by COLLES questionnaire (Table 5). COL-
LES (Constructivist On-Line Learning Environment Survey) is a Moodle survey with
twenty-four questions grouped into six scales (Relevance, Reflection, Interactivity,
Tutor Support, Peer Support, Interpretation) in likert scale 1–5 (where 1 = Almost
Never, 2 = Seldom, 3 = Sometimes, 4 = Often, 5 = Almost Always) and evaluates the
quality of the on-line environment by presenting the preferred and the actual percep-
tions of trainees about the e-course.

Table 4. Motivation means

N Minimum Maximum Mean Std

Competence 16 3.8 5 4.3 0.3
Autonomy 16 3.8 5 4.4 0.3
Relatedness 16 4 5 4.5 0.3
Motivation 16 4 4.9 4.4 0.2

Table 5. Trainees’ perception - COLLES means

N Minimum Maximum Mean Std

Relevance actual 16 3.25 5 4.3438 0.63819
Relevance preferred 16 3 5 4.3594 0.59839
Reflective thought actual 16 1 5 1.7188 1.05623
Reflective thought preferred 16 1 4 1.6875 0.75
Interactivity actual 16 3 5 4.0781 0.71716
Interactivity preferred 16 2.5 5 4.0313 0.67004
Tutor support actual 16 2.75 5 4.2031 0.64691
Tutor support preferred 16 2.5 5 4.2031 0.72583
Peer support actual 16 2.75 5 4.1094 0.81122
Peer support preferred 16 2.5 4.75 3.9531 0.57893
Interpretation actual 16 3 5 4.1406 0.57712
Interpretation preferred 16 3.25 5 4.3594 0.5625
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It is obvious that most means referring to actual perceptions such as the relevance
of are greater than the preferred, and as a result, trainees expressed a pleasant learning
experience. Overall, the e-course enhances trainees to engage, provides satisfaction and
empowers motivation, confirming thus the well-designed framework.

6 Discussion and Conclusions

Non-gaming environments can be more entertaining when game elements are incor-
porated, but at the same time can offer the achievement of learning goals effectively.
The imitation of games should be an integrated part of instructional motivational
design, since games model the real world and refer to human psychological needs and
behaviors. Recent research [9] highlights the term “good gamification” implying the
transformation of the learning by students, when they by themselves after immediate
feedback for their failure, redefine the goals and move towards to their accomplish-
ment. In addition, the intrinsic motivation becomes stronger when they perceive
learning experience with a sense of autonomy, competence and relatedness.

Despite, in a standardized system, improving user’s engagement is achieved by
enhancing both extrinsic and intrinsic motivation, but an inappropriate use of extrinsic
motivation will probably reduce the intrinsic motivation of the user. Since intrinsic
motivation can affect the user internally and improve his engagement for a long time,
we must pay more attention to its promotion. According to SDT, the encouragement of
intrinsic motivation succeeds in, when gamification keeps up with the three basic
psychological needs - autonomy, competence and relatedness.

Moreover, a well-designed framework based on a motivational theory as SDT and
gamification, contributes to the empirical evidence of motivational design, providing an
integrated and robust solution against drop-out rates’ decrease. However, the research
limitations of the quite small sample of responders as well as the limited time range
pave the way for further investigation. From the other hand, the completed research
statistical analysis which will confirm exactly the proposed design framework and the
research methodology is not presented currently, therefore our commitment is to do so
in a future paper.
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University of Piraeus.
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Abstract. Current secondary and university students use their technological
devices not only in playtime but also in study time. Our proposal makes use of
this fact to create educational content that can be viewed on any smartphone or
computer. These videos can be used to teach new concepts, mathematical
procedures or problem-solving resolutions. Although there is a wide variety of
educational videos and MOOCs, on many occasions these videos do not fit in
terms of content or notation. With this in mind, in this article, we define the
detailed process that we should follow if we are interested in creating our own
educational videos. We devote special attention to giving advice on video
creation from a methodological point of view. This process is enhanced with an
example of learning unit collection that we created at the University of La Rioja.
The project that we present is a collection of math Olympiad problem-solving
strategies that can be used as complementary learning materials.

Keywords: Educational videos � Video creation � Mathematics education �
Mathematical olympiads

1 Introduction

Nowadays, our Secondary School students use many social networks. First we want to
put emphasis on the use of Instagram due to its popularity. In this social network, users
create and share stories of their own experiences in diverse ways, for instance, they can
upload videos that are deleted after one day. On the other hand, there are more elab-
orated videos that are usually viewed and shared through YouTube. The main topics of
these videos in particular are opinions, game strategies and music.

As we have just pointed out, short videos have become another source of infor-
mation and tutorials for our students (Tan 2013). Currently, the majority of university
students use videos predominantly to cover the content (Howard et al. 2017). More-
over, (Trenholm et al. 2012) showed that students enjoy and value online learning. This
is the reason why we want to take advantage of the interest shown in this communi-
cation channel for the transmission of teaching content in mathematics. For this pur-
pose, we should study the main features of those videos that attract students.
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2 Video Creation Process

The use of video requires the application of a different teaching methodology from the
usual live lectures. We can differentiate three processes which involve teaching con-
tents at organizing our standard face-to-face lectures: the structuring and timing of the
sessions in which we are going to impart this content, the teaching on these sessions
and the subsequent reflection of the effectiveness of our teaching organization proposal.
These three processes are closely related and are a sign of the dynamism of our
lectures. In fact, what happens often is that our initial planning is not analogous to the
final structure of the sessions that we impart. Moreover, in many cases we make some
modifications in the structure of the teaching sessions once we have taught that lesson,
especially when that content has not been correctly comprehended by our students, to
keep it in mind in future courses.

In the case of the creation of video teaching content, those three processes are
modified when organizing the videos through which we want to present that content.
Thus, we differentiate three new processes related with the production of teaching
content in the video. Planning, structuring, timing, and preparing video pills constitute
the first process. The second one consists in the recording of formerly designed video
pills. The last one is the edition of raw videos recorded during the second process.

The first process has higher relevance in terms of the organization of the video
sequences, even more relevance that in the face-to-face teaching. In this process, a large
number of decisions are made that are associated with the teaching content and how
that content is created. In addition, the difficulties brought about the modification of the
video sequences once they have been recorded and edited makes necessary to analyze
concisely all the possible difficulties that the students may find when they visualize the
contents.

Afterwards, the video recording of the content differs in some aspects from the
teaching methodology of the face-to-face lectures. For instance, in our on-site lectures
we have exclusively one opportunity to release our teaching content while, when
recording, we can make as many recordings as we want to until we get a correct
presentation of the planned teaching content. Even so, this causes more pressure on the
teacher who is being recorded. Typically, teachers who are recorded try to achieve
perfection on its content presentation. Recording video content process also makes us
take into account other details related to verbal communication that we usually do not
consider in face-to-face sessions. In these classes, non-verbal communication is more
widely used than in video lessons. Those examples show a clear difference between
these two teaching processes. What makes recorded material very rewarding is the fact
that it can be used as many times as desired, enabling the students to review the
explanations and the teachers to reuse video lessons.

Finally, video edition is a very useful process that allows us to perfect our teaching
pills in different ways. On the one hand, the editing process can be useful in order to
select the best versions of our recordings, allowing us to choose our best speeches. On
the other hand, our recording viewings may reveal the need to add visual elements or
graphics that make a clearer presentation of the contents. These graphic elements can
be added in the editing process and can be part of the previous sessions planning.
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In addition, the teacher can observe the necessity of graphic elements after viewing all
recordings of the content. This process, as has seen shown, is closely related to the
reflections made by teachers after their classes. In the design of video lessons, one of
the most important processes is the creation of teaching content.

In the following sections, we will discuss in detail the factors that have to be taken
into account in the process of generating video teaching content.

2.1 Planning

The preparation of lessons in face-to-face lectures needs not only contents but also
methodology. When we are interested in the creation of teaching videos, the planning
process has an even greater relevance. In this case, we should pay more attention to the
communication of contents by making a point to make an exposition of contents that
are as clear and self-contained as possible. To achieve that, the first thing we should
know is the aim of each one of our video lessons. Here we present some objectives
related to each part of the teaching-learning process (motivation and introduction,
presentation and explanation and finally application):

• Short texts that aim to guide or motivate a mathematical definition or basic practical
examples that contribute to the understanding of a certain concept or situation.

• Graphic animations that allow contextualizing some concepts. In this way, we can
have both symbolic and graphic elements for content presentation.

• Real examples of the use or application of some mathematical proceedings. We can
present the most characteristic examples.

In addition, we should take into account a greater number of factors than in face-to-
face teaching. An example of that is the analysis of the situation, the planning, the
timing of the process and the creation of complementary documentation.

First, we should select the topic of our videos, while we determine the technical
equipment that we have. The technical features of the equipment are closely related to
the methodology that we will follow for the presentation of the content in our videos. It
is very important to maximize the use of the technical features of recording and edition
equipment to allow our presentation to be as clear and didactic as possible. We can
found an example of this previous analysis in videos of mathematical calculations,
since the correct visualization of the steps followed in the resolution is needed to
understand the process. Therefore, a previous study of the recording form it is nec-
essary, especially, to provide the most comfortable visualization of each resolution
step. A common problem found in mathematical teaching videos is the partial covering
of the steps or the writing of the formulas. These blocks prevent having a general
overview of the process followed.

Once we select the subject and analyze the situation, we sequence and sketch our
content, organizing the information. This previous work has multiple applications in
obtaining a quality video teaching material. In the first place, the sketching content
process will allow us to organize our content by selecting the right order to present it. In
addition, sketching will allow us to separate those contents that can be set apart from
others, thus enabling the production of self-contained recordings. In the same way, it
will facilitate to show existing connections among different parts of our teaching
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content. An example of the importance of the sketching process can be seen in the
recording of the mathematical procedure known as conversion factors. This recording
can be used not only in the teaching unit of measurements, which belongs to mathe-
matics, but also in teaching units of physics and chemistry. Therefore, it is useful in
different moments of the educational process.

In parallel to the sequencing and schematization, we would create a script, but we
may require other complementary materials besides the recordings. This need is one of
the factors that should be taken into account in the planning of the video teaching
contents. Not only is it important to have a well-defined scheme and sequence, but also
to take into account all the details that we want within the recording. It depends on the
teachers’ knowledge of the subject, the conciseness of the script and its length. For
example, in our face-to-face sessions, we usually have special cases planned to present
the mathematical contents in a meaningful way. In addition, another element that can
facilitate the comprehension of the video contents is the creation of graphics or visual
elements. Moreover, we can mention the visual elements in the recordings and then add
these elements later on in the video-edition process. Teachers should prepare these
graphic elements previously to mentioning them when it is appropriate in the recording.

The selection of the recording methodology of the content is also part of the
planning process. Depending on the content and on the financial availability, we rec-
ommend different content recording methods. Here we present some possibilities:

• Directly recording to teacher with a good quality camera. This recording method is
the one that most resembles classroom teaching. In this type of recordings, sound
quality requires especial attention since the farther the teacher is from the camera
the worse the audio quality of the recorded content is. In this case, we recommend
the use of complementary microphones to solve any sound issue. Another detail to
consider is the added difficulty that we may found when we are recording the
teacher and the blackboard at the same time. To solve any problem that this situ-
ation may bring, we recommend using a secondary support camera when the tea-
cher is using the board.

• Screen recording. This method is also known as Screencast, a name that is similar to
the trademark of the software that we recommend to perform this task, Screencast-
O-Matic. When we use this type of software we can capture the contents on the
computer screen while we are commenting in the screen movements. With this
recording methodology, you can use elements of live lectures (such as a Power-
Point) combined with audio, videos, subtitles, visual demonstrations or interactive
components (Farkas 2007). The possibility of re-visualizing the recordings helps to
adapt them to the different learning paces of the students. Since we can split the
video and audio of a recording in the edition process if necessary, we could record
the sound separately from a video that has already been recorded. We recommend
this content recording method for the acquisition of using procedures for mathe-
matical programs such as Geogebra constructions, data statistics collection and
handling and arithmetical calculations.

• Document camera. This recording device mixes aspects of teacher’s camera
recording with the screen recording. In this case, recording with a document camera
enables to record videos of the movements that are made throughout a sheet of
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paper from an overhead perspective. Thus, it is possible to record both handmade
operations and sequences of actions of manipulative elements of mathematics. This
recording method is widely used because it is the most similar to the notes taking
recording. If no camera of this type is available, you can use a camera on a tripod so
that you can record from above.

2.2 Recording

In consonance with the video requirements that students are used to nowadays, Pérez-
Navío et al. (2015) recommend some characteristics that we can adapt to the math
videos recording process:

• Creating videos of approximately 5 min in length. Several studies show that people
begin to lose interest in videos when they last longer than 10 min.

• Introducing narrative elements. In this aspect, it is important for the video to include
a summary at the beginning of the content that we are going to explain. We also
recommend the inclusion of another summary at the end of the video with the main
ideas covered in it. In the particular case of procedural videos, it is advisable to
sequence correctly the steps followed in the resolution of the exercises and
problems.

• Introducing symbolic elements such as tables, graphs and other forms of presenting
mathematical content while we narrate the explanations needed. They can be added
in the edition process as additional digital graphic elements. We can also consider
the use of physical manipulative materials to support our explanations.

All these recommendations show how important the previous planning is to the
teaching content recording.

In addition, we should take some aspects related to verbal communication into
consideration. In order to get closer to the students and be as clear as possible, we
recommend:

• Speak slowly, taking care of your diction, especially on those words that are
specificaly mathematical. Define new and abstract terms using a more familiar
vocabulary. Even write these terms or leave them on the screen.

• Avoid double negations and passive voice in the resolution of procedures and in the
steps of transitions in operations.

• Vary the tone of voice, putting emphasis on the main points or the most important
mathematical properties used in the resolution processes.

• Use nouns instead of pronouns to refer to the elements that appear in the presented
content. In this way, we will improve the acquisition of new mathematical terms.

2.3 Edition

Last but not least, we will elaborate the final phase of the creation of videos with
mathematical content: the edition process. The main purpose of the edition process is to
add the visual and graphical complements that we have previously recommended and
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that help to facilitate knowledge building. (Lucas et al. 2015). Furthermore, the editing
process should be used to check on other visual and narrative elements.

Concerning the visual aspects, we should examine the frames, the composition, the
lighting, etc.; this means that we would check if everything on the screen can be read.
In the same way, the teacher should take care of the movements in front of the camera
avoiding oscillating and other rough movements. The controlled use of gestures also
prevents monotony in our speech. Hand gestures are the most frequently suggested
ones, although the teacher should avoid performing repetitive or excessive gestures
(Cáceres and Martínez 2017).

On the other hand, concerning the narration, we should verify the use of affirma-
tions that indicate the beginning and end of the topics explained. These affirmations are
a guide in the scheme and link the parts of the presentation (Cáceres and Martínez
2017). The use of these narrative elements will aid the students to realize what the
purpose of the video that are visualizing is and to relate it to other visualized contents.

For the edition of the video content, we recommend paid software such as Camtasia
like other authors such as Abassian and Sieben (2015). There are free alternatives, such
as OpenShot, which can be used for editing short videos. However, they frequently
cause problems when working with high quality or long duration videos.

2.4 Evaluation

There are different methods that we can use for the evaluation of the students visual-
izations of the video, many of them related to the Flipped Classroom or inverted class
(https://www.theflippedclassroom.es/). It is necessary to implement these evaluations in
order to check not only the visualization but also the meaningful learning of the
contents. One of the tools we have used to get this feedback is the EdPuzzle platform.
In this platform, we can enrich the edited videos as well as use other existing videos in
the network. Thus, we can enrich our video recordings by adding audio explanations
throughout the recording or references to the web. Another interesting action provided
by the platform is the possibility to incorporate questions throughout the video. The use
of these questions can be multiple: the evaluation of the video viewing, the evaluation
of some strategy or procedure displayed in the video or the demand for further rea-
soning by the student. These multiple options allow us to register both the viewing of
the video and to check the comprehension of the contents. Moreover, this platform
offers the possibility of checking the number of visualizations of the video by every
student, thus allowing us to know the most difficult aspects of the displayed content.
A methodological proposal using EdPuzzle in the classroom can be checked in Orcos
Palma et al. (2018)

Based on our experience, we recommend recording our own content before
exploring the web for more content that satisfies our interests, especially in the case of
mathematical learning content. Some factors such as differences in notation or the
degree of the abstraction of the vocabulary used in these videos can generate a con-
tradictory effect among the students. In addition, some educational videos in mathe-
matics show procedures which are formally incorrect as Beltrán-Pellicer et al. (2018)
analyzed.
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3 An Implementation Case

We will illustrate the implementation of the characteristics of educative videos pre-
sented and studied previously with an example of use that we have developed.

The Online Course of Mathematical Olympiads is a course that includes a col-
lection of learning units and their evaluations developed by a group of mathematics
professors at the University of La Rioja. This course is currently formed by a set of 12
learning units that present different classic methodologies for solving math Olympiad
problems. This online course aims to be complementary to the Seminar on Mathe-
matics Problems that takes place weekly at the University of La Rioja.

3.1 Planning

In a first meeting, we established the contents that we wanted to cover in the recordings
made by the members of the project. We singled out the topics that can be found among
the classic problems of mathematical Olympiads. In this way, we tried to cover the ins
and outs of the varied range of mathematical problems that students may be confronted
with in a Mathematical Olympiad.

Once we determined the topics, we also defined the format of the video learning
units that we want to create. We decided to design a minimum of four videos per
learning unit: introduction and motivation for the use of the problem-solving strategy,
theoretical elements associated with the problem-solving strategy, examples of a direct
application of the problem-solving strategy, and examples of application of the
problem-solving strategies in a real Mathematical Olympiad.

At the same time that we planed the sessions, we developed the teaching content of
the mathematical problem-solving strategies. This educative content consists in slide
presentations that supplement the video recordings, the collections of problems that we
used in the videos, and the formative texts with theoretical content that summarize the
contents studied in the learning units (Table 1).

3.2 Recording

In this phase, we assign the corresponding recordings to the teachers explaining the
topics that they had planned in the first phase of the project.

Recording methods were of different types, depending on the content. It was
possible to use existing recording equipment in the University consisting of two video

Table 1. Mathematical topics in the Online Course of Mathematical Olympiads.

Pigeonhole and maximal principle Induction principle

Plane geometry The Theorems of Ceva and Menelaus
Game theory Modular arithmetic
Series summation Probability and combinatory
Polynomials Recurrences relations
Inequalities of real numbers Functional equations
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cameras. In addition, it was possible to use computer screen-capture software, being
able to observe the resolution processes by the teacher on the screen. All the recordings
made by the group had followed the previous recommendations (Fig. 1).

3.3 Edition

In order to make all the content available to learners interested in it, it was convenient
to edit the recordings using video editing software. We purchased some licenses of the
payment software Camtasia since our recordings were high-quality videos. Besides, we
plan a workshop with the members of the project to know how to use the software and
its possibilities. In this sense, teachers edited their own videos working with the
software mentioned above (Fig. 2)

It was advisable to perform a revision of the content to correct the errata. This was
also a good moment to suggest improvements by the colleagues of the innovation
group. Subsequently, we had to re-record some of the videos because of the need to
complete some examples or the correction of some errata found after the visualization.
Additionally, revision task checked introduction and conclusion had the same style.

3.4 Evaluation

The process of evaluation of the educational contents was arranged in face-to-face
lectures by solving math problems in a written test. In this test, we evaluated the
problem-solving processes presented in the videos. In this way, we review not only the
visualization of the videos but also the significant learning of the problem-solving
processes.

Fig. 1. Example of recording method: two video cameras, a microphone and a computer in
order to check the content scheme.
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On the other hand, students gave us their feedback concerning the learning units.
We make emphasis on the fact that the students’ visualization allowed us to unify the
format among the different sequences. At the same time, we received positive answers
related to the application of our educational course.

Moreover, we have proposed one open problem per learning unit to allow students
to be able to self-evaluate their learning. These problems are proposed in one video and
the solutions are provided in another video. The characteristics of these types of
problems allow the students to practice the mathematical procedures they have learned
in different ways since partial solutions are available on many occasions.

Fig. 2. Example of edition method using Camtasia software.

Fig. 3. Diagram of the video creation process.
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4 Conclusions and Future Work

The use of video has become a resource to be taken into account in mathematics
teaching. Since devices allow audiovisual content visualization, it may be useful to
provide teaching content that can be visualized, adapting it to the different learning
rates of the students.

We present the following diagram that summarizes all the factors to be taken into
account in the creation of video teaching content (Fig. 3)

At the moment, after having recorded 12 learning units, we are evaluating the
usefulness of the content created. To do this, we establish some research evidences that
evaluate students’ perception and interest. Furthermore, a large number of students who
have provided their feedback confirm its application.

On the other hand, we are also investigating other content recording methodologies.
We are interested in determining the most valuable recording methodology for stu-
dents. Moreover, we are interested in creating other recordings within other recording
methodologies.

Thus, the analysis presented here has been a good starting point to achieve an
adequate design of the learning unit.
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ampliación del Curso Online de Olimpiadas Matemáticas (MACOOM)” of the proyectos de
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Abstract. The objective of the study is to evaluate whether the TECO-D is a
useful tool for measuring the skills acquired by students during three years of the
physiotherapy bachelor’s degree course at the “Sapienza” University of Rome.
The sample was recruited between October and December 2017. To be included
in the study, the participants had to be enrolled in the bachelor’s degree course
in physiotherapy at the “Sapienza” University of Rome and had to be on track
with the course’s prescribed completion timeframe. The distribution of the
scores for the TECO-D shows an increasing average (Standard Deviation) from
147.1 ± 34.5 in the first year up to 227.1 ± 17.8 for graduating students.
Progress testing is a form of assessment in which groups of learners of different
seniority (i.e., different classes in a curriculum) are given the same written test.
The test is comprehensive by sampling all relevant disciplines in a curriculum,
usually determined by a fixed blueprint. The total score of the TECO-D expo-
nentially increased between the first and second years of the course. In fact, the
score, at the first year of the course, was averaged at 147 ± 34.5 and increased
up to 204 ± 23.2 in the second year. Regarding the third year of the course and
the undergraduates, there was an increase, but the latter was less significant.
Because of this, we can say that the TECO-D is a great tool for measuring
student’s knowledge in order to evaluate study programs.
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1 Introduction

Progress testing is a longitudinal testing approach invented by the University of
Missouri, the Kansas City School of Medicine and the then University of Limburg in
Maastricht [1, 2]. The main advantage of the progress test is that it breaks the link
between learning and revision [3]. It is widely believed that what is asked in exami-
nations drives what students learn [3, 4]. In 2012, the Italian National Agency for the
Evaluation of Universities and Research Institutes (ANVUR) started a project evalu-
ating the learning outcomes of the Italian undergraduates through a test (Test on skills,
TECO), holding that analyzing skill levels is an important tool for monitoring the
quality of the educational process [5].

European Union recommendations have been particularly interested in integrating
citizenship and lifelong learning skills in national policies for the educational field,
while the actions of institutions in the European Higher Education Area (EHEA) are
progressively moving towards didactics centered on the student and on competences
(European Standards and Guidelines for Quality Assurance (ESG), 2015) [6].

In line with the ESG, Ministerial Decree number 987/2016 clarifies that TECO
results, once fully operational, will become part of the system of indicators for eval-
uating teaching (self-assessment, periodic evaluation, accreditation—AVA). It is fur-
ther clarified that collecting new data related to the Transversal and/or Disciplinary
skills acquired by students will allow the development of indicators that will be used
for periodic evaluation and accreditation of Study Centers and Courses [7]. In 2016, the
ANVUR reset the complete research design, including reference areas, the method-
ological approach and the means of detection, for both Transversal Competencies
(TECO-T) and Disciplinary Competencies (TECO-D).

Transversal Competencies (TECO-T) are skills that college students can develop
independent of the specific study route taken, and, therefore, they may be compared
between different courses of study. Disciplinary Competencies (TECO-D) are closely
related to capacity-specific training content in university studies, and, therefore, they
can only be compared with study courses that are similar in nature.

Currently, the TECO project aims to construct indicators reflecting the skills of
college students in the first and third years of a bachelor’s degree program or a single
cycle in Italian universities.

The objective of the study is to determine if the TECO-D is a useful tool for
measuring the Disciplinary Competencies acquired by students over three years in the
physiotherapy bachelor’s degree program at the “Sapienza” University of Rome.

2 Materials and Methods

2.1 Population and Procedures

The sample was recruited between October and December 2017. To be included in the
study, the participants had to be enrolled in the bachelor’s degree course in physio-
therapy at the “Sapienza” University of Rome. They were also required to be in side of
the prescribed timeframe for the course of study that is, not progressing through the
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course at a slower or faster rate than the standard tree year timeframe. Participation in
the TECO project was voluntary for universities, courses and students, and, at the time
of recruitment, the participants were informed about the modalities and objectives of
the project.

The test was administered digitally in university computer rooms during 170-min
sessions [8]. The results of the tests were communicated individually to the partici-
pating students and did not affect the evaluation in progress or the final evaluation,
while the aggregated data were transmitted to the coordinators of the study courses
involved and to the university referents.

2.2 Instrument

The Transversal test (TECO-T) was divided into Numeracy and Literacy section.
The first section, Literacy, consisted of 30 reading comprehension questions

(compilation time, 35 min) divided into the following categories:

• A piece followed by 10 closed-answer questions.
• A short passage from which 20 words were missing (Cloze test).

The second section, Numeracy, consisted of 25 questions (compilation time,
45 min) asking participants to understand and solve logical-quantitative problems
divided into the following categories:

• A short piece with graphs and tables, followed by five questions.
• An infographic followed by five questions.
• Five short questions of logical reasoning.

The Disciplinary test (TECO-D) for the physiotherapy bachelor’s degree course
used in this study was a single file consisting of 100 closed questions with five
alternative answers each. It was divided into ten macro areas, as shown in Table 1.

Table 1. Macro areas divided by year of course (TECO-D)

Number
macro areas

Learning Year of
course

Number
questions

1 Biology, Anatomy and Physiology 1 21
2 Physics and Radioprotection 1 2
3 Statistics and Research Methodology 1 4
4 Physiotherapy in skeletal muscle disorders 2 23
5 Health organization and occupational

medicine
2 4

6 Physiotherapy in cardio-respiratory and
internist pathologies

3 11

7 Psychology and Pedagogy 1 6
8 Pathology and pharmacology 1 8
9 Physiotherapy of neuromuscular disorders 2 12
10 Physiotherapy in childhood 3 9
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2.3 Data Collection and Data Analyses

For each year of study, data was collected for each of the main areas of the TECO-D,
and, through SPSS-23 software, the data were registered in terms of the mean and
standard deviation of the score distributions.

3 Results

3.1 Population

The sample for the study was composed of 404 students of the physiotherapy bache-
lor’s degree course. Of these, 90 (22.3%) were excluded because the students were out
of the course timeframe; they had not completed their university exams within the set
time period. Demographic characteristics of the population are reported in Table 2.

The distribution of the TECO-D scores shows an increasing average from 147.1 in
the first year to 227.1 for graduating students (Fig. 1).

Table 2. Demographic characteristics of the population

Sample = 314

Age mean (SD) 22,2 (3,4)
Gender Male n (%) 250 (79,6)
Year of course n (%)
First year 103 (32,8)
Second year 110 (35)
Third year 84 (26,8)
Fourth year 17 (5,4)

181.6

227.2
237.2

244.9

112.6

180.8

201.6
209.3

147.1

204
219.4

227.1

95

115

135

155

175

195

215

235

255

first years second years third years graduating students

Fig. 1. The mean of the total scores for year of course (TECO-D).
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The distribution of the scores for the first macro area shows an increasing average
from 6.4 in the first year of the course to 12.4 for graduating students. The population
data are shown in Fig. 2.

The distribution of the scores for the second macro area shows a constant average
of 0.7 in the four studied cohorts. The population data are shown in Fig. 3.

The distribution of the scores for the third macro area shows an increasing average
from 0.8 in the first year of the course to 2.3 for graduating students. The population
data are shown in Fig. 4.

The distribution of the scores for the fourth and fifth macro area shows an expo-
nential growth from the first to the second year of course; while a minor growth at the
third year of course and graduating students. The population data are shown in Figs. 5
and 6.

The distribution of the scores for the sixth macro area shows an exponential growth
from the first to the second year of the course, which continues increasing until the third
year, as the questions relate to skills acquired in the second and third years of the
course. The population data are shown in Fig. 7.
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Fig. 2. The mean of the scores for year of course (TECO-D-macro area 1)
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For the seventh macro area, the distribution of the scores shows an increasing
average from the first to the second year, while the knowledge remains stable at the
third year and for graduating students. The population data are shown in Fig. 8.
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The distribution of the scores in the eighth macro area shows an exponential growth
from the first to the second year, which remains stable in year three but increases again
in graduating students. These population data are shown in Fig. 9.
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For the ninth macro area, the distribution of the scores shows exponential growth
from the first to the second year of the course. This remains stable at the third year, but,
as with the eighth macro area, it increases again in graduating students. The population
data are shown in Fig. 10.

The distribution of the scores for the tenth macro area shows a growing average
from the first to the third year of the course, and the population data are shown in
Fig. 11.

4 Discussion

The objective of this study was to evaluate the TECO-D as a measurement tool to
assess the skills acquired, over three years, by students in the physiotherapy bachelor’s
degree course at the “Sapienza” University of Rome.

The progress of individual students can be modelled, giving a sequence of test
results, and the effects of rules for progression and remediation can also be modelled [9].
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Progress testing is a form of assessment in which groups of learners of different
seniority (i.e., different classes in a curriculum) are given the same written test. The test
is comprehensive by sampling all relevant disciplines in a curriculum, usually deter-
mined by a fixed blueprint. Because of the need for wide sampling, questions are
typically of the multiple-choice type. The test is repeated at regular intervals [10].

The total score of the TECO-D exponentially increased between the first year and
the second year of the course. In fact, the mean score, at the first year, was 147 ± 34.5,
and it increased to 204 ± 23.2 in the second year of the course. Regarding the third
year of the course and the undergraduates, there was an increase, but the latter was less
significant. This data could mean that the TECO-D is much better at evaluating the
basic training given to students in the first year of the course, while its assessment of
Disciplinary Competencies in the second and third years is less significant.

The first macro area showed that students enrolled in the first year of the course
have a basic knowledge of their discipline, assessed with a mean score of six. That
score increased by an average of four points in the second year, a competency that
remained for final year students. This score showed that students already have specific
skills on these topics from previous studies.

The evaluation of the single macro areas showed statistically significant data
reflecting increasing knowledge regarding the progression of the skills received during
the university course. Because of this, we can say that the TECO-D is a great tool for
determining student’s knowledge in order to evaluate study programs.

This study was conducted by a research group composed by medical doctors and
rehabilitation professionals from the “Sapienza” University of Rome and from
“Rehabilitation & Outcome Measure Assessment” (R.O.M.A.) association. R.O.M.A.
association in the last few years has dealt with several systematic reviews and the
validation of many outcome measures in Italy [11–21].
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Abstract. Dealing with students’ use of digital devices and the resulting
interruptions and distractions in university classrooms has become part of the
daily challenges for teaching faculty in higher education. This exploratory study
(N = 46) investigated first semester students’ perceptions, experiences, and time
estimates regarding their use of digital devices for non-course-related activities.
Questionnaire data were complemented with and compared to tracking data
from the students’ laptop use in class through logs generated by the time
management software RescueTime. Results indicate that approximately a
quarter of class time is lost to non-course-related activities and that students
underestimate their own laptop use in comparison to the tracking data. Never-
theless, they are aware of the distractive potential of digital devices, and this
awareness increased over the ten-week research period. However, the study
suggests that this awareness has little effect on the students’ actual behavior and
that they give in to the digital temptations despite knowing the potential for
distraction.

Keywords: Digital devices � Interruptions � Distractions � Higher education �
Laptop use � Mobile phone use

1 Introduction

The use of laptops, tablets, and mobile phones in the classroom has become a per-
manent fixture in today’s higher education landscape. The mindset that taking out a
mobile phone or laptop in class signals a lack of respect or attention has changed
through initiatives such as Bring Your Own Device (Kong and Song 2015; Song 2016).
Today, learning management systems (e.g., Moodle, Sakai), learning platforms (e.g.,
Kahoot!), and other educational tools (e.g., PINGO, AnswerGarden) are widely used
and often necessitate the use of technology in class. In fact, digital media – “always-on,
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socially interactive, technologically mediated communication artifacts” (Le Roux and
Parry 2017, p. 86) – enable new forms of social interaction and may contribute to
increased student engagement. Consequently, students remain connected with their
peers and friends via social media and texting applications, such as WhatsApp, at all
times (Felisoni and Godoi 2018), even during self-study or class time. However, it
remains to be seen whether students are aware of their own multitasking habits and
effects as studies indicate varying levels of awareness in students. While May and Elder
(2018) observe that students have a poor level of awareness, McCoy (2016) suggest
that 89% of students actually know that using digital devices during class diminishes
their attention.

Members of the net generation, born after 1984 (Kirschner and de Bruyckere
2017), are supposedly used to rapidly switching between several media and non-media
activities (Judd 2013; Le Roux and Parry 2017; Rosen et al. 2013). However, Kirschner
and de Bruyckere (2017) highlight the lack of evidence for the common belief that
members of the net generation, or digital natives, are better multitaskers than so-called
digital immigrants. As a matter of fact, for first semester students coming from school
contexts, where the use of technology is typically restricted, there is the particular
challenge of managing the freedom and expectations connected with the use of tech-
nology in university classes. This exploratory study investigates how first-semester
university students use digital devices during class and how their perceptions regarding
the use of technology in class develop over the course of the first semester.

2 Digital Devices in University Classrooms

The incorporation of digital devices in the university classroom poses many potential
advantages. Students are able to use mobile phones and laptops to look up additional
information, check facts, and take pictures of class content (Berry and Westfall 2015).
Laptops and even tablets can be used to take notes, to organize materials, and to
provide access to lecture materials (Carter et al. 2017).

Even though digital media provide a great opportunity for students to enhance their
learning, several studies have revealed that students who use digital media in class
typically perform worse than students who do not use technology (Aguilar-Roca et al.
2012; Fried 2008; Wei et al. 2012; Wood et al. 2012). While data on how much
students actually use mobile devices in class vary, the distracting effect of media use for
non-course-related activities cannot be denied (Kraushaar and Novak 2010; Wei et al.
2012). Kay et al. (2017) noted, for example, that 8 out of 10 secondary school students
were simultaneously using their mobile devices while carrying out tasks in class.
Instant messaging could be particularly problematic for learning environments as it is
“difficult to ignore when an auditory, visual, or tactile notification signals the arrival of
a new message” (Lebbon and Sigurjónsson 2016, p. 434).

2.1 Interruptions, Task Switching, and Multitasking

Interruptions are defined as breaks from an activity due to the introduction of a new
activity on top of the ongoing one (Miyata and Norman 1986), with the intention of
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returning to the main activity at a later point in time (Altmann and Trafton 2002;
Baethge et al. 2015; Brixey et al. 2007). Contrary to distractions, which are activities
that do not contribute to the achievement of the learning goals (Kay et al. 2017, p. 976)
and are caused exclusively by external stimuli (Jett and George 2003), interruptions can
either have an external or internal origin (Baethge et al. 2015; Katidioti et al. 2016).
External interruptions are initiated by an outside element (Katidioti et al. 2016), such as
a colleague’s phone. They are typically unintended, uncontrollable, and they force the
person to switch to the interrupting activity (Baethge et al. 2015). Internal interruption
refers to the act of self-interruption, where a person’s physical needs, mental state, or
own thoughts, such as the decision to check social media during class, lead to an
interruption of an ongoing activity (Baethge et al. 2015). Katidioti et al. (2016) con-
clude that internal interruptions are generally more disruptive than external ones as they
add a period of decision or preparation before the interruption takes place. While
external interruptions are always uncontrollable, self-initiated interruptions may either
be controllable or uncontrollable (Baethge et al. 2015). Students oftentimes justify their
interrupting behavior because of its self-inflicting nature and argue that “they should be
allowed to do whatever they wanted as long as it did not negatively affect other people”
(Langan et al. 2016, p. 107).

It has been well documented that interruptions negatively affect the performance of
the main activity in four main ways (Gupta and Irwin 2016; Katidioti et al. 2016; Rosen
et al. 2011; McFarlane 2002; Monk et al. 2008). First, it takes longer to finish the main
task (Katidioti et al. 2016; Ratwani et al. 2008). Second, the longer an interruption
lasts, the more difficult it will be for the person to resume the main task (Katidioti et al.
2016). Third, errors in the main task, once it has been resumed, appear to be more
frequent (McFarlane 2002; Ratwani et al. 2008). Fourth, the additionally required time
for the main task can result in increased levels of stress and anxiety (González and
Mark 2004; Ratwani et al. 2008).

Another consequence of interruptions is the increased engagement in task switching
and multitasking. Task switching is a cognitive ability (Darmoul et al. 2015) where a
person needs to complete a main and an interruptive task, in addition to dealing with an
interruption and resumption lag (Rosen et al. 2013). The term multitasking is typically
discussed from contrary viewpoints. Some researchers define it as the simultaneous
execution of at least two activities (Demirbilek and Talan 2018; Dzubak 2008;
Kirschner and Karpinski 2010), while others believe that multitasking is merely a
function of dividing attention between several tasks (Fried 2008; Gupta and Irwin
2016; Junco 2012; Le Roux and Parry 2017; Sana et al. 2013). Considering that
cognitive resources are limited, attention filters stimuli and postpones the processing of
one task until another is finished (Broadbent 1958; May and Elder 2018). Advocates of
the bottleneck theory argue that “attention can be allocated to only one task at a time”
(May and Elder 2018, p. 87). Thus, multitasking involves rapidly switching between
various ongoing activities creating continuous attention shifts and disruptions (Chen
and Yan 2016; Fried 2008; Le Roux and Parry 2017).
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2.2 Students’ Perceptions and Awareness About the Use of Digital
Devices

While university faculty are aware of the implications of technology use in the
classroom, students’ practices and perceptions about the effects vary. May and Elder
(2018) observed in their study on media multitasking and academic performance that
students overall exhibited “poor awareness of how media multitasking affects their
learning” (p. 95). In an exploratory study by Clayson and Haley (2012), 68% of
students insisted that they were capable of texting and keeping up with a lecture at the
same, which was, in fact, negatively associated with their class grade. What is more,
Kraushaar and Novak (2010) noted that students generally underestimate the time they
spend on non-course-related activities in class, for example believing that they spend
40% less time on instant messaging than they actually do. In a study by Kirschner and
Karpinski (2010), 73.8% of students claimed that Facebook had zero impact on their
learning; a small percentage of students even felt that Facebook had a positive impact.
On the contrary, McCoy (2016) established that 89% of students are aware that using
digital devices in a classroom results in a lack of attention.

These findings suggest that students, on the one hand, have an inaccurate
impression of their own interrupting behavior, and, on the other hand, do not grasp the
extent of the negative consequences resulting from this behavior.

3 Context and Methods

We conducted this study among Bachelor students. To explore their perceptions and
practices concerning the use of digital devices during their first semester, we chose two
methods for data collection. Firstly, students completed a self-assessment questionnaire
at the beginning of a specific course and an exit questionnaire 10 weeks later. The
questionnaires generated mainly quantitative data, enriched by open-ended questions,
which helped to expand on the quantitative results through thematic content analysis
(Braun and Clarke 2006). Secondly, students voluntarily installed personal analytics
and time management software on their laptops for the duration of the semester.

3.1 Sample

Seventy-five students enrolled in a Bachelor program on Business & Management were
asked to participate in this study, of whom 68 consented to participate and answered at
least one of the two questionnaires. The following analysis focuses on the N = 46
students (29 female) who completed both the entrance and the exit questionnaire (Note:
of those 46 students, 13 also installed the personal analytics software on their laptops).
Participants were aged between 18 and 29 (M = 20.43 years, SD = 2.38), and the
majority of them (i.e. 91%) had never studied at tertiary level before.
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3.2 Instruments

In the entrance questionnaire, we asked students about their non-course-related activ-
ities during high school. Next, we focused on non-course-related activities on mobile
phones and laptops/tablets during their first classes at university. For both question-
naires, the item development was based on a survey by Ravizza et al. (2017). We asked
students about their usage of digital devices for the following activities: check social
media, send SMSs, message on WhatsApp, shop online, read the news or check sports
scores, watch videos, play games, and other activities. In addition, we inquired how
students thought the use of digital devices affected their learning during class. Fur-
thermore, we asked them to estimate the time they spent per day on the above-
mentioned activities. Finally, students answered two open-ended questions relating to
the advantages and disadvantages of technology use in university classrooms. The exit
questionnaire posed the same questions in retrospect.

To track how students really used their computers and for how long, we encouraged
them to install RescueTime (www.rescuetime.com), a personal analytics software,
which tracks time spent on applications and websites. A weekly email report sum-
marizes users’ activities. Participants were asked to disable the report function during
the 10-week period to avoid a change in behavior triggered by the reports.

3.3 Data Collection and Analysis

Following ethical clearance, participants were recruited from the course “Principles of
Academic Work”. The project was introduced to them on the first day of their studies,
and they were given a week to consider their participation. The time span between the
entrance and the exit questionnaire was 10 weeks. Questionnaires were completed
online during class time.

We used a frequency analysis to provide an overview of the students’ engagement
in non-course-related activities. For the open-ended questions, we used inductive
coding and conducted a thematic analysis. At the end of the ten-week period, partic-
ipants voluntarily shared their RescueTime log files, and we categorized the data using
labels such as email and social networking and calculated the mean time spent during
class.

4 Results

4.1 Non-Course-Related Activities at School

At school, 44% of the students were not allowed to use mobile phones and 52% were
not allowed to use laptops or tablets during class. For those who were allowed to use
their digital devices at school, the most frequently reported non-course-related activities
were using WhatsApp (52.5% on mobile phones, 13.0% on laptops), checking other
social media such as Facebook (47.8% on mobile phones, 23.9% on laptops), and
sending SMSs (41.3% on mobile phones, 32.6% on laptops). In general, mobile phones
were used more frequently for non-course-related activities than laptops in school.
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4.2 Digital Device Usage on an Average Day

In the entrance questionnaire, respondents estimated spending 201 min on average per
day on their mobile phone and 117 min on average per day on their laptop for non-
course-related activities. At the end of the 10-week period, these values dropped to an
average of 163 min on the phone and an average of 114 min on the laptop.

In the exit questionnaire, by far the biggest proportion of time on mobile phones
was, according to students’ self-assessment, spent on checking social media (47.2% of
the estimated use on an average day) and using WhatsApp (42.3%), followed by
reading the news or checking sports scores (11.7%). Laptops were thought to be used
for watching videos (56.1%), followed by emails (15.8%) and checking social media
(10.5%).

The time reduction on mobile phones was caused by less time for SMSs (−68.2%)
and for reading the news and checking sports scores (−40.0%). The major time
reduction on laptops was caused by less time spent on playing games (−41.2%) and
sending emails (−35.2%). Despite the general reduction of time spent on both devices,
students indicated that they spent 5.6 times more on WhatsApp and 1.6 times more on
checking social media on their laptops than estimated in the entrance questionnaire.

4.3 Digital Device Use in an Average Class

For an average class (180 min), students estimated spending 20.6% of the time on non-
course-related activities on their phone and 17.9% on their laptop/tablet. The most
preferred activities are similar to the previously described activities: social media (8.6%
of the total class-time on phones and 6.1% on laptops) and WhatsApp (7.8% on phones
and 3.9% on laptops) rank first on mobile phones and laptops.

In comparing the students’self-assessment of digital device use during class time in
the exit questionnaire to data from the tracking software RescueTime, we can see that
students slightly underestimate the time spent on laptops for non-course-related
activities. RescueTime showed an average of 25.7% of class-room time spent on non-
course-related activities.

4.4 Critical Reflection on Technology Use

When asked about the impact of non-course-related activities on their learning, the
majority of students – and a larger proportion of the students compared to the entrance
questionnaire – stressed at the end of the 10-week period that it somewhat disrupted
their learning of course material (see Table 1). It is also remarkable that the number of
students who stated that they never used phones, laptops, or tablets in class decreased
from 32.6% to 2.2% after the 10-week period.

Overall, in both the entrance and the exit questionnaires, students viewed the use of
mobile phones more critically than the use of laptops. At the end of the 10-week period,
50% of students perceived the use of their phones as too high, whereas only 8.7% of
students indicated that they used their laptop too much. The percentage of students who
were uncertain about their laptop use increased from 13% (entrance questionnaire) to
32.6% (exit questionnaire).
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We also investigated the perceived effect of other students using technology on
learning, where 80.4% of students reported that the use of digital devices by other
students in the class made no difference to their learning. Only 6.5% of students
conceded that their learning was strongly influenced by their peers’ use of technology
in class.

5 Discussion

Our study found that for approx. half of the first semester students it is new that the use
of mobile phones and laptops is permitted in class. While 44% of them were not
allowed to use their mobile phones in school, the other 56% of participants stated that
they had mostly used their phones in school to stay connected via WhatsApp (52.5%),
to use social media (47.8%), and to send text messages (41.3%). Only 48% of students
indicated that they had been allowed to use laptops during their school years, possibly
suggesting that the use of laptops for educational purposes has not been fully estab-
lished in secondary education. This tentative conclusion corroborates the findings of
other studies which question the existence and characteristics of the so-called net
generation (Kirschner and de Bruyckere 2017; Margaryan et al. 2011).

On the question of digital device use, the entrance and exit questionnaires revealed
divergent results. The self-assessment survey indicated an overall reduction of mobile
phone and laptop use on an average day within the 10-week period of the course.
Students reported a reduction of 38 min per day on their mobile phones as well as three
minutes less on their laptops. A possible explanation for the major reduction in phone
time might be a hesitancy to take out their phones during classes, while laptops are
generally accepted as note-taking devices and possibly seen as less suspicious.

Another possible explanation for the reduction of phone time is a shift between
devices. Checking social media (77 min) and using WhatsApp (69 min) accounted for
the highest amount of time spent on mobile phones, while laptops were mainly used for
entertainment purposes (64 min). Most interestingly, the results from the exit ques-
tionnaire revealed that students spent 5.6 times more time on WhatsApp and 1.6 times
more time on social media on their laptops than at the beginning of the semester.

Table 1. Impact of using technology on learning.

Impact on learning Entrance
questionnaire

Exit
questionnaire

It strongly helped my learning of course material 4.3% 4.3%
It somewhat helped my learning of course
material

8.7% 15.2%

It made no difference to my learning of course
material

19.6% 60.9%

It somewhat disrupted my learning of course
material

34.8% 17.4%

I never use my phone/laptop/tablet in class 32.6% 2.2%
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Instant messaging apps, such as Facebook Messenger and WhatsApp, are nowadays
available on laptops as well, and these allow students to hide behind their screens.

While we cannot draw a conclusion on the realistic self-assessment of students’
mobile phone use, the results from the tracking software RescueTime allow us to make
the following observation. Comparing students’ estimations, we see that they slightly
underestimated the time spent on laptops for non-course-related activities (17.9%
compared to 25.7%). Overall, however, 25.7% of class-time spent on non-course-
related activities is still lower than described in other studies. Kraushaar and Novak
(2010), for example, reported that 42% of class time was spent on computers for non-
course-related activities. Nonetheless, this still means that a quarter of class-time is lost
to course-irrelevant topics.

In contrast to earlier findings (Clayson and Haley 2012; Kraushaar and Novak
2010; May and Elder 2018), students seem to become more aware of the effects of
technology use in the classroom. That is, we found that at the end of the 10-week
period, 78.3% of students considered the use of mobile phones and laptops during class
as interruptions, signaling a change in mindset for 23.9% of students. Several students
also realized at the end of the 10-week period that they used their phones and laptops
too much.

Nevertheless, an increased level of awareness does not automatically lead to cor-
rective measures and changed behavior. In fact, the number of students who indicated
the use of phones and laptops in class increased dramatically between the entrance and
the exit questionnaires, from 67.4% to 97.8%. Another blind spot for the participants
seemed to be the distracting effect of digital devices on their peers, as 80.4% of students
did not see any effect on their own learning. Even though several studies have revealed
that students are aware of what their peers are doing on their digital devices (Berry and
Westfall 2015; Fried 2008; Sana et al. 2013), it is possible to conclude that students
have not grasped the full extent of the consequences of these possible interruptions.

6 Conclusion

This study set out to investigate first semester students’ digital device use in university
classrooms and their perceptions regarding this use. The research shows that about a
quarter of class-time was lost to non-course-related topics and that students slightly
underestimated their digital device use. Despite its exploratory nature, these results
offer some insight into the challenges of changing one’s behavior in class. On the one
hand, it was shown that students’ awareness of the distractive potential of digital
devices in classrooms increased over the 10-week period. On the other hand, this
awareness had very little impact on students’ actual behavior. It seems that checking
social media and staying connected with peers via WhatsApp has merely shifted from
mobile phones to laptops and remains irresistible.

Although some studies have discussed a laptop ban (Fried 2008; Yamamoto 2007),
prohibiting them is not a viable solution. The use of laptops in a university context
poses many advantages and students have integrated them into their lives. We simply
need to accept that they are here to stay. The bottom line is that we have to accept that
students do engage in multitasking in our classrooms. Considering the fact that social
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media and instant messaging are considered important enough by students that they
draw away students’ attention from what is happening in class, lecturers need to ask
themselves what options there are to deal with this situation in the future.

One of the major goals of higher education is to support students in making active
use of critical and reflective thinking in physical and digital contexts, combined with the
development of the competence to act, which in case of digital distractions means to set
corrective measures in an active manner. One way of guiding our students in this
direction could be to educate them to become higher-level self-regulated learners. This
includes the self-regulation of behavior, such as the active control of available resources
(e.g. time). It also refers to controlling one’s motivation and effectiveness by changing
motivational beliefs such as self-efficacy or goal orientation to improve learning out-
comes. Finally, self-regulation also addresses the control of cognitive learning strate-
gies, such as deep processing strategies (Pintrich 1995). Various classroom tasks can
foster self-regulation and increase the awareness of students’ own behavior, motivation,
and cognition. Research shows that the higher the self-efficacy of students is, the more
likely they are to link bad marks to an inappropriate learning strategy, which sets the
basis for changes in future behavior (Ledermüller and Fallmann 2017).

The major limitation of this exploratory study was the small sample size, partic-
ularly for the data collected from the tracking software. Nevertheless, the study lays the
groundwork for future research on students’ behavior and their handling of digital
interruptions. Thus, an essential next step will be to continue the study with a higher
number of participants. The issue of self-regulation in the context of dealing with
digital interruptions is also intriguing, and it too could be explored in further research.
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Abstract. Blockchain technology is showing its potential to disrupt
established business processes. Four types of blockchain initiatives have
been identified: Record keeper, efficiency play, digital asset market, and
blockchain disruptor. Many different applications have also been emerg-
ing within the educational domain, following a student or institution-
centric approach. Student-centric solutions simplify the validation pro-
cess of received credentials, while institution-centric solutions facilitate
mainly operational activities of educational institutions. In this paper,
we present several use cases addressing different aspects within the edu-
cational domain, such as streamlining the process of diploma verifica-
tion, virtual lifetime learning passport, securing the issued certificates
permanently, verifying the accreditation process, automatic recognition
of credits, etc. A preliminary review and analysis of identified projects
and initiatives show that most of them follow a student-centric approach
while facilitating record-keeping.

Keywords: Blockchain-based solution · Higher education innovation ·
Certificate management

1 Introduction

Blockchain is an emerging technology that has the potential to optimize, trans-
form and disrupt established and traditional business processes, products and
services. Its key features provide space for innovative technological approaches,
and differentiate it from others on multiple levels. Kandaswamy [17] identified
four types of blockchain initiatives: (1) Blockchain disruptor, (2) Digital asset
market, (3) Efficiency play, and (4) Record keeper. The “blockchain disruptor”
initiative relies on a technology foundation in order to achieve decentralization
of business. New markets that facilitate the creation and trading of new digital
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assets form part of a “digital asset market” initiative. “Efficiency play” is the
initiative which gathers those companies or industries that attempt to improve
efficiency in their existing business processes using the blockchain technology.
Finally, companies or institutions ensuring that records cannot be corrupted, and
that they can be audited on demand, are gathered under the “record keeping”
initiative. Blockchain technology is slowly integrating itself in different domains,
such as logistics, energy, manufacturing, life sciences and healthcare, digital iden-
tities, retail, etc. One of the domains suitable for adopting blockchain technology
is the Higher Education (HE) domain, where the principles of document authen-
ticity, transparency, immutability, and trust, are the key advantages which make
it a perfect match [12]. We have identified two basic types of approaches adopted
when implementing blockchain-based solutions within the HE environment. The
first one is a student-centric approach, which gives a student control over his/her
data. The second one is an institution-centric approach, the primary goal of
which is to facilitate and streamline activities of educational institutions. The
aim of the paper is in presenting the differences between those two approaches, as
well as to analyze and present key features of selected blockchain-based projects
and initiatives within the educational domain. Additionally, projects will be clas-
sified considering the two types of approaches, as well as regarding the purpose
of the solution provided and the impact it might have. Furthermore, we will
present characteristics of our project, named EduCTX, as well as the implemen-
tation challenges that other implementers of blockchain-based solutions within
the HE domain might also be facing.

The rest of the paper is organized as follows. Section 2 provides descriptions
of different types of blockchain initiatives and solutions in HE. Analysis of exist-
ing use cases applying blockchain technology within the educational domain is
presented in Sect. 3. The EduCTX initiative is detailed in Sect. 4, presenting the
challenges faced during its implementation. Finally, Sect. 5 presents conclusions
and directions for future work.

2 Blockchain Initiatives and Solutions in HE

This section provides a brief classification of blockchain-based solutions for HE,
based on the entity focus and on the Kandaswamy classification. Student-centric
blockchain-based solutions facilitate and simplify the student activities related
to validation of received credentials, since blockchain-based services accelerate
and facilitate administrative procedures where a validation process is required.
Credentials are Certificates awarded to students in order to recognize achieved
learning objectives, such as participation in formal or informal education, com-
pletion of courses or Study Programs (e.g., with ECTS (European Credit
Transfer System) points awarded), completion of an apprenticeship or work-
experience, etc. [12]. Blockchain-based student-centric solutions place the respon-
sibility and control over received credentials on students, thus eliminating the
need for a verification process by an intermediary (e.g., Higher Education
Institution (HEI)). Consequently, the processes for stakeholders (e.g., poten-
tial employers) interested in the evidence of a student’s achievements can be
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streamlined [25]. On the other hand, an institution-centric approach facilitates
mainly management and operational activities of HEI for payment management
(e.g., receipts of students’ payments), international collaboration management
(e.g., automatic recognition of awarded ECTS points), accreditation processes
(e.g., a Certificate issued by government that the HEI is licensed to carry out
specific tasks), etc. Blockchain-based institution-centric solutions can provide a
wide range of benefits for HEIs. For example, the process of internationaliza-
tion of HEIs through the Student Exchange Programs or joint degrees, can be
facilitated avoiding long-lasting administrative procedures, which are a financial
and time-consuming burden. Another example is blockchain-based gamification
of learning, which would facilitate the management of the issued Certificates
for the achievements of intermediate learning goals. Both approaches are faced
with different challenges, e.g. organizational, legal, administrative, etc., whereby
special attention should be placed on the data privacy challenge. Another clas-
sification of blockchain-based solutions within the educational domain can be
provided considering the four types of blockchain initiatives identified by Kan-
daswamy [17]. Blockchain as a disruptor has the potential to be used as an edu-
cation and academic publishing platform. Receiving students’ payments, pro-
viding student funding and tokenized educational rewards are some use cases
of the blockchain digital asset market initiative. Streamlining Diploma verifica-
tion and virtual lifelong learning passport are use cases within the initiative for
efficiency improvement. The blockchain record-keeping initiative for HEIs cov-
ers several use cases, such as securing the Certificates permanently, verifying the
accreditation, automatic recognition of credits and intellectual property manage-
ment [12,25]. A good overview of current trends and existing implementations
of blockchain for education can be found in [8,15].

3 Analysis of Existing Blockchain-Based Solutions in HE

Taking into account the two previously described classifications, a preliminary
literature review was performed related to the HE domain, and focusing on
reports published by the European Commission [12] and Gartner [25]. We per-
formed a detailed analysis of published articles, white papers and project web
pages. The chosen applications are grouped considering four types of blockchain
initiatives. There is a significant difference in the number of different projects,
regarding their implications. For example, we detected many projects related
to issuing new digital credentials, while just one dedicated to academic pub-
lishing. Nevertheless, here, we will present a few use cases considering different
approaches taken for implementation of blockchain technology - ones related to
the student-centric approach, and others to the institution-centric approach.

3.1 Selected Use Cases

As representatives of the student-centric approach related to issuing new
digital credentials, the following universities can be considered due to their
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existing projects on this topic: (1) University of Nicosia, (2) Massachusetts
Institute of Technology (MIT) and (3) University of Maribor. The University
of Nicosia presented a project on issuing a blockchain verifiable credential for
completion of a digital currency course [23]. Blockchain-verifiable Diplomas were
issued by MIT [21]. The University of Maribor presented a blockchain-based plat-
form named EduCTX, which enables managing, assigning and presenting any
type of digital micro-credentials [26]. Loci, Bernstein and Binded are projects
addressing the field of Intellectual Property Management. Loci developed a
blockchain-based platform for facilitating the invention process, where ideas can
be verified as unique and could be claimed as one’s own [20]. Bernstein pro-
vides a Blockchain-as-a-Service solution for registration of intellectual property
assets [1], while Binded offers a blockchain-based copyright registration service
for images [2]. All the above-mentioned projects form part of the “record keep-
ing” blockchain initiative. Typical representatives of the “efficiency play” initia-
tive with institution-centric approaches are a joint project of three Greek uni-
versities: Aristotle University of Thessaloniki, Democritus University of Thrace,
and Athens University of Economics and Business, as well as a joint project
of the Government of Dubai and EduChain. The first is addressing a process
of streamlining Diplomas’ verification [7], while the second is dealing with the
creation of a lifelong academic passport [10]. King’s College [18], the University
of Nicosia [23], Simon Fraser University [6] and the University of Cumbria [31]
are among educational institutions which accept bitcoin cryptocurrency for stu-
dent payments [25]. Tokenized educational rewards are addressed by the Extra
Credit and Bitcoin Homework projects. Extra Credit is a cryptocurrency learn-
ing platform [11], while Bitcoin Homework is designed as a learning portal for
sharing ideas [3]. Use cases where a blockchain technology serves as a disruptor
are Bitdegree, Woolf University and Ledger (University of Pittsburg). Bitde-
gree is an online education platform offering gamified learning experience and
scholarships based on cryptocurrency [4]. Woolf University develops a platform
where the relationship between students and professors is backed up with smart
contracts and blockchain technology [30]. Finally, the only blockchain-based plat-
form detected as an academic publishing use case is Ledger, which supports peer
review process with published reviews, together with accepted manuscripts [19].
All those disruptor projects followed the institution-centric approach. Some addi-
tional projects are presented briefly in Table 1, and included in the final data
analysis presented in Figs. 1 and 2.

3.2 Summary of Preliminary Analysis Results

Overall, we have identified 25 projects, whereby 13 can be classified into a record-
keeper blockchain initiative. Only two projects are part of the efficiency play.
Six belong to the digital asset market, and four to the blockchain disruptor
initiative. Only four out of 25 are detected as institution-centric, while 11 as only
student-centric projects. Ten projects are following both approaches, student-
and institution-centric. Most of the projects within the educational domain deal
with record-keeping issues while taking student-centric approaches. Only four
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Table 1. Use cases in the educational domain.

Project Owner s-c i-c Initiative

Verifiable credential for completion of a

digital currency course

University of Nicosia [23] x R

An open standard for applications that issue

and verify blockchain-based Certificates

(Blockcerts)

MIT Media Labs [5] x R

Blockchain-based Diplomas’ verification Malta College of Arts Science

and Technology [12]

x R

MIT [21]

Univ. of Melbourne [28]

Southern New Hampshire

University [24]

Central New Mexico

Community College [29]

Ngee Ann Polytechnic [22]

Managing, assigning and presenting any

type of digital micro-credentials

University of Maribor [26] x x R

Invention process; determining the

uniqueness of an idea and providing a

possibility to claim own ideas

Loci [20] x x R

Registration of intellectual property assets Bernstein [1] x R

Copyright registration service used for

images

Binded [2] x R

Intellectual property rights for artists Zhejiang University, Shenzhen

University, Chinese Academy

of Sciences [9]

x R

Student Diplomas’ verification Three Greek universities [7] x E

Facilitating the creation of a lifelong

academic passport

Government of Dubai and

Educhain [10]

x x E

Accepting payment with bitcoins King’s College [18] x x A

University of Nicosia [23]

Simon Fraser Univ. [6]

University of Cumbria [31]

Learning platform for cryptocurrency

courses

Extra Credit [11] x x A

Learning portal promoting a sharing of ideas Bitcoin Homework [3] x x A

Online education platform offering gamified

learning experience and

cryptocurrency-based scholarships

BitDegree [4] x D

A digital platform providing a complete

record of everything ever learned

Ledger [14] x x D

Platform connecting learners and educators Woolf University [30] x D

Ledger - open publishing platform that

supports the peer review process

Univ. of Pittsburgh [19] x D

s-c: Student-centric, i-c: Institution-centric
R: Record-keeping, E: Efficiency play, A: Digital asset market, D: Disruptor
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projects set up an institution-centric approach. Nine out of 25 projects follow
both approaches – student- and institution-centric, which indicates the tendency
of using blockchain additionally in order to support organizational processes
within institutions.

Fig. 1. The share of applications within the educational domain classified into four
blockchain initiatives.

4 Characteristics and Implementation Challenges of the
EduCTX Project

In this section, we provide a detailed insight into the EduCTX project, which
is a global decentralized blockchain-based platform that, primarily, follows a
student-centric approach, while demonstrating a strong potential to solve orga-
nizational issues of HEIs. We will present the challenges that other implementers
of blockchain-based solutions within the HE domain might also be facing. With
its student-centric approach, EduCTX offers a comprehensive and unified digi-
tal environment for managing students’ credentials, giving students control over
which data to share [26]. Educational institutions, as well as other potential
stakeholders such as companies, institutions, and organizations, are certified
authorities issuing credentials. It aims at creating an effective and simplified dig-
ital environment to avoid linguistic and administrative barriers. It is a perfect
solution to address internationalization challenges of HEIs, such as joint degrees,
Student Exchange Programs, etc. Additionally, the platform contributes to the
modernization of processes, and supports the development and deployment of
innovative digital services. Through publicly accessible APIs, it provides orga-
nizations with the possibility to develop their own intelligent services in order
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Fig. 2. The share of applications within the educational domain classified into two
approaches to blockchain-based solutions.

to automate the evaluation of individuals’ skills and knowledge, which can be
used for ranking job candidates. A student sends the credential to the potential
employer, which uses the publicly accessible API of the EduCTX platform to
validate the content of the received credential. The validation process is time
constrained by the student. We refer readers interested in more technical details
to the original EduCTX articles [16,26]. HEIs that use EduCTX do not have
to devote resources for answering inquiries about their students’ achievements.
Instead, that data is publicly available to interested parties through reference
provided by student. Using EduCTX educational organizations thus shorten
this process that can be time-consuming, costly and burdensome. Therefore,
it also shows the potential to be as well considered as an institution-centric
solution. Another important aspect of the platform lies in its social impor-
tance, as it enables individuals to have the equal possibility to share their com-
petences with potential employers. Based on our experience, we have identi-
fied various challenges related to: (1) Addressing process-organizational aspects,
(2) Assigning previously issued certificates, (3) Deciding on an adequate type
of data storage, (4) Identity management, (5) GDPR compliance, and (6) Deal-
ing with the immutability of blockchain records. Further, we present how the
afore identified challenges were addressed within the EduCTX project. In order
to develop and deploy blockchain-based solutions successfully, it is necessary
to establish cooperation with the IT Departments of educational institutions to
provide resources, network operation, etc. In addition, successful implementation
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of blockchain-based solutions is accompanied by innovations in existing busi-
ness processes, thus requiring the collaboration of all involved actors inside and
outside the HEI. Certain authorities (such as a Notary’s office, a Ministry of
Education, etc.) should be determined to deal with the challenge of assigning
credentials issued in the past. This task could be attributed to the authority
that issued a specific credential or, in the case that the issuing institution is no
longer active, the task is passed to those general authorities which would verify
the credential and assign it to the blockchain-based platform.

The new version of the EduCTX platform is implemented with Ethereum
as the backbone and deployed on a consortium-based P2P network [16]. The
platform manages ECTX tokens and transactions, which represent a trusted
and transparent evidence of acquired skills and knowledge of individuals in the
form of digital micro-credentials [13]. EduCTX enables all types of credentials
to be stored in a JSON-format file, encrypted, and pushed into a distributed
file system like IPFS, while storing the hash of such an encrypted file on the
blockchain ledger. A student’s certificate JSON file can only be decrypted by its
owner. A student that wants to prove the possession of a certificate can download
the decrypted version of the JSON file and send it to anyone. The recipient
of the decrypted JSON file can verify its integrity and authenticity using the
platform, where the decrypted JSON file can be uploaded, and the verification
result obtained, i.e., the certificate is not valid (see Fig. 3). Furthermore, the
platform also generates a user-friendly version of the certificate by generating its
PDF version. The platform facilitates the anonymous storage of personal data,
thus being compliant with the GDPR requirements, considering the right to be
forgotten [27].

Fig. 3. Certificate verification process on the EduCTX platform.

The EduCTX platform does not provide connectivity with identity manage-
ment systems to support obtaining a student’s identity. Therefore, anyone who
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wants to use the platform needs to create a classic Ethereum account, store the
account keys and run a plugin for managing the account. Another important
issue to deal with is the immutability of records within the blockchain network.
Since an institution has the possibility to withdraw issued credentials for Degrees,
Diplomas, Certificates, etc., this is inconvenient for a blockchain-based solution
where none of the processed transactions could be deleted. In order to solve
this problem, the EduCTX platform enables issuing of annulled transactions i.e.
credentials, which are bound automatically to existing revoked transactions.

Blockchain-based solutions should be a generic and global as possible in
order to take advantage of the most important blockchain features. Those solu-
tions should be integrated with existing Student Information Systems (SIS).
Blockchain-based solutions are not supposed to substitute existing SIS, since
there is no benefit of data replication, while additionally having to comply with
privacy concerns. Therefore, EduCTX promotes itself as being only a blockchain-
based platform for managing credentials, while enabling traditional SIS to inte-
grate with it through publicly available APIs.

5 Conclusions and Future Work

In this paper, we have presented a thorough overview of blockchain initiatives
and solutions in higher education. Main strengths and opportunities of this app-
roach have been identified, as well as particular ongoing projects related to this
domain. We have shown how blockchain is used to immutably store student
achievement data, while making it available for authorized users. Through the
systematic analysis of identified projects, we have been able to classify them
into four blockchain initiatives and two approaches to blockchain-based solu-
tions. This provides the basis for future research and development. Experience
from implementation of EduCTX was used to identify and present main practi-
cal challenges. The identified challenges of EduCTX and the solutions for those,
could help other researchers with their projects and enable further advances in
blockchain projects for education.

Existing solutions and initiatives clearly demonstrate that Blockchain tech-
nology has enormous potential to disrupt current higher educational systems.
Due to the nature of blockchain features (e.g., immutability, permanence),
several challenges need to be addressed for a successful implementation of
blockchain-based services. Process-organizational and socio-cultural aspects are
crucial for the successful introduction of any technology and IT-based services.
The protection of sensitive personal data and the incorporation of the disruptive
approach into settled organizational processes are the key technical and organi-
zational challenges within the HE domain. In the future, we intend to contact the
authors of identified projects through prepared questionnaires, in order to iden-
tify common challenges and issues on implementing blockchain-based solutions,
and discover how different authors address them. In that manner, an initial set of
best practices could be identified and documented, as well as possible reference
models and architectures defined, including detailed implementation scenarios
for blockchain-based solutions within HE environments.
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Abstract. Majority of learning analytics systems are designed to monitor and
analyze students’ online interactions during collaborative learning. In the case of
co-located collaborative learning, student interactions take place in the physical
space as well as online. While existing learning management systems provide
specific logs and snapshots of students’ online responses that are automatically
captured, the potential of insights that can be derived from students’ non-digital
face-to-face interactions during collaborative discourse remains untapped. In
this paper, we propose an architecture for data acquisition and processing from
co-located face-to-face collaborative learning, designed to be scalable beyond
dyadic and triadic collaborative learning and across different curricula. We
outline the system design, current experience of deployment across 4 sessions of
co-located collaborative learning sessions, as well as brief examples of acquired
data.

Keywords: Collaborative learning � Multimodal learning analytics �
Physical spaces

1 Introduction

Collaboration is often emphasized as an important education outcome and key 21st
century skill [2]. Collaborative learning provides opportunities to hone communication
skills, sharpen understanding through mutual knowledge building and cultivate social
emotional skills [4]. The value of collaborative learning lies within the interactions that
occur during team tasks, as students discuss, and build upon their ideas and conceptions
[17].

Currently, in co-located classrooms that adopt collaborative learning methods,
facilitators may leverage Learning Management Systems to support all phases of
collaborative learning: digital delivery of learning materials, administration of assess-
ment procedures, and real-time collection of students’ responses (e.g., large-scale team-
based learning implementation [23]. These systems allow fine-grained recording of
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students’ online responses, from response time, number of attempts, to number of
correct answers. However, the physical interactions (via facial expression, speech and
gestures) among students are often overlooked in such systems. Facilitators may
monitor these cues and reciprocate accordingly in real-time, but the task of monitoring
students’ interactions becomes more complex and difficult as the size of the classroom
increases [7].

As the face-to-face collaborative discourse contains a wealth of information of team
dynamics [17], such discourse is often analyzed via observational methods, which are
labor-intensive and infeasible to employ at a larger scale. This is because analyzing
discourse qualitatively is subjective as discussions are heterogeneous and diverse due
to group composition and group expertise. In addition, the number of observers
required per team increases as the size of a team increases. In a typical team-based
learning (TBL) situation, the optimal team size is 6, with up to 20 teams participating in
a single TBL session [20, 23]. In such large-scale implementation of collaborative
learning, assessment of team dynamics is limited to objective team test scores. On top
of that, as a stopgap, team dynamics are also often assessed via self-reports, which are
limited by responses biases, such as social desirability bias [35].

Our objective is to understand how elements of team dynamics and interactions
make collaborative learning a successful learning paradigm as well as incorporate
assessment of team dynamics to improve learning outcomes in collaborative learning
using technology. As such, we present a study aimed at scaling and adapting multi-
modal learning analytics to large-scale co-located collaborative learning classrooms.
We design and test a setup that collects raw audio and video data during face-to-face
collaborative learning discussions. We then present examples of interpretable metrics
that can be computed by algorithmic methods and be utilized by facilitators, to better
understand and monitor collaborative group dynamics, and by learners, to monitor and
review their participative roles and processes.

The rest of the paper is structured as follows: we review similar studies on auto-
mated co-located collaborative learning analysis in Sect. 2, followed by a description
of our system design and framework for data processing in Sect. 3. We then share our
current experience of deployment and propose hypotheses for automated analysis of
collaborative learning dynamics in Sect. 4; finally, we discuss limitations, lessons
learnt and our future work in Sect. 5.

2 Related Work

To date, there is a limited number of studies on automated analysis of co-located
collaborative learning [6, 39]. We briefly review studies that apply learning analytics to
face-to-face, co-located collaborative learning scenarios in Sect. 2.1, as well as systems
designed to harness non-digital data from these scenarios in Sect. 2.2.

2.1 Learning Analytics for Co-located Collaborative Learning

Most studies that investigate face-to-face collaborative learning were laboratory stud-
ies, recruiting students in realistic educational tasks that matched their target curriculum
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to test specialized equipment such as digital user interfaces [27, 40]. In terms of the
types of multimodal indicators collected during co-located collaboration, a review by
Praharaj et al. [22] observed multiple multimodal indicators ranging from speech-based
cues, hand and body movements, eye gaze, and digital interaction logs. These findings
seem to extend beyond non-learning contexts.

In our previous review of co-located learning analysis [6], we found that many
collaborative learning studies also attempt to delineate common collaboration dimen-
sions such as synchrony and proximity from physical indicators. Synchrony is defined
as how coordinated and synchronized the behaviours of each team members are [3].
For example, when one member is swaying their body during conversation, others who
are in sync may follow as well [5]. On the other hand, proximity refers to the similarity
between group members [5]. These dimensions are often computed at individual
continuous points in time, over the entire course of collaborative interaction.

Between collaborative programming dyads, Grover et al. [12] observed that
synchrony in body position and eye gaze towards the computer screen were useful
indicators in predicting the level of collaboration. While analysing two-person col-
laborative learning dialogues, Lubold and Pon-Barry et al. [15] found that synchrony
and proximity of pitch on a turn-to-turn basis correlate strongly with high levels of
rapport. Besides speech-based and movements, Schneider and colleagues demonstrated
that synchrony in eye gaze (i.e., Joint Visual Attention) is a good predictor of col-
laboration quality [28]. A small subset of studies detected synchrony and proximity
beyond dyads. When studying students’ Collaborative Problem Solving (CPS)
behaviours, Cukurova et al. [8] showed that high levels of synchrony displayed through
hand position and head direction were good predictors for students’ CPS competencies.
Similarly, Spikol et al. [29, 30] found that, within project-based learning groups,
proximity between students’ hands and faces strongly predicted the quality of artefact
built by students collaboratively.

2.2 Automated Systems for Co-located Collaborative Learning Analysis

In a co-located collaborative learning scenario, the face-to-face interactions that occurs
contains a wealth of information. While systems that rely solely on digital traces have
reported considerable success (e.g. MTFeedback [16]), our focus is on systems that
analyse physical interactions during collaborative learning. Thus, we focus on systems
that harness at least one aspect of physical interaction (i.e., speech, hand gestures, body
movements, eye gaze, etc.) and may include—but do not rely solely on—digital data
sources such as keyboard strokes and mouse clicks. In addition, such automated sys-
tems should be able to collect data from collaborative teams beyond dyads.

For instance, one such unimodal system was developed by Bachour et al. [1]. They
employed audio cues to develop a system that gave students real-time feedback of
speaking time during their collaborative discussion, and reported success in promoting
equal speaking participation within students. A multimodal system designed by Ruf-
faldi et al. [25] leveraged the use of video, audio, interactions with specialized
equipment (i.e., button clicks) and multimedia content uploaded by students to model,
analyse and monitor co-located hands-on collaborative tasks. The system was specif-
ically tailored to hands-on collaborative learning and they were able to integrate data

EduBrowser: A Multimodal Automated Monitoring System 127



from multiple sensors to identify distinctive features in [29, 30]. Similarly, Praharaj
et al. [22] created a multimodal setup that includes audio, video and human annotated
data for modelling real-time participation time during in-the-wild collaborative dis-
cussions within PhD students. As a preliminary prototype, they showcased a real-time
dashboard of speaking time, generated based on human-annotated data only.

3 Experimental Design

To test our data collection setup, we employed both laboratory and in-the-wild studies.
As our express purpose is not only to test the viability of our setup in-situ, but to
investigate elements of team dynamics that contribute to collaborative learning, we first
focus on teams that have worked together for a while, rather than recruiting newly
formed teams, i.e., strangers randomly assigned to team. The teams that participated in
our studies were from different faculties and underwent different curriculums, which we
outline in Sect. 3.1. We then explain the design of our study as well as the multimodal
data collection setup in Sect. 3.2.

3.1 The Learning Contexts

The laboratory studies were conducted in conjunction with Lee Kong Chian School of
Medicine, which established TBL as its principal teaching strategy, in place of face-to-
face lectures [23]. TBL is a type of collaborative learning paradigm developed by
Michaelsen which emphasizes student engagement and knowledge application [20]. In
the Lee Kong Chian School of Medicine, students are assigned to teams of six at the
start of semester and take part in TBL sessions in their assigned team for one whole
academic year.

In each TBL session, students are expected to individually study materials pre-
class, and participate in a myriad of individual and team assessments in-class [20, 23].
In-class session starts off with students answering a set of closed-book multiple-choice
questions (MCQs) individually i.e., the Individual Readiness Assurance (iRA). The
iRA tests whether the students have completed the pre-lesson study materials assigned
as well as give students an overview on the important foundational concepts of each
lesson [20]. Following which, they then answer the same set of MCQs as a team, i.e.,
Team Readiness Assurance (tRA). During the tRA, students submit one answer as a
team, facilitated by their appointed leader, receive immediate feedback and can attempt
the question multiple times. The peer discussion that takes place during tRA enables
knowledge exchange and clarification of questions and misconceptions, while the
immediate feedback given facilitates the team’s decision-making process [20]. Both the
iRA and tRA are processes carefully designed to ensure individual and team
accountability and facilitate understanding of high-level concepts [20].

Lastly, they move on to the application phase and work on open-book open-ended
application exercise (AE) together as a team, which encourages them to apply the
concepts they have learnt in the previous stages to realistic clinical use cases and
problems [20, 23]. The team is then required to report and defend their answers at the
class level. The entire in-class sequence is managed and delivered via a learning
management system.
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For the in-the-wild studies, we focused on a class conducted by National Institute of
Education (NIE) Singapore. The facilitators employed collaborative discussions for a
designated portion of the curriculum time each week and students in this class were
assigned to groups of five. Before the class, students would prepare for class by reading
assigned materials. During the allocated discussion time, students worked on collab-
orative tasks in their designated group, assigned to them at the start of the semester. The
tasks included MCQs or open-ended questions which sometimes culminated into a
presentation.

3.2 Study Design and Multimodal Data Collection

Study Design. For the laboratory sessions, we recruited students in their existing TBL
teams to participate in simulated TBL sessions. The aim is to test the viability of our
data collection setup while TBL teams are engaged in similar TBL curriculum and
materials. The study also took place in a similar classroom where actual TBL sessions
were conducted. The simulated TBL process is as follows: students recruited read a
passage on a related medical education subject matter, underwent a short iRA, col-
lectively selected a leader representative, attempted tRA as a team and answered one
AE (see Fig. 1a). After which—for the purpose of correlating video and audio features
to perceptions of team dynamics—students were required to answer a Teamwork

(a) For laboratory sessions

(b) For in-the-wild

Fig. 1. Procedures for laboratory and in-the-wild collaborative learning sessions.
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Quality Survey (adapted from [36]). The survey consisted of items regarding students’
perceptions of their team dynamics during the session (e.g., “My team communicated
frequently when completing the tasks.”). Students indicated their responses on a
5-point Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). To
measure learning gains, students worked on the iRA again and individual learning
gains could be computed by comparing the two iRA scores. Each portion of the process
had varying lengths of duration depending on students’ speeds at which they finished
the task, but most teams finished within one and a half hours.

During the in-the-wild sessions, due to limitations in curriculum time and variation
in curriculum context, student teams were sent pre-class preparation materials as part of
their curriculum and only went through one attempt of iRA (instead of twice). For the
team portion, the number of attempts allowed during tRA was dependent on the
available curriculum time. For example, during one of the recordings, a student arrived
late, and the student team was only able to attempt the tRA once. Lastly, the students
did not work on any AEs (see Fig. 1b).

Data Collection Setup. For the collaborative learning contexts in our study, students
are seated most of the time and refer to their individual laptops or tablets. Hence, for
video data collection, we were interested in collecting individual facial data and body
posture (see Fig. 2). We set up a 360 camera in the middle of the table that clearly
captured students’ faces (see Fig. 2). We also installed 3 GoPro cameras around the
table. Each GoPro camera is focused one student pair in order to capture their sitting
posture. For the audio setup, we attach individual lapel microphones and collect sep-
arate audio streams from each student via an H6 N recorder with a sample rate of

Fig. 2. Audio and video data collection setup.
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48 kHz. Activity that corresponded to the collaborative discussion was recorded, i.e.,
during the leader selection, tRA and AE (only for laboratory sessions). A total of 17
students across 4 collaborative learning sessions were recorded.

Taken together, for laboratory sessions, we were able to collect assessment scores
on the individual level (2 sets of iRA scores; pre and post), team level (tRA) and self-
reported Teamwork Quality Survey responses. For in-the-wild sessions, we have the
iRA, tRA test scores and self-reported Teamwork Quality Survey responses.

4 Analysis

As team interactions are an important part of collaborative learning, it is important to
capture, analyze and monitor these interactions. In order to do that, we will adapt and
augment audio and video processing algorithms to automatically extract relevant
metrics of student behaviours from these recordings and investigate correlations
between these extracted metrics and: (i) objective learning test scores and (ii) subjective
team dynamics indicators outlined by existing frameworks. The objective iRA and tRA
test scores are measures of team success while responses to the Teamwork Quality
Survey are subjective measures of team dynamics. In this way, we leverage the
combination of audio/video analytics, objective test scores, and subjective observa-
tional measures to build and validate our automated system.

To scaffold our analysis and explore potential mappings between features and team
dynamics indicators, we focus on the types of data collected, that is, audio (cf.
Sect. 4.1) and video (cf. Sect. 4.2) data, following by the types of relevant analyses that
could be conducted. We include challenges encountered in the initial attempts of
processing the data for some hypotheses. In Sect. 4.3, we explore potential analyses of
detection of leadership, expertise and team diversity with the purpose of understanding
the effect of team composition on team success. Lastly, in Sect. 4.4 we discuss the
potential of applying the interaction adaptation theory to extract and understand the
social dynamics during collaborative learning.

4.1 Audio Analysis

As demonstrated by many studies, audio-based cues, especially in terms of speaking
time, can be a useful indicator of individual participation and team dynamics (e.g.,
[1, 22]). Beyond extracting speaking participation time from audio data, we present
examples of the potential of using audio data collected in our setup to explore dynamics
of team interactions.

Preliminary Analysis. Keeping in mind the importance of collaborative discourse, we
adopted the framework identified by Mercer [17], which outlines features of collabo-
rative dialogue that are important in the understanding of collaborative learning dia-
logues. Mercer outlines two types of talks, disputational and exploratory; the former
features short utterances, rarely accompanied by explicit reasoning, and characterized
by disagreement, while the latter features coordinated forms of co-reasoning, accom-
panied by exchange of ideas and characterized by rational decision-making.
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Between the 2 TBL groups recorded in controlled settings, we conducted a pre-
liminary qualitative analysis of the collaborative discourse. We uncovered significant
differences between the number of occurrences in disputational and exploratory talk
between a high- and low-performing group (dependent on their team scores). For the
low-performing group, team members asserted their answers, with little to no reason.
Often, team members would insist the correct answer was wrong by articulating their
answer repeatedly (e.g., “It’s A, it’s A, it’s A”) and gave insubstantial explanations
when challenged (e.g., “It’s just the way it is.”). This type of interaction was repeated
several times, resulting in a lower team score. In comparison, the high-performing
group engaged in active discussion, back-and-forth justifications and rebuttal of one
another’s answers, resulting in a higher team score.

Conversational Features. For detecting and monitoring of such speech-based phe-
nomena, conversational patterns such as turn-taking, mutual silence, number of over-
laps, length of utterances can be useful indicators. As short utterances are characteristic
of insistences with little elaboration, automatic detection and segmentation of utterance
can potentially be a useful predictor in the level of epistemological contributions by
each team member. In addition, Oviatt et al. [19] studied groups of students working
collaboratively to solve math problems and found the frequency of overlapped speech
increased during the “moment of insight” (i.e., the moment when a student proposes a
correct solution to when the group submits it as answer). Hence, for effective collab-
orative dialogues to occur, we could expect an interaction of mutual silence, turn-taking
and increasing speech overlaps as the discussion for each question progresses. How-
ever, prolonged speech overlaps could indicate to the facilitator and students that less
collaboration is occurring as students are talking over one another.

Linguistic Features. Apart from monitoring conversational cues, the linguistic con-
tent of team discussions contains potential insights as well. Existing dictionary-based
natural language processing toolkits such as Linguistic Inquiry and Word Count
(LIWC) [21], could be applied to automatic transcripts of team discussion derived from
automatic speech recognition software. Such linguistic content analysis could be
beneficial in providing an overview of the linguistic trends of team discussions. For
example, the nature of exploratory talk [17] suggests that as students engage in active
exchange of ideas, the discussion would feature more unique words as well as a larger
distribution of words. On the other hand, as disputational talk consists of less ideas
being elaborated [17], we would expect the opposite: a smaller distribution of words as
well as less unique words.

4.2 Video Analysis

Facial Emotional Cues. In a recent review by Chua et al. [6], it was observed that
while widely studied in computer-supported learning scenarios, emotions of learners
are rarely investigated during co-located face-to-face learning scenarios. We observe
that in observational studies, displays of positive affect during learning have mixed
effects on the success of collaboration [33]. We predict a curvilinear relationship
between positive affect and team scores, as over-engagement in off-task humorous talk
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can impede task completion [33]. On the other hand, for the laboratory sessions,
students can attempt the questions multiple times with instantaneous feedback in the
team task. Given the hypothesized relationships between learning and positive affect
[9], we may observe a linear relationship between individual learning gains (computed
by pre and post iRA). As such, we anticipate further examination of the relationship
between displays of positive affect and team scores, as well as individual scores.

Many learning analytics studies in computer-based educational systems showcase
the potential of capturing and analyzing students’ emotions in order to understand the
trajectory of students’ learning processes, e.g., the cognitive disequilibrium theory. In a
series of studies on students’ interactions with an intelligent tutor, D’Mello et al. [10]
found that transitions between confusion and engagement predict learning gains.
Worsley and Blikstein [40] replicated similar findings within a co-located collaborative
hands-on learning scenario and demonstrated that number of transitions between
confusion and engagement correlated with high post-test scores. These studies illustrate
the importance of modelling students’ affect in the understanding of co-located learning
environments.

As such, in our setup, we included the capture of facial images from individual
students. In the context of the cognitive disequilibrium theory, we hypothesize more
frequent alternation between confusion and engagement would correlate with higher
individual learning gains as well as higher team scores. In addition, continuous
detection of frustration and disengagement within team members over time could
indicate individuals that are not benefitting from team discussion. Detection of such
moments is useful as facilitators can be notified and intervene when appropriate.

Posture. Posture is another important non-verbal information channels in human
communication. For instance, the state of engagement is presented through, among
other indicators, the shifting of postures [34], while mirroring and repetitions of posture
has been observed as manifestations of rapport building [14, 34]. Thus, in our current
learning contexts, while students in the current learning contexts may be sitting down
the majority of the time, we hypothesize that detection of postures such as leaning in
and leaning away, could correlate with self-reported perceptions of team dynamics by
the students in our sessions. A team with members who are closely clustered physically
and leaning in would indicate higher team engagement and team cohesion [20].

4.3 Team Composition and Success

Team composition is one of the most commonly investigated variables in team per-
formance research [38]. Successful teams are composed of members who have
expertise in relevant but diverse domains but must be sufficiently aligned to engage in
collaborative planning for effective performance [37]. As such we outline two
important areas for future analyses of our data: the domain of expertise and dominance,
as well as team diversity and agreement.

Expertise and Dominance. In our qualitative analysis, we observe that in the low
performing group, a team member was particularly dominant in the discussions, but
due to his lack of domain expertise, he often misled the team to submit the wrong
answers. Prosodic and speech cues are useful indicators of social dominance,
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leadership and expertise [19, 24, 26, 32]. When combined with measures of speaking
time, the detection and monitoring of expertise and dominance is potentially useful in
ensuring equity of participation between experts and non-experts.

Team Diversity and Agreement. In experimental studies, it has been observed that
successful teams not only have functional diversity, but also engage explicitly in
knowledge coordination [37]. This is also emphasized in TBL, as teams that relied on
majority-voting often underperform compared to those who shared explanations and
came to a consensus afterwards [20]. This suggests that while teams should be suffi-
ciently diverse, gradual agreement is an important indicator of successful team per-
formance. This is reflected in observational studies where acquiescence talk occurred
more frequently in successful dyads working on computer-supported collaborative
tasks, compared to their unsuccessful counterparts [33].

As such, detection of agreement within teams could be a useful indicator of col-
laboration success. We hypothesized a curvilinear relationship between agreement and
team success, as groups who agree all the time with little to no discussion could be
engaged in biased decision making and groups that are too diverse and display con-
tinual conflict would be counterproductive [38]. Our previous work on dyads have
shown that prosodic cues could serve as an automated metric of agreement [24, 32] and
we intend to extend such analysis to our dataset.

4.4 Interaction Coordination and Team Dynamics

As discussed in Sect. 2, collaboration quality is often assessed via dimensions of
synchrony and proximity. These underlying concepts are common themes in the
interaction adaptation theory, which posits that during social interactions, humans
monitor, observe and adapt to their counterparts in their verbal and nonverbal com-
munication [3]. Similar ideas of such an interactive adaptive process has been referred
to in concepts such as mirroring, accommodation, entrainment, matching, mimicry
across different disciplines. Behavioral adaptation via verbal or non-verbal behaviors
have been found to increase social cohesion and facilitate effective communication, but
majority of studies have focused on dyads [5].

Automated Detection of Interaction Coordination. While speech style accommo-
dation of prosodic cues [13, 15] and mirroring of posture and gestures [5, 14, 34] have
been observed with rapport and collaboration success, research has been largely limited
to dyads as well as relying on observational methods. We intend to extend our analysis
to automatically detect such phenomena in larger groups of 5 to 6 members. With
separate audio channels, it is possible to extract prosodic cues of each team member
over a predefined window length (e.g., 30 ms) and monitor the dynamics of synchrony
and proximity over the entire course of collaborative discussion. In addition, we intend
to apply similar analyses to the postures of students to detect mirroring. A preliminary
hypothesis would be that the speed (i.e., defined by how long into the discussion) and
degree (i.e. defined by the number of members that exhibit the phenomenon) at which
teams display synchrony and proximity are significant predictors of their collaboration
quality. We also intend to extend similar forms of analysis to explore ideas of
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convergence (i.e. actors behaviors become more like one another over time). For
example, high performing teams may converge more quickly in terms of adjusting their
postures and prosodic cues compared to low performing teams.

5 Lessons Learnt

Challenges. Feature extraction of acoustic-prosodic cues from audio data can be done
via existing toolkits such as openSMILE [11] and DisVoice [18]. Similarly, previous
works [24, 32] have demonstrated the process of automatically extracting conversa-
tional features from dialogues. However, the audio data used to generate these features
may include classroom noise and interference from other concurrent team discussions
especially during the in-the-wild sessions. Even in laboratory sessions, speaker
diarization (i.e., detecting who spoke when) can be challenging, as students are situated
close to one another and each speaker channel contains interference from other
speakers. This problem becomes more complex as the number of speakers increases, as
observed from our dataset of groups of 6. While conversation patterns and audio-based
cues can inform co-located, face-to-face collaboration processes, we anticipate several
challenges to acquire clean data, even in a laboratory environment.

Moreover, while existing toolkits for facial emotion and pose recognition could
generate students’ affect states and postures automatically, capture of students’ faces
may be impeded by logistic difficulties. For instance, we found that during sessions
where collaborative learning was facilitated by electronic devices such as laptops,
students’ faces were sometimes partially obscured. In addition, unforeseen events can
occur in face-to-face learning scenarios. For example, students may leave the table
halfway through the class, arrive late to class and join the discussion, one by one. We
expect more effort in considering such events in future designs of our setup.

Finally, it is well-known that emotion recognition and speech recognition toolkits
are trained largely on Caucasian faces and speakers and have limited cross-cultural
applicability for non-Caucasian faces [31] and non-native English [41]. Thus, we
anticipate more work to be done in terms of ensuring the accuracy and validity of
outputs from these toolkits, when applied to non-Caucasians, as in our recordings.

Data Management and Ethics. In co-located, face-to-face educational settings, pri-
vacy, consent and data management have to be taken into consideration. This is par-
ticularly important for setups, like our case, where raw data involves video and audio
recordings. Our study has been cleared by the ethics committee of the university and
students that participate in our studies have given full consent to the collection and use
of their data.

6 Conclusion

In this paper, we outline our setup for collecting physical data from co-located face-to-
face collaborative learning scenarios. This study proposes a novel approach to
understanding and assessing team dynamics in collaborative learning in an automated
fashion. We anticipate a deeper understanding of what team dynamics elements
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indicate the effectiveness of a collaborative team and contribute to better learning
outcomes. Although there are existing projects that utilise digital devices (e.g., tablets)
to monitor collaborative work, none have looked at leveraging both nonverbal and
verbal communication through audio and video to monitor team dynamics in an
automated fashion. This proposed project would tackle long-standing bottlenecks in
assessment and monitoring of team dynamics.
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Abstract. Authentic language materials are always considered ideal language
acquisition resources. Today’s generation lives with the Internet, surfing over
Internet resources every day. Web 1.0 and Web 2.0 provide authentic and
learner-directed resources and platforms with accessible and ubiquitous features,
which greatly benefits English as a Foreign Language (EFL) learners living in
non-English speaking countries. Despite abundant English resources available,
most EFL learners usually still rely on the Internet resources of their first lan-
guage. Therefore, this study aimed to devise a course adopting an immersive
approach guiding students to live in an authentic English Internet life as native
speakers do, thereby promoting EFL acquisition in real life. This study involved
62 college students around low intermediate levels in Taiwan, simulating a
realistic English Internet life. Nine theme-based Internet resources were selected
and task-based learning was employed. A survey was conducted at class end.
Results show that four out of the five thematic websites considered the easiest to
navigate and comprehend were presented via Web 1.0. Regarding the top five
thematic websites that the students reported to browse after taking this course
were related to recreation (music, movie, and travel), living consumption
(shopping), and online community interaction (social media). Usefulness and
interest are two major reasons motivating them to browse English websites.
61.3% and 38.7% of the students reported that they would “Strongly recom-
mend” and “Recommend” this course respectively, demonstrating the effec-
tiveness of the course. Qualitative results and implications were elaborated in
the study.

Keywords: Immersive learning � Ubiquitous Internet � Task-based learning

1 Introduction

1.1 Background and Problems

For English as a foreign language (EFL) learners, authentic English materials and
environments are two major factors in successful, enjoyable, and natural foreign lan-
guage acquisition. The major disadvantage for EFL learners in English learning is that
they are not surrounded by English-speaking environments to naturally interact with
the target language in daily life. In addition, most EFL curricula use textbooks which
contents are planned, unauthentic, and limited in learning contexts. Therefore, seeking
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authentic, practical, and ubiquitous English learning materials as well as natural
English contexts is significant. Internet resources happen to meet these criteria as
English websites on the Internet provide authentic English information that native
English speakers interact with in daily life, and that is also accessible for non-English
speakers worldwide.

Applying Internet resources into English learning lies in both characteristics of the
Internet and today’s young generation. These characteristics are elaborated as follows.

The Characteristics of the Internet. With advanced development of Web technol-
ogy, the Web has evolved from Web 1.0 to Web 2.0. Web 1.0 provides the static
information based on a one-way approach—Users are passive information receivers.
However, Web 2.0 not only further provides multimedia information delivery but also
offers the features of interaction for users: user-website and user-user [1]. Such features
promote the user’s activeness in interacting with information and net communities.

The Characteristics of Today’s Young Generation. Regarding today’s young
generation, they are netizens living and growing up with the Internet, and unable to live
without it. Internet resources provide ubiquitous learning via the Internet, and the
digital natives are already used to accessing to Internet resources through the smart-
phone in addition to the computer. Thus, the convenience of using Internet resources
and ubiquitous learning can be greatly promoted through mobile devices today.

1.2 The Purpose of the Study

Grounded on the above reasons, this study aimed to employ the immersion approach to
immerse EFL learners in authentic and ubiquitous English environments through using
English websites for any information of real-life purposes as native English netizens do
in their life. Based on the immersion theory, the devised EFL course in the study also
integrated the approaches of theme-based learning and task-based learning in order to
optimally foster immersive learning. Therefore, this study attempted to investigate how
EFL learners perceived the approach of thematic task-based immersion using ubiqui-
tous Internet resources, as well as its effectiveness.

1.3 Immersive Learning

Since immersion teaching methods first appeared to teach French to English-speaking
children in Canada in the 1960s, immersive learning has been extensively applied
worldwide. The core characteristic of the immersion approach lies in the combination
of language, content, and culture of the target language instead of the first language [2].

Past studies have found many advantages and benefits of immersive learning. For
example, the immersion approach exposes language learners to actual language con-
texts, effectively engaging them to practice authentic language, interactions and skills
for real-life purposes in the real world [3]. Immersion education promotes cognitive
skills such as metalinguistic awareness (e.g., sounds, words, and syntax) [4, 5],
executive control [4, 6], critical thinking and problem solving [7], and so forth. In
addition, immersive learning elevates motivation, especially intrinsic motivation such
as enjoyment, curiosity, and achievement [8, 9]. With such benefits, immersion
methods have been widely adapted to various kinds of learning.
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1.4 Theme-Based and Task-Based Learning

Theme-based instruction or learning is one type of three content models which
emphasize learner interests and needs, authentic materials and tasks, and eventual
language uses. The main features of theme-based learning are that topics of high
interest to learners are important, and that the units involve language skills [10].
Theme-based learning has been demonstrated to meet learner needs and improve
learner achievement [11], more effective to both high- and low-interest students [12],
foster learning, and promote comfort with learning new materials [13].

Task-based instruction or learning is primarily grounded on constructivism which
characterizes with the following features. Learners use and interact with authentic
language meaningful to them, have more control in what they learn, and learning
mainly takes place in social contexts [14]. Task-based learning is thus learner-centered
and can develop language skills through completing meaningful language tasks rele-
vant to contents [15].

Task-based learning has been found to have a significant effect on the motivation
and engagement of learners [16]. Task-based instruction has been applied in four
language skills and demonstrated effective learning [14, 15, 17, 18] as it provides
learners with opportunities of constructing personal knowledge and experience, thus
facilitating personalized learning. With the development of technology, some studies
also investigated how task-based learning was implemented through technology such
as computer-mediated contexts and online courses [15, 17, 19, 20].

1.5 Ubiquitous Learning

Ubiquitous learning emerged from the combination of the Internet and digital tech-
nology. The Internet provides ubiquitous connections with open and accessible digital
information and resources via computing devices [21, 22]. With these characteristics,
past research has demonstrated that these Internet resources not only remove the digital
divide but also can be used as open educational resources to improve teaching-learning
environments as well as promoting ubiquitous learning [22].

Ubiquitous learning has been advancing with emerging digital technologies such as
notebook computers, smartphones, and tablets which facilitate flexible learning time
and unconstrained location [23]. Thus, learners can access and retrieve updated Internet
resources in a more effective and convenient way. Research has also found and cate-
gorized four major factors influencing adoption of ubiquitous Internet among students:
efficiency, information, performance, and techno [24]. Additionally, research has
demonstrated the correlated effects of ubiquitous learning and flipped learning in that
the higher the ubiquitous rate is, the higher the flipped rate learners attain in
the learning environments [25]. Such a finding implies the contribution of ubiquitous
learning to flipped learning.
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2 Methods

2.1 Participants

This study involved 62 non-English majors who took the class “The Internet for
English Learning” offered in General Education Center at a university in Taiwan. The
students’ English proficiencies were around low intermediate levels. This course was a
semester long, 18 weeks, and 2 h per week. The lessons were theme-based, comprising
the websites of nine different themes: online music, online movie, net community
interaction, online weather, online shopping, travel booking, online English learning,
Taiwanese culture, and social media. One to three commonly-used websites were
selected for each theme. The selected websites are listed in Table 1 as below.

2.2 Procedure

This course was conducted through three stages for each lesson theme: demonstration,
hands-on task, and oral report. At the demonstration stage, the instructor introduced
selected thematic websites, guided the students to explore the websites, explained
important vocabulary and phrases, etc. At the hands-on task stage, the students started
self-exploring interested information according to the task requirements for the lesson
theme. At the oral-report stage, the students orally reported in English what they found
in the task.

In the lesson theme of online travel booking, for instance, the task required that the
students plan a trip to one destination respectively in Asia, America, and Europe. They
must search for the travel information through the English websites introduced in the
lesson, including their desired airlines, airfare, flight information, stopover city, flight
duration, luggage information, hotel/hostel room type, fees, accommodation informa-
tion, etc.

Table 1. The websites selected for each lesson theme.

Theme Web technology
features

Selected websites

1. Online music Web 1.0 • Billboard; Yahoo Music
2. Online movie Web 1.0 • Movies.com; Yahoo Movies
3. Net community

interaction
Web 2.0 • Yahoo! Answers

4. Online weather Web 1.0 • The Weather Channel; Yahoo
Weather

5. Online shopping Web 2.0 • eBay; Amazon
6. Online travel booking Web 2.0 • Expedia.com; Hostelworld.com;

Airbnb
7. Online English learning Web 2.0 • TED.com; Youtube Education
8. Taiwanese culture Web 1.0 • The China Post; Taiwan.net
9. Social media Web 2.0 • Flickr; Facebook; Twitter
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On midterm and final examinations, the students took an on-site task examination
to find out the information on the assigned websites according to the task requirements
of each theme. At semester end, each students filled out a course survey to reflect on the
course learning.

The entire procedure was grounded upon the model of Internet-based Immersive
Learning (IIL) proposed in this study. Three major elements in this IIL model: theme-
based or thematic instruction, task-based instruction, and Internet technology. Theme-
based instruction aims to promote motivational learning. Task-based instruction is to
implement constructivist learning. Internet technology facilitates ubiquitous learning.
Figure 1 manifests this IIL model as below.

2.3 Instrument

The instruments in this study included Internet materials and a course survey. The
Internet learning materials were from selected websites of nine themes. This semi-
open-ended survey mainly investigated the following questions: Which thematic
websites do the students think easy and comprehensible in navigation? Which thematic
websites would they start using after this course? Whether they would recommend this
course? What are the reasons for the above questions?

2.4 Data Collection and Analysis

The data collected were mainly from the semi-open-ended survey. Thus, the data
included quantitative and qualitative data. The data analysis aimed to understand which
thematic websites were easy and comprehensible for the EFL students in navigation,
which thematic websites interested them most, how they thought of those websites,
whether this course was useful, and the reasons. All in all, the analysis attempted to
understand the effectiveness of theme-based immersive learning through ubiquitous
Web 1.0 and Web 2.0 authentic English materials and environments.

IIL 
for EFL 
Learners

Theme-
based 

Instruction

Internet 
Technology

Task-based 
Instruction

Motivational Learning

Constructivist Learning Ubiquitous Learning

Fig. 1. The proposed model of Internet-based Immersive Learning (IIL).

Internet-based Immersive Learning (IIL) 143



3 Results and Discussion

Survey results are discussed in the following. Regarding which thematic websites
introduced in the course were easy to navigate and comprehend, results show that
69.4% of the respondents found the thematic websites of online music easy to navigate
and comprehend; 74.2%, online movie; 19.4%, net community interaction; 41.9%,
online weather; 48.4%, online shopping; 27.4%, online travel booking; 35.5%, online
English learning; 53.2%, Taiwanese culture; and 38.7%, social media (See Fig. 1).

The five easiest to navigate and comprehend thematic websites were online movie,
online music, Taiwanese culture, online shopping, and online weather. Interestingly,
four out of the five are presented via Web 1.0; only the websites of online travel
booking are presented via Web 2.0. The information of music, movie, weather, Tai-
wanese culture (Web 1.0) is delivered mainly for the user to read without any inter-
active needs. The reason why the shopping websites (Web 2.0) were also considered
easy to navigate and comprehend might be because these students are used to online-
shopping activities in daily life. Even though the shopping websites are English and
Web 2.0, the concepts of interface and content display are not too different from
browsing Chinese shopping websites for them. For the other four thematic websites
(social media, online English learning, online travel booking, and net community
interaction), they involved Web 2.0 features which required more understanding on the
interactive interfaces and contents. Thus, the students considered more complex to
browse and comprehend (Fig. 2).

Regarding the question which thematic websites the students would start browsing
after taking the course, 66.1% of the respondents chose online music; 69.4%, online
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Fig. 2. Which of the following thematic websites introduced were easy to navigate and
comprehend? (Multiple Choice)
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movie; 14.5%, net community interaction; 16.1%, online weather; 41.9%, online
shopping; 51.6%, online travel booking; 30.6%, online English learning; and 35.5%,
social media (See Fig. 3).

It is found that top five thematic websites that the students would start browsing are
online movie, online music, online travel booking, online shopping, and social media.
Three out of the five thematic websites that more than 50% of the students chose are
related to recreation (music, movie, and travel). The other two out of the five are related
to living consumption (shopping) and social relationships (social media).

According to the responses in Question 2, the investigation for the reasons reveal
that 80.6% of the students responded the reason of “useful”; 74.2% responded
“interesting”; 32%, easy; and other, 1.6% (See Fig. 4).
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Fig. 3. After taking this course, which of the following thematic websites introduced would you
start browsing? (Multiple Choice)
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Fig. 4. According to Question 2, what were the reasons? (Multiple Choice)
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Such findings show that for these EFL students, whether the English websites are
useful in life and the themes of websites interesting are two major reasons motivating
them to browse English websites. Whether the websites are easy to navigate is a minor
factor. One other reason reported is from a consumer’s perspective in that using
English websites is a convenient approach to directly reaching foreign products in
person.

Regarding whether they would recommend this course to other students, the
responses were all positive. Surprisingly, 61.3% of the students reported “Strongly
recommend;” 38.7% reported “Recommend;” and none of them reported “Fair” and
“Do not recommend” (See Fig. 5).

The results imply that using English websites are not only useful in daily life but
also interesting to these EFL students. Such findings suggest that the EFL learners hold
both ‘instrumental motivation’ and ‘integrated motivation’ in using English websites.

According to the preceding results, the results about Question 5 thus account for
why they would recommend this course. Such results are further categorized into nine
dimensions with selected responding examples: (1) cultural understanding; (2) practi-
cality and authenticity; (3) interest; (4) confidence; (5) unconventionality; (6) world
knowledge and language competence; (7) autonomous and personalized learning;
(8) latest and updated materials; and (9) ubiquitous learning. These nine dimensions
exactly indicate what the EFL learners are concerned about regarding to their EFL
learning using Internet resources. Table 2 manifested the results.

From such results, it implies that the EFL learners’ reasons of wanting to take an
English course which immersed them in authentic learning English environments
through English websites involve a wide spectrum of factors. All these types of factors
contribute to EFL learners’ enjoyment of English learning.
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Fig. 5. Would you recommend this course to other students?
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Table 2. According to the preceding question, why?

Category Selected Examples
Cultural 
Understanding

Practicality and 
Authenticity

Interest

Confidence

Unconventionality

World Knowledge and 
Language Competence

Autonomous and 
Personalized Learning

Updated Materials

Ubiquitous Learning

This course helps me understand which 
websites are commonly used by English 
speakers.
I can learn and use English in real life.
Authentic materials are closely related to our daily
I can obtain latest information when I travel abroad.
These websites are helpful to our life.
A lot of vocabulary learned from the websites cannot be 
seen in the textbook.
Practical assignments and assessment

This course is very interesting and easy.
I am more motivated by learning from the
thematic websites.

This course guided students not to be afraid 
of browsing English websites.

This course is not like traditional English 
courses. 

My English improved a lot.
I gained a lot of knowledge in addition to 
English ability.
If I did not take this course, I would have 
never known so many English websites from
which I could learn English in daily life.

We can self-explore interested thematic 
contents and learn different vocabulary 
based on our self-exploration, very 
flexible.

I can get first-hand information without 
reading translated news.

The website information can be retrieved via
the smartphone.
I can interact with English information 
anytime and anywhere.
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4 Conclusion

This study used ubiquitous Web 1.0 and Web 2.0 Internet resources as well as inte-
grating thematic and task-based approaches to facilitate immersive and ubiquitous
learning for EFL learners. Such blended approaches take the advantages of each
method to benefit EFL learning to the utmost. Thematic learning promotes learner
motivation and interest. Task-based learning emphasizes self-exploration and personal
experience construction, facilitating personalized learning. Internet resources offer
ubiquitous learning as well as direct connections to the real world of the target culture
and language. All the above approaches in combination greatly contribute to EFL
immersive learning.

The major findings have contributed valuable information to the literature and EFL
instructors: (1) Interesting themes and real-life purposes are two major factors that
motivate EFL learners to use and learn Internet resources as open ubiquitous learning
materials. (2) Taking the different advantages of Web 1.0 and Web 2.0 in selecting
Internet resources best facilitate EFL learners’ navigation of Web interfaces as well as
comprehension of learning contents. (3) Successful immersive learning using Internet
resources must use meaningful tasks for real-life purposes so as to fully engage and
immerse EFL learners into the real-world language and culture. (4) All the thematic
task-based, ubiquitous, and immersive approaches greatly promoted learner-centered
and -directed learning. All in all, these are important pedagogical implications for EFL
instructors in curriculum design based on the Internet-based Immersive Learning
(IIL) model which applies Internet technology and resources through thematic tasks for
ubiquitous immersive learning.

Moreover, this IIL model emphasizes the significance in that technology cannot
simply stand alone to best promote learning. Any technology requires integrating with
appropriate instructional methods or theories in order to create its optimal effectiveness
in promoting and facilitating learning. Encouragingly, this study has demonstrated the
success of applying the IIL model in the course. 81% of the participants achieved final
scores above 60 points and 59% of them achieved final scores above 80 points. This
indicates that the students not only have acquired a satisfactory amount of practical
vocabulary and expressions but also are able to use English Internet resources for real-
life purposes.

To conclude, the study results have demonstrated how Web 1.0 and Web 2.0
technologies ubiquitously deliver various types of Internet resources for learners to use
and interact with for their real-life purposes in English learning. The value of web
technology for teaching and learning is its ubiquity, accessibility, interactivity, per-
sonalization, etc. Thus, the language instructor should be ready for fast-evolving Web
technology like 3.0 or 4.0 in the future in order to understand and apply its features and
resources in language teaching and learning.

Despite the findings, there were two limitations in the study. One limitation was
that this study involved only non-English majors of low intermediate levels. The other
was that the semi-structured tasks and pre-selected themes in the study might limit the
students to explore Internet learning materials at their preference. Therefore, future
research will include English majors and offer learners more freedom in open-ended
tasks as well as preferred website themes.
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Abstract. The virtual classroom continues to grow, but it is becoming more
and more the norm, and it is fundamentally different from the vocational stu-
dents at the Indonesian university. With the promised benefits of the virtual
classroom, many challenges and difficulties come in the implementation.
Although there are already successful design principles for virtual classrooms
that support organizations in overcoming the challenges, the approach to
implementing the design principles of virtual classroom at the vocational higher
education in Indonesia is still lacking. In this study, we aim to answer the
research gap and used the design sciences research by interviewing the lecturers
to design the solutions. The proposed design approaches were implemented in a
course and evaluated with students from two different groups. Overall, the
evaluation of the proposed approaches shows 1 significant results as an indicator
of the benefits of the implementation of a virtual classroom for vocational
students in Indonesia.

Keywords: Online learning � Design challenges � Design principles �
Vocational education � Indonesian higher education

1 Introduction

A virtual classroom is a technological approach mainly used in the educational world.
Chen and Liu [1] define the virtual classroom as “synchronous learning model in ICT
based”, while Clark and Mayer [2] include the virtual classroom as part of e-learning to
illustrate what is meant by virtual classroom. In this study, we define the virtual
classroom as learning with the use of various digital media (e-learning) that support
digital presence and real-time interaction between students and instructors. Some
advantages of a virtual classroom are presented [3], among others are to improve the
interaction between teachers and students, to enable immediate and fast reactions to
students and to give students the feeling of being connected with the instructors [3].

© Springer Nature Switzerland AG 2019
L. Uden et al. (Eds.): LTEC 2019, CCIS 1011, pp. 151–161, 2019.
https://doi.org/10.1007/978-3-030-20798-4_14

http://orcid.org/0000-0002-3267-7214
http://orcid.org/0000-0002-2211-8857
http://orcid.org/0000-0002-7711-1169
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_14&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_14&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_14&amp;domain=pdf
https://doi.org/10.1007/978-3-030-20798-4_14


The integration of technology into classrooms is important in preparing instructors
and students for the 21st century and push the implementation of the virtual classroom
can support teaching and learning in the digital age. In the context of a virtual learning
environment, which focuses on real-time interaction between instructors and their
students, the use of virtual classroom must be supported by the readiness of stake-
holder, user capabilities and access on technology to implement the virtual classroom.
Therefore, evaluating the implementation of the virtual classroom is an essential factor
for the sustainability of the virtual classroom.

Although the virtual classroom has many advantages for the world of education,
there are various obstacles to its implementation. These challenges include for students:
Lack of skills and bad experiences with digital tools. For instructors: Lack of tech-
nological and didactic skills and the intention to allow more face-to-face meetings and
for fear of change [4]. General strategies have been developed to overcome obstacles to
the implementation of virtual classrooms by establishing online community learning or
the use of wiki systems [5]. However, barriers tend to evolve over time and context. For
example, specific barriers for educational institutions in Indonesia require more
attention to the availability of software and hardware [6], barriers related to Indonesian
regulations for virtual classrooms with a maximum share of 50% of online classrooms
[7] or culture-specific barriers based on the cultural dimension of the Hofstede [8], e.g.
unequal power distances and lower values for individualism, which can hinder the
establishment of a virtual classroom for individual trainers.

Reports on higher education in Indonesia show that there are 80.6% of a total of
3276 public and private campuses offering vocational education programs [9]. Several
studies have tried to implement virtual classroom to support teaching and learning
activities in vocational higher education institute in Indonesia [10, 11]. Although some
studies show the positive impact of implementing a virtual classroom, the lack of a
general approach that can be used by vocational higher education as a guide for the
integration of a virtual classroom in Indonesia remains an obstacle for various voca-
tional institutions in Indonesia. Some of the ideas used to support the implementation
of virtual classroom are the use of Moodle and Edmodo software in the teaching and
learning process integrated into a blended learning environment. To our knowledge,
however, there is no research discussing how to implement virtual classroom for
vocational students in Indonesia. Using Google Scholar as a search engine using the
search keywords “Virtual Classroom” AND “vocational” AND “Indonesia” queries in
English (results in 342 sources) and Indonesian translation of keywords (21 sources)
from the search results does not yet offer any form of the proposed design approaches
within the context of the vocational higher education in Indonesia. Therefore, we want
to fill the gap by proposing design approaches on how the implementation of virtual
classroom will be carried out in this context. To answer the research gap, in this study,
we used the Design Science Research (DSR) [12], starting with an initial first problem,
such as lack of the applicable concept to implement virtual classroom in Indonesian
higher education. Then we used [13] as basic principles in the preparation of proposed
design approaches, which we discussed with university lectures from three different
higher educational institutes. We then applied the proposed approaches in a lecture
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module of the vocational school and evaluated the results with 100 students. The
proposed approaches show the potential both for new students as well as the students
that other vocational higher educational institutions in Indonesia can use the approa-
ches as guidelines for the implementation of the virtual classroom that comply with the
regulation for the institutions of higher education in Indonesia.

In this work, first, we present literature and information related to our study and the
explanation of principles for successful implementation of virtual classrooms [13].
Then, we give a short description of the steps that we have taken in the Methods
section. Next, the results of the research including the proposed implementation design
and the evaluation of the proposed design. Finally, we provide information about the
limitations of the study, conclusions and future steps that can be taken with the results
of our research.

2 Theoretical Foundation

2.1 Overview Learning Theory

In the development of learning theory, the learning process has undergone a paradigm
shift in the learning approach, from pedagogy to andragogy and now heutagogy [14].
Heutagogy learning emphasizes that students learn independently (self-determined
learning), in this case, the student can determine what they want to learn, manage
teaching material in a format beloved by students, a wide variety of digitally learning
resources, and the use of educational social platforms such as Edmodo, Youtube, and
Whatsapp [15]. To support these developments, educational institutions need to pro-
vide a learning environment that can make it easier for students to develop their own
knowledge anytime and anywhere. In other words, learning technology should be an
integral part of the current learning model [16].

2.2 Design Principles of Successful Virtual Classroom

A virtual classroom is an online class that enables students to communicate, present
lessons, interaction with teaching materials, and works in groups [17]. The virtual
classroom is not a novelty, the discussion about e-learning at the end of 1990 became
the gateway to the integration of digital materials into the educational world. The web-
based learning management system at the university level was used at the beginning of
2000 as a tool to promote learning [18]. As time goes by, advances in technology and
infrastructure become more sophisticated to support real-time digital interaction
between students and instructors. A holistic approach of educational institutions using
digital learning materials is proposed to support as many learning activities as possible
[19]. One of the main challenges in online learning is interactivity in the virtual
classroom [20]. Referring to the research conducted by [13], the seven basic principles
for a successful interactive virtual classroom can be seen in Fig. 1.
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Based on Fig. 1, to be able to effectively implement virtual classroom, it is essential
to pay attention to the seven basic principles of successful virtual classroom including:
(1) Pre-engineering lessons: advance planning and preparation of all the major elements
of the event; (2) Include diverse media: diverse delivery media complement one
another; (3) Be job relevant: good virtual events are explicitly relevant job; (4) Be
interactive: learning is interactive; (5) Consider social presence: social presence pro-
motes learning; (6) Combine the visual and verbal: appropriate visual and verbal
modalities; (7) Manage cognitive load: cognitive load must be managed in all
instructor-led events. The advantage of design principles of a virtual classroom by [13]
is the ability of the design principles to adapt into different context and cultures [21–23]
which is relevant with multicultural characteristic of Indonesian society. Furthermore,
the design approaches [13] focuses more on the technique of developing a learning
environment. We, therefore, used these principles [13] as a basis for our research.

3 Method

In this study, we applied design science research (DSR) process [12] aiming to tackle
the initial research problem and evaluate the proposed solution close to the object of the
study and their environment. Lack of available design approach to implementing vir-
tual classroom for a vocational university in Indonesia is the initial research problem
that guiding our research study in the next step of the DSR. For a phase of a solved
definition, in this study, we used qualitative research on the phase of design solution by
using an interview with university lectures from three different universities in Indonesia

Fig. 1. Seven basic principles for successful virtual classroom based on [13].
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who had 10 to 16 years of teaching experiences, and it was not involved in the writing
of this paper. The interview was conducted both in form face-to-face meeting as well as
an online interview. Each result of the interview is recorded and documented in written
format. We had adapted the design principles [13] for the virtual classroom, combined
with the interview and the study literature, a set of design approaches for the imple-
mentation of the virtual classrooms for vocational students and presented in the results
section. The proposed design approaches were then implemented and tested for a one-
course semester of selected study module of the vocational program at one of a private
university in Indonesia. The course modules consist of two different groups of students.
The first group consists of students of the 5th semester and the second group for the
first semester students. Two different groups are selected to show a general effect of the
proposed approach for vocational students. At the end of the semester, the student was
asked questions about the implemented design approaches in the form of blended
learning. We used Likert scale (1: very poor - 5: very good) online questionnaire
consisted of 9 questions required by the institution where the solution approaches were
implemented (see Table 1) to meet our study purpose. The proposed approaches, as
well as the result of the evaluation, are presented in the following section.

4 Result and Discussion

In this section, we present two main findings of the study. The first results are related to
the proposed design approach and the second results is the evaluation of the proposed
approaches.

4.1 Proposed Approaches

Our study proposed seven design approaches for a vocational private university in
Indonesia to implement a virtual classroom. The seven approaches can be seen in
Fig. 2.

Table 1. Items question (Adapted from [24]).

No Questions

1 Availability of teaching content (material, discussion, assignments, etc.)
2 Use of tools (Edmodo, Kahoot, etc.)
3 Compatibility with the teaching and learning process
4 Support for increasing learning motivation
5 Support for improving learning methods
6 Support for improving learning outcomes
7 Supporting facilities (guidelines, instructors, etc.)
8 Overall evaluation
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More details are explained as follows:

Integration of Socialization and Technical User-Guiding Features for New Users.
The first design approach is based on principles of pre-engineering lessons that focus
on the planning and preparation of the virtual class both by providing digital and
printed guideline book for the students about how to use the virtual class. The printed
book was made to give information of module handbook and the printed book, as well
as the digital version were socialized among the students at the first course meeting.
The guideline book included information about the method in the blended learning,
explanation about the course contents and how to use the required tools and procedures
of the courses. The importance of the virtual class is also stated in the interview for
instance: “…a virtual class is still a new thing for the students; therefore, it is important
to socialize the guideline how to use the virtual classroom…”.

Integration of Synchronous and Asynchronous Digital Media Communication.
The use of different media is the second principle of a successful virtual class. We
elaborated the second principle and focused on the integration of several digital media as
well as the use of open source tools that can utilize synchronous and asynchronous virtual
learning activities. For this second approach, we used different digital learning media,
including digital slide presentations, video tutorials uploaded to the YouTube platform
and other open source platforms to store the digital learning content. In addition, social
media such as Facebook group and WhatsApp group were used to support synchronous
communication. The importance of the multichannel media to support learning activities
for a virtual class is also mentioned in the interview: “…there is a need for media that can
support synchronous and asynchronous learning activities…”.

Job Market-Oriented Adaptation of the Learning Syllabus. The third approach to
implement virtual classroom is by adapting the course syllabus based on the need of the
current job market. Identifying relevant contents based on the analysis of the job market

Fig. 2. Proposed design virtual classroom.
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collected from industry and available job vacancy that listed in any online job portal.
The solution approach focus on relevancy between the activities in the virtual classroom
with the targeted competencies for students. We customized the course syllabus also by
adding more detail information to the learning plan that includes design activities and
teaching content, design content of course descriptions, a design of task content, draft
discussion forum, a design of quiz content, design of learning videos and design of
blended learning activities. Based on the interview, some notable comments related to
the proposed design solution are “…We need to have a detailed blended learning
plan…” other interviewee stated that “…The activities that are taught must be relevant
and clear…” and “…The design of blended learning activities must be explicit…”.

Online Quizzes to Provide Interactive Course Contents. This fourth solution relies
on the “Be interactive” principle, which explains the importance of interaction between
teacher and student and between students in a virtual class. Based on the results of
interviews with the teaching team to increase the interactive activities, we conducted an
online quiz with Kahoot’s game-based learning tools in one session (See Fig. 3). The
proposed solution is also supported on the basis of an interview that there are no online
quiz questions yet for the learning content.

Integration of a Real-Time Online Discussion Forum. This fifth approach embodies
the principle of taking social presence into account and the approaches are also still
related to the second proposed design approach. The fifth approach aims to integrate
social activities into virtual class-based learning activities. Based on the results of
interviews, social media-based tools are needed to increase social activities in learning.
The tools used are Edmodo LMS and WhatsApp applications. Edmodo LMS is used to
create discussion forums related to learning materials and related tasks that are assigned
online. In addition to social activities, the WhatsApp group is also used to facilitate
social activities in the teaching and learning process.

Fig. 3. The use of Kahoot platform to provide an interactive quiz.
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Combination of Visual and Verbal Digital Object into the Key Contents. The sixth
solution follows the principle of the importance of combining visual and verbal
techniques in the teaching content used. Based on the results of interviews to improve
the effectiveness of the students’ competence performance, the learning content is not
only created in the form of texts but also made interesting by adding pictures, graphics
and videos. The proposed approach supports the result from an interview “…Activities
and digital content must be made more interesting in relation to topics considered
important…”.

The Use of Short and Compact Course Contents. For the last proposed solution, the
principle of controlled cognitive stress is applied. The principle describes the impor-
tance of cognitive load control for all learning activities. Based on the results of the
interviews, the summarized learning content, which highlights the main points of the
learning materials supported by the instructor’s narrative, accessible anytime and
anywhere, is important for students to facilitate discussion and repetition of self-
learning. The proposed solution is also related to the proposed second approaches
related to the selection of the online repository. Based on the interview, some notable
comments related to the proposed design solution are “…the choice of content depends
on whether the subject is interesting/not…” and “…must pay attention to the level of
difficulty of the material to be taught…..”.

Next, we present the assessment result of the implemented proposed approach.

4.2 Analysis of Evaluation

Evaluation of the results is done by involving 100 students (32 for the first group, 68
for the second group, 60% male students, 40% female students, age 18–19th: 32
respondents, age 20–21 years: 68 respondents) who are registered as active students in
the virtual classroom that has been created. The evaluation method used a survey
method with a questionnaire tool, containing 8 items of questions that represent the
student’s perceptions of the results of the design of the virtual classroom that have been
made. A summary of the results of student evaluations is shown in Table 2.

Table 2. Relative numerical distribution of all variables.

Score All Old students New students
Y R Rk Y R Rk Y R Rk

Teaching content 3,86 77,20 8 3,94 78,82 5 3,69 73,75 7
Tools 4,22 84,44 2 4,25 85,00 1 4,19 83,75 2
Compatibility in learning 4,23 84,60 1 4,22 84,41 2 4,25 85,00 1
Learning motivation 4,00 80,00 4 3,96 79,12 4 4,09 81,88 3
Learning method 3,97 79,40 5 3,96 79,12 4 4,00 80,00 4
Learning outcome 3,93 78,60 6 3,91 78,24 6 3,97 79,38 5
Supporting system 4,14 82,80 3 4,12 82,35 3 4,19 83,75 2
Overall evaluation 3,90 78,00 7 3,91 78,24 6 3,88 77,50 6

Y: Mean, R: Relative Weight; Rk: Rank
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Table 2 shows that compatibility in learning and tools are the two highest score for
student perceptions, while teaching content is in the lowest score from the result of
student assessment of the design of the virtual classroom. On the one hand, for the old
student tools availability of the proposed design approaches is evaluated at the top, on
the other hand, for the new student shows the compatibility in learning is in the first
place and as an indication of how helpful the student experiences on technology for the
implementation of the proposed approaches for virtual classrooms. Overall, the find-
ings of the evaluation indicate that the overall assessment of students in the design of
virtual classroom shows positive results. This can be seen from the average range of all
variables between 3, 86 (77, 2%) and 4.23 (84, 60) with all mean score above 3, 41 (68,
2%). Thus, it can be said that the design of the virtual classroom can be well received
by the student in order to support the effectiveness of blended learning activities.

5 Discussion

Interestingly considering to the results of this study compared to previous studies, some
points of discussion appear. The first is related to the barriers that exist in Indonesia,
previous studies mentioned about the barrier related to the implementation associated
with infrastructure, the availability of supporting software and hardware [4, 6]. We also
found this out through the results of the interviews, so that there are suggestions for the
use of open platforms, open source software, and social media. Second, the use of
social media as a learning medium is also consistent with research on the role of social
media in supporting the teaching, learning, and knowledge transfer process [25, 26].
The popularity of WhatsApp in Indonesia [27] as the way of group communication can
be used to enhance real-time feedback that can be seen to all students.

Next, we also utilized the well-known platform for learning such as Edmodo, Kahoot,
and the use of YouTube to 24 h online available video tutorial to provide individual
learning as part of the solution. Interestingly, lack of infrastructure [6] to access the video
platformwas not mentioned in the interview. Instead, the interviewee recommended such
video open platform to enhance virtual learning. Fourth, the use multiple media channels
resulting on the overall score; however, the results of the interview show that there is still a
need for guidance on how to integrate the implementation and use of these different tools,
and also support prior research on the obstacles related to skills in the use of tools [6].
Therefore, it is still necessary to provide information on guidelines in a face-to-face
format at the first session of a course. Finally, the use of design principles [13] are also
supported as a general approach that is in line with the needs of the instructors as the result
of the interview, moreover the proposed approaches also providing an overall accepted
score for the implementation for vocational students.

6 Outlook and Future Work

Based on the literature review, current research in the field of online learning is leading
to increasing the effectiveness of a virtual classroom. The main key to create an
effective learning in the virtual classroom is to develop teaching and learning design.
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Therefore, this research tries to develop a proposed design for the implementation of a
virtual classroom, especially for a vocational university in Indonesia. The development
process is focused on the interaction between students and instructors in an online
learning environment.

From the theoretical perspective, the result of this study provides an insight into the
needs of different approaches to how a virtual classroom can be integrated into
vocational education modules in Indonesia. Moreover, the study also shows the suc-
cessful implementation of the basic principle of designing a virtual classroom. While in
practice, the results of this study can be utilized by higher education institutions to
design and improve existing online learning services.

The results of this research have shown that the virtual classroom can support
online learning at the higher education sector, especially for a vocational university in
Indonesia. In addition, this study also shows that student can interact with instructors as
a real. That is, the focus of a virtual classroom is not only on the use of the technology
but also on the virtual learning environment. Therefore, the result of this study can be
used as a starting point for further research.

In our future work, we are going to analyze the factors that influence the success of
a virtual learning environment. The results also can provide us with basic approaches to
support us analyzing the impact of using virtual classroom both on improving student
and instructor performance. Finally, we will incorporate the proposed design to insti-
tutional curricula for various higher vocational study programs or subjects.
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Abstract. The main purpose of this work is the development of an application
that allows compulsory secondary education teachers the assessment of the
students’ maths competence. An equation of prediction is obtained in a pilot
study through the multivariate technique of multiple regression using for its
analysis, by means of SPSS, the results gathered throughout speaking tasks, tests
and works done by students in 2nd, 3rd and 4th course of compulsory Sec-
ondary Education of a state school in Spain. This equation of prediction is
introduced in the program in order to make the calculation that provides the
result of the assessment. The software is set up by means of interfaces. The
source of information consists of a series of activities designed on the basis of
liberated, national and international diagnostic tests taking into account the three
key dimensions related to the maths competence: procedures, contents and
context.

Keywords: Assessment � Competences � Maths competence �
Computer application � Diagnostic tests � Multivariate analysis �
Multiple regression � Secondary education

1 Introduction

As discussed by [1] at their Formal Discipline Theory, mathematics helps in the
development of generic skills such as logical thinking, the ability to analyze basing on
reasoning and the concern of how to establish underlying assumptions can affect
conclusions and decision making. The notion of mathematical competence is the
central axis of evaluation in PISA tests and has marked the line that educational
institutions and laws have followed to establish the pedagogical frameworks for the
teaching and learning of mathematics in recent years. However, the development of the
curriculum by the administrations does not effectively guide the teachers on how to
incorporate, integrate and evaluate the competences in the curriculum [2].
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In [3], author states that the competency approach is considered today as an edu-
cational proposal that goes beyond content learning by the international community.
The DeSeCo (Definition and Selection of Competencies) project of the OECD [4],
developed a list of key competences that has been used for subsequent curricular
reforms throughout Europe in Primary and Secondary Education being the Tuning
project the basis for curricular modifications in University Education for a competency-
based approach [5–8]. [3] concludes that there is no consensus on the notion of
mathematical competence and neither concrete structure to explain the teaching and
learning of mathematics based on a competency-based approach. The quality criteria in
competency assessment can be found in [9].

The resources that teachers have for the evaluation of mathematical competence in
Secondary Education are scarce and are based on most of the activities that can be
developed in the tests released from the different editions of PISA and in the national
diagnostic tests, since the materials provided by the publishers and applicable in a
session adapted to the daily educational needs are also based on these tests.

In the educational field, there have been developed some research to try to predict
the performance of students from different points of view. Authors such as [10] provide
information on the different applications made from the multivariate analysis to the
field of psychology and psychometrics. [11] carried out a work in which they used
statistical segmentation techniques in the analysis of the data of an evaluative inves-
tigation in order to evaluate the academic performance. The main objective of this work
was to design a predictive model of performance in these subjects and analyze the
possibilities of multivariate techniques for data analysis in evaluation research and
communication of results.

In terms of computer tools related to the subject, there are numerous applets
developed in Java for carrying out specific mathematical tasks, in which the objective is
that students have a tool to practice these contents. An interesting example is the
software developed by [12] to make descriptive geometry exercises. Another inter-
esting tool is the one developed by [13] that provides exercises on elementary
geometry, trigonometry, vectors and complex numbers. The Gauss project, of the
National Institute of Educational Technologies (INTEF), provides teachers with hun-
dreds of GeoGebra didactic and applet items that cover all the contents of Primary and
Secondary mathematics [14].

Although these types of resources have a considerable potential from the point of
view of their use in the practice of specific contents, they do not have the necessary
characteristics to serve as an evaluator of the mathematical competence of the students.

The main objective of this work is to help students in the acquisition of mathe-
matical skills through the support of a software that collects the results of the different
activities that can be performed in order to evaluate the evolution of students in the
acquisition of mathematical competences and thus, to be able to predict the influence of
the different variables that take place in the process of mathematical skill acquisition by
students through a prediction equation obtained by multiple regression. The software
developed in which the prediction equation obtained by means of multivariate tech-
niques is applied for the evaluation is based on these quality criteria, providing a solid
pedagogical base that provides reliability to the results.
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2 Application Design

Application to evaluate of the students’ math’s competence. The only limitation we had
in this project was the one related to financial costs. For that reason, we needed to use
low-cost and freeware devices and languages. Then, the system had to be implemented
with the Eclipse IDE (Integrated Development Environment) and Java was used as
programming language to develop the graphic user interface.

It has been selected the Java language, based on object-oriented programming
(OOP), because it is a multiplatform language that allows the creation of great
robustness, power and complexity programs. Therefore, the graphical user interface has
been developed according to its AWT (Abstract Window Toolkit) and SWING
libraries, whose development is more active and with fewer platform limitations when
not using a native code [15, 16].

The application consists of a series of interfaces that show the user the set of
activities to be faced to perform the competency assessment test. As it is an application
that has to be used in a limited time, the duration of the test and, therefore, the number
of questions and interfaces has been adapted to the characteristic time spaces in the
Secondary Education sessions. The interface might comply with the WCAG 2.0 (Web
Content Accessibility Guidelines) accessibility norms, including icons, fonts, images
and color schemes that are easy to learn, use and remember. Additionally, due to the
different level of knowledge of users, an easy-to-understand errors system might be
developed to ease the use of the platform to all the actors. The implementation of the
application has been based on the clarity in the presentation of the tasks, the simplicity
and functionality in the navigation, as well as in the protection of the rating system,
based on accumulators. The entire application has been programmed following a
common and intuitive user interface (UI).

3 Methodology

3.1 Sample, Variables and Information Collection Tools

The population on which the application design has been implemented is made up of a
sample of 22 students of mathematics of the 2nd, 3rd and 4th courses of Secondary
Education due to the fact that this is a pilot study. The dependent variable is the
mathematical competence which is quantitative as all the independent ones. The initial
values of the dependent variable are obtained by performing diagnostic tests released
by PISA for students of secondary education which can be found in [17]. The inde-
pendent variables have been the average score resulting from different tests of math-
ematical competence assessment, the final average grade of the previous two courses
and the dimensions of Numbers, Algebra, Geometry, Functions and Statistics of several
exercises on which the qualification in the three evaluations has been based. The
instruments used for the collection of information have been very varied: test, exams,
analysis of work done, rubrics for the assessment of the use of mathematical tools, etc.
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3.2 Data Analysis

The data of the qualifications obtained from the application has been analyzed through
multivariate analysis techniques: factor analysis to simplify data and multiple linear
regression to find the prediction equation through the statistical package SPSS.

In Factor analysis [18] we use the symmetric correlation matrix with the variance of
all the standardized analysis variables and the Pearson coefficients, with the unilateral
critical level (unilateral Sig) associated, between each pair of variables. A critical level
less than 0.05 indicates that the correlation between the pair of variables can be con-
sidered significantly different from zero. To assess whether the correlation matrix can be
factored, it is necessary to use the Bartlett sphericity test and the KMO indicator (Kaise-
Meyer-Olkin). Once the pertinence of the factorization can be justified, it is used the
principal components method to extract the maximum variance of the study variables.

For the linear regression in this analysis [18], we have used the Mathematical
Competence as dependent variable and the four dimensions Algebra, Geometry,
Functions and Statistics as independent variables. Algebra note is obtained as the
arithmetic mean of the Numbers and Algebra columns. The multiple regression model
is obtained with SPSS software after having check the principle of parsimony, the
linearity, the ANOVA, the Durbin-Watson statistic, the normal distribution of the
residuals, variance influence factor (VIF) and the tolerance (1/VIF) and the
homoscedasticity.

4 Results

4.1 Factor Analysis Results

Table 1 shows the correlation matrix between the variables Numbers, Algebra,
Geometry, Functions and Statistics. We can see that the correlations are very strong
between almost all the variables since the values of the Pearson correlation coefficient
are close to 1. In addition, the level of significance is less than 0.05, so it can be
established that there is correlation between the variables.

Table 1. Correlation matrix.

ComMat Geomet Function Statistics NumAlg

Pearson coefficient ComMat 1 0.63 0.627 0.706 0.737
Geomet 0.63 1 0.843 0.756 0.906
Function 0.627 0.843 1 0.723 0.827
Statistics 0.706 0.756 0.723 1 0.748
NumAlg 0.737 0.906 0.827 0.748 1

Sig. (unilateral) ComMat 0.001 0.001 0 0
Geomet 0.001 0 0 0
Function 0.001 0 0 0
Statistics 0 0 0 0
NumAlg 0 0 0 0
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Table 2 shows the data of the KMO test and the Bartlett sphericity test. As it can be
seen, the level of significance obtained in the Bartlett test is less than 0.05 and the
KMO value is close to 1 (0.806), so both tests allow us to conclude that we can
factorize.

As mentioned, to extract the factors, the principal component method is used. In
Table 3 there are the communalities initially assigned to the variables by factorial
extraction. All the variables explain the variance with very high percentages, the
variable Algebra, for example, explains 94%.

The extracted factors are shown in Table 4. As it can be seen, the first factor
explains 82.44% of the variance, so the principal component method only extracts one
factor to perform the analysis. In addition, the matrix of components, in Table 5 also
corroborate that a factor has been extracted.

Table 2. KMO and Bartlett sphericity tests.

KMO value 0.806
Bartlett sphericity test Aprox. Chi-Square 380.409

gl 28
Sig. 0

Table 3. Principal components analysis.

Initial Extraction

ComMat 1 0.641
Geomet 1 0.877
Function 1 0.784
Statistics 1 0.733
NumAlg 1 0.939

Table 4. Variance explained by the factors.

Initial autovalues
Component Total % of variance % accumulated

1 6.595 82.439 82.439
2 0.512 6.396 88.835
3 0.396 4.953 93.789
4 0.246 3.076 96.865
5 0.117 1.464 98.329
6 0.069 1.111 99.44
7 0.045 0.560 100
8 2.232E−6 2.952 E−5 100
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It can be concluded that the factorial analysis corroborates the fact that all the
dimensions that have been taken into account in the initial data table, all the variables,
including the mathematical competence and the average grade of the previous courses
can be explained with a single factor.

4.2 Prediction Equation Through Multiple Linear Regression

The program selects all the variables for the model and Table 6 shows that R is
sufficiently high, R = 0.790, to ensure that Linearity exists. In the summary of the
model we can see that although the coefficient of determination is not very close to 1,
R2 = 0.624, the model allows predicting the mathematical competence of an individual
chosen at random, having a certain uncertainty. That is, if we have information on the
independent variables, average score in the 4 dimensions, the model allows us to
predict Mathematical Competence with an uncertainty reduced by 62.4% with respect
to the original.

The typical estimation error (square root of the unexplained variance) is acceptable,
sufficiently low. The Durbin-Watson statistic with a value of 1, 58 informs us that the
residuals are independent, they do not fit any pattern for the four independent variables.
Values less than 1.5 indicate a negative correlation. In Fig. 1 there are the graphs of the
dependent variable vs the independent ones to study the linearity.

Table 5. Component matrix and component’s score coefficients matrix.

Component matrix Component’s score coefficients matrix

ComMat 0.801 0.121
Geomet 0.937 0.142
Function 0.886 0.134
Statistics 0.856 0.130
NumAlg 0.969 0.147

Table 6. Summary chart of the regression model.

R Square R Adjusted square R Estimation standard error Durbin-Watson

0.790 0.624 0.535 1.09737 1.580
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The variance analysis test (ANOVA) in Table 7 shows that the model is significant
(p is approximately 0, Sig = 0.002). Therefore, the null hypothesis is rejected and the
Mathematical Competence is explained by the other variables. The obtained statistic F
is smaller than the tabulated one for the level of significance chosen.

In the second row of Table 8, we see that the residuals have a mean of cero and
standard deviation 1, so this hypothesis is fulfilled.

Fig. 1. Partial regression graphs of the dependent variable vs the 4 independent ones
respectively.

Table 7. Variance analysis (ANOVA) test results.

Model 1 Sum of squares gl Root mean square F Sig.

Regression 33.922 4 8.480 7.042 0.002
Residual 20.472 17 1.204
Total 54.393 21
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In Fig. 2 there is the diagram P-P of the normal distribution of the residuals
diagram, the histogram and the scatter plot of the study of homocedasticity. The P-P
graph shows the linear relationship between both probabilities that indicates that the
residuals are normally distributed. In the histogram of the frequencies of the typified
residuals, the expected cumulative probability is plotted against the cumulative prob-
ability observed. The scatter lot of the homocedasticity shows a constant variance of
independent variables. As it can be seen, there is not a funnel shape in the fan and the
typified residuals are very separated from the rest.

Table 8. Residuals statistics.

Min. Max. Mean Standard deviation

Predicted value 3.3481 8.0186 5.8509 1.27095
Standard predicted value −1.969 1.706 0 1
Standard error of the predicted value 0.254 0.758 0.509 0.122
Corrected predicted value 3.2969 8.1881 5.8884 1.32046

Fig. 2. P-P diagram of the residuals (top left), histogram of the residuals (top right), Scatter plot
of type residuals vs predicted values (bottom).
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Table 9 shows the values of the Cook distance and the centered influence value
(Leverages). In the case of Cook distance, the reference value is 1 if this value is
exceeded, this is an influential case. There is no value in the table that exceeds 1. In the
case of the centered influence value, the reference value is a function of the return
variables and the sample size: 2 (return variables + 1)/number of observations, in our
analysis 2 * (4 + 1)/22 = 0.4545, as the maximum is 0.431 there is no observation that
influences our model.

The values of the coefficients obtained by the model are shown in Table 10.

The prediction equation obtained from the coefficients is:

ComMat ¼ 2:695�0:296Geometþ 0:028 Functionþ 0:215 Statisticsþ 0:603NumAlg;

ð1Þ

The most influencer variable is the average grade of Numbers and Algebra. The
influence of each variable remains constant in the standardized regression equation:

Z ¼ �0:413 Z1 þ 0:040 Z2 þ 0:415 Z3 þ 0:767 Z4; ð2Þ

The “t” value on Table 10 indicates the statistical significance of the coefficients
being the maximum value the one Note of Numbers and Algebra. This greater influence
can only have an origin and it is the fact of a greater temporary dedication to these
contents which possibly influences higher qualifications among the students.

Table 9. Cook distance and centered influence value.

Min. Max. Mean Standard deviation

Cook distance 0 0.462 0.076 0.117
Centered influence value 0.008 0.431 0.182 0.106

Table 10. Coefficient values of the regression model.

Non-standardized
coefficients

Standardized
coefficients

t Sig. Tolerance VIF

Model 1 B Standard
error

Beta

ComMat 2.695 0.685 3.934 0.001
Geomet −0.296 0.279 −0.413 −1.063 0.303 0.147 6.825
Function 0.028 0.204 0.040 0.138 0.892 0.257 3.886
Statistics 0.215 0.123 0.415 1.745 0.099 0.391 2.557
NumAlg 0.603 0.291 0.767 2.070 0.054 0.161 6.209
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The tolerance although it not close to 1, is not zero for any of the variables, so we
can say that they are not linear combination. Although the results are not excellent, we
know that these variables are related in the sense that a bright student in algebra
probably is also in the rest of the dimensions. The results are acceptable and the model
can be used for a predictive purpose. In order to improve the model taking into account
this result and subsequent ones, some modifications have been made to the prediction
equation that will be explained later. In summary, the model obtained meets all the
requirements necessary to constitute an excellent predictive model.

4.3 Results Obtained After the Application of the Prediction Equation

There have been carrying out several test with the prediction equation using the
software with the aim of analyzing the results in comparison with those obtained in the
evaluation per items. The results Apt or no Apt have been the same using both cal-
culations but certain differences have been observed when the weight in the Geometry
variable is high, decreasing the note obtained in the regression equation with respect to
the one obtained in the evaluation per items. As can be seen in the equation, the
coefficient of the variable Geometry is negative:

ComMat ¼ 2:695�0:296Geometþ 0:028 Functionþ 0:215 Statiticsþ 0:603NumAlg; ð3Þ

This fact entails a penalty for students who answer correctly all questions of
Geometry. It is also observed a deviation produced by the high value of the coefficient
of the variable Algebra, for reasons already explained. Table 11 shows the comparison
between the results obtained for the prediction equation when it is assigned the same
value to the four independent variables.

The central values can be considered acceptable but the deviations that occur at the
ends have to be corrected. Basing on the tests carried out and the results obtained in the
multivariate analyses, the equation is modified in such a way that the influence pro-
duced by the aforementioned aspects is reduced, the algebra variable has excessive
weight due to temporalization or penalties in correct answers in geometry. The correct
equation is as follows:

ComMat ¼ 0:69þ 0:15 Geometþ 0:13 Functionþ 0:22 Statisticsþ 0:4 NumAlg, ð4Þ

Table 12 shows the values obtained with this new corrected equation. The values
obtained are considered very adequate and the tests carried out with the application
corroborate it.

Table 11. Comparison between the average mean and prediction equation.

0 1 2 3 4 5 6 7 8 9 10

2.69 3.24 3.79 4.34 4.89 5.44 5.99 6.54 7.09 7.64 8.19
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5 Conclusions

The main objective of this work was to help students in the acquisition of mathematical
skills through the support of a software that collects the results of the different activities
that can be performed in order to evaluate their evolution in the acquisition of math-
ematical competences and thus, to be able to predict the influence of the different
variables that take place in the process of mathematical skill acquisition by students
through a prediction equation obtained by multiple regression. The main objective has
been fulfilled and the results obtained have been very positive.

Through the factorial analysis, it has been carried a simplification of the data
obtained through the application of PISA diagnostic test. It has been shown that the
predictive nature of the multiple regression multivariate technique is adapted to the
research framework that has been developed, and the model proposed is effective from
the statistical point of view, fulfilling the necessary requirements. The corrections made
in the formula obtained correct the deviations that the characteristics of the educational
data and praxis had reflected in the multivariate analysis. The final results of the scores
obtained by both methods of evaluation, ordinary number of correct answers and by
using the prediction equation coincide except for small deviations that do not influence
the final grade of APT or NOT APT.

The developed application complies with current regulations on education
regarding the evaluation and the way of carrying out teaching and learning based on
key competences. It perfectly fulfils the function for which it was designed, and no
insurmountable problem is found through the practice in the use of the tool by the
students. The interface has been friendly and motivating for the users, so we consider
important the extension of the application with more tests.

As already indicated, the software developed can be extended in future versions
with the implementation of new interfaces that provide new tests for different educa-
tional levels so that the teachers can have a tool that can be used throughout the
academic year as a usual resource. It is also considered necessary to include an
interface from which the teachers can determine the percentages corresponding to each
block of content, adapting it to the characteristics of the students and to the temporary
spaces dedicated to the teaching of these blocks.

The compilation of more numerical data from test performed in other groups could
provide a deeper analysis from the multivariate point of view, since the number of
cases studied, although enough has been enough for the obtaining of the prediction
equation, has been limited. It is the intention of the researchers to continue working in
this sense in later courses with the aim of checking if there are variations in the initial
equation with different groups.

Table 12. Comparison between the average mean and the corrected prediction equation.

0 1 2 3 4 5 6 7 8 9 10

0.7 1.6 2.5 3.4 4.3 5.2 6.1 7 7.9 8.8 9.7
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Abstract. The objective of this paper is to analyse the main beliefs, expecta-
tions and attitudes of university teachers regarding the acceptance and adoption
of blended learning (BL) methodologies using a quantitative and qualitative
approach. A mixed-method design (DEXPLIS sequential explanatory model)
was applied to lead the empirical analysis. A total of 982 teachers from different
Spanish universities (quantitative part) and a subsample of 86 (for the qualitative
study) participated in the study. The results identify a series of beliefs (advan-
tages and disadvantages), as well as the main demands of these teachers related
to the implementation of BL.

Keywords: Blended learning � New technologies � Mixed methods � TAM �
DEXPLIS

1 Introduction

Experts from all over the world agree that education based on blended learning (B-
learning or BL) methodologies has characteristics that make it an excellent opportunity
to introduce a paradigm shift in higher education [1–4]. In fact, BL has been high-
lighted in the international reports of recent years as the education model of the 21st
century [5]. The improvement of learning management systems (LMSs) or learning
content management (LCM) has no doubt contributed to the interest and expansion of
BL, as well as the progress in the development of new teaching methodologies that
allow for the effective combination of certain technological resources with renewed
pedagogical approaches. Some examples of this include the current expansion of
flipped learning (which proposes new teaching approaches involving practices based
on just-in-time teaching, peer tutoring, gamification, etc.), the creation of microworlds,
learning by simulation, e-mentoring, etc. All of this added to other more consolidated
methodologies based on computer-supported collaborative learning (CSCL), project-
based learning, scenario-centred learning, constructivist learning environments, situ-
ated learning, learning communities, etc. As a result, many universities and higher
education institutions are designing strategic plans and taking diverse actions to
implement and spread the use of BL methodologies [6–8]. This growing interest of
educational organizations is reinforced by the development of an important line of
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theoretical and empirical research related to the acceptance of BL in higher education
contexts [9–12].

Most of these theoretical approaches analyse individual acceptance based on
assumptions of behavioural decisions centred on cognitive aspects such as the beliefs
that a subject has about a specific technology or innovation, the intention or not to use
it, the pressure of the social environment, etc. For example, in an international study on
Information and Communication Technologies (ICT) and change in schools conducted
by the OECD, in which 94 schools from 23 countries around the world were analysed,
it was found that the rate of adoption of ICT in schools followed the traditional rhythms
of diffusion of innovation, affected mainly by the personal characteristics of the indi-
viduals [13]. Thus, the dimension relative to the adopter involves considering the
internal characteristics of people, such as their belief systems, behavioural aspects,
feelings, etc., which would affect the decision or intention to use technology [14].

In this context, one of the most widespread models that analyses the role of the
attitudes and beliefs over behaviours – or the intention to perform actions – has its
origin in the Theory of Reasoned Action proposed by Fishbein and Ajzen in the mid-
70 s and in the Theory of Planned Behavior (TPB) proposed by Ajzen [15]. Both state
that a large part of human behaviour has a rational basis, determined by attitudes
(favourable or unfavourable feelings of subjects towards a given object). In turn, the
attitude is the result of a set of behavioural beliefs that refer to the subjective assess-
ment of the consequences of performing an action. The application of this basic scheme
to the field of technology originated a line of research around the so-called Technology
Acceptance Model (TAM). The TAM was originally proposed by Davis [16] clustering
beliefs into two types: perceived usefulness (PU) and perceived ease of use (PEOU)
(Fig. 1).

The successive empirical replication of the TAM, particularly in companies, has led
to new extensions of the model, the TAM2 [17] and the TAM3 [18], which analyse
different contexts and normative behaviours (in particular complex systems in which
the technological component is important, but not the only one), and exploring new
variables related to organizational support, self-efficacy in the use of ICT, expertise,
degree of satisfaction with the task, learning style of the students, perception of anxiety
in the use of technological systems, perception of external control, personal charac-
teristics, etc. [19–21]. Thus, different explanations appear on a similar theoretical basis,
although with different explanatory factors.

Fig. 1. The TAM (Davis 1989; David et al. 2003).
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The methodological basis on which all these models are based has a strong
quantitative component, based on multivariate techniques such as causal models or
classic inferential techniques [22, 23]. Only a few studies are inclined to use qualitative
approaches [24]. Specifically, in our work, we propose a study that combines both
methodologies to analyse the main beliefs and expectations of university teachers
regarding the use of training systems based on BL.

2 Method

2.1 Study Design

A sequential equivalence status mixed design was conducted by following quantitative
and qualitative methods [25–28]. More specifically, the sequential explanatory model
DEXPLIS was used, where in the first phase, quantitative data is collected and anal-
ysed, and in the second phase, qualitative data is processed. The connection between
the methodologies occurs when the initial quantitative results are used to collect
qualitative data. Therefore, the second phase is built upon the results of the first phase,
and both are jointly integrated in the conclusions, enabling the researcher to address the
research problem in a comprehensive manner. In the quantitative analysis, a non-
experimental design (ex post facto) was conducted following the TAM. In the quali-
tative approach, the phenomenological theory was used to scrutinize the participants’
feelings about their initial teacher education and experience to seek the meaning given
to their university teaching.

The answers were analysed using content analysis through the software NVIVO12.
The analysis allowed us to reduce the information (e.g., units of information), as well as
to organize it in a conceptual map (e.g., categories, dimensions and integrating con-
cepts), which, ultimately, led us to generate theory from practice (Fig. 2).

Fig. 2. Sequential explanatory model (DEXPLIS) [39].
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2.2 Participants and Data Collection

Incidental and voluntary non-probabilistic sampling was applied through an online
survey of active professors from Spanish public universities, resulting in a sample of
980 university teachers. Descriptive analysis of the data indicated, according to sex,
that 49.1% of the sample were male professors and 50.9% were female professors.
Regarding the age of the participants, 36.5% were under the age of 44, 38.1% were
between 45 and 54 and the remaining 25.4% were older than 55. By academic rank, the
most numerous were tenured professors of universities (and CEU Centres for
University Studies), at 35.2%, followed by assistant professors and others (16.7%),
university principals and temporary lecturers (19.8%) and university professors (10%).
By area or branch of knowledge, the sample was divided into social sciences and
humanities (55.5%), health sciences (15.7%) and physical sciences and engineering
(28.8%). Of the sample of professors, 28.3% had less than 10 years of teaching
experience, 28.1% had between 11 and 20 years and the remaining 43.7% had more
than 20 years of experience. Lastly, 41.0% of the sample claimed to have received
training courses on B-learning, while 48.7% explicitly indicated not having received
specific training on this subject.

Regarding the instruments applied, a questionnaire adapted to the context of this
study was constructed from the literature reviewed on the subject. For the measurement
of TAM variables, PU and PEOU reactives adapted from the specialized literature on
the subject [16, 29–32] were taken. For the measurement of attitude towards BL
(AT_BL), a 6-point semantic differential scale (pleasant-unpleasant, cumbersome-
simple, bad-good, useful-useless, beneficial-harmful, etc.) was produced, and, lastly,
for the measurement of the “Decision-Intention” variable, a 7-point Likert scale from
“extremely probable” to “extremely improbable” was used (“How often do you use a
combined teaching system – face-to-face + virtual – in your teaching activity?”; “I
combine face-to-face activities with online activities and vice versa”; “I use BL in
different contexts and training programs”). All the listed scales were recommended by
[29, 33, 34], etc.

3 Analysis and Results

3.1 Quantitative Study

The statistical package SPSS (V.25) and AMOS (V.25) were then used to conduct an
initial exploratory analysis of the reliability and dimensionality of the scales (taking as
criteria Cronbach’s alpha values higher than 0.7 and item-total correlation greater than
0.3) and a confirmatory factorial analysis under the maximum likelihood estimation
(multivariate normality). The criteria were loads greater than 0.5 of all the items in the
corresponding factor for each dimension and total extracted variance of at least 50% in
each scale. The analysis of the reliability and validity of the scales used showed the
following Cronbach’s alpha values: PU = .90, PEOU = .841, AT = .086 and BI =
.819. On the one hand, the suitability of the indicators in the latent variables was
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assessed, that is, the reliability of the items by imposing a restriction on each of the
standardized loads to a value of 0.7 or more. In order to analyse convergent validity,
the average variance extracted (AVE greater than 0.5 and factorial loads with values
greater than 0.7 for composite reliability, FCC) was taken into account (AVE: UP =
.71, PEOU = .57, AT = .59, BI = .60; FCC: UP = .90, PEOU = 0.84, AT = .81,
BI = .88). Finally, in order to analyse the discriminant validity, it was verified that the
square root of the AVE for each construct was superior to the correlations between it
and the other variables of the model (model fit: v2/df [CMIN/DF] = 3.26; CFI =
0.953; TLI = 0.943; IFI = 0.954; PCFI = 0.777; NFI = 0.934; RMSEA = 0.048).

The main results obtained in the empirical model show that the use of the BL
system is clearly determined by the intention variable (BI) (b = .677, p = .000). On the
other hand, intention is mainly determined by the expectations of results or PU when
implementing a BL system (b = .519) and by the perception of relative effort involved
in the use of this type of system (b = .391).

3.2 Qualitative Study

Once the questionnaire was handed out, statistical analyses were carried out. To delve
into some topics and obtain relevant meanings of the responses obtained from the
Likert scale, confirmatory emails were sent to respondents, inviting teachers to report or
openly add reflections on B-learning teaching from their experience. A total of 86
teachers responded and further commented on the difficulties, advantages and/or
improvements.

The emails were content analysed, and seven categories were extracted. In the first
phase of the qualitative analysis (categorization), core ideas expressed by university
teachers were identified. Secondly, the ideas from the analysis were backed up by
theoretical studies on B-learning in order to confirm the final categories of analysis
were finally established.

In the second phase of the analysis, axial and selective coding was carried out.
Subsequently, the NVIVO12 software was used to organize, classify and code the
textual entries. Quality criteria for research were guaranteed along the analysis [28, 35–
38]: (1) the coding was carried out by several members of the research team for
credibility (internal validity); (2) a descriptive manual with the categories was drawn up
to conduct the coding (dependence or reliability); (3) the teachers were provided with
verbatim fragments of their discourse (objectivity or confirmability). From the main
constructs and indicators of the theoretical models, the categories were identified in the
fragments (codification process). Finally, in the third phase of the analysis, the results
of the teachers’ opinions (content analysis) on the use of B-learning were described.

Below, we present the results obtained from the content analysis of the 86 emails
received from the teachers who had answered the questionnaire. The themes that came
up revolved around the advantages, disadvantages and demands of B-learning (Fig. 3).
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Advantages (18.59% of the Comments)
In the emails, the teachers reflected that teaching using a B-learning methodology has
positive effects on the teaching-learning process, especially because the future of
education will rely on it. Furthermore, they believe that it facilitates teacher-student
interaction, easy access to study cases, better management of documents and files (e.g.,
subjects, readings, tasks), decision-making in formative evaluation and selection of
content, better accessibility to the content, greater autonomy of the students and
increased responsibility in the tasks. In short, the teachers think that this new
methodology improves the quality of teaching. The following are some examples:
“Bring real case scenarios to the students and link them to the theory” (Reference 1);
“It facilitates learning and communication”; “It is indispensable at present in higher
education” (Reference 13); “My idea has always been to combine ICT to improve
learning so that it would be meaningful and long-lasting, not relying on the memo-
rization of content but on the acquisition of competences” (Reference 20); “It improves
the quality of the teaching, and, if there is time, it helps the students to stay interested in
the subject” (Reference 24).

Disadvantages (51.66% of References or Comments)
More than half of the teachers’ opinions show that BL is difficult to implement in
tertiary education mainly because of current conditions of teacher recruitment, absence
of incentives or recognition, high number of students in the classrooms and lack of time
to prepare the lessons. They also believe that high classroom ratios impede using this
methodology. They think that students do not have enough competences for the
completion of the required online activities, there is no coordination among teachers of
the same course, teachers lack training in BL, evaluations are difficult and students lack
motivation. In addition, some think that face-to-face teaching is irreplaceable and BL
should only be used as a complementary teaching methodology: “The use of
B-learning has many positive aspects for teaching, but for the teachers, it greatly
increases the workload since there are many hours devoted to preparing this type of
teaching. This activity is not recognized in any way by the institutions. In addition, the
use of ICT in the classroom often leads to technical problems. It is necessary to
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Fig. 3. Content analysis of beliefs about BL
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improve technical resources (e.g., network speed, up-to-date computers, etc.)” (Ref-
erence 27); “The students’ motivation is a complicated issue. For the students, in
general, final marks are often a priority over learning” (Reference 25); “I would like
to highlight the additional workload that it implies for the teaching staff, which, given
the limitations of material and current resources in the current context, does not seem
acceptable” (Reference 30); “Often, the students do not show interest in the use of
B-learning. If the teaching activities are not compulsory, they do not wish to partici-
pate” (Reference 33); “There is no control over the reliability f the students’ use of this
methodology. This implies that the students should be responsible for their own
learning” (Reference 38); “While B-learning facilitates teaching and the participation
of many students who have difficulty attending the face-to-face lessons, it is true that it
leads to isolated learning. The dehumanizing factor can be considered an issue to be
addressed” (Reference 43).

Demands (21.75% of the Comments)
Approximately a quarter of the teachers’ comments (24.41%; 21 of 86) suggest sub-
stantial changes in the plans of Spanish higher education institutions in order to
optimally implement B-learning methodologies in their classrooms. Among the most
frequent requests were those related to the conceptualization and implementation of this
methodology, for instance, greater institutional support focused on the design of
transition strategies leading from face-to-face teaching to BL, higher quality techno-
logical tools, more financing or specific regulations and support for open educational
resources. In addition, they argue that greater recognition of the time and effort required
for the teaching tasks involved in its type of teaching is necessary. They feel that they
are saturated “with so many reforms of the university syllabus”. Fewer students per
classroom, more teacher training and greater student involvement are also highly
demanded. “There is a wrong association in many universities that virtual means less
work than face-to-face. Therefore, there is less recognition of the teaching work and a
greater increase in the teaching load to the teaching staff. In reality, the opposite is
true; virtual teaching requires more work than face-to-face teaching, and if the number
of students is high, more teachers are required” (Reference 1); “We have been
changing plans in my university for a few years, which reduces the motivation to
incorporate methodological innovations, which always implies additional efforts”
(Reference 5); “It is necessary to improve the infrastructure (network speed, updated
computers, etc.)” (Reference 17); “We have used the virtual campus a lot (Moodle),
but basically to submit tasks, upload resources for the students, and do evaluations.
The subjects I teach are entirely face-to-face; some subjects use a combined
methodology, but they are few. It would be very useful to train the teachers to grad-
ually incorporate this type of tool, but sometimes training is scarce and impractical”
(Reference 21).

If we pick some of the teachers’ comments according to the subject of knowledge,
the majority of them refer to the difficulties in the use of B-learning. Science, engi-
neering and architecture degrees are perceived as having more limitations in the use of
this new methodology than health sciences, social sciences and law.
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Figure 4 shows that most of the teachers found it difficult to implement B-learning
in their classrooms, except in the fields of social sciences, law and health sciences.

These qualitative results coincide with the items of the questionnaire related to the
outgoing beliefs about teachers’ perceptions of the use of the BL methodology. They
are basically related to the consequences (advantages and disadvantages) for the
teachers in their habitual teaching activity (Fig. 5 and Table 1).
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The ANOVA analysis shows differences among the teachers according to the
subject knowledge (F = 6.574, p = .000). Thus, science teachers are the ones who
present lower evaluations of the utility of the BL methodology. On the other hand,
there are no significant differences between teachers according to their academic cat-
egory (ANOVA, F = .751, p = .585).

4 Conclusions

The positive factors highlighted by the teachers belonging to social sciences, law and
health sciences are the following: better approach to social reality, more accessibility to
practical cases and management of information, strengthening of digital competences,
increase of students’ autonomy and cooperative work, greater teacher-student inter-
action and meaningful learning. In addition, BL enhances communication and
improves the evaluation processes. “Nowadays, it is a basic element in higher edu-
cation” (law teacher); “I consider it essential to develop digital competences, to
improve students’ autonomy and collaborative work” (science teacher); “It represents
a better way to assess students and use the resources” (health sciences teacher); “The
use of virtual methodology in the university enables this institution to respond to
society’s needs and the daily life of our citizens” (health sciences teacher).

Table 1. Main beliefs about the use of B-learning.

Advantages Item SD Quite/strongly
agree

No. Teachers

It would make my subjects more
interesting and enjoyable

3.61 1.08 63.9% 627

It would make the learning of my
students easier

3.61 1.02 59.8% 588

It would speed up the organization and
presentation of the content to be learned

3.63 1.02 61.7% 606

It would speed up the organization and
presentation of the content to be learned

3.46 1.06 52.9% 519

It would increase the motivation of my
students

3.46 1.06 52.9% 519

It would make my teaching work more
efficient

3.46 1.04 54% 530

Disadvantages
It would require more work on my
behalf

3.20 1.13 40.9% 401

I would need more time 3.20 1.13 59.0% 570
There is a need for knowledge of ICT
resources

3.20 1.13 66.1% 649

There is a need for pedagogical
knowledge

3.20 1.13 61.2% 591
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The disadvantages highlighted by the science teachers relate mainly to issues
related to the high ratio of students, more time and personal effort, importance of face-
to-face contact, poor coordination among teachers, personality impersonation, difficulty
counting the hours in the activities that the student develops in a non-face-to-face
manner, difficulty of integrating these activities in the evaluation process and the low
motivation and high percentage of students dropping out. “It gives you more work and
nobody recognizes it” (science teacher); “A very high percentage of my students attend
private academies to help them to pass the subject exams. It is an endemic problem.
That is why many teachers abandoned the idea of using BL methodologies in the
classroom as support for continuous Education. I have handed out a self-assessment
questionnaire (of course, its resolution does not have any impact on the final grade),
and the results have not been good” (science teacher).

As for the demands, the engineering and architecture teachers demand better
institutional policies, support in infrastructure and training. Social sciences and law
teachers also demand specific regulations and teacher training initiatives from the
faculty: “The use of these methodologies cannot be left to the good will of each
teacher. It must be an institutional policy, properly designed and financed, with a
development plan correctly devised. The changes that are usually made in the Spanish
university, in case someone wants to do something different, are upon a voluntarily
basis, without coordination, etc.” (engineering professor); “In my case, all the inno-
vations in my classroom have been based on my will to do it. The teacher training
courses are also not remunerated. This methodology option is voluntary and thus leads
to disparity in both the offer and the assessment of teacher activity, subsisting the idea
that (a) those who undertake this do so because there is time, (b) those who develop
this teaching system devote fewer hours than those who use the traditional system, and,
therefore, their teaching dedication is penalized” (engineering professor); “Institu-
tional support is needed without half measures. If the student decides not to do the
virtual work part, the teachers should not necessarily be blamed for it because it is not
really their fault” (engineering teacher); “Shortage of resources and infrastructure for
the use of the methodology” (engineering teacher); “Much more interest on the part of
the universities in developing this type of methodology and explaining to the teachers
what can be done and how teaching can be improved with this methodology and
others” (engineering professor); “The absence of any institutional strategy for (a) the
transition from face-to-face to B-learning; (b) the lack of institutional support for the
development of B-learning through higher-quality technological tools; (c) the financing
of educational innovation projects linked to teaching teams and specific titles related to
B-learning; (d) the adaptation of the institutional organization to this modality (reg-
ulations); and (e) supporting the design, use and dissemination of open educational
resources (OERs)” (social sciences and law teachers).
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Abstract. More and more university programs try to establish an understanding
of research methodology with relevant courses at undergraduate schools.
Engineer students should have adequate academic training and experience to
gain knowledge on such research content, should be able to thrive in research, to
source valid and credible information by sorting out the best solution of a
problem. Due to their complexity, these courses are usually unpopular with
students. To this end, we propose an educational well-designed conceptual
framework based on PBL and SRL, as an orchestrated educational scenario with
the design, the development and the evaluation of the learning process, cus-
tomized on Moodle for engineer students to motivate them in the field of sci-
entific research. The analysis of the results reveals that our proprosed scenario
fosters motivation, equips students with learning strategies, supports them to
understand and apply the principles of PBL method as they acquire concepts of
research methodology.

Keywords: Problem Based Learning � Self regulation learning � Motivation �
Engineering education

1 Introduction

More and more university programs seek to establish an understanding of research
methodology at undergraduate schools, expecting students to cultivate knowledge of
research methodology. As said before, such courses are usually unpopular with stu-
dents. Eg. engineers will confront problems and will need to devise innovative and
practical solutions by sorting out the optimum. In order to gain insight in such research
content, students should be able to thrive in research, in other words to source valid and
credible information to formulate feasible solutions. These are vital skills that all
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engineers are required to have for research cases and activities in their every day
practice. Engineer students should have adequate academic training and experience to
address future cases as professionals.

On the other hand, research has shown that in order to reinforce students’
involvement in learning and developing practical skills, Problem-Based Learning
(PBL) is of upmost importance [1]. Within the learning process, the PBL is able to
develop mastery related to problem solving, to enhance self-efficacy beliefs as well as
time management and other self-regulated skills [1, 2]. Consequently, the PBL has a
constructive influence on enhancing students’ motivation for self-learning while they
work in teams. Solving lifelike problems is among the basic elements of the educa-
tional process [3].

Moreover, Self-regulated learning (SRL) is acknowledged as a valid forecaster of
the student’s academic motivation and accomplishments. In teaching students to be
more self-regulative, numerous factors have been pinpointed as essential in students’
active role in their learning process: cognition, metacognition, motivation, behaviour
and context [4, 5]. Between those, context is regarded the central factor in encouraging
or not self-regulated learning [6]. This notion refers to a fundamental process for
students, in order to obtain academic skills for goal-setting, discerning and forming
strategies, and supervising their own efficiency [4]. Therefore, students must be
equipped with the SRL competence, in order to become in charge of their own learning
and inwardly orientated.

Based on the above, as learning is intricate and academic training is not satisfactory
on these research cases, we propose PBL as an educational well-designed conceptual
framework and SRL as learning process, in order to narrow the gap between the
theoretical and practical knowledge for engineer students as prospective educators and
professional engineers in the future. Problem-based learning (PBL) as an instructional
model and Self-Regulated Learning (SRL) as a model for the learning process were
suggested for students’ comprehension of research methodology at the university
course. By utilizing the conceptual framework on (PBL), students were asked to build
online activities on a Learning Management System (LMS) system as the center project
complying with all the SRL processes, so as to become independent learners.

More explicitly, this paper describes the apT2CLE environment, designed along the
lines of PBL and SRL, to reinforce motivation, learning strategies and bring about
learning results. A case of Research Methods for engineer students in the context of an
e-learning course.

2 Theoretical Background

2.1 LMS and Educational Challenges for PBL and SRL

As society needs professionals with complex skills, learning has to comply with the
new demands. Consequently, the educational system must make sure that students gain
skills like team- working, organizing team-work, communicating ideas and concepts
and administrative techniques [7]. This translates to a change in traditional class
dynamics as collaborative learning paradigms are becoming more and more noticeable
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both in traditional and online learning. One of these paradigms, Problem Based
Learning (PBL), has been in the educational field for a long time with confirmed results
in developing situated learning as well as involving students in ill-structuring learning
problems [1, 7].

Modern LMS offer a broad range of possibilities that promote the synthesis of PBL
and other communal paradigms in class dynamics. Wikis, databases, glossaries, class or
group forums and chat-rooms are a few tools to mention that teachers have at their
disposal to endorse collaborative pedagogical methods in the most popular LMS (e.g.
Moodle, Sakai, Blackboard, etc.) [7]. Several higher educational institutions have
started to apply web-based learning platforms in a position to deliver online education
on an incorporated learning academic background. Moodle, a free open-source soft-
ware package, is used by educators to create online courses [8]. The use of Moodle has
been cited by several literatures as an effective tool for teacher course administrative
tasks, for improving student inquiry and critical analysis skills, inducing self-directed
learning and promoting collaborative activities [9, 10].

Moreover, research shows that students should be capable of modifying their
cognitive, affective, contextual and behavioral states to apply SRL. It seems that a few
cognitive and metacognitive strategies should be applied by learners, in order to
upgrade their learning experience and goals. These cognitive strategies could be
experimenting, developing, arranging, processing information and thinking critically.
In addition, students can adapt their thinking by managing their self-efficacy beliefs
which, in turn, influence diverse processes like self-control and self-monitoring. The
great social aspect of SRL is pinpointed here, as learners are motivated to deploy their
peers as a source of interaction and knowledge (work well with peers) [11]. Taking into
consideration all the above, Moodle can support and enhance the integration of PBL
theory. Students will collaborate and create online activities along the line with all the
SRL processes in order to become independent learners and also involve in research
process. As a result, they will find motivation and build learning strategies.

2.2 PBL and SRL in Engineering Education

Studies suggested that the engineering curricula are too focused on engineering science
and technical courses without providing sufficient integration of these topics, therefore
such programs do not provide sufficient design experiences [12].

PBL is currently used in many of the top engineering programs. From those that
extensively use PBL, students graduate with strong design and team skills [12]. PBL
facilitates SRL because it sets the student to be responsible for discovering information,
coordinating people and operations, monitoring understanding and being effective [13].
The different models of Self-Regulated Learning (SRL), share the same theory on
students’ driving motives and behaviour in order to have greater performance.
Zimmerman [14] created a cyclical model of SRL which applied to education.
Zimmerman’s cyclical model of SRL includes three phases: ‘Forethought phase’,
‘Performance Control’ and ‘Self-Reflection’.

Having said that, the pedagogical approach of PBL and the figurative manner of
SLR in self-learning both support the construction and application of engineering
curricula by successfully integrating science engineering relevant topics. This can be
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accomplished due to the fact that PBL runs through the process of raising a question,
then researching, reasoning by using logical constructions, testing and developing a
hypothesis by juxtaposition of evidence. Both co-students and teachers can come up
with meaningful approaches [15]. The three main phases are:

(a) Project or problem launch, (b) guided inquiry and product/solution creation, and
(c) project or problem conclusion [15, 16].

When the PBL and the SRL are implemented together students are guaranteed
sufficient design experiences. Graduate engineering students interact uniquely as each
different phase of PBL provides the ground for distinct self-regulatory processes; To
this effect, the self-regulated learning procedure boosts student’s performance during
the three phases of PBL [16].

Moreover, in PBL environments, engineering students cooperate to conduct
research in groups, put logic and reasoning into practice, and derive solutions to
complicated problems. The necessary Project/Problem Launch (PBL) is achieved
through SRL processes while establishing the roles of individuals in a team, or
organising plans. In consequence, communication skills are improved and teamwork
experience is enriched as the students accomplish tasks that must be acknowledged in
the real world. Along with the students’ involvement in solving multiple-solution
problems (ill-structured problems), all the above foster a deeper understanding of
social, economic, environmental, and legal nature matters [12].

On the grounds that engineering curricula teaching and learning strategies are not
student-centered, they need to be updated [12]. The PBL pedagogical approach meets
the criteria as it is student-oriented and inquiry-based. It develops the necessary real-
world skills through promoting critical thinking, effective communication and coop-
eration [17]. Under the PBL approach students acquire a new role as active learners and
develop self-regulated learning (SRL) skills. This means they are intrinsically moti-
vated to set a goal, plan the course of action, select the appropriate strategies, self-
monitor their learning, and self-evaluate their performance. What they report is high
self-efficacy [18].

In our study, the proposed framework describes the specific learning environment
features (SRL process) and teaching practices (PBL workflow) on a case of ‘Research
Methods’ by a customization of Moodle features, in order to engage engineering
learners in practical-based experience and ill-structured problems.

3 Methodology

This paper proposes the development of an e-learning course for ‘Research Methods’
for engineer students. In detail, the paper describes an orchestrated educational scenario
with the design, the development and the evaluation of a conceptual framework based
on Problem-based learning (PBL) and Self-Regulated Learning (SRL), through a
learning management (LMS/Moodle) to motivate and support engineer students in the
field of scientific research, as discipline. The proposed framework describes specific
learning environment features (SRL process) and teaching practices (PBL workflow)
on a case of ‘Research Methods’ by a customization of Moodle features, in order to
engage learners in practical-based experience and ill-structured problems.
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The objectives of the educational scenario were to provide learners skills in
understanding research approaches, research inquiry, scientific thinking, following an
instructional design model (PBL) in correlation with an autonomous learning path and
responsibility, (SRL) gaining skills (setting goals, monitoring, reflecting, and sustain-
ing their motivation from the beginning of a problem until the end) to perform effec-
tively in an inquiry process as engineers (survey design, strategic manner, data
management, statistical analysis, optimization techniques in real-world examples,
problem solving skills).

We conducted a quasi-experimental research within a sample of 40 students of a
university of computer science department, throughout a course entitled apT2-
CLE4‘Research Methods’ on Moodle.

The objectives of the study were following the research questions:
In what extent, the design and implementation of e-learning ‘Research Methods’

course orchestrated along the lines of Problem-based Learning method combined with
the processes of Self-Regulated Learning

RQ1: fosters Motivations and Learning strategies
RQ2: supports students to understand and apply principles of PBL method in every

day educational practices
RQ3: supports students to acquire concepts of Research methodology
The sample of the study consisted of 40 undergraduate students, who participated

voluntarily in the apT2CLE4‘Research Methods’. Within the same group, the experi-
mental group (N = 40) followed the process of implementing the proposed workflow
of the e-course based on of PBL & SRL, in order to enhance students’ self-regulated
learning skills (motivation and learning strategies), problem solving skills (PBL sce-
nario) and learning outcomes (research skills & scientific thinking skills).

Within a criterion-based system (rubric objectives criterion/included tutor assess-
ment, self-assessment, peer-assessment) the students and teachers completed the tests
to render the measurement of the students’ perception and abilities to solve the case-
problem. The measurements were conducted by the following rubrics:

(i) The ‘SRL Questionnaire’, as an adapted version of MSLQ [19] with two parts).
The first part measured the ‘motivation scale’, (value components, expectancy
components, affective components). The second part measured ‘the learning
strategies’ (cognitive and metacognitive learning strategies, Resource Manage-
ment Strategies. The questionnaire was formed on 1-7 Likert scale.

(ii) The ‘PBL script Rubric’, was used to evaluate the students’ adequate involve-
ment in the PBL framework and activities (evaluation of the final deliverables
after the experimental procedure, including a 4-degree Likert scale, with the sub-
factors: the problem, learning goals, interdisciplinarity, reflection, evaluation).
The questionaire is based on Combs thesis [20].

(iii) The ‘Cognitive and Metacognitive Evaluation’ is an adaptive Rubric of 20
questions aimed at assessing whether students acquired the concepts they were
taught, with the following sub-factors: research articles, research design, sta-
tistical criteria and analysis. The questionnaire tested with Cronbach’s a for
internal reliability.
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The ApT2CLE4‘Research Methods’ environment: many university programs seek
to improve an understanding of research methodology at the undergraduate schools,
requiring students to develop knowledge of research methodology content. Unfortu-
nately, research methods courses are typically unpopular with students because the
course material is complex and technical in nature. Within engineering education,
engineers will be faced with problems that require to devise innovative and practical
solutions judging the best one. For gaining knowledge on this research content the
students should engage in research, be able to source valid and credible information in
order to formulate viable solutions. These are important skills that all engineers need in
research cases and activities in everyday practices.

As engineer students will be faced with research cases in their every day profes-
sional life the apT2CLE4‘Research Methods’ aim to equip them with the skills needed
to conduct valid research in academic or industrial practices in ICT science, computer
engineering etc. To this end, as learning is complex and academic training is not
sufficient on these research cases, we propose the apT2CLE4‘Research Methods’ based
on PBL as an instructional well-designed conceptual framework and SRL as learning
process in order to bridge the gap between the theoretical and practical knowledge for
engineer students as potential educators and engineers in action in the future. Thus,
supplement e-courses, such as the apT2CLE4‘Research Methods’ on the traditional
lecture classes with active learning experiences, are emerging for academic courses
(CLE: Collaborative Learning Environment).

The apT2CLE4‘Research Methods’ aimed at representing students’ understanding
of research methodology by facilitating the SRL learning process in goal setting, goal
orientation, performance control in writing research activities, producing research cases
and articles and submitting all this research proposal on the LMS/Moodle system. The
research activities were conducted within the conceptual PBL framework and the
research investigations were chosen on authentic problems, according to the nature of
Research Methods, setting the research problem, objectives of investigation, scopes and
research evidence for these problems.

3.1 The apT2CLE4‘Research Methods’ as Experimental Design
and Learning Procedure

We introduce apT2CLE4‘Research Methods’ environment, which is based on the open
source learning management system, Moodle (Modular Object-Oriented Dynamic
Learning Environment). As Moodle is open and customizable, it provided us a with a
flexible toolset as well as an extensive plugins directory for apT2CLE4‘Research
Methods’.

The aim of the experimental design was the development of the apT2CLE4
‘Research Methods’ to implement a research project as part of the CLE academic
course on TELE based on PBL and applying the principles of SRL within a learning
management system of Moodle. In an academic Department of Digital Science the
apT2CLE4‘Research Methods’ environment on Moodle was designed, developed and
implemented for a group of 40 students.

194 F. Paraskeva et al.



Specifically, students got involved with the following case: “As graduating students
at the university and new researchers, please prepare your thesis. What steps will you
follow to deliver a robust scientific work?”

In particular, the educational goals were: (a) understanding the process of Problem
Based Learning (b) strengthening the Self-Regulated Learning Skills, (c) understanding
and applying the subject of ‘Research Methodology’.

The learning process structure is based on the model of self-regulated learning of
Zimmerman [14] and the model of problem solving according to the seven phases (plus
phase 0) [1, 21]. The whole educational intervention is structured in a way that consists
of the 3 phases of self-regulated learning which incorporate the PBL phases from the
method of problem solving as shown below in the Fig. 1.

Analytically, students get involved in each phase of the workflow so as to solve the
ill-structured problem (See Fig. 1):

SRL Phase A: ‘Forethought’ Phase: Students enter the SRL cycle for planning their
learning efforts. The primary aim of the initial phase is focused on learners’ prepara-
tion, with regard to the learning process schedule, their assignment to teams, the
clarification of their roles within their teams and their registration to the apT2-
CLE4‘Research Methods’. In this phase students organize their learning path for
understanding the principles of research methodology and implementing it on their
research project. Each student, hence, gets involved in specific activities, including:
goal setting and strategic goal planning and studying the ill-structuring problem. The
educational scenario as an instructional design setting is divided into 2 phases:

• PBL Phase 0: includes learners’ preparation for the learning procedures (PBL cli-
mate setting) onto the apT2CLE4‘Research Methods’

• PBL Phase 1: includes studying about the ill-structured problem via resources
uploaded onto the apT2CLE4‘Research Methods’.

Fig. 1. The apT2CLE4‘Research Methods’ as a conceptional model for the orchestrated
educational scenario
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SRL Phase B: ‘Performance Control’ Phase: Students proceed to the second phase
of SRL where they gather and elaborate on information that complements their learning
efforts. In this phase, students explore their learning path and attempt to create and
structure their research project. Students (individual and group mode) also get engaged
in specific learning activities such as familiarizing with learning strategies and iden-
tifying the SRL process. The educational scenario is divided into 4 phases as
instructional design procedures:

• PBL Phase 2: includes a thorough understanding and proposing of initial solutions
for the ill-structured problem (identifying relevant facts, chunking and analyzing the
problem, proposing solutions)

• PBL Phase 3: Developing individual proposals for the ill-structured problem
(gathering information, sharing information).

• PBL Phase 4: Developing group solution for the problem (select the solution,
synthesize the common optimal solution).

• PBL Phase 5: Studying the group solutions of the ill-structured problem (sharing
information, individual study of the other groups).

SRL Phase C: ‘Self-Reflection’ Phase: While in the third phase, students reflect on
the learning activities performed to evaluate their performance. In this phase, students
evaluate their research project, their performance and their collaboration. This phase
includes self-judgement performed along with a self-evaluation and self-monitoring
questionnaire.

• PBL Phase 6: Evaluating feedback about the other group solution (provide mutual
feedback between 2 teams with regard to the team solution proposals for the ill-
structured problem, generate feedback).

• PBL Phase 7: Assessment Includes learners’ reflection on the learning process by
virtue of completing self-report questionnaires (self-assessment, peer assessment,
knowledge assessment).

Within the end of the educational scenario, the students were able to apply the
process of instructional design and learning on a digital environment, incorporating
appropriate solutions (cases) and to propose the best solution in situative learning
through reflective thinking in action.

4 Data Analysis

A t-test paired – samples test was carried out to reveal significant differences between
the pre-test and post-test results for both Motivation and Learning Strategies scales of
MSLQ questionnaire. Table 1 describes the results of the t-test for the Motivation scale
and Table 2 describes the results of the t-test for the Learning Strategies scale.

The analysis of the results (Table 1) reveals a statistically significant difference in
average values for each of the sub-scales and the total of the Motivation scale before
and after the intervention, since all relevant levels are less than 0.05. A significant
improvement has therefore emerged following the intervention based on the results of
the Motivation scale before and after the intervention.
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Table 1. Motivation scale. Results of t-test for the sub-scales and the total scale

Pairs Sub-scales Mean Std.
deviation

Std.
error
mean

95%
Confidence

t df Sig.
(2-tailed)

Lower Upper

Pair 1 Intrinsic goal
orientation

−.800 1.205 .191 −1.185 −.415 −4.198 39 .000

Pair 2 Extrinsic goal
orientation

−.431 .969 .153 −.741 −.121 −2.815 39 .008

Pair 3 Task value −1.175 .928 .147 −1.472 −.878 −8.005 39 .000
Pair 4 Value

component
−1.135 .824 .130 −1.399 −.872 −8.718 39 .000

Pair 5 Control beliefs −.663 1.240 .196 −1.059 −.266 −3.380 39 .002
Pair 6 Self-efficacy −.341 .950 .150 −.645 −.037 −2.267 39 .029
Pair 7 Expectancy

component
−.492 1.313 .208 −.912 −.072 −2.371 39 .023

Pair 8 Affective
component

−.612 1.347 .213 −1.043 −.182 −2.876 39 .006

Pair 9 Motivation
total

−.916 .807 .128 −1.174 −.659 −7.186 39 .000

Table 2. Learning strategies. Results of t-test for the sub-scales and total scale

Pairs Sub-scales Mean Std.
deviation

Std.
error
mean

95%
Confidence

t df Sig.
(2-tailed)

Lower Upper

Pair 1 Rehearsal −.338 .991 .157 −.655 −.020 −2.153 39 .038
Pair 2 Elaboration −.380 1.044 .165 −.714 −.046 −2.301 39 .027
Pair 3 Organization −.564 .940 .149 −.864 −.263 −3.792 39 .001
Pair 4 Critical thinking −.901 1.256 .199 −1.303 −.500 −4.538 39 .000
Pair 5 Metacognitive self

- regulation
.065 1.106 .175 −.288 .419 .374 39 .710

Pair 6 Time management .589 .980 .155 .275 .902 3.797 39 .000
Pair 7 Effort regulation −.652 .939 .148 −.952 −.352 −4.395 39 .000
Pair 8 Peer learning −.248 1.044 .165 −.582 .086 −1.502 39 .141
Pair 9 Help seeking .487 .882 .140 .205 .770 3.494 39 .001
Pair
10

Resource
management
strategies

−.472 1.050 .166 −.808 −.136 −2.844 39 .007

Pair
11

Cognitive and
metacognitive
learning strategies

−.450 .803 .127 −.707 −.193 −3.542 39 .001

Pair
12

Learning strategies −.271 .769 .122 −.518 −.025 −2.231 39 .031
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The analysis of the results (Table 2) reveals a statistically significant difference
between mean values in almost all sub-scales and the total of Learning Strategies scale.
The difference before and after the intervention is statistically significant, since almost
all the relevant levels are less than 0.05. The exceptions are the sub-scales:
Metacognitive Self–Regulation and Peer Learning, where there is no statistically sig-
nificant difference before and after the intervention, since the corresponding levels of
significance are greater than 0.05. A significant improvement has therefore emerged
following the intervention based on the results of the Learning Strategies scale before
and after the intervention.

Table 3 describes the results of the t-test which was applied to the “PBL script
Rubric” before and after the intervention in order to determine whether the average
values found are substantially greater than 2. The analysis of the results (Table 3)
reveals significantly higher values than 2 in the: Problem, Learning Objectives, Role of
learners, Role of teachers and in Cross-curricular/Interdisciplinarity sub-scales.

Table 4 shows the results of t-test applied to questionnaire “Cognitive and
Metacognitive Evaluation” after the intervention. The analysis of the results reveals that
the average values of both sub-scales and total are substantially less than 1.5, because
all the relevant levels of Sig (2-tailed) are less than 0.05. So the whole educational
process can be judged to be a learning success.

Table 3. Results of t – test applied to the “PBL script Rubric” after the intervention.

t df Sig. (2-tailed) Mean difference 95%
Confidence
Lower Upper

Problem 7.369 40 .000 1.073 .78 1.37
Learning objectives 11.246 40 .000 1.415 1.16 1.67
Learners role 14.863 40 .000 1.317 1.14 1.50
Teacher role 4.913 40 .000 .878 .52 1.24
Activities −1.817 40 .077 −.244 −.52 .03
Collaboration −4.901 40 .000 −.488 −.69 −.29
Interdisciplinarity 3.296 40 .002 .415 .16 .67
Reflection −9.242 40 .000 −.805 −.98 −.63
Evaluation −8.315 40 .000 −.756 −.94 −.57

Table 4. Results of t – test applied to questionnaire ‘Cognitive and Metacognitive Evaluation’.

Sub-scales t df Sig. (2-tailed) Mean difference 95%
Confidence
Lower Upper

Research and kind of research −10.907 36 .000 −.275 −.33 −.22
Research design −7.188 36 .000 −.257 −.33 −.18
Statistical analysis - Criteria −10.714 36 .000 −.264 −.31 −.21
Total −13.479 36 .000 −.265 −.30 −.23
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The questionnaire tested with Cronbach’s a for internal reliability with a total
degree of reliability: 0.823, that is considered very good value for that indicator [22].

5 Discussion – Suggestions for Further Research

This paper describes the apT2CLE4‘Research Methods’ environment designed along
the lines of PBL and SRL to enhance motivation, learning strategies and learning
outcomes in a case of Research Methods, part of the content of CLE course in
Technology Enhanced Learning Environment (TELE), by exploiting multiple student-
developed mini cases of research projects.

Statistical analysis (Tables 1 and 2) of the completed questionnaires (based on an
adaptive version of MSLQ) showed positive results in all cases of the subfactors
studied. Statistically significant were the most of the results in the field of Learning
Strategies where only two sub-factors out of eleven, were found not to be statistically
signifigant.

The t-test paired – samples (Table 1) revealed the environment motivating students
to set goals and to seek ways to solve problems/cases. Improvement exists in all
subfactors contributing to it such as the: Task Value, Extrinsic Goal Orientation, Self-
Efficacy, mentioning some of the sub-factors of Motivation Scale that are fully reffered
to Table 1. And it is well known that motivation is one of the most important values in
learning.

Regarding the t-test for the Learning Strategies (Table 2), these findings reveal that
the use of the proposed methodology along with the apT2CLE4‘Research Methods’
environment indeed tend to enhance learner’s skills in the appropriate use of learning
strategies.

Through the use of SRL phases, learners have the ability to monitor and regulate
their learning process thus achieving organizational and meta-cognitive skills. In par-
allel other factors such as Critical Thinking, Resource Management and Time which
are related to the learner’s motivation to learn, tend to improve through the use of the
SRL methodology implemented in the instructional design workflow.

Improvement, but not statistically important, is also present in subfactors of
Metacognitive Self - Regulation and Peer Learning. We should pay attention to these
subfactors and set out to improve them. This could happen if appropriate activities were
added to the apT2CLE4‘Research Methods’ environment to this direction. To this end,
Moodle data related to time and used in certain pages and the kind of communication
between learners and their posts within the platform could be used.

From Table 3 we easily derive the conclusion that the principles and methodology
of PBL as perceived by students leads them to use the PBL method in the best possible
way. Furthermore, the findings from the last questionnaire given, revealed that what the
students of apT2CLE4‘Research Methods’ environment learned from the whole pro-
cess was what the case had put as learning results. This is an important element that
reproves the coherence of the methods and the complementarity of procedures within
the course. Overall we can claim that findings suggest that this blended Learning
environment, designed along the lines of PBL and SRL, could enhance students’ skills
for an active participation in the problemsolving process of ill-structured problems and
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the reinforcement of their 21st century skills (collaboration, self-directed learning and
critical thinking), as depicted in the four tables.
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Abstract. Teachers feel often insecure when handling digital media pedagog-
ically and therefore need tools to support them. The present contribution shows
how to develop an easy-to-use digital learning design to foster information
literacy [IL] – the development of a Massive Open Online Course [MOOC].
This open form of digital learning setting is necessary to foster IL effectively as
the handling of digital information is the main concern of IL at present. The
Educational Design Research is conducted by means of conjecture mapping,
what allows for a combined study of learning and teaching and its interdepen-
dence in a given learning setting. Derived from our high level conjectures, (I):
IL consists of several interdependent competences, (II): a digital learning
environment is crucial to foster IL, (III): an open and learner centered design is
necessary, and (IV): a good MOOC follows defined principles, the MOOC has
been developed. The MOOC lays ground for the yet to follow measure and
improvement of the learning design.

Keywords: Conjecture map � Information literacy � MOOC � Open education

1 Introduction

In an increasingly interconnected knowledge economy and society, competent handling
of information (information literacy [IL]) is decisive: The UNESCO (2013) considers
IL as a key competence necessary for participating in the 21st century society. IL might
also be a precondition for lifelong learning [8].

In the information age, children and pupils are being exposed to and have to deal
with digital media and information, starting from early childhood [9] Consequently, the
current generation of students is often referred to as “digital natives” [23]. This means
they are familiar with digital devices as they have been using them their entire life.
Promoting IL, therefore, may seem unnecessary because digital natives are information
literate anyway. In this light, we have carried out two research projects with Swiss
students on the upper secondary level [29, 30]. Our findings reveal deficits on students’
IL. Furthermore, teachers systematically overestimated their students’ IL. Against this
background and considering the high importance of IL, we think it is crucial to foster
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upper secondary students’ IL on a large scale and to raise teachers’ awareness about
students’ IL deficits. Moreover, there is a lack of research that focuses on IL on the
upper secondary level [3, 16, 29, 30].

Even if there is consensus that IL should be fostered at school [1, 16], it has not
been sufficiently incorporated in instruction [13]. Reasons may be a lack of theoretical
founded and empirically validated IL models, which are necessary for effectively
fostering IL [10], and a shortage of adequate IL learning material. Teachers need
support and clarity how to evaluate IL in their subjects [17]. Moreover, the ability of
teachers to use digital media in a classroom is of the utmost importance to teach IL.
Many teachers, however, still lack a sufficient level of competences to design digital
learning settings on their own [20] that combine the new requirements of digital, open,
learner-centered settings with the fixed timetables.

In order to support teachers fostering IL with their students, our goal was to develop
a learning design to raise awareness for IL and capably teach IL on the upper secondary
level. Our Main research Question derives from this goal.

How to develop a Massive Open Online Course [MOOC] to foster information literacy skills in
high school (upper secondary education) by means of conjecture mapping?

The content of the paper is structured as follows: the next section elaborates on the
rationale of our research project: (1) why a MOOC is a fitting tool to foster IL (2) why
the conjecture map is a favourable tool to design the MOOC; the third section explains
the applied research methodology; the fourth section provides an overview of the
findings: (1) the 7i framework for conceptualization and measurement of IL (2) the
conjecture map of the created learning design; and the last section concludes the paper
by discussing the results and providing recommendations for future research.

2 Rationale of the Research Project

Why We Develop a MOOC. The rapid change of technological advances forces to
think about new ways how to develop information literacy and how to support teachers
in classroom [23]. Using digital devices and performing online search is an important
facet of IL [29, 30]. This is the reason for our focus on a digital learning design. As
teachers show deficits coping with digital learning designs [23], we provide them with
a ready-to-use course that does not require advanced digital skills. Students should be
able to complete the MOOC without technical support. Hence, teachers can focus on
supporting the students learning process without worrying about technical challenges.

For IL is considered a set of skills, attitudes and knowledge necessary for students
to acquire information in all sorts of courses, the collaboration with teachers is crucial
to foster IL [20]. Open educational resources constitute a new digital approach to
learning designs that fulfil this need. The openness is crucial to use the potential of
digital learning and break with closed platforms that limit the interconnected devel-
opment and the dissemination of new and promising approaches [5]. Open educational
resources allow for new forms of cooperative learning and co-creation-processes [25].
Co-creation-processes involving researchers, teachers, and students, enable the
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concurrent development, evaluation and optimization of a learning design. The digital
learning design allows for the immediate collection of data during the learning process.
In this light, design research may be conducted as a collaborative co-creation-process
where researchers, teachers and users (e.g. students) improve the learning design by
using the collected data [5]. A MOOC provides an open digital platform facilitating the
aforementioned co-creation-process and the therefore required data collection [4].

To promote IL, we regard a MOOC that covers all IL facets [29, 30] as a solid
method, because major disadvantages of MOOCs do not apply to our learning design.
The acceptance of MOOCs, highly depends on the reputation of the institution that
created it [15]. In this context, we may benefit from the standing of the University of
St. Gallen (HSG) [12]. A main disadvantage of MOOCs - high dropout rates - should
not be a major issue in our case. Firstly, MOOCs with a clear target group - Swiss high
school students in our case - show higher completion rates [22]. Additionally, students
are enrolled by their teacher(s) and therefore are in most cases obliged to finish the
course. A MOOC that is combined with in-class interaction provides teachers with a
learning design that allows fulfilling the new requirements of an open, learner-centered
learning design notwithstanding the fixed timetable [32]. Hence, we regard a MOOC to
be the ideal learning environment to foster IL.

Why We Use Conjecture Mapping to Develop The MOOC. The educational design
research [EDR] developed by McKenny and Reeves that we apply here, consists of
three phases that are conducted iteratively [21, 31]:

1. Analysis and exploration of the learning goals: In order to be able to plan and
design suitable measures for teachers, the required skills initially have to be dis-
cussed and formulated [24]. In a two year research project with a Swiss school of
the upper secondary level we refined the recent IL concepts and measures and
formulated the required skills [26–30].

2. Design and construction of the learning setting: To develop the MOOC we use
conjecture mapping. Conjecture mapping is a proven way to design digital learning
settings [31]. Its focus lies on the conjectures (main hypothesis), explicating the set
of relationships and thereby facilitating the traceability of the applied rationale [24,
31]. This second part of the EDR process constitutes the main part of this paper.

3. Evaluation and reflection: The conjectures that lead to the learning design have to
be evaluated and, if necessary, to be adjusted [31] in order to further optimise the
MOOC. Moreover, a general insight, concerning the IL learning on the upper
secondary level, may be derived and enables us to contribute to filling the lack of
research in this area. This paper cannot address the third step of the EDR process,
for the necessary data has yet to be collected.

The conjecture mapping is of great value to the second and third step of the EDR,
and has already been successfully applied to a similar design research (e.g. [31]). In
order to launch an ongoing co-creation-process with teachers and students to further
improve the MOOC, the advantage of the conjecture map to explicate the rationale
behind the learning setting [23], was decisive for our decision to apply it.
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3 Research Methodology

We discussed why we regard the design of a MOOC by conjecture mapping an ade-
quate way to foster IL. In this section, we describe how this task is tackled.

3.1 Educational Design Research

Design Research combines the development of innovative practical solutions with the
concurring development of relevant theories [6, 7, 26]. The Methodology of the EDR
conducted, follows the three phases of EDR according to McKenney and Reeves [21]
for it has successfully been applied to create digital learning settings using a conjecture
map by Wozniak [31].

3.2 Analysis and Exploration of the Learning Goals (Phase 1)

Before developing the MOOC, we first had to adapt the concept of IL to schools at the
upper secondary level and develop a practicable measure for this concept of IL. In
order to achieve this goal, a two-year research project has been established in coop-
eration with a secondary school in the German speaking part of Switzerland. The
project was based on a methodological combination of literature analysis, model
development and empirical model testing: (1) To get an overview of existing IL
research, a systematical literature analysis has been performed [28]. (2) Based on the
findings of the literature research, and by combining and extending existing models, the
7i framework for measuring IL has been created. (3) The 7i framework for measuring
IL has been tested in five classes at a Swiss school on the upper secondary level.

The results of the literature analysis and model development are presented in detail
in [29, 30]. However, the most important results are outlined in this paper to clarify the
learning goals that build the foundation of the designed MOOC.

3.3 Design and Construction of the Learning Setting (Phase 2)

In order to advance in the field, it seems to be crucial to examine both, the teaching and
the learning process and the existing interdependence inherent to a given learning
design. The research of teaching and learning as isolated processes cannot grasp the
complexity of the subject [4]. The Conjecture map allows for conducting research that
includes the learning and the teaching dimension and its interdependence in a given
learning design [23] and is therefore a valuable tool to do research in the described
way.

In the conjecture map, the researcher reveals three different types of conjectures of
the created learning design. The high level conjectures (1) are the base a learning
design is built on – the applied concept of the learning goals and additionally the
understanding of the relevant learning and teaching processes [24]. Derived from the
high level conjectures the embodiment of the learning design – materials, tasks, par-
ticipant structure – is developed. Design conjectures (2) reveal how the embodiment
shall lead to mediating processes – observable by means of student artefacts and
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interactions – that are supposed to induce the learning goals. Finally, the theoretical
conjectures (3) on the third level show how the mediating processes are supposed to
lead to the desired outcomes [24] Fig. 1.

The main advantage of the conjecture map is, that it puts the focus on the different
levels of conjectures that require studying [24] and hence guides phase 3 of the EDR.

3.4 Evaluation and Reflection (Phase 3)

In Phase 3, the conjectures that led to the learning design are to be examined [31]. Do
they apply in the constructed learning design? Are there crucial factors missing to
explain the functioning of the learning design?

In this contribution, the focus lies on the MOOC-development and, therefore, the
applied design research method of conjecture mapping. In autumn 2019, data will be
available of the first 40 to 60 classes that will have completed our MOOC. Then, we
will start refining the MOOC, our conjectures and the learning design as a whole.

4 Results

4.1 Teaching Information Literacy Skills in Secondary Education Based
on the 7i Framework

The starting point for teachers’ professional development in the field of information
literacy (IL) must be to clarify the required learning outcomes. Therefore, we devel-
oped an IL framework to provide a basis for teachers on questions such as how to
scaffold students’ learning processes, give feedback or how to evaluate and grade the
IL performance [27, 29].

The developed 7i framework (Fig. 2.) contains seven sub-competencies comprising
knowledge, skills and attitudes: (1) Information needs; (2) Information sources;
(3) Information access and seeking strategy; (4) Information evaluation; (5) Informa-
tion use; (6) Information presentation; (7) Information process & finding reflection.

High Level 
Conjectures 

Embodiment 
- Tasks and 

tools
- Task and 

participant
- structure 

Mediating 
Processes
- Participant

artefacts
- Observeable

Interactions

Outcomes

(1) 
(2) (3)

Fig. 1. The elements of a conjecture map. Adapted from [24]
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The 7i measurement model results in two different scores of IL: one objective score
based on a performance test, and one, rather subjective score, based on self-assessment.
The results show a discrepancy between the self-assessed IL score and the objective IL.
In the self-assessed test, the students averagely hold high scores for all of the seven
sub-competences, whereas the objective test unveils substantial differences among the
seven sub-competences [27]. Consequently, a main challenge will be, to sensitise and
support students for the handling of online-based information.

The Student who is information literate knows: 
(1.i) Information needs: How to determine information needs in the context of a given prob-

lem, i.e. to determine information needs in a problem-driven manner
(2.i) Information sources: Identification of relevant information sources which information 

sources apply best to the identified information needs
(3.i) Information access & seeking strategy: Identification of search strategy for identified 

information sources which methods and search strategies suit best to access the selected 
information sources

(4.i) Information evaluation: Evaluation of information sources and resulting information how 
to evaluate whether the sources and information are valid and reliable

(5.i) Information use: Appropriate and problem-oriented use of the found information. This 
might also include understanding in general ethical, legal and socio-political issues of the 
information or subject- or problem-specific understanding of information how to use the 
information appropriately in order to solve the problem

(6.i) Information presentation: Present the information geared to defined target groups how to 
present the information geared to a specific target group 

(7.i) Information process & finding reflection: Reflect upon the information search and pro-
cessing procedure and upon the information resulting from it and learn how to reflect the 
applied information search and processing procedure and the information resulting from 
it and to learn for future information search processes 

Fig. 2. 7i framework – students’ information literacy [28]
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4.2 The Conjecture Map of the i-MOOC to Foster IL in High Schools

The conjecture map of the i-MOOC (Fig. 3.) is explained along four major categories
of our learning design: High level conjectures, embodiment, measures, and the desired
outcome. Additionally, the design conjectures explain how we expect the embodiment
to induce the mediating processes. The theoretical conjectures explain why the
mediating processes are assumed to induce, the desired outcome.

Desired Outcome. The desired outcome equals in our case the learning goals and
therefore entails the increase in IL that the participants should achieve. The knowledge,
skills and attitudes defined in the 7i model [28] are the three facets of IL competences
we want to foster.

High Level Conjectures. The high level conjectures follow from our research and
define our understanding of what to learn and how to learn.

What to Learn. The content of the i-MOOC bases on the premise that IL consists of a
set of competences (I) that include knowledge, skills and attitudes [28] which all should
be fostered. The interdependence of the competences detected in the 7i model, has a
major impact on the i-MOOC design, e.g. the scaffolding of the tasks in order to
increase the complexity of the tasks gradually [27].

How to Learn. The second high level conjecture relevant for the i-MOOC entails, that
a digital learning environment is crucial to foster IL (II) in theory and practice [28].
Considering the poor competences of many teachers to include digital learning designs

Fig. 3. Conjecture map of the i-MOOC. Own figure

208 S. Seufert et al.



in their instruction [20], the i-MOOC is designed for students to master without
technical support provided by the teacher.

How to Learn in Detail. We acknowledge the idea, that an open and learner centred
design is necessary to use the potential of digital learning environments (III) [5]. Even
if a MOOC entails the potential to realise these advantages, MOOCs rarely manage to
unleash their full potential [18]. Deficits may be the lack of authentic problems, acti-
vation of participants, and differentiation according to the personal skill levels [15].
Therefore, we design our MOOC in correspondence with the principles developed by
Merrill [15] (IV):

• Structure and clarity – Every module of our MOOC entails an overview containing
the structure of the module, the learning goals and the estimated time necessary to
complete the module.

• Merrill criteria [15] – Together with the protagonists of the i-MOOC, Lena and
Nico, the students discover one problem after the other (Problem centeredness). The
story telling approach, following Nico’s and Lena’s journey to find out “why some
videos go viral”, allows us to demonstrate (Demonstration) solutions and encourage
reflection of the acquired competences (Integration).

• Further pedagogical principles – Practical problems solved by Nico and Lena
ensure the principle of authenticity. The two are real high school students them-
selves and thereby help the learner to identify themselves with the protagonists.
Besides the created short movies, Nico and Lena also take part as animated char-
acters in many of the Furthermore, students give and receive peer-feedbacks and
participate in collaborative exercises.

Embodiment. The conjecture map includes only the tools, tasks, and materials of the
i-MOOC, that we directly expect to induce the mediating processes seen the most
important to reach the desired outcome. The vast majority of tasks and materials of the
i-MOOC, not part of the conjecture map shown, derive from the high level conjectures
too. It would exceed this papers’ scope to explain every one of them and render the
conjecture map too complex to give a good overview – its main purpose [4, 24].

Tools and Materials (i-MOOC). The all in one online course (1) allows for a clear
structure according to the Merrill criteria [15] and allows the learner to be flexible in
time and place, respecting the needs of a learner centred approach, consistent with high
level conjecture III. The personal test scores are visible for the learner (2), not only in
the pretest and posttest, whereby learners are activated (Merrill criterion) and can
transparently track their progress. The scores as game elements may also rise the
motivation level [14]. Among the most important decisions was the choice of the story
telling approach with two actual high school students, Lena and Nico1 (3), as the main
characters guiding the students through the course. They underline the learner centrism
and support the peer-learning, additionally implemented in the collaborative tasks and
peer-feedbacks.

1 Lena and Nico are not the real names of the two actors, leading through the i-MOOC by taking part
in the learning movies that are part of the i-MOOC.
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Task and Participant Structure. The combination of individual tasks (4), peer-
feedbacks (5) and open collaborative tasks allows the asynchronous tackling of tasks as
much as social learning, and thereby uses the potential of digital learning settings to
create a flexible course for the participants. The peer-feedback is mainly applied in the
transfer tasks. In order to induce integration (Merrill criterion), the learners reflect on
their newly acquired skills by discussing their challenges and solutions with classmates
and teacher(s). Moreover, they perform a substantial amount of peer-feedback tasks
where they are able to perform social learning. The teacher’s role as moderator (6) is
decisive in this flexible and asynchronous learning setting. As the students have the
possibility to adapt according with their own capacity, the teacher should be the one to
assure the professional embedding of the process, to guarantee sustainable learning.

Mediating Processes. The students may complete a major part of the i-MOOC aside
from the regular schedule. This flexible and learner centred design has one major
disadvantage regarding the EDR. Many actions are not observable for the research
team. However, the research team intends to interview all teachers participating in the
first round of the i-MOOC design optimisation. This way, it is possible to identify
interactions between the teachers and the students, too. Besides this disadvantage, the
collection and analysis of the students’ artefacts is facilitated by the digital learning
environment provided by the i-MOOC setting and allows for capturing the mediating
processes.

Participants Artefacts. In order to benefit from the learning design, the students should
complete all tasks (a). Considering that MOOCs suffer from high dropout rates [19],
despite the all in one online course (1), the school setting should prevent a high number
of dropouts. However, the responsibility for taking the whole course lies, respecting the
learner-centred approach, with the students. Lena and Nico as well as the visibility of
the test scores should help to incentivize the students to complete all tasks and thereby
prevent the lack of motivation often seen concerning IL [23]. Moreover, the content is
straightforward and the storytelling may induce curiosity similar to a telenovela, where
the viewers want to know how it continues. The students take an IL test at the
beginning and at the end of the i-MOOC. Hence, might become aware of their learning
potential and their progress is honoured. The diverse tasks including a lot of practical
application and reflection in the transfer tasks, should lead to a higher IL score (c) and
therefore to an increased IL. The validated IL test [2, 27] has repeatedly proven to
measure the actual increase in IL and therefore raises the actual IL with a high prob-
ability in our learning design, too. The visibility of the scores and the possibility to
repeat quizzes and tasks, should lead to at least 60% correct answers in the quizzes (d),
as we defined this threshold to pass the course and students are likely to be motivated
by this game-element [14] of collecting points to succeed. Repeating the quizzes
strengthens and evaluates the IL knowledge alike. If students add reasonable expla-
nations to their peer-feedback, they not only allow the peer to learn better but
demonstrate higher involvement that may lead to higher skill levels and an increased
awareness [11]. The artefacts are collected in the i-MOOC and therefore allow for an
efficient handling and evaluating in the latter phase of the EDR.
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Observable Interactions. The exchange with peers in the open collaborative tasks and
the peer-feedbacks (f, g) build the main part of the interactions during the MOOC. The
more the students appreciate and therefore conduct the peer-feedback the more likely it
is for them to increase their IL skills and awareness [11]. The seeking for help
(h) indicates the awareness of personal IL deficits, for poor performers often do not
realize their own deficits in a specific field [6]. Therefore, it might be evidence for an
increased awareness for the challenges of IL.

5 Discussion and Future Perspectives on Developing
Information Literacy in a Digital Ecosystem

This paper addresses the problem of “fit” between new requirements in terms of digital
skills such as IL and prevailing conditions of the schooling system – classroom and
fixed timetables. The need for open learning settings, that include a broad number of
participants and allows for co-creation of the learning setting [5], is a challenge.
Especially in the light of teachers lack of competences concerning the use and
development of digital learning settings [20], supporting tools have to be developed.
The i-MOOC fulfils this requirement as, on the one hand, it provides teachers with an
easy-to-use tool to foster IL, and on the other hand, allows for co-creation-processes to
further develop the learning design.

The described EDR focuses on fostering IL in the Swiss school system. Not all
aspects may be transferrable to other contexts. Furthermore, in light of the EDR, the
quality and adequate use of the i-MOOC are yet to be optimized. The evaluation of the
i-MOOC and its use are to follow as soon as the first approximately 600 students have
completed the course. Testing the main conjectures and adjusting the learning design in
accordance with the findings will be the next step of the EDR process [21, 31] to refine
the i-MOOC. We are hoping to improve the learning design gradually. If we succeed in
keeping up with this ongoing co-creation process by holding further webinars and
encouraging the exchange between researchers, teachers and students, the building of
an open educational ecosystem could be initiated.
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Abstract. This paper describes the results of a study that compared self- and
co-regulation perceived strategy use of Master’s in Education students learning
in two distinct learning environments. One cohort of students was studying
predominantly face-to-face on-campus while the other studied predominantly
on-line. Comparing the two cohorts enabled to contrast perceived regulation of
learning strategy use. Subjects were postgraduate students in Educational Sci-
ences studying in a French university during the academic year 2017–18. Data
was collected using ERICA [12] which is a scale intended for measurement of
six macro-level strategies of regulation of learning. The study found that two
strategies differed in perceived frequency of use by students. The strategies were
Individual Anticipation of materials and References (IAR) and Individual
Tracking and Monitoring (ITM). Environmental conditions, instructional cues
and group characteristics are discussed as potential explanations for the found
similarities and differences. Future research directions are suggested to further
explore the interplay between the ways students learn and environmental
characteristics.

Keywords: Self-regulation � Co-regulation � Self-regulated learning �
e-Learning � Anticipation � Monitoring � Learning environment

1 Context

The field of Self-Regulated Learning (SRL) has gained momentum since Zimmerman
and Martinez Pons [23] explored how learners regulated their learning in the mid
nineteen eighties. Researchers have taken interest in regulation of motivation, some
have focused on regulation of cognition or on both, while others have also explored
regulation of affect. Regulation of cognition or cognitive regulation, has been explored
both as trait and as event, i.e. as a disposition to self-regulate as well as by observing
the fine-grain details of how individual learners self-regulate as they work toward a
specific learning goal. Some measurement instruments are suitable to measure the
former “aptitude measures” while others are more suitable as “event measures” [1, 22].
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ERICA, a scale designed to measure self- and co-regulation of learning [12] is suitable
for aptitude measures. The strategies to regulate learning that can be measured with
ERICA are deployed by learners before, during and after the cognitive activity aimed at
gaining specific knowledge, though the strategies together are part of the learning
process. Two sub-scales measure strategies that are classified as occurring before the
aforementioned cognitive activity. They take place during the Anticipation phase. One
strategy is classified as taking place during the cognitive action, named Monitoring.
The phase taking place after the cognitive action is named Assessment. Two types of
strategies are measured with ERICA pertaining to this phase. One is a strategy which is
individually carried out; the other, a strategy that is carried out with other learners.
A fourth phase was introduced in the theoretical model of regulation of learning phases
[6, 7]. This phase, which is labeled Decisions, is measured with ERICA in its collective
form. Decisions that are measured pertain to a change in methods used by learners to
develop their knowledge. Strategies measured with sub-scales in ERICA should be
considered as macro-level strategies. Learners deploy a vast number of micro-level
strategies that are specific to not only the learner but also to the study field, motivation,
goal orientation [16], situation, including environmental conditions, and social context.
These micro-level strategies can be observed with event measures. ERICA is an
instrument intended as a trait measure. It enables to depict a general picture of regu-
lation strategies of a population of learners.

Research using ERICA is an ongoing exploration in an attempt to identify ten-
dencies or patterns of regulation characteristic of learners in different environments.
Comparisons of regulation that emerge in different environments need to also take into
account other variables such as those related to demographic trends, topics being
studied, instructional designs, support materials and teacher cues. In parallel to the
exploration of relations between contextual variables, situational ones, population
attributes and regulation strategies, the research program has begun testing the sub-
stantive validity of the theoretical Regulation of Learning Phases Model [9, 10].
Digitally based environments for learning are of particular interest as they enable
educational staff to easily modify appearance through software choice, software
parameters, configurations, graphic design, choice of software modules and their
arrangement, interfacing with other software, services, tools, etc. The ways some of
these choices could modify, hinder or support self- and co-regulation of learning should
be of interest to educators as well as other stakeholders committed to promoting
successful learning.

Environments can enable learners to use different kinds of learning strategies. Not
giving the means for enacting certain strategies may lead to adaptations in the ways
learners regulate the learning process. For example, a case of not using a strategy
because it is not braced by the design of an e-learning environment may lead to the use
of another means or strategy to increase the effectiveness of the learning; or, it could
adversely prevent the learner from enacting a regulation strategy that would have
otherwise improved learning. Strategies may manifest themselves in some environ-
ments either because they can possibly be deployed in them and students choose to,
perhaps also because learners are encouraged to; or, because they are used as com-
pensation for the impossibility or the inadequacy to use other, perhaps preferred,
strategies that the learners are accustomed to use. The complexity of the interplay
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between environmental conditions and individual variability in strategy use does not
lend itself to attempt generalization from studies of the processes as events. On the
other hand, a general understanding of the interplay between the environment and
strategy use for effective learning can be attempted by studying learners’ perceptions.
Through repeated measurements in different environments and varying situations,
researchers can compare learners’ regulation strategies in relation to the way learners
engage and use the resources available to conduct and manage the learning process.
Researchers can then study similarities and differences while taking into account
contextual variables to learn about environments that are supportive of effective
learning, student well-being and outcomes. The fields of cognitive ergonomics and the
study of affordance, as the perceived possibility for action in a given e-learning
environment [4], is the backdrop for the study presented in this paper.

2 Theory

Self-regulated learning has been the focus of researches for four decades with the more
recent incursion into co-regulation becoming the focus of some authors during the last
decade [10, 11]. Co-regulation in learning refers to strategies used by learners that
involve interaction with peers. Interactions can take place both face-to-face and through
the use of mediating technologies. The most common of these mediating technologies
are general use text-based applications such as messaging and e-mail as well as specific
services such as forums which are integrated in Learning Management Systems
(LMSs). Exchanges can also take place using audio (phone calls or vocal messages)
and through the use of audio-visual software or services (video calls, video-
conferencing, video-recordings) that are sometimes integrated in or linked to LMSs.

ERICA can be used to determine perceived frequencies of strategy use. The scale
measures six macro-level self-regulation strategies among which two are categorized as
co-regulation strategies. The measured strategies are mapped to the theoretical model of
regulation of learning phases [12] (refer to Table 1).

Table 1. Phases and learning regulation strategies measured with ERICA [12]

Phase Code regulation strategy Item example

Anticipation IAR Individual
Anticipation of materials
and References

At the beginning of a course I look into of
various documents to know what learning is
required to succeed in my education

IEC Individual
Environmental Control

I set myself up in a place where I will not be
distracted when I am learning

Monitoring ITM Individual Tracking
and Monitoring

I keep track of my learning activities in a
logbook or a journal

Assessment CEC Collective Evaluation
of Content

I discuss the state of progress in my studies
with other learners

IEM Individual Evaluation
of Method

I wonder about my learning method

Decisions CDM Collective Decisions
for Method change

The learning methods I use are the result of a
choice made with others in which I took part
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The study presented in this paper compared regulation strategies of graduate stu-
dents learning in a distance education program on-line with graduate students learning
on-campus. Students in the two cohorts were not enrolled in the same program,
although both were preparing a Master’s degree in educational sciences. The on-line
cohort was made up of two groups taking a statistics course during their first-year of
post-graduate studies while students on campus were made up of two groups taking a
course in digital humanities on approaches in psychology and ergonomics applied to
digital learning. The latter courses were provided to second-year post-graduate students
in educational sciences.

Several previous studies using ERICA had explored various facets of Self- and
Co-Regulation (SCoR). Laurent and colleagues [13] studied links between SCoR and
executive functions. Simonian and colleagues studied links between affordance and
SCoR of e-learning students [20] and studies of links between SCoR and interpersonal
relationships of online students [8] as well as the study of a model of self-evaluation of
the learning process [10] had been carried out. However, no known study using ERICA
has yet compared regulation strategies used by on-line learners with those used by
on-campus students. The research presented here sought to compare precisely that i.e.
similarities and differences in regulation of learning strategies within these two edu-
cational formats.

3 Method

Data was self-reported. On-line students used an online version of the ERICA ques-
tionnaire. It was administered via a server using DrupalTM software and an installed
Webform module. Students were asked to respond over a period of one week at the end
of their courses which took place during the second semester of the 2017–18 academic
year (February 5–11, 2018). On-campus students responded during a class session (first
week of December 2017) using a printed version of the questionnaire. All student were
free to provide their responses if so they wished. Both online and paper-based
responses were provided anonymously.

The LMS used with the on-line students was BlackBoard LearnTM. Online stu-
dents were respondents from two groups, each studying with a separate instructor.
Students who had chosen to major in social work and health-care education plus those
majoring in adult education were in group A with one instructor. Students who had
chosen to major in the formal education professions were in group B with another
instructor. On-campus respondents were students from two groups too. One was a
group made up of students in a regular program while those in the other were students
in a shortened program. Both groups were preparing the same Master’s degree in adult
education. The shortened program was catered to adult learners who were health-care
instructors working in higher-education institutions providing health-care and nursing
qualification training. On-line group A and both on-campus groups had the same
instructor. On-line group B had a separate instructor.

Instruction in all groups combined classroom sessions with independent small-
group tasks to be carried out by students. Cues given to students in online group A and
and on-campus courses followed cooperative learning guidelines [5].
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For comparisons to be made in order to consider similarities and differences in
regulation strategies, data was described then analyzed. To begin, a multivariate
analysis of variance (MANOVA) was performed to determine if similarity in variances
between perceived strategy frequency use of learners in the two on-line groups was
such as to consider collating the date to form the on-line cohort. Likewise, similarity in
variances between the two on-campus groups was sought. To the degree to which the
mean differences within each learning realm would be statistically insignificant,
comparisons of variances between the on-line and the on-campus learners’ data were to
be sought. A detailed description of this process and the resulting findings follow.

4 Results

Analyzes were performed using R, version 3.5.2 [17]. A MANOVA was performed on
each set of the two groups. The first set of groups was made up of the on-line students
(n = 70). The second set of groups was made up of the on-campus students (n = 35).
Results for the set of the on-line groups were previously computed [10]. Analyzes were
run again for the purpose of this study with identical results [F (1, 55) = 1.22;
p = .310]. Results for the set of the on-campus groups indicated no significant dif-
ferences in perceived regulation frequencies either [F (1, 33) = .91; p = .504].
Between-subject effects on each variable were also tested with no significant differ-
ences between groups within each set.

Once consistency and homogeneity of data from each environment – on-campus
and on-line – was established, descriptive statistics were calculated and internal con-
sistency analyzes of the measures were carried out to estimate reliability for each
cohort. Results were satisfactory for all dimensions representing macro-level strategy
frequency of use (see Table 2). Analysis of similarities and differences in perceived
frequency of use of regulation strategies between the on-line and the on-campus
cohorts was carried out next. First, a MANOVA was carried out. It did not reveal a
significant difference [F (1, 90) = 2.03; p = .070], however between-subject effects on
each variable did uncover differences between on-campus and on-line perceived fre-
quency of use for two macro-level strategies. The strategies for which differences were
found were Individual Anticipation of materials and References (IAR) and Individual

Table 2. Internal consistency and descriptive statistics of measured regulation strategies

Strategy On-Campus On-Line
a Min Max M SD a Min Max M SD

IAR 0.77 0.8 4.0 2.58 0.80 0.77 1.2 4.0 2.88 0.64
IEC 0.90 0.6 4.0 2.81 0.97 0.84 1.0 4.0 2.94 0.75
ITM 0.74 0.0 3.2 1.15 0.92 0.81 0.0 4.0 1.61 1.00
CEC 0.88 0.8 4.0 2.35 0.81 0.78 0.6 3.4 2.12 0.72
IEM 0.82 1.0 3.6 2.29 0.65 0.73 1.0 3.2 2.18 0.56
CDM 0.85 0.0 3.4 1.35 0.85 0.86 0.0 3.0 1.19 0.82

Note: Values for measured regulation strategies span from 0 to 4.
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Tracking and Monitoring (ITM). An F test for equal variance in unrelated samples was
first used to check homogeneity of variance for IAR (F = 0.65, p = .138) and for ITM
(F = 1.37, p = .316). Following, a true t-test was performed to compare the means of
scores for these strategies from on-campus and on-line subjects. IAR scores were
statistically significantly higher for on-line students (M = 2.88, SD = 0.64) than for on-
campus students (M = 2.58, SD = 0.80), t(100) = 2.02, p = .046, d = .42. ITM scores
were statistically significantly higher too for on-line students (M = 1.61, SD = 1.00)
than for on-campus students (M = 1.15, SD = 0.92), t(100) = 2.13, p = .035, d = .45.
Figure 1 illustrates these differences.

5 Discussion

Comparing perceptions of degrees to which regulation of learning strategies were used
in terms of their frequencies, requires taking contextual and situational variables into
account. The research method and measurement instruments that were used are not
intended for fine-grained observation of individual processes; they are intended to
detect general dispositional tendencies across groups. Past personal sociohistorical
experiences of respondents were hence not accounted for. On the one hand social
environmental conditions that served as the back- drop of the study needed to be
accounted for as they inform on the conditions that surrounded the learners. These
conditions could have been constraining or enabling to varying degrees. They form the
circumstances or situational variables that may have played a role in the way students
perceived their ability to successfully conduct their assigned learning tasks. On the
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Fig. 1. Means with confidence intervals of IAR and ITM strategies On-Campus and On-line
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other hand, regulation strategies that were measured as similar among the studied
cohorts can be considered as invariable within the academic environment of studies in
the specific academic field, time, culture and place they took place in. Differences in
measured regulation between cohorts could be the result of varying situational char-
acteristics, such as the course topic, instructional design, learning materials and
instructional cues that were given.

Given the similar results for four out of the six strategies, one can assume these
results were due to shared contextual elements among the two cohorts. Differences
found between the cohorts for the remaining two strategies can perhaps be attributed to
perceptions students had of other environmental features, in particular those pertaining
to perceptions of instructor proximity.

Measurements that did not reveal significant differences in their perceived fre-
quency of use were Individual Environmental Control (IEC), Collective Evaluation of
Content (CEC), Individual Evaluation of Method (IEM) and Collective Decisions for
Method change (CDM). Two of the six strategies were significantly different, these
were Individual Anticipation of materials and References (IAR) and Individual
Tracking and Monitoring (ITM). Both these strategies were perceived to be used more
frequently by students studying on-line. Both these strategies were carried out indi-
vidually and are considered crucial to effectively self-regulate learning. The importance
of monitoring was demonstrated in Greene and Azevedo’s [3] study while anticipation
strategies were previously demonstrated to be associated with higher grades [8].

The question that needed to be addressed was: what differences existed between on
campus groups and on-line groups that could have contributed to differentiated per-
ceptions? Data for control variables were not gathered from on campus students. These
would be valuable for comparisons. Nevertheless, in line with the design of the
research, it is reasonable to regard differences in regulation strategies as also attribu-
table to differences in students’ instructional environments.

In previous research [8] IAR scores were higher when students were assumed,
based on age, to be more experienced. The on-line students in education sciences
attending the university were perhaps more experienced which would explain the
higher scores. This will need to be corroborated in future studies. It is hypothesized that
more experienced students both as learners and generally, have developed more sys-
tematic use of anticipation strategies. It has been demonstrated that high prior
knowledge students were more prone to engage in planning and monitoring [15].
Constraints on older students such as managing work-related contingencies and family
contingencies may be higher. These older adults are presumably those who chose to
study on-line as on-line modes offer more flexibility to accommodate work and family
constraints.

Individual Tracking and Monitoring (ITM) is key to effectively regulate learning
[8, 21] in particular when complex topics are being studied [3]. The assumption is that
the absence of face-to-face guidance transfers the perceived responsibility for regu-
lating learning to the learner. The learner may feel a heightened demand to self-regulate
as the transactional distance [14] grows. To self-regulate effectively the learner needs to
refer to past learning episodes that may be somewhat segmented when learning on-line.
In absence of tracking and monitoring, segmentation and episodic learning for perhaps
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relatively short spurts of cognitive activity directed at the learning topic and perhaps
spaced episodes of longer duration, make tracking more arduous, thus necessitating
greater attention to tracking and more frequent monitoring.

To the question were challenges different for learners in each environment, the
answer is without doubt that they were. For one, the transactional distance for learners
was different and so the perceived relative presence of the instructors may have
challenged learners differently. An earlier study had uncovered that the way learners
perceived the Reference Person to the Field of Study (RPFS) affected co-regulation
strategies [6]. The amplitude of anticipation of group processing was significantly
higher and the assessment process of co-evaluation was more frequent when no RPFS
was assigned to the group of learners in that study. In the present study, the frequency
of perceived use of the IAR strategy may have similarly been affected, as students had
probably perceived themselves to be primarily in charge of organizing and managing
their learning. Tracking and monitoring was perhaps also perceived to be under the
helm of the students. These assumptions would need further studying as indeed it
would be possible to study RPFS perceptions of students in conjunction with self- and
co-regulation.

6 Conclusion

In this study perceived frequency of use of SCoR strategies of first-year graduate
students learning in a distance education program on-line in two groups were compared
with SCoR strategies of second-year graduate students learning on- campus in two
other groups. Each pair of groups formed a cohort, the former of on-line students, the
latter of on-campus students. Students in the two cohorts were not enrolled in the same
program though both were enrolled at the same university in the same institute and
shared some of the teaching staff. A series of MANOVAs confirmed that the pairs of
groups did not present statistically significant mean differences in measured SCoR
strategy use within each cohort. Cohorts did however present differences in perception
between on-line and on- campus students for two self-regulation strategies. Significant
differences were found for Individual Anticipation of materials and References
(IAR) and for Individual Tracking and Monitoring (ITM). Both these strategies were
statistically significantly higher for on-line learners.

To explain the differences that were found, transactional distance theory [14] and
self-determination theory can prove useful [2, 19]. The transactional distance is
assumed to be perceived by the students as greater in the on-line learning environment
[14], though this would merit checking in future studies. The greater transactional
distance requires students to be more autonomous while at the same time contributing
to a stronger feeling of autonomy [18]. If learners feel able to accomplish the learning
task in an environment perceived as generating increased learner to instructor distance,
this would lead to fuller engagement in the task, effectively self-regulating learning and
a keen pursuit of the learning activities.

Students who had perceived that responsibility was more theirs for successful
learning outcomes, may have led to stronger proactive engagement in the learning
process, in particular regarding tracking and monitoring progress. Both strategies for
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regulating learning that were perceived to be higher by on-line learners were carried out
individually (IAR and ITM). Co-regulation strategies were not perceived to be statis-
tically different, nor was Individual Environmental Control (IEM). The co-regulation
strategies Collective Evaluation of Content (CEC) and Collective Decisions for Method
change (CDM) were not perceived differently by the two cohorts, perhaps as in both
environments the learning tasks were organized similarly, based on small group team
learning with a collective task to be carried out and a group report to be completed.

Repeated measures with other on-line and on-campus cohorts should enable to
ascertain that differences found in IAR and ITM perceived strategy use do indeed
follow a similar pattern. If indeed IAR and ITM are more frequently reported in on-line
environments, measuring perceptions of the RPFS as a surrogate for transactional
distance as well as perceptions of autonomy would enable to test the relation between
the perceived transactional distance, autonomy as a mediator and the frequency of use
of self-regulation strategies.
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Abstract. This paper focuses on the challenges education providers face when
trying to offer different types of online education formats as an extension to their
already existing course portfolio. We investigated generic challenges concerning
both small and closed as well as big and open online courses, where challenges
include the development as well as the integration of new online content into
course structures. Our analysis is based on an interview study with represen-
tatives of 14 Universities in the German speaking area. Results yield six con-
crete problem areas education providers have to deal with. Those include cost,
and increasing student base, drop-out rates, teaching quality, certifications and
legal challenges. While the penetration of online education in the investigated
area is surely too small to realistically construct best practice examples, the
presented work represents a snapshot of today’s challenges in offering online
education, and therefore may be seen as a valuable starting point to work on
future improvements.

Keywords: Online education � MOOC’s � Technology supported learning �
Digitalization challenges � Interview study

1 Introduction

Although the online education market has been struggling with a number of challenges
in the past years, its application fields today reach areas that go well beyond the
common student–professor relationship usually found within university settings –

especially at postgraduate level. One particularly interesting application example may
be found in the use of online learning as an enabler for ‘lifelong learning’ alongside
existing part and/or full time working contexts. Here, an integrated mix of online
learning and traditional training methods offer an efficient setting [1]. That is, tech-
nology may greatly support individual learning processes, which are usually very
divers in different workplaces and moreover have to adapt to employees’ day-to-day
business [2]. Clear examples, which would illustrate best practices on how to approach
this new type of employee training using online education and various other types of
learning technologies, are however still missing, so that companies usually follow their
very own strategies when tackling this topic - although education is not necessarily

© Springer Nature Switzerland AG 2019
L. Uden et al. (Eds.): LTEC 2019, CCIS 1011, pp. 224–233, 2019.
https://doi.org/10.1007/978-3-030-20798-4_20

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_20&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_20&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_20&amp;domain=pdf
https://doi.org/10.1007/978-3-030-20798-4_20


their core competence [3]. Many universities, on the other hand still see online edu-
cation best targeted at young students and not so much at companies interested in
‘upgrading’ their in-house staff. This is where we see a clear gap – a space that requires
additional exploration and a better understanding of the relevant challenges that impede
a better supply of online education.

2 E-Learning as a Game Changer

Online education, in particular the trend towards Massive Open Online Courses
(MOOCs), whose success is “build on the engagement of learners who self-organize
their participation according to learning goals, prior knowledge and skills, and
common interests” [4], has led to a significant change in the academic landscape.
Today, universities not only in the United States but increasingly also in Europe and
Asia, use Internet platforms such as Coursera, Udacity, iTunesU or edX to offer their
course content online. While consumers of these lectures may usually be found in
students who aim at broadening their individual university curricula, we also see a
demand coming from high school scholars wanting to verify whether their existing
skillset is sufficient for enrolment in certain college degrees [5], or employees aiming to
increase their chances for promotions and ‘job upgrades’. In particular the latter, may
be seen a user group, which would significantly benefit from online education.

A main challenge, however, remains in the integration of these as well as other, less
‘massive’ and thus more focused online resources with more traditional offline content
so as to provide a coherent and overall efficient education package. The constant push
towards a digitalization of learning does not only affect institutions of higher education
and their potential students, but also enterprises, as they increasingly recognize the
value of online education as a means to replace more traditional forms of employee
training. Hence, we believe that companies should adapt their training strategies to
these new conditions, the goal being to combine online lectures taught by well-known
and esteemed experts in the field with company-specific personalized employee
trainings. So far, however, universities often fail to recognize this potential of offering
their core competences to companies rather than to high school graduates.

3 E-Learning – Why Even Bother?

While one may find several reasons, why universities should join the cause and offer at
least some of their courses online, we see two particularly important aspects: (1) online
education as a means to acquire potential future students, and (2) online education as an
opportunity to boost an institution’s reputation both on an international level as well as
with its existing (offline) students.

3.1 Online Education to Acquire Potential Future Students

Acquiring customers is a core challenge for each and any business. Universities, and
here especially business schools, are not different in this aspect, except for the fact that
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their customers, i.e. students, usually come with an expiry date. Consequently, one may
argue that education providers are in constant search for customers. Given that some of
their potential customers may have great time restrictions (due to work arrangements)
or are simply not at ease to follow a more traditional, full-time, in-class study program,
online education may be seen a promising path to expand the potential customer base.
That is, from a marketing perspective MOOCs and other forms of online education may
very well be used as a way of reaching out to new customer segments [6]. And even
with the more traditional ‘just out of high school’ type of scholar, the availability of
online content can be seen as a great advantage. That is, although some senior students
may say that they have always known what and where they wanted to study and
therefore did not really struggle with their choice of program, many high school
graduates are often swamped by the heterogeneity of a given educational landscape.
Offering online content in the form of so-called ‘college readiness courses’ can be of
significant help here, as it supports potential students in their selection of an appropriate
career path. Moreover, these learnings not only help these students select a field they
are interested in, but also allow them to evaluate whether they meet the required skill
level for their program of choice. Finally, for study domains where it is foreseeable that
students may not bring in the required qualifications, it can further be wise to extend
those ‘college readiness courses’ and convert them into so-called ‘college preparation
courses’ in which graduates from different institutions, with different backgrounds, are
aligned and brought together so as to up-skill them to the required level.

In summary, we argue that the availability of online education (either in the form of
MOOCs or in smaller settings) has great value in acquiring future students because on
the one hand it offers an accessible study format to those who cannot participate in
more traditional face-to-face engagements, and on the other hand because it can be
used to expand existing in-class education and consequently support those that need
additional help or guidance in fulfilling relevant study requirements.

3.2 Online Education as an Opportunity to Boost an Institution’s
Reputation

The second advantage education providers should see in offering online courses con-
cerns their positive effect with respect to an institution’s reputation. This reputation
plays not only an important role with its students but also with its faculty members and
partner institutions, as well as with sponsors such as industry and alumni networks.

Offering online content that features a university’s core competence subjects would
thus not only increase an institution’s potential reach and possibly attract an interna-
tional audience, but it would also show that it is capable of mastering upcoming trends
in education. Such can be seen as a key variable influencing an institution’s overall
reputation [7]. In addition, the promotion of faculty members via these type of online
programs may further contribute to this reputational boost [8]. That is, if for example
Stephen Hawking would have featured an online course on gravitational physics it
would likely have influenced his university’s positive reputation – even if in this
example the institution may not even require additional glory.

Hence, it can be argued that online education not only supports universities in
acquiring new students but may also help them boost their institutional reputation.
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4 An Investigation of Challenges

In order to explore challenges accompanying the two above stated motivations for
online education, we researched and contacted German, Austrian and Swiss universi-
ties and education providers which, according to their website offer online courses, and
asked for an interview summarizing their experiences with the topic. A total of 14
potential interview partners replied and signalized their availability for the study. All of
them were either personally working on online learning topics or in charge of online
learning supplies at their institution. Respondents included both experts from institu-
tions that offer MOOC-like education as well as representatives from institutions that
have not yet started greater online initiatives but have some online course available to
take by their students. In order to give the discussions some structure, the above
highlighted motivations served as a starting point. The goal was to identify respective
challenges and how they may potentially be shouldered. All discussions were recorded
and fully transcribed. To analyze the data, Mayring’s Qualitative Content Analysis [9]
was used, where initially categories were defined according to previous work and later
on refined through inductive, content-driven reasoning. Below we summarize the
results of this analysis, structured along the identified categories.

5 Discussion of Results

Overall, the analysis of our 14 interviews yielded six key challenges education pro-
viders face when offering online courses: (1) increasing cost, (2) an increasing student
base, (3) the handling of the drop-out rate, (4) keeping up the teaching quality,
(5) certification and its link to evaluation, and (6) dealing with legal challenges.

5.1 The Cost Factors

The high financial resources required for creating and consequently offering online
course formats are commonly seen as one of the main challenges for education pro-
viders. Covering production and distribution, these costs may lie between 39,000 and
325,000 USD, depending on direct cost factors such as the size of the course, the
number of staff involved in the creation process, the required technical equipment, and
indirect costs caused by marketing efforts or necessary improvements of the university
infrastructure [10]. This issue was confirmed by the interview study. Interviewees
report that existing experiences help with the creation of online material, but that such
is not always sufficient to offer content on a large scale. Furthermore, it is not only the
creation of a course but also the operation of an online platform and its accompanying
need for technical personnel which is perceived as a great challenge. Also, the analysis
of upcoming technological trends (e.g. mobile learning) is seen as a significant cost
factor, which needs to be considered if one wants to survive in the online market.
Know-how exchange with partner institutions can help tackle this challenge, yet these
types of collaborations may require complex legal requirements, covering use cases
such as for example a server outage.

Let’s Digitize It: Investigating Challenges of Online Education 227



In addition to technical resources, it is also the lack of available personnel that
concerns institutions. This does not only affect production and maintenance but also the
commercialization of online courses or the management of potential partners. On top of
that one also has to find qualified faculty members that agree to integrate with or even
replace offline lectures by corresponding online classes. Often, they would see the
potential benefit of boosting their reputation and thus opt-in prematurely. When,
however, confronted with the required additional workload, they quickly loose interest.
Offering high quality online education usually needs new teaching material (i.e. dif-
ferent slide sets, a new course structure, additional evaluation metrics, etc.), which
drastically increases the lecturer’s workload (at least on a one-time effort level). Spe-
cialized support systems may help with these tasks – yet again, those systems are
expensive. Many of our interviewed universities thus feel that online education is
simply not cost-efficient at present. Limited budgets would not allow for the production
and maintenance of high-quality material. Consequently, the online part is kept rather
small and usually financed by a small portion of the institution’s overall budget. This is
also owed to the impression, that online education is supposed to be offered free of
charge for which relevant expenses cannot be covered by incoming tuition fees – an
impression which was mainly formed through the open availability of MOOCs offered
by renowned schools such as the MIT or Stanford University.

Education providers would need to think about different business models so as to
make their efforts put in online content profitable. For example, in countries where
advanced education is perceived a national matter, the creation of online content is
often subsidized. Consequently, some of the content providers we talked to use these
funding schemes to leverage their internal budgets. Usually, however, those funds are
earmarked to kick-start a pilot project and only available throughout the initiation
phase. After this, institutions are back to relying on their limited budgets. Other, more
realistic financial concepts are, however, barely available.

One possible revenue stream may be seen in additional benefits that go beyond the
actual course offering. According to our interviewees, this could include additional
coaching classes, individualized learning analytics that help push the learning success,
as well as official diplomas and certificates. Also, it may be possible to bring in
sponsors and industrial partners, which would cover at least part of the expenditure. In
return they could, for example, provide real-world problem settings to be worked on
during class, up to the point where the education provider would offer an entire MOOC
in close collaboration with a company (incl. jointly branded course material and
potentially visiting lectures given by industrial experts). Yet finding suitable partners
for these types of collaboration may be difficult. Particularly, as companies often have
their very own agenda of why they would sponsor such a course, which might lead to
serious conflicts of interest.

Finally, it was mentioned that costs could also be covered through selling licences
to other education providers i.e. an online course could be created by one institution but
licences to be used by others as well [11, 12]. All in all, the interviews highlighted that
the cost aspect still represents the greatest challenge that has to be overcome if some
day online education should be more than a simple side product.
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5.2 An Increasing Student Base

While we see the chance to enter into new customer segments as one significant
advantage of online education, the institutions we talked to offer their online courses
without the dedicated need of increasing their student base. They rather focus on
improving the interaction with their existing students by offering a modern (sometimes
additional) channel of interaction. External, potentially interested parties usually do not
know about these offers and although other institutions may see here a potential for
boosting their student numbers, they often find it difficult to justify the required mar-
keting effort. Also, as some of our interviewees highlighted, the effort of entering new
customer segments is not to be underestimated as it requires for different strategies to
be adapted to different target groups. Solely, the cooperation with already existing
partner institutions, national as well as international, is seen as a feasible and relatively
cost neutral way of increasing an existing student base.

We may thus note that, while the institutions we talked to see the contribution
online education might bring to the increase of student numbers, they also see a great
danger in using this as a main argument for the investment.

5.3 Handling the Drop-Out Rate

“Moving to e-learning increases student drop-outs” – this or similar statements keep
many institutions from entering the online education market. The evidence is further
supported by studies, which show that not more than approx. 10% of enrolled MOOC
students complete their course [5, 8]. Reasons for such low conversion rates are often
seen in the high number of enrolments (note: given that MOOCs usually refrain from
charging tuition fees the entry barrier is rather low) and its resulting didactical diffi-
culties. With respect to the latter, it is particularly the limited contact time with faculty,
which can influence both learning success and learning satisfaction [13]. The low entry
barrier on the other hand offers a means to satisfy a certain level of curiosity. That is,
people often register for a course because they show a certain interest in the topic. In
this case, however, course completion is secondary and rather seen as a ‘hobby’ [14].

In addition, it needs to be clarified how drop-out rates are actually calculated. With
MOOCs they are usually based on the total of registered students. However, a sig-
nificant number of these students never even consume the course’s initiation video i.e.
they never come to ‘class’ for which they should not be counted as active students.
Rather, one should compute drop-out rates based on students who (at least for some
time) actively engaged in the course. Taken these figures, a study in France, for
example, showed that drop-outs in online learning are almost comparable to those
happening with traditional (offline) university courses [15]. Given that most of the
institutions we talked to consider their current online course portfolio as an add-on to
in-class teaching, drop-out rates seemed secondary. Yet, all of them agreed that these
numbers need to be taken seriously in case the effort spent in online courses should
increase in the future.
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5.4 Keeping up the Teaching Quality

One aspect our interviewees consider critical in moving from physical lectures to an
online course structure is the potential drop in teaching quality. While those institutions
which already have experience with online education usually do not perceive this to be
a challenge, it seems to be a great fear of those who have not yet moved to this type of
knowledge transfer. From a didactic perspective, it is particularly large courses (e.g.
MOOCs) that are considered a limitation, as they usually do not offer personalization
features and thus lack the support for different learning types. Consequently, it may be
difficult to offer the same learning quality as offline. More experienced e-learning
providers counter this concern with the need for a reasonable and well-defined mix of
online teaching tools and methods with which even the difficulty of personal super-
vision can be tackled. In any case, teaching quality is considered a great challenge;
although one that can be overcome given sufficient training and experience.

5.5 Certification and Its Link to Evaluation

Many online education providers offer their participants some sort of certificate, which
attests the successful completion of a course and consequently aims at providing a
certain learning outcome. Whether this type of quality control is a nice-to-have feature
or rather an important demand often depends on the course’s target group. One of our
interviewees spoke of a course which was offered relatively open, aimed both at junior
level students as well as anybody interested in the topic. In such a case, the certification
plays a rather minor role. However, if the course is restrictive and targeted at a distinct
group of students, the availability of a certificate, which assures a defined learning
outcome, may become a key requirement.

An aspect tightly linked to certification is the evaluation of said learning outcome.
That is, a participant’s learning outcome has to be measured so as to evaluate whether
the defined learning goal was achieved. Such makes the problem of online examination
and performance evaluation a distinct challenge to programs that offer certifications. It
seems particularly difficult to find a suitable examination procedure, which is in line
with the didactical concept of online education and at the same time guarantees the
authenticity of a participant. Highlighting the statement of one of our interviewees “if
you can’t guarantee the identity of the person taking the exam, the potentially gained
certificate is not worth the paper it is written on”. Consequently, providers often issue
certificates only in cases where the final evaluation is performed in person and at their
premise. According to our interviewees, this is also the only way to gain ECTS credit
points, which may then be used to demonstrate already achieved learnings when
applying for an academic degree or entrance into an academic degree program;
although here participants may face an additional challenge. That is, while some
European universities may accept ECTS points gained through online courses held at
other education providers, the majority of institutions would only accept those points
which were gained from participating in their very own courses. While this may be
seen a very important challenge for online education, as it certainly contradicts one of
its main advantages (i.e. one should be able to choose from a variety of providers and
take the course which best fits one’s needs and expectations), it may also be seen a
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more general problem of the European academic education landscape. That is, while in
theory ECTS credit points gained at one European institution should, in case they are
comparable in content and effort, be recognized at other European institutions, the
reality often greatly deviates from this concept. This goes as far as that sometimes they
are not even recognized within the same country. Thus, one may argue that before the
problem of recognizing ECTS points can be solved on an online level, the general
compatibility of this concept has to be implemented in the offline world. The increased
propagation of online programs and education providers may, however, trigger relevant
discussions.

5.6 Facing the Legal Challenge

Online education also poses some legal challenges that have to be tackled. For
example, due to national data protection and privacy regulations it might not even be
possible to track the (virtual) attendance of course participants. Consequently, in these
countries the successful completion of a course (and further the potential issuing of a
course certificate) cannot be subject to a defined level of course attendance. Course
providers rather need to think of alternative solutions that would motivate students’
virtual availability. Also, given that the currency for achieved learning, i.e. ECTS credit
points, is connected to the time and effort spent, it is further important to balance the
online and offline activities of participants. That is, in online education, the percentage
of ‘in-class time’ is usually smaller than it is in traditional offline courses.

Another legal aspect concerns the workload of the lecturer and his/her assistants.
Similar to the ECTS currency used to quantify the learning effort of students, lecturers
have a defined number of teaching credits or contact hours written in their contracts.
Thus, it is important to clarify how online teaching is measured. For example, in case of
an asynchronous course structure, i.e. where lectures are recorded and students watch
them whenever they have time to do so, it is not always clear how the lecturer’s contact
hours are calculated. This becomes a particularly important issue in cases where the
course is given by an external lecturer, as this may directly affect his/her income. Here
it needs to be defined whether the lecturer is paid once per academic year/term, or
anytime the course is accessed. Alternatively, institutions may negotiate some sort of
license fee to be paid to the lecturer, similar to licenses paid to other content providers
such as musicians or filmmakers. In cases where the institution’s in-house employees,
i.e. its contracted lecturers, are holding online courses, it further needs to be clarified
how the creation of the online material (i.e. structure, video lectures, online exams, etc.)
is compensated.

Finally, the offered online content itself may be subject to legal disputes, in par-
ticular with respect to the potential violation of copyright. Multiple interviewees
highlighted this problem and pointed to the difficulties they have had staying within
legal boundaries. According to one interviewee, approximately 80% of the slide sets
used in their offline courses had to be adapted so as to not infringe copyright. This
usually concerns used graphics but sometimes also content, for which in both cases it
has to be clarified whether the material can be made accessible to 3rd parties, i.e. course
participants. While copyright infringement is not necessarily a problem of online
education, but should rather be considered a challenge to be tackled with any type of
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teaching, it is the prolonged appearance of online courses that triggered the discussion.
It almost seems that in the past, when lectures where still held within the protected
walls of academic institutions, nobody thought about potential copyright violations in
slide sets. Now, however, that the problem is out in the open, some offline institutions
circumvent it by refraining their students access to lecture material. That is, students
who physically attend the course are able to visually follow the slide set presentations.
Access to those slides is, however, not granted. Yet, in the world of online education
such an approach would not be appropriate, and so the copyright problematic needs to
be faced and adequately handled.

6 Summary and Concluding Remarks

The discussions put forward in this article aimed at identifying challenges of online
education, focusing on universities and other types of education providers. The liter-
ature highlights examples such as a high drop-out rate [8] or the assurance of required
teaching qualities [16]. The discussion with a number of education providers in Ger-
many, Austria and Switzerland has, however, shown that these aspects are currently
less of a problem. A more pressing issue concerns the evaluation and certification of
learning goals and performances and the dealing with potential copyright infringe-
ments. In particular the authentication of participants is perceived as a difficult chal-
lenge, which if not guaranteed may in the worst case even void the potential value of an
issued certificate [17]. This type of valid measurement also influences the acceptance of
study credits gained through online learnings. To this end, our research has shown that
often credits are only recognized if they have been gained at the same institution.
Credits gained from other institutions may, however, be rejected.

Another important aspect often named in connection with online education con-
cerns its cost and its need for adequate business models. At this point education
providers see online education as a way to expand their customer base, although the
yielded reach is not yet sufficient so as to justify a complete channel switch. Conse-
quently, the production cost is often cross-financed by other offline generated income
streams. An alternative to this is seen in the customized provision of staff trainings.
That is, companies as paying customers may help expand the online education land-
scape. Here universities and other education providers should offer their skillset. They
would be able to draw from their existing teaching know-how and experiences and be
able to procure the technical resources necessary to transfer this profession into a
virtual setting. Furthermore, it may be seen as an additional motivation for the teaching
personnel, for they might find satisfaction in designing lectures that are not targeted at
traditional junior year students but rather at professionals.

In summary, this article highlighted a number of challenges Universities have to
deal with when thinking about online-education. It is, however, limited by the fact that
it is based on only 14 different institutions, all of which are located in German speaking
countries. Consequently, it is not meant as a general reference but should rather serve
as a starting point for more in-depth discussions on the challenges of propagating the
use of learning technologies and online education.
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Abstract. Blended learning is one of the modalities used to enhance students’
learning experiences in the 21st century. South African educators who migrate to
countries overseas have mixed feelings about their teaching using technology in
schools. This paper presents findings on implementation of blended learning in
mathematics classrooms from the perspectives of two South African educators
working in an international school in Saudi Arabia. The study was done using a
qualitative case study within an interpretivist paradigm and it was guided by the
Technology Acceptance Model. Two South African educators teaching at an
international school in Saudi Arabia were purposively selected to participate in
the study. Data was collected using semi-structured interviews and document
analysis. A significant contribution of the study was the development of a model
which shows that perspectives of the educators on blended learning hinges on
two entities: technology acceptance and educators’ self-efficacy.

Keywords: Blended learning � Technology � Saudi Arabia �
Learning experiences � Technology Acceptance Model

1 Introduction

The year 2007 saw the Kingdom of Saudi Arabia (KSA) establish an educational policy
known as “the King Abdullah Public Education Development Project”, better known as
the “Tatweer” project. This project was aimed at improving teaching and learning
within the KSA through the implementation of educational technologies into class-
rooms (Tayan 2017). Alyami (2014) described this project as an opportunity for
schools to shift from traditional teaching and learning methods to an approach that
incorporates blended learning.

Xakaza-Kumalo (2017) indicated that there were no universal approaches that an
educator may take in implementing educational technologies in teaching and learning
that would ensure learners’ academic success. Opposing this opinion, Dziuban et al.
(2018) argued that “blended learning” was fast becoming the standardised mode of
teaching and subsequently contributed to improved learner academic success. Yushau
(2006) concurred that the term blended learning had grown to represent an improved
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array of teaching and learning approaches where traditional teaching and learning
methods were fused with educational technologies or online learning. Furthermore,
Dlamini (2018:1) stated that a study completed in 2015 showed that blended learning
had improved student engagement by 69%, content retention by 39%, and test scores
by 28%.

Despite the recognition of blended learning for student success, Alahmari and
Kyei-Blankson (2016) stated that the integration of educational technologies in the
KSA teaching and learning was welcomed with mixed reactions by educators. Some
educators were eager to integrate educational technologies into their classrooms, with
others not fully geared for the implementation because of factors such as ineffective
training. Oyaid (2009) contended that to have educators successfully integrate educa-
tional technologies into their teaching, their pedagogical approaches may need to be
altered. These changes may vary between educators based on their disposition to the
use of technology. These personal dispositions affect the perspectives educators have
regarding the implementation of educational technologies into their classes. As the
KSA schools are in the process of evolving, the approach of blended learning is
preferred as it is believed to increase efficiency, while allowing learners the opportunity
to acquire modern learning skills (Bukhari 2016).

Additionally, there is a dearth of scholarship regarding South African educators’
perspectives on the implementation of educational technologies within Saudi Arabian
schools (Alahmari and Kyei-blankson 2016), and specifically in mathematics class-
rooms. A lack of scholarship in the area of educational technology, particularly blended
learning in the Saudi Arabian context, is what this paper seeks to contribute to. This
paper presents perspectives on implementing blended learning in mathematics class-
rooms from two South African educators working in an international school in Saudi
Arabia.

1.1 Blended Learning Conceptualised

There is no one universally accepted definition of blended learning. Siyepu (2018)
conceptualised the term as a systematic process of linking the worlds of traditional
teaching and learning with educational technologies. Pierce (2017) echoed the same
sentiments by defining blended learning as the combination of E-Learning alongside
traditional classroom teaching and learning methods, additionally mentioning that
blended learning may not look the same in every classroom.

Schwuchow (2018) states that there are three blended learning approaches: Firstly,
the enriched approach, where classroom interaction is pivotal and technology is used to
enhance the lesson. Bralić and Divjak (2016) concurred that the enriched approach
allowed learners to have access to digital resources that supplement their learning while
having the benefits of access to face-to-face classes. Secondly, the integrative approach,
where learning environments created are of an equal part traditional classroom learning
as well as virtual (Schwuchow 2018). Saxena (2017) contended that the integrative
blended learning approach involves gamification where learners learn educational
concepts through digital play spaces. These educational concepts are then expounded
upon when learners are in class. The third is the Virtual approach, where the learning
environment is entirely virtual and face-to-face interactions between educator and
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learner occur as and when requested (Fox et al. 2018). While the aforementioned
illustrates three defined blended learning approaches, it should be noted that these are
not the only methods of blending teaching and learning (Bralić and Divjak 2016).

2 Theoretical Framework

Grant and Osanloo (2014) interpret a theoretical framework to be the foundation upon
which knowledge is constructed for a research study. This means that a theoretical
framework comprises of a theory (or theories) that supports how the researcher
approaches the study in terms of epistemology, philosophy, methodology, and analysis.
A study can be guided not only by a theory but also a model (Sokolowski 2018:6). This
study used the Technology Acceptance Model (TAM) as a theoretical framework.
Huang and Liaw (2018) maintained that TAM has two principles: perceived usefulness
(PU) and perceived ease of use (PEOU) of technology. Perceived usefulness is the
extent to which a user feels implementing technology will better their performance
(Davis 1989), for example, whether the educator feels that using a smartboard betters
the teaching and learning experience of learners as opposed to using a whiteboard.
PEOU is when an educator is convinced that technology makes work easy and more
efficient (Huang and Liaw 2018). Masrom (2007) postulates that PEOU affects PU
based on the principle that when one perceives something as easy to use, one would
consequently feel that it is useful. The model was selected as it inter-relates the topic of
technology usage and the perspectives of those making use of the technology.

3 Methodology

The study in which findings are presented in this paper was done using a qualitative
approach within an interpretive paradigm. Both qualitative and interpretive were
chosen as they are compatible and they allow researchers to interpret and understand
the perspectives of people (Cohen et al. 2017). The study was done as a case study of
an international school in Saudi Arabia where two South African educators are teaching
mathematics. A case study was selected for this study as it allowed the researcher to
gain an in-depth exploration of the educators’ perspectives (Yin 2014). The school
offers Grades K-12. As an international school, the curriculum used is an amended
American curriculum whereby educators are encouraged to actively incorporate edu-
cational technologies into their teaching and learning of their students. Two South
African educators teaching Grade 10 mathematics using blended learning at the school
were purposively selected to participate in the study. Data was collected using semi-
structured interviews and documentary analysis. Ethical clearance was sought from the
school and district office in Saudi Arabia.
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4 Findings and Discussion

4.1 Educators Perspectives on Blended Learning

The data indicated that the educators defined blended learning as a mixture of tradi-
tional and modern teaching methodologies. Educator 1 (E1) stated:

I use the traditional whiteboard with working out calculations, for making notes or explanations
but I also provide my learners with additional support and information via electronic means by
displaying presentations or 3D shapes or having the smart-board generate graphs or to solve
matrices. When the students purchase their textbooks, they are subscribed to the digital text-
book which they use at home to go through the lessons before class and I will direct them to
additional enrichment exercises in the digital book after the lesson.

Similarly, Educator 2 (E2) explained blended learning as:

Simultaneously using technology and regular teaching tools. In my class we use the learners’
textbooks and workbooks along with the smart interactive board. The learners have their
textbooks on the desk and I will display something related to the lesson on the smartboard like a
video, animation or interactive game where learners need to solve questions, select the correct
answers or draw their graphs on the smartboard which will automatically synchronise to the
shared OneDrive and update the lesson notes which will be available for the students online
after the lesson. I also do calculations or explanations on the whiteboard in the same lesson.

From these findings, the authors deduce that both educators shared the opinion that
blended learning was when the worlds of traditional teaching and modern teaching
methodologies are used simultaneously in a teaching situation. This is in agreement
with Pierce (2017), who defined blended learning as the combination of E-Learning
alongside traditional classroom teaching and learning methods. Similarly, Al-Sharqi,
Hashim and Ahmed (2015) conceptualised blended learning as the harmonious inte-
gration of learning strategies through the combination of face-to-face interaction and
ICT, allowing for a more enriched learning experiences.

Furthermore, Schwuchow (2018) mentioned that blended learning in a class will
take the form the educator feels comfortable with. Al Jaser (2017) highlighted a study
conducted at the Princess Norah University in Saudi Arabia, where blended learning
has taken the form of a flipped classroom. Sommer and Ritzhaupt (2018) described a
flipped classroom as a learning situation where learners are given access to course
content ahead of time so that when they get to class they are informed and ready to
engage on the content. Findings of this study showed that the respondents selected to
employ a flipped classroom approach to their blended learning. E1 explained: “When
the students purchase their textbooks, they are subscribed to the digital textbook which
they use at home to go through the lessons before class.” Similarly, E2 stated:

The digital text book is a great help as students go through the chapters before the lesson
because they get participation points on the Learning management System (LMS) and that
means the content is a little more familiar when I formally introduce topics in the class time.

Data showed that the flipped classroom format was employed by these educators.
Firstly, the educators have the learners peruse the chapters ahead of the lessons. When
the learners arrive for the formal lesson to be taught, the educators capture their interest

Implementing Blended Learning in Mathematics Classrooms 237



through digital means, for example playing a video, animation, or warm-up game via
the interactive smartboard. Educator two (E2) explained how his lessons are flipped:

Before the lesson, I will upload information linked to the topics we are covering. During the
lesson will have the textbook exercises open on the smartboard and when students go to the
board to work out their answers or if I add any additional notes, these inputs will be directly
uploaded to the shared drive which students will have access to, for revision, as soon as they
check their devices. After the lesson I will upload information pertaining to the next lesson.

Furthermore, the learners are encouraged to revisit the lesson as well as engage with
the content provided for the next lesson out of the classroom.

4.2 Technology Acceptance

Both educators reflected on how they had initially come from South African schools
when describing the teaching technology and training being made available for them in
Saudi Arabia. E1 felt that there was no real need for them to integrate the available
technologies into their teaching in the South African school he worked in. Additionally,
E1 stated that once he emigrated from South Africa to KSA, there was a greater need to
integrate the teaching technologies made available and that he had to accept the
technologies. Educator one (E1) stated:

I really enjoy using technology to teach now. It makes things much easier, more manageable
and content engaging especially for my Mathematics and Physical Science students. Initially, it
was a big shock for me, coming from South Africa where there was one computer lab in the
building with 20 computers that 48 students needed to share, unlike here in KSA where each
student has a tablet, all classrooms have projectors with smart boards with Wi-Fi and you are
expected to use these resources on a daily basis. Since being in KSA for the last 5 years, it has
really shifted my opinion on using technology with my teaching. Back in SA the school would
make the educators attend workshops where we would be shown how to use programs, but I
would never pay attention. I took it for granted because I was at a poor school where the
students outnumbered the resources and if I needed something done there was always a younger
educator or one of my children I could ask to do these things for me. When I moved to KSA for
the first time I was alone. I had to figure all these things out for myself. My livelihood depended
on whether or not I was able to integrate these technologies into my classroom. I had to accept
that I needed to use this technology in order to do my job successfully.

Alharbi and Drew (2014) discussed TAM, in light of a study conducted at Shaqra
University in Saudi Arabia, stating that an educator would deem a technological tool to
be useful depending on the degree to which this technological tool would enhance their
performance as an educator. In this instance, it was evident that E1 previously had little
motivation to make use of the technology at the South African school. This educator
previously felt that the use of the available educational technologies made no real
difference to their teaching and therefore deemed the use of these technologies useless.
Based on the TAM model, E1’s decision not to accept technology for teaching and
learning was influenced by the fact that the educator viewed the technology as not
needed. In contrast, when E1 emigrated to KSA there was a greater need to accept the
technology as it was expected of him to integrate it in his teaching and learning of his
learners. The educator expressed that he enjoyed using technology in his teaching and
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that the technology enhanced the lessons. This indicates that the educator viewed the
use of technology as being useful.

Along with the need to view a technological teaching tool as being useful, TAM
takes into account how easy a technological tool is for the user. Moukali (2012) posits
that when considering the acceptance of technology, TAM connects the perception of
perceived usefulness of technology and the perceived ease of use for a user. Educator
two (E2) reiterated the points made by E1 regarding the implementation of technolo-
gies being useful to the teaching and learning of mathematics among other subjects.
Furthermore, E2 highlighted that the use of these technologies was initially challenging
but it had become easier to use with practice. Educator two (E2) reported:

It was challenging at first, but with anything when you practice you do better. Being a South
African educator, coming from a teaching environment where there was little to no blended
teaching and learning or even incorporating any technology into lesson. I had to do quite a bit of
learning on the job when I emigrated to KSA but that really allowed me the opportunity to
discover things that were not taught in the workshops being offered by the school. Now I enjoy
preparing my lessons, accessing the different functions on my smartboard and making my
Mathematics and Computer Aided Drawing (CAD) lessons interactive and creating learning
situations where students look forward to my lessons. For me a really motivating factor was that
I have a family that I need to provide for back in SA, so I had to do what I could to make a
success of working in KSA. I had to adapt my traditional teaching methods to the way teaching
and learning takes place in KSA.

Based on the above results it is once again evident that the educator had a necessity
to accept the usefulness of the technology they were presented with, moreover, the
educator expressed the fact that the technology has become easier to operate, manip-
ulate, and implement. This supports Moukali’s (2012) explanation of TAM that if an
educator perceives a technological tool as easy to implement, they would deem the
technology to be useful and therefore the educator is more likely to accept and
implement the technology.

4.3 Utilisation of Technology

When asked about the teaching and learning resources in their classes, E2 had this to
say: “Smart board, Pearson digital textbook, YouTube, ClassEra, MS-office, presen-
tation tool or laser pointer, data projector, tablets for learners, Wi-Fi enabled classroom,
desktop computer, personal laptop and Khan Academy. We use the LMS and smart-
board extensively.” From this results it is evident that the educators have well-
resourced classrooms. When asked about how the LMS (ClassEra) works, E1
explained:

It is a learner management system that allows for communication between the educator, stu-
dents, parents or guardians and the principal. It is fully online. The educator will upload lessons,
class announcements, additional information or slides connected to topics, monitor student
behaviour with the points system, parents can track the progress of their kids with weekly
reports that are generated from self-marking quizzes and we can set up class groups for the
students to discuss work while we, as the educators, monitor the discussions. It is a really great
system and it serves as a storage bank for our lessons.
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The above findings are in agreement with Alghamdi (2018), who indicated that
technologies are selected for blended learning based on three factors, namely; the
communication between learner and educator being direct and immediate, that the
resources are cost effective, and that the need for continual teaching and learning is
met.

Additionally, with blended learning, E2 spoke about the smart interactive board,
stating:

We use the smart board extensively; we have the board generate graphs, do calculations, play
presentations, video and animations, display the textbook and make notes to slides to upload
later or synchronise to the LMS. The smartboard is also an easy way of keeping the faster
students busy with additional questions while I walk around assisting other students or checking
if the students have any questions. The kids also enjoy it when I let them generate the graphs or
writing their answers on the smartboard when we do final calculations.

Alghamdi (2018) articulates that successful integration of smartboard technology
can transform a learning space into an interactive and dynamic learning environment
and enhances the classroom environment. This encourages learner participation and
confidence building. E2 has accepted the available technology and was reaping the
benefits of utilising the smartboard in the class.

Both educators unequivocally stated that they enjoy being able to blend their
lessons. When asked about the future of blended learning, E1 expressed:

I do not see blended learning going away anytime soon. I think more educators will come on
board with this method of teaching and I see younger educators coming up with better and more
innovative methods of blending learning as a whole.

Similarly, E2 stated:

I know that program developers will improve on educational technologies and the educational
systems will get better. Learning will be more accessible to more students and become even
more cost effective. If we expose our students to these educational technologies, the students
may be inspired to create the changes we are speaking about.

The above findings show that both educators believed that blended learning will
stand the test of time. Jonker et al. (2018) discussed educator identity in lieu of blended
learning, indicating that there are a number of factors that affect an educator’s pro-
fessional identity and in turn affects their stance on their utilising of blended learning in
a classroom situation. One of the factors Jonker et al. (2018) put forward was that when
educators experience a shift in educational contexts, this affects educators professional
identity.

4.4 Educators’ Self-efficacy and Blended Learning

When speaking about professional development, the educators expressed that the
current school they were teaching at offered continuous, consistent, and relevant pro-
fessional development. Educator one (EI) explained that the school provided training
workshops for the facilitation of blended learning: “Fortunately, the school had a really
great educator program that trains you on all of the systems and they have a designated
person you can ask any questions if you have any problems.”
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Echoing the same sentiment, E2 stated:

The school provided lots of training where the LMS, the smartboard and the textbook com-
panies all sent a representative to the school to offer educators specialised training. The school
even had someone come in to show educators the best ways to set up their classrooms to gain
maximum benefit from all of the technological resources.

Alghamdi (2018) suggested that correct, sufficient and appropriate professional
development positively impacts the teaching strategies of educators and their self-
efficacy. On the point of self-efficacy, both E1 and E2 seemed to have self-belief and
confidence in the training they received. Educator one (E1) felt equipped enough to
make a success of implementing blended learning within the classroom:

As a mathematics and physical science educator, my subjects are generally difficult for students
to grasp. Had it not been for the extensive and regular training we have to do at school, I do not
think I would be as confident as I am with implementing all these teaching technologies into my
lessons or rather blending my lessons. In life if you have the right tools it is easy to be sure of
what you are doing. For me, I needed the confidence boost because my subjects are so heavy
and there is a big language barrier between myself and my students.

Self-efficacy is conceptualised in this study as an individual’s belief that he/she can
achieve specific goals in a particular area of performance (Lisbona et al. 2018). Ban-
dura (1977) concurs that self-efficacy has something to do with one’s judgement and
belief that he/she can do something. It (self-efficacy) has something to do with a
people’s intrinsic motivation and belief that they can achieve certain goals regardless of
how difficult the task may be. It is essential to point that a person’s self-efficacy is
boosted when he/she was trained to do something. This is in accordance with findings
of this study where educators felt highly motivated and geared to experiment teaching
mathematics using blended learning in Saudi Aribia. It was through educators’ self-
efficacy that implementation of blended learning in mathematics was producing
desirable results. Masitoh and Fitriyani (2018) argue that one of the main factors which
makes students achieve greater results in Mathematics is self-efficacy. If students lack
self-efficacy in challenging subjects like Mathematics, they are likely to perform
poorly.

When speaking about how comfortable the educators are with implementing
blended learning into their lessons, E1 stated that blended learning was “something that
is relatively easy to implement.” On the issue of seeking additional information, E1
admitted that they are always seeking new ways of improving their teaching and
looking for better ways to implement what was being taught:

I like to make use of the functions that allow me to be the best educator I can be. I am always
looking at YouTube videos to see how I can improve my skills or tricks to better the way I use
the systems.

As every learner is different, so are the educators. This exposure to new teaching
methodologies and tools, E2 not only felt confident in his/her ability to blend their
lessons, but also inspired to seek additional professional development on his/her own.
Educator two (E2) stated:

I am currently doing some studies with the University of Cape Town. A Post Graduate Diploma
in Emerging Educational Technologies. This course is really enhancing my work and how I
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conduct my lessons. I never thought I would be studying again at my age but this exposure to
these teaching methodologies at school has opened my eyes.

Building on the work of Alamri et al. (2018) it was evident that these educators are
taking full advantage of a professional development programme that not only
encourages educators, but also inspires them to better themselves. It was evident that
both E1 and E2 had engaged and embraced the blended learning style. These educators
have become immersed in the blended learning approach and were actively seeking
new and improved ways of teaching using educational technologies.

5 Conclusion

Framed on TAM, the study from which findings are presented in this paper was aimed
at understanding the implementation of blended learning in mathematics classrooms
from the perspectives of two South African educators working in an international
school in Saudi Arabia. This study concludes that educators view technology as an
enabler to quality teaching and learning at the school. The educators understand
blended learning as a combination of online learning and face to face learning. A sig-
nificant contribution emanating from the findings is a model on the educators’ per-
spectives on blended learning as shown on Fig. 1. The model shows that perspectives
of the educators on blended learning impacts on two entities, namely: technology
acceptance and educators’ self-efficacy and blended learning. When educators have
adequate academic support and motivation, their perspective to the implementation of
blended learning will become positive. If they are given enough support and motiva-
tion, they accept teaching utilising technology and develop self-efficacy about blended
learning which ultimately result in optimisation of technology and positive perceptions
of blended learning. If educators are not supported nor motivated, they have negative
views about using technology in general and blended learning in particular.

Focusing on the educator’s self-efficacy and blended learning, this study comes to a
conclusion that educators’ perspectives influence their confidence, self-belief, and
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comfort when implementing teaching technologies and strategies such as blended
learning. Thus, this paper provides insights which can be useful towards the successful
implementation of blended learning in mathematics.
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Abstract. The objective of this work was to analyze how different theoretical
frameworks encompass the teachers’ learning design practice. We compared the
use of Activity Theory, Distributed Cognition, and Situated Cognition theoret-
ical frameworks to deal with data analysis and interpretations and compared
them. The Activity Theory is useful to study technology in activities since the
unit of analysis is an activity, and it is always instrumentally mediated. The use
of Distributed Cognition framework lies in exploring how mental schemas of the
mind can represent structures outside the mind. Finally, Situated Cognition is
focused on analyzing the continuous relationship integrating teachers and
environmental instruments to act on class planning to understand the flow of the
activities involved in this real scenario. The analysis from different theoretical
points of view gave the designers a better understanding of the activity structure,
how the artifacts support distributed cognitive activities and finally how the
artifact is embodied in the planning activities. The present work aims to have
contributed to a better understanding of teachers’ planning practices to influence
the design of lessons planning software services to be integrated into teaching
practice.

Keywords: Lesson planning � Teacher practice � Learning design

1 Introduction

The technological advancement of hypertextual environments makes possible the
presence of interactivity, which allows users to create, modify and share content from
the consolidation of Web 2.0 [1]. This collaborative environment fosters new services
and the development of innovative tools.

This context, the user starts acting as a protagonist in multimedia production, for
example, blog creation, wiki, Instagram, Google docs, YouTube among other services
and tools, providing content and files online where access is made anywhere at any
time and in any device [1].
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In view of the aforementioned scenario, we can see new ways of relating to
information and knowledge in learning in school environments through digital tech-
nologies. Free access to this range of services that generate knowledge through a few
clicks on the Web brings a reflection on how the use of technology can aid the teaching
practices of the teacher in the classroom.

Today we are still faced with the traditional process of learning that involves
students and teachers in the same confined classroom format and using the classic
didactic materials [2]. Therefore, a survey is urgently needed that encompasses a new
look at the user as a teacher with the possibilities of Web 2.0 services and tools.

Many online courses already use material production with the interactive and
collaborative proposal of web 2.0, enabling the creation of open educational resources,
used in distance and classroom education, available to any teacher [3].

Innovating and experiencing new challenges to transform practices into the day-to-
day work of the teacher often come up with how to do and develop the idea that is on
your mind. To do this, several systems may arise that articulate the teacher’s need to
produce material for the classroom. For example, a collaborative system for planning
classes with educational resources is the case for this research proposal that would help
teachers develop lesson plans with other teachers. It is characterized by the reuse and
adaptation of lesson plans as an opportunity to improve the quality of teaching [4].

Thus, we can see the urgency of this proposal for the three spheres of the impor-
tance of research: market, academia, and society in general. To conceptualize this
proposal, it follows the theoretical concepts that underlie this research.

2 Activity Theory, Situated Action, and Distributed
Cognition

2.1 Activity Theory

The activity theory, despite its complexity, aims at understanding the phenomenon of
the practice of the activity carried out by man in the social and cultural dimension that
can change according to the conditions of the environment or the objective of the
activity [5].

The main set of concepts of activity theory is fundamental to the study of tech-
nology since the unit of analysis is an activity. Actions are processes oriented to
accomplish and fulfill the proposed objectives based on the components of the activity:
subject, object, action, and operations [6] (see Fig. 1). The operations performed on a
particular action to reach the object may be different, because they derive from the
subject’s creativity, since the operations become routine and often unconscious with the
practice of day by day.

The application of activity theory gives us important insights into the notion of the
context of the activity: the teacher’s lesson planning activity and the artifacts that are
the educational resources he uses to form the context. The author [6] presents the
typical characteristics of this type of study, as described below:

People consciously and deliberately generate contexts (activities) in part through
their objects; therefore, the context is not just “out there.” The context is internal to
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people – involving specific objects and objectives – and, at the same time, external to
people, involving artifacts, other people, and specific settings.

Internal and external are merged, unified in activity theory, we cannot limit the
number of teachers and artifacts, but the specific transformation of the relationship
between teachers and these artifacts.

The second generation of the diagram, Engeström [7] proposes a model that enri-
ches the relationship between subject and object, considering all the systemic relations
existing between the individual and the context found in the activities (see Fig. 2).

The third generation of the diagram aims to present the process of social trans-
formation (Fig. 3).

Fig. 1. Model of the theory of activity in the first generation. Source: Adapted from [7].

Fig. 2. Model of activity theory in the second generation. Source: Adapted from [7].

Fig. 3. Model of activity theory in the third generation. Source: Adapted from [7].
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2.2 Situated Action Models

The situated action models are a property that results in temporary interaction between
users; and between users and action environments. In this model, the central unit of
analysis is the relationship between the individual and the environment [6, 8], as
described below:

An important aspect of “people’s activity - acting in configuration” as a unit of
analysis is that it forces the analyst to pay attention to the flow of continuous activity.

According to [6, 8], the situated action model is focused on the study of the daily
practical activities of the people that act in a certain context, being the application of
this model to analyze the relationship between the teacher and the lesson planning act
to understand the flow of the activities involved in this real scenario. This analysis will
provide a detailed and sequential observation of the actual behavior in real situations of
the rigid mental representations responsible for the planning activity by the teacher [9].

2.3 Distributed Cognition

Second [9], favor a reorientation in the way of thinking and conducting techniques of
human-computer interaction for the analysis and extraction of information from the
internal and external cognitive processes of individuals’ heads. These new branches of
cognitive science as a source of guidance to support the understanding of interactions
between people and technology. The unit of analysis is a system composed of indi-
viduals and the artifacts they use [3].

Distributed cognition is concerned with the structural representations inside and
outside the head - and the transformations these structures undergo. The concern of
distributed cognition is how these inner schemas in mind can represent out-of-mind
structures such as teachers and the educational resources and transformations these
structures undergo throughout planning are the focus of our interest.

It will be a guide in designing the collaborative system for planning educational
resources, taking into account the internal schemes in their minds in planning lessons
with short, medium and long-term impact.

3 Methodology

The present study adopts qualitative research, identified by a case study. Given that the
present research has as main objective to study the mental model of the teacher in the
class planning activity, an intrinsic case study was performed, because it seeks rep-
resentation of particular traits of the individual [10], and also by the “interest of the
researcher to understand more about a particular case, i.e. there is a desire on the part of
the researcher to learn more about that case.” [11].

The case study was carried out with 04 teachers of a public school of integral
education using traditional pedagogic methods. The teachers are here called A, B, C
and D, where teachers A and B are from the same school and C and D from the same
school. The systematization of the work carried out was organized as follows: (a) study
and planning meetings for the collection; (b) visit in locus; (c) collection and
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organization of materials for studies through semi-structured interviews (questionnaire
in appendix), which were recorded in videos); (d) analysis and description of the results
obtained from the collection and the bibliography.

4 Results

From the perspective of the Theory of Activity, the data collection was carried out in
two meetings, because it was necessary to understand more broadly the objects used by
the teachers from activity patterns, instead of only recording fragments.

Thus, two semi-structured interviews were carried out, wherein the first interview a
questionnaire was applied and also questions based on the answers given by the teacher
(s). In the next section will be described the objects, operations performed by the
teacher (s) interviewed from the perspective of the task analysis.

4.1 Activity Theory

In order to better analyze the data from the theory of the activity, we use the dimensions
present in the diagram of [7].

The analysis I: activity based on its components, individual planning.

Subject: Professor A, who teaches chemistry.

Mediator Artifacts: Smartphone for storing digital books, searching the web during
the class, searching for exercises and subjects related to the class, and finally registering
the lessons in the SIEPE system (Educational Information System of Pernambuco).
Proof of entrance exams, proof of the National High School Examination (ENEM).
Whiteboard and pencil to the whiteboard, specific chemistry lab, experiments, exercise
list, and stimulate student research on the web by the smartphone in the classroom.

Object: To work the program content present in the official document of the school
unfolding in bimester to the planning of the classes according to the needs of the
students and rules of the direction.

Results: To work the planned contents according to the need of the students and the
availability of resources.

• Short term: The teacher takes into consideration the class level moments before
entering the classroom, which guides the actions in relation to the depth of the
subject being addressed. Moments before class the teacher usually takes a super-
ficial look at digital chemistry books.

• Medium term: The teacher uses a continuous line in his/her logical reasoning to
interconnect the continuation of the classes with the next ones by means of eval-
uation exercises to be delivered by the students.

• Long term: The teacher uses the official school document containing the pro-
grammatic content of the chemistry subject for each semester.
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Communities: Teachers use an official school document containing the syllabus
content of all subjects, focusing specifically on chemistry and dismembering units
throughout each two-month period.

Rules: Mandatory use of content in accordance with management’s instructions.
Using the previous lesson plan with possible updates. Take into account the needs of
the class.

Division of work: Individual lesson planning (class to class). Receives steering con-
tent requirements. Students seem to influence long-term planning.

Analysis II: activity based on its components, individual planning.

Subject: Professor B, who teaches biology.

Mediating artifacts: School notebook to carry out the planning, create and teach
using software for presentation, storage (temporary) and organization of the folders of
the 1st, 2nd and 3rd year biology classes with their respective educational resources.
USB flash drive: organized by folder according to classes, classes, proof files, text
activities and videos. Single and main storage without any other form of external
storage, for example, cloud computing system. Other forms: notebook with class notes,
data show and sound box. And finally, registration of the classes in the system SIEPE
(Educational Information System of Pernambuco). Educational resources used: school
computer, textbook, draft notebook, internet (sometimes personal) and presentation
software.

Object: To work the programmatic content present in the official document of the
school unfolding in bimester for the planning of the classes according to the dynamics
of the classes and rules of the direction.

Results: To work the planned contents according to the need of the students applying
educational resources.

• Short term: The teacher takes into account the resources, class level and dynamics
that influence and guide the type of approach to the subject of the lesson moments
before entering the classroom.

• Medium term: The planning is fitting as the teacher gets to know the class more.
The teacher uses a notebook with class notes. The teacher uses the official document
of the school that contains the programmatic content of the subject of biology and
dismembers in units throughout each bimester.

• Long term: The teacher uses the official school document containing the pro-
grammatic content of the biology subject for each semester.

Communities: Teachers use an official school document containing the syllabus
content of all subjects, focusing specifically on chemistry and dismembering units
throughout each two-month period. Rules: Mandatory use of content in accordance
with management’s instructions. Using the previous lesson plan with possible updates.
Take into account the needs and the dynamics of the class. Division of work: Individual
lesson planning (class to class). Receives steering content requirements. Reuse of the
plans that were recorded in the previous year’s notebook serves as the basis for
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planning the following year only in the aspect of content, because changes always
occur in planning based on the characteristics of the class and what went right or
wrong.

Analysis III and IV: activity based on its components, here the teachers always
plan together.

Subject: Teachers C and D, who teach physics and physical education.

Mediator Artifacts: Government Notebook: It is the starting point for planning and
storing the (main) plan, USB flash drive: storage of lesson plans, (secondary) a form of
redundancy. Search the web during class for exercise searches and related and corre-
lated subjects. Registration of classes in the SIEPE system (Education Information
System of Pernambuco).

Educational resources used: High school textbook, videos, interdisciplinary projects,
researches, textbooks, experiments and computer lab.

Object: Work content present in the lesson plan according to student needs and school
objectives.

Results: Work the planned contents according to the students’ needs and availability
of resources in the classes and interdisciplinary projects.

• Short term: Moments before class, planning is always revised because the teacher
has time to research the school because it is a full-time school. separates didactic
material from class. The pace of the class is a factor taken into consideration.
Another aspect that impacts on planning is aspects outside the school, for example,
the lack of water in the neighborhood.

• Medium term: The teacher focuses on interdisciplinary projects
• Long-term: Teachers from correlated areas come together to do semester planning.

Communities: Teachers use an official school document containing the syllabus
content of all subjects. The bimester is planned collectively between teachers of the
same subject and correlated subjects.

Rules: Compulsory use of content in accordance with the goals and objectives of the
direction for the school. The reuse of planning is always applied reflecting what went
right or wrong for next year. And with regard to texts and experiments worked on in the
classroom, they are always updated based on the current context.

Division of work: Individual lesson planning (class-to-class) collectively based on the
content requirements of the official school document.

4.2 Distributed Cognition

From the distributed cognition approach, we analyze the Planning of the teachers:

Teacher A: All chemistry lesson planning is in the mind of the teacher and his/her
smartphone thus forming a unique cognitive system with the aim of giving an inspiring
and fluid lesson to generate abstract reasoning and to have a greater understanding of
the subjects discussed in the classroom.
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Figure 4 expresses the process of externalizing the planning process that begins in
mind and passed to SIEPE.

Teacher B: All planning of biology classes is distributed among the notebook,
computer, textbooks, thus forming a single cognitive system with the purpose of giving
a class to help the students to fix the content/subjects approached in the classroom
through the educational resources used (Figs. 5, 6 and 7).

Fig. 4. SIEPE used on the smartphone to externalize the process initiated in mind.

Fig. 5. Artifact used in planning.

Fig. 6. Mediating artifacts used to externalize the process initiated in the mind.
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Teachers C and D: The notebook is used as a digital artifact to record the planning of
the disciplines because it is how the schematics of the initial planning materialized that
is in the mind of the teacher thus forming the cognitive system.

A very peculiar aspect with this teacher and the school is that the planning of the
classes is always done collectively among the teachers of the correlated areas, so the
schemas of each teacher are distributed externally in this planning (Figs. 8 and 9).

Fig. 7. Artifacts used in planning and conducting classes.

Fig. 8. Mediating artifacts used to externalize the process initiated in mind.

Fig. 9. Artifacts used in planning and conducting classes.
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4.3 Situated Action Models

From the action model we analyzed, we analyzed the Planning of the teachers:

Teacher A: In the teacher’s daily life, the flow of his/her lesson planning activities is
measured every time before the class of the day, taking into account some aspects:

• First, the subject to be addressed is compared to the level of commitment of the
students at the expense of wanting to learn.

• Secondly, in school, there are no monitors/chemistry technicians to assist you in the
practice classes, which ends up not happening.

• Thirdly, the teacher has as a source of inspiration the way of teaching his teachers
using only a whiteboard brush and an eraser to give an excellent lesson that leads
students to abstract reasoning.

The teacher does not use any technological resources in the classroom by observing
that a class using a data show, for example, provides sleepiness in the students
(Fig. 10).

Teacher B: According to the daily routine of the teacher who carries out the planning
of the classes in the school, we have the configuration of the unit of analysis of the
lesson planning within the context of the activities, in which the quality of your
lesson/planning is due to the dynamics of students in relation to the subjects and which
approaches can be used (Fig. 11).

The teacher makes use of technological resources in the classroom to stimulate the
absorption of the subjects by the students.

Teachers C and D: An important aspect of the activity of teachers to carry out long-
term lesson planning in a multidisciplinary setting as a normal practice for them. Each
teacher with his or her particular habits and way of teaching his class contributes
collectively to each other’s daily lives within the context of a school that thinks lives
and encourages collaboration more broadly (Fig. 12).

Fig. 10. Interview conducted at the place of natural and in the workplace.
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There is a reflexive practice regarding the progress of classes, when a class interacts
more than others, impacting on short-, medium- and long-term planning, but that the
teachers find it normal from their day to day and even like it to happen.

5 Conclusions

Analyzing the collected data, it was possible to highlight patterns and intersections
between the actions of the teachers (a) s research.

Even with this similarity, teacher A showed less flexible actions than teacher B
regarding the organization of classes and the use of educational resources in planning.
The actions of teacher B appear to be more open to external factors according to the
class dynamics in relation to the content expected to be addressed at that moment.
Teacher B will have a greater facility to adapt or use lesson planning with educational
resources in a collaborative system.

Teachers C and D already make use of strongly distributed cognitive aspects in
class planning activity with educational resources, even with the limitation of tech-
nological knowledge and traditional pedagogical practice, are strong candidates to use a

Fig. 11. Interview conducted at the place of natural and in the workplace.

Fig. 12. Interview conducted at the place of natural and in the workplace.
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collaborative classroom planning environment which has educational resources. An
important fact to be taken into account in all teachers is the fact that currently they do
not use any cloud storage service, only use the USB flash drive, technological artifact
susceptible to read/write failures, thus compromising the aspect of memory and reuse
of lesson plans and resources used. It was perceived that external resources such as the
internet service of schools were ineffective and had a direct impact on class planning.

Even so, the studies carried out have demonstrated the use of technologies to
support the teacher in the act of planning his classes in a very simple way, only with
regard to the research of auxiliary contents, integrating media and technologies to some
extent already available. The present work believes to have contributed to a better
understanding of teaching practices, with a view to influencing the elaboration of a
collaborative system of class planning that integrates and contributes to a teaching
practice more adequate to the current requirements of educational training, even tra-
ditional, based in innovation in the analysis of the context in relation to the theoretical
references used here.
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Abstract. This paper appraises the impact of Problem Based Learning (PBL)
implementations within the (2016-19) Erasmus Plus “Methods” Project (Mod-
ernization of Teaching Methodologies in Higher Education: EU experience for
Jordan and Palestinian territory) which introduced a range of learning modalities
into formal learning contexts in higher education settings in Jordan (4 Univer-
sities) and Palestine (4 Universities). The project was jointly led by the
Universities of Jordan and Birzeit, Palestine and there were six European partner
universities. The paper focuses on the impact of PBL approaches on learners and
university teachers through an analysis of semi-structured group interviews with
students and individual staff interviews across a range of courses in the arts and
sciences within the Palestinian context. The results of this small-scale research
study are presented within a thematic framework focusing on participation,
collaboration, agency, knowledge creation, problem solving and identity mod-
ification. It explores how far the adoption of student-centred PBL designs can
open spaces for the development of human agency and capabilities within an
existing orthodoxy of practice in Higher Education Settings in Palestine. It
locates these student-centred practices within the context of higher education
under occupation and examines what contribution they make to developing
individuals’ capacity to act effectively for change within the power dynamics
and limits of their context.

Keywords: Problem based learning � Human agency � Participatory practice

1 Introduction

The Methods project’s overarching objective was “To raise the competencies of
individual learners to become active members of the knowledge society by enhancing
the learning process of students acquiring 21st Century competencies to become
autonomous learners through EU experience”. The project was initially concerned with
introducing educational technology and e-learning approaches to augment existing
practice based on Moodle learning management systems. To balance this approach a
professional development programme was co-designed to introduce different learning
“modalities”. The phrase “EU experience” was problematised and reformed into a
knowledge exchange, co-production framework based on equality of experience rather
than knowledge transfer based on a perceived gradient of expertise. Three main
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modalities were adopted, PBL, flipped learning (that was problem based) and the
creation of learning resources to support Massive Open Online Course (MOOC)
development. The project introduced different collaborative learning approaches within
the confines of an orthodox system that was, like its European counterparts, predicated
upon standardisation of outcome, lectures and knowledge tests. The paper focuses on
the response of learners and teachers to the introduction of problem-based learning
within four Palestinian universities across 12 courses ranging from teacher education to
computer engineering. It draws briefly on two online surveys (the subject of a separate
paper) which highlighted an attitudinal shift in preferred learning approaches amongst
participating students which prompted a further qualitative study (the subject of this
paper) comprising a series of semi-structured group and individual interviews with staff
and students at each university. These were conducted to answer the research question:
What evidence is there that PBL and Flipped PBL methodologies give rise to a range of
behaviours that can develop autonomy and agency within and outside the learning
environment? The Palestinian development context is characterised by low graduate
employment and outsourced working, coupled with restrictions on travel both into and
out of the West Bank and also within the West Bank itself. This can result in very
localised university populations as travel, even over relatively short distances, can take
many hours due to checkpoints and other restrictions, (Yaha 2016). The exercise of
power over the Palestinian people by the occupation permeates directly and indirectly
into the lives and activities of students and lecturers. Learning designs that create
agency and autonomy of thought are arguably crucial within this dynamic to actively
develop Palestinian society.

2 Background and Context

Defining PBL in the Methods Project
PBL was a chosen methodology within the project because of its ability to shift
learning designs from the didactic to more student-centred approaches. As such it
invites students to become self-organising and to work together on “authentic” prob-
lems. Outcomes, in the most agentic forms of PBL can be divergent and are not pre-
determined. They also have an emphasis on process as much as product, how people
engage and participate is often as important as the solution arrived at. The key prin-
ciples employed in the Methods project, were based on the work of (De Graff and
Kolmos 2003). This includes a problem definition process coupled to learner self-
direction; activity based learning and decision making based on interdisciplinary ‘real
world’ complex problems; and group based activities so that personal competencies are
developed and students learn to handle the process of co-operation in all its stages,
(p. 658). Introducing PBL in the Palestinian context entailed a fundamental shift in
learning design from objective led, content heavy approaches to looser, more open
patterns of student engagement and participation. The training element for Palestinian
Lecturers was delivered by the University of Aalborg see Fig. 1 below after Magnussen
(2016) (Methods Project Documents). The framework was very adaptive to the
Palestinian context because it stressed that PBL can be more or less student controlled
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and more or less group oriented. The Aalborg model allowed a range of approaches to
be adopted by lecturers that could be readily adapted to fit their particular learning
context.

Opening Space for Change
Palestinian education is bounded by the power relationships with the occupier and it is
understandable that conforming to academic norms and ‘standards’ is important,
especially where comparisons may be drawn with others. Change in any environment
comes with risk and this is perhaps why methodologies become fixed/orthodox in spite
of the fact that other forms of education may address the context of occupation more
effectively. Deleuze and Guattari (1987) notion of smooth (nomad) and striated (state)
spaces is useful for thinking about the effect of pedagogies such as PBL on an insti-
tution’s instructional norms. Bayne (2004) puts it most succinctly: “Smooth space is
informal and amorphous, striated space is formal and structured. Striated space is
associated with arboreal, hierarchical thought, … opposed to rhizomatic thought – non-
hierarchical, underground, multiply-connected.” (Bayne 2004, p. 303).

In this case, the existing practice of a lecturer mediating knowledge in an ordered
way with pre-determined outcomes is representative of striated space whereas partic-
ipatory approaches such as PBL can be considered to possibly open a space within
which learners can explore a variety of directions and collaborations (smooth space)
resulting in diverse outcomes. However, one might equally argue that PBL just replaces
one striation with another, “smooth space is constantly being translated, transversed
into a striated space; striated space is constantly being reversed, returned to a smooth
space (Deleuze and Guattari 1987, p. 474).

It is the ‘stent’ like quality of PBL formats and frameworks, to open space for flows
of difference, criticality and creative thought within the striated orthodoxy, that is
attractive. Savin-Baden (2014) describes PBL practices and proposes an ontology of
five curriculum types ranging from type one - Striated – highly bounded and controlled,

Fig. 1. Problem based learning design model.
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which might in this case represent the orthodoxy where the type of learning is “routine,
preparation and rehearsal” and moves to type five Connectivist (learning through
making connections). Types two, Borderland- control with open endedness and three,
Smooth- open, flexible and contested spaces and four Troublesome, where learning is
based on dealing with disjunction and uncertainty, perhaps best summarise the how
PBL models can and do affect change in learning design and the nature of student
engagement. Savin-Baden (2014), also supports the notion that PBL methodologies can
open spaces that scaffold the release of personal and collective agency through self-
organisation. According to Den Bossche et al. (2006) students work together in such
spaces to develop solutions to emerging problems through co-construction of meaning,
convergent and divergent discussions, listening and negotiation. It is interesting in
some cases to note how the activities and behaviours enabled by the methods project
became physically manifest. In the before and after (PBL) photographs (Fig. 2) below
of a classroom layout we can see on the left a scene that is not out of place in any
University. The lecture chairs in rows, designed for listening and writing and increasing
classroom occupancy, explicitly illustrates what Monahan (2002) calls “built peda-
gogy.” A classroom with neat rows of desks embodies pedagogies or “tacit curricula”
of discipline and conformity, whereas spaces personifying flexible properties … can be
said to embody pedagogies of freedom and self-discovery”. (Monahan 2002, p. 5).

Agency in the Context of Power Relationships
In the Palestinian context, developing human agency, (Bandura 2001), through learning
designs that give people a measure of control over their own functioning and envi-
ronmental events, are arguably to be valued above those that are directed and managed
monocratically with little room for diversity of approach or outcome. Agency, is often
aligned in educational terms with the notion of perceived self-efficacy, defined by

Fig. 2. Before and after PBL at Birzeit University, Ramallah, Palestine: Electronic Engineering
Group.
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Bandura (1982) as being concerned with judgments of how well one can execute
courses of action required to deal with prospective situations. Cauce and Gordon
(2013) note those with a strong sense of self-efficacy are most likely to persist in the
face of failure. Therefore, it follows that self-efficacy can be brought about by practice
and by putting people into situations where failure and overcoming failure through
perseverance are part of success in any endeavour. Within any context, there are limits
within which agency can be applied. Sen’s (1985) notion of agency freedom refers to
“what a person is free to do and achieve in pursuit of whatever goals and values he or
she regards as important” (Sen 1985, p. 203) and this greater resonance within the
context of occupation. Tobias (2005) rightly cautions against adopting a liberal
acceptance of “freedom to choose”. “The reification of agential freedom abstracts from
the concrete context and conditions under which chosen ends can be effectively pur-
sued.” (Tobias 2005, p. 70).

Whilst the spaces within which we work, live and learn are striated, education that
allows us to critically assess the fabric of those rules and striations is valuable in
developing individuals who are inventive in the face of adversity and are open and
responsive to constructing a change in possibilities and circumstances. Palestinian
students are resilient when faced with the random restrictions of the occupation, as a
lecturer at Bethlehem University (2018 Interview transcript.) notes, “In Palestine you
are going to have days where movement is very difficult, but we need to continue. We
live in a precarious environment.” Students from Birzeit University (Methods Project
Report) also voice similar issues: “Sometimes they (Israel) close the roads so we can’t
go (to the university). Last year, because of the intifada … Those that come from
Jerusalem could not reach the campus safely.” A constraint on agency is arguably
connected to the constructs of power and control that pervade any context. Foucault’s
discussion of power and agency is highly relevant here. Foucault’s (1975) notion of
education as being part of the extension of social control whereby we police ourselves
through our own institutions and we fabricate docile citizens through education would
seem to obviate the very notion of human agency. As Palestine is constantly surveilled
and has been described by Pappe (2018) as the ‘Biggest Prison on Earth’ it is partic-
ularly difficult to counter this through notions of agency freedom, Sen (1985). As Leask
(2012) notes, Foucault likens education to the panopticon of the prison where there are
“processes for controlling space, for programming and scheduling time, for compiling
data and records, and for employing ever-improving methods of surveillance.” (Leask
2012, p. 58) Foucault’s later work however, according to (Leask 2012), advocates that
there is always the possibility for change in the dynamics of power and that that change
is brought about by the agency of individuals.

“The possibility now emerges that it can also be the theatre of subjects’ creation of
new ‘practices of self’, new kinds of relations—especially via continued resistance to
domination. (…) Teachers and students alike can now be regarded as creative agents,
capable of voluntary and intentional counter-practices, and always able, in principle, to
resist aspects of the kinds of managerialism, instrumentalization and commodification
they face daily, and to construct strategic interventions.” (Leask 2012, p. 67).

Further, one can note after Foucault (2000), that whilst we are never free of power
relations and cannot jump outside them, - the Palestinian is not free from occupation,
the student (and teacher) are not free from examination and grading, - these things can
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always be changed. As Leask (2012) notes, quoting Foucault, “‘We are always free’;
we can always resist; our ongoing task is to construct ‘arts of living’ that might counter
the manifold expressions of ‘fascism’ that lurk throughout institutions, systems, rela-
tions, and even ourselves,” (Leask 2012, p. 67). The following sections will detail how
far PBL interventions in the Methods project have created change within the confines
of the institutions involved.

Method. A mixed methods approach, using survey responses as a catalyst for further
qualitative group and individual interviews (Mertens 2018) was used to gain further
insight into the effect of PBL across a range of stakeholders and their accumulated body
of knowledge about their lived experience of the intervention/learning design. (Chilisa
2005). The validity of the qualitative research process is constrained in part in that
participants in semi structured group interviews were selected by the course leaders as
members of the courses that included PBL for the first time. Equally, because of the
distributed nature of participants and travel restrictions (see previously) little co design
of the research could be undertaken. However, most students had completed their
courses so were under no pressure to report favourably and were assured of anonymity
of response by the research team. Staff were also interviewed separately using semi-
structured interviews. Although most participants had a good standard of English two
researchers were engaged in the process so that Arabic could be used to elaborate
points and as the primary medium where required. Semi-structured group interviews
were therefore conducted bilingually. The researchers were also aware of the cultural
context of education in Palestine and the continuing occupation and history of the
Palestinian people. The researchers were aware that the voice of students was partic-
ularly important in this project so that future policy might be set with their contribu-
tions in mind.

Initial Surveys. Two online surveys were used with all participants in both Jordanian
and Palestinian Universities, these were a “Digital Habits” survey/single time point, see
(Ozdamar-Keskin et al. 2015) and an impact evaluation survey after Kirkpatrick (1996)
which had two time points. Time point one involved questions about reactions and
learning, whereas timepoint two looked at changes in behaviour and longer lasting
impacts (results). These surveys are the subject of a later paper and so only the initial
findings that prompted this further investigation are reported here. The impact evalu-
ation surveys also focused on students’ direct experience of the methods courses and
their learning preferences and any change in learning preferences as a direct result of a
methods course. Numbers of respondents: Time point 1: Total respondents = 1433
(Jordanian Universities = 997, Palestinian Universities = 436). Time point 2. Total
respondents = 1407 (Jordanian Universities = 1179, Palestinian Universities = 228).
The time points were 3 months apart and although the cohort was the same the number
of respondents had fallen because they were no longer taking the same courses and
were only reached by email. This was particularly true of Palestinian participants who
had mostly taken electives or who had been final year students.

Students from Palestinian Universities seemed to express more confidence, com-
petence, and utilisation of independent learning skills through these self-report suvbeys
than Jordanian Students. Using descriptive statistics only the Jordanian result showed a
shift between T1 and T2 of �5% from individualised learning behaviours to a
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preference for more structured and lecture-led learning. Contrastingly, the Palestinian
responses showed a decrease in these behaviours and an increase of �20% towards
more collaborative learning behaviours. This suggested that the greater emphasis
placed on problem-based learning/teaching methodologies by Palestinian Universities
(605 students)/Jordanian Universities (190 students) may have influenced this change
and as such was worthy of further investigation through qualitative interviews.

Forming the Framework for the Focus Groups and Interviews. The initial three
learning modalities were developed and adapted to the varied contexts for learning and
teaching in Jordan and Palestine. These modalities were further defined through con-
versations with colleagues and through monitoring visits and project meetings. The
following modalities were evident within practice.

E learning. Courses that used on line learning with online discussion and occa-
sional face to face contact were concerned with compulsory courses with high
numbers (250+) of students.
Flipped learning was defined as tasks set outside of class and then discussed face
to face in class. This involved the provision of online materials within the Virtual
Learning Environment system or on You Tube that students would review at home
before coming to class. This was a departure from previous classes which would
involve lectures and practice.
MOOC: The MOOC concept was primarily used as a form of online learning that
sought to incorporate the best aspects of collaborative face to face learning but more
often than not fell into the arena of content with tests in a behaviourist style.
Flipped/PBL. Here the modality gave students challenges in terms of group-based
research where they were directed to online resources in order to solve a problem
which was more open ended. This was quite a radical departure for many lecturers
and it often required a change in assessment methods. This was classified as the
“challenge based” flip.
PBL: Where PBL was used this required greater student autonomy. It was purely,
group and challenge led but was facilitated with varying degrees of scaffolding by
the tutors involved. It invariably needed a change in assessment to facilitate the
change in pedagogical approach. Students tended to choose their own way of
communicating and used their own devices.

These modalities were placed onto a revised SAMR, (Puentedura 2006) model in
order to project how the learning modalities might affect teaching practice and
engagement. The SAMR model has been revised by others (Hamilton et al. 2016) and
aligned with other models such as Bloom’s Digital Taxonomy by the originator,
(Puentedura 2014). The model itself is appealing in its simplicity but is essentially
based on the effects of technology integration into teaching and learning. Other
approaches such as Technology, Pedagogy, Content, Knowledge (TPCAK) (Koehler
and Mishra 2009) focus on the teacher’s relationship with a variety of variables. What
we create here is an attempt to place the methods modalities at the centre of the learning
transformation and focus on what effect that might have on student engagement. The
original SAMR model (Fig. 3) places the focus on what kind of learning can be created
by introducing digital technology whereas we looked at the anticipated levels of
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engagement, agency, creativity and collaboration produced by the learning design
where digital technology was seen as an integral tool but not central to learning change.
The ‘technology’ in this case was the learning design itself (Royle and Nikolic 2016).

The revision below (Fig. 4) (constructed with colleagues at a project meeting:
(Jordan 2018)) was used as a working model to describe the learning designs and their
possible effects in the Methods Project. Whilst the emphasis in the original SAMR
model is on the position of technology as the change agent here we look at the teaching
and learning modality, its relationship to technology and its possible effects on
learning.

This revised model proposes that PBL and Flipped PBL methodologies can be
transformational in developing a range of behaviours that develop autonomy and
agency within and outside the learning environment. Autonomy is used here an

Fig. 3. The original SAMR model: CC by Attribution-ShareAlike 4.0 International

Fig. 4. Revised SAMR model focusing on learning design and learner engagement.
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overarching “label” for a range of behaviours one would expect to be present (ac-
cording to the literature) within problem-based learning. This is not to say that digital
technology is not important in enabling pedagogical change and in some instances in
the Palestinian context it is also vital to mitigate structural issues around physical
attendance in a precarious security situation.

Group Interviews. This consensus mapping in the diagram above prompted the
design of an interview framework based on the following themes. Agency: defined as,
the ability to exert control or freely make decisions based mainly on Bandura’s (2006)
definition of four core properties of human agency. Collaboration: the basis for this was
the range of skills needed for effective collaboration after Roselli (2016). Participation
or taking part: the degree to which individuals discussed or engaged with more
knowledgeable others, tutors or with peers. (Lee and McLoughlin 2007), (Leadbetter
and Wong 2008) (Hampson et al. 2011). Knowledge creation and transfer: As a part of
the PBL process is to devise solutions to problems it was pertinent to interrogate the
degree to which both students and tutors thought this had occurred. This could include,
content creation and synthesis, metacognition, and learning from others. With problem-
based strategies, (Thomas 2000), (Trilling and Fadel 2009), (Bransford 2004), all note
the need for authenticity and real worldliness in the problems that are given or
established by students, whilst Polya (Pólya 1957) refers to some form of structure
being used to plan, research, set goals, reflect and replan collectively. Finally, identity
formation for both lecturers and students was considered as Osterlaken (2015) notes,
when we change a learning design, we may also affect identities and roles.

Students from a range of Palestinian courses took part in semi structured group
interviews based on a bespoke interrogative framework. Lecturers were interviewed
individually to gauge their views on the effects of PBL. Students were interviewed over
a three-day period in April 2018 and as such the sampling method was that of con-
venience. Although there are issues with this type of sampling it could be argued that
the sample was a homogenous group and consisted of a mix of gender representative of
the overall university populations of around 60% female, 40% male. Twenty seven
students from different courses at four different Universities, Birzeit University
(BZU) (Ramallah) five students, An Najah University (ANU)(Nablus) eight students,
The Palestinian Polytechnic University (PPU) Hebron eight students and Bethlehem
University (BU) six students, were interviewed in groups. These were cross subject
groups in ANU and PPU and single subject groups in BZU and BU. Ten staff were also
interviewed individually. Communication between the groups was not possible and it
was interesting to note the similarities of response despite the variety of courses that the
students were drawn from. Students and teachers from: Electronic Engineering (Bir-
zeit); Systems Analysis and Computer Systems Engineering (Bethlehem); Teacher
Education Bethlehem, Land Use Planning, Ecology, Literature, (An -Najah, Nablus)
Methods of Scientific Research (Hebron), were interviewed and all courses were
undergraduate. Initial responses were transcribed and then coded against the framework
sections above carried out by the author. Secondary analysis was then undertaken
where further subthemes were identified within each main framework theme.
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Findings
Agency is at the heart of PBL. Its properties as defined by (Bandura 2006) include,
intentionality (planning), forethought (goal setting), self-reactiveness (reacting to
developments and ensuring plans are enacted and achieved - self-regulatory behaviour),
and self-reflectiveness (how are we doing). Sub themes that emerged from student
responses were: confidence; ownership of the process of learning and any consequent
control that students felt they had over proceedings; collaboration; knowledge creation;
authenticity; and sustainability.

Confidence
(By)Making applications in the real world not just doing something for the course, we
saw the output. We are more confident because we can do stuff now. When I walk into a
room now I can look at anything and understand how it works. BZU Student 1

In Bethlehem, confidence was equated with doing things rather than passive
reception. This seemed to confirm the premise of the SAMR modification from pas-
sivity to engagement and a transfer of control to the student. “Didn’t feel like students it
made us more confident - we do things not receive them. I have become more confident
in presentations and how to work with people.” BU Student2. In Nablus (ANU) stu-
dents spoke of “self confidence in my own abilities” and –Before this course I did not
have the powers to stand and discuss with students. Now I can speak and discuss with
others. We are more confident, we felt proud because we had achieved something.
ANU Student 3. This feeling of increased confidence was also expressed in Hebron
(PPU) where students felt more engaged and confident in their interaction with the
subject. In terms of engaging with an ‘active learning process’ students spoke of the
way in which technologies were used to enable the “new” way of learning.

The main point for me was to get rid of paper and use technologies. To use video
was important for me not just to sit in the class and listen and write. We worked mostly
face to face but also online, we used gdocs and, Facebook/WhatsApp. PPU Student 2

Others spoke more about their own personal control and freedom in the process of
learning: acting and thinking in new ways and for themselves. A movement from
teacher control to student control was expressed and students saw their experience as
one of learning as much as being taught.

Systems analysis taught me research skills… I should look for information myself
and not depend on teachers. This was really important for me. To think and build
something on your own is important. BU Student 6 This way gave me higher grades
and. I was able to be more effective when researching on other courses. My
methodology of researching got better. BU Student 6. We see the lecturers as guides
and this way we have more control and power. ANU Student 5

A theme related to self-regulatory behaviour, adapting to change and a test and
learn mentality were evidenced in some responses. The point is applying and testing. It
works- great you can apply it, if it doesn’t work then okay, we will try something else.
BU Student 6. In one case a student referred to their work in teaching literature in
Palestinian schools by remarking that the PBL process had made them realise that.
“Literature is not a smooth subject, it is rigid, and we try to open it and make it more
accessible”. Whilst this alludes to Deleuze and Guattari (1987) notion of smooth
(nomad) and striated (state) space and whilst perhaps only coincidental, it does
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illustrate that students are reflecting about the fabric and nature of their subject and
testing how different approaches might open them to others.

Self-advocacy and voice were also evidenced across the PBL classes at different
universities, the PBL learning design seemed to open space for speaking up and
speaking out within the bounds of the subject.

In this kind of class, you do things, you give your voice, you write your opinion, you
suggest, you make something, you say what you think and then if you think it is true you
have to prove it through practice. BU Student 3. Inside the class you could speak freely.
You can discuss and explore anything you want. Express yourself and give your
opinions. ANU Student 4

Learning through failure and belief in one’s own self efficacy and in not giving up
at the first obstacle was also evident. There was an acceptance of “failure” as part of
learning and as part of the process. We tested hypothesis as we practised so failure is
part of the plan. BU Student 2. We didn’t think about the grade only that we shouldn’t
quit. PPU Student 5.. Equally, an increase in perseverance emerged and a realisation
that with a willingness to try and discover what worked in their context students could
achieve results. We changed our output 5 times… either because we were giving the
wrong solutions or the wrong causes for the problem. So we had to revise and do it
again. BU Student 3 It was stressful in the beginning and it was a lot more work. When
we understood what we were doing in this way it got better and less stressful. ANU
Student 5

Collaboration and Participation in the Learning Process
Teamworking and collaboration as a result of PBL also led to opportunities for
negotiation, conflict resolution and mutual support. Students talked of negotiation and
bringing other students up to speed with their ways of working. This also made them
active participants in the learning process. We had discussions about what to do and all
agreed after negotiation - We learned a new set of skills around practical and com-
munication skills, we had to adapt to having a new partner who we had to train. BZU
Student 1. New insights were gained into working collaboratively in teams and the
students realised that they had to solve any problems that arose and use soft skills to do
so. The team is most important and sometimes some members don’t work but we solved
it. You should try to choose your team well. – We had some issues but we made each
other work. BU Student 6 (We learned)- By working in a team on a project we have to
deal with many opinions. Dealing with others respectfully. PPU Student 4. However,
team working was a mixed experience:Working with a group was harder than working
by myself. ANU Student 8 Mutual support was also evident. For me this course
improved my personality …how to work with others…communication, conflict solving,
co-operation. This made us more effective in group work- we learned more because we
worked together…we helped students who were not advanced. ANU Student 2

As well as participating through collaboration in teams students also commented on
how much more involved they were in classes. Increased participation (how far stu-
dents take part and engage in class through discussion with peers and the lecturer and
other points of connection, online or through research and texts) is a key aspect of
pedagogical change. When a space for co-production is created, student generated
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knowledge which extends both their own learning and the lecturer’s is key. Students
also voiced perceived differences between other methods and the PBL experience.

In a regular class you just take whatever the teacher says, you don’t understand the
whole thing … you only get about 70% of the information that you need to actually
comprehend everything. You just sit in class and listen. In the methods project we
contributed. ANU Student 5

We were more active as students and less passive. We are not receivers we are
producers. PPU Student 6 They also commented on discussions and the benefits of
working with the lecturers and students.We benefitted from every side. We worked with
the lecturer and the students. We discussed the lecture with the students and solutions
and causes. ANU Student 6 Each stage of the problem-based learning was discussed,
and we got feedback from her (lecturer). Difficulties and improvements. It’s the only
class where I never felt bored. BU Student 3. There was also an expression of feelings.
“It’s fun” was mentioned regularly in the transcripts. It was fun, we had fun, it’s a fun
way to learn, across all the Universities and courses. Great also featured as an
expression of feeling several times alongside “amazing”. Sic:

It was really amazing, we had fun.

Knowledge Creation
This was evidenced through project outputs. Presenting and publishing results were
seen as positive learning experiences as part of PBL. Making - that could be applied to
social needs was a positive outcome for computer engineering students.

We are developing power supplies for every school for them to do stuff with it. It
costs 115 dollars normally. To power up computers and projectors. We take the power
supplies from old PC CPUs and convert them. Low cost and allows the school to use a
power supply for different things. So we make this initiative for the people as a social
obligation so we can give something back. To help them. BZU Student 5

One of the lecturers noted that students came up with several different solutions to a
problem which wasn’t the normal practice. At the end they all came with different
solutions to the same problem which was great and unusual. Lecturer 3, BU. Ways of
thinking were also purported to have changed:

We started to use critical thinking and started to think like an analyst to solve
problems. BU Student 6

Authenticity
A key effect of PBL was the authenticity of the tasks, (De Graff and Kolmos 2003), that
were used which engaged students in the learning process. Birzeit students reported that
they had extended their learning and skills to developing a start-up making power
supplies for community organisations effectively transferring their knowledge from the
classroom to a wider context. Even the act of co-ordinating activity became an authentic
learning experience that replicated the world of work. It is difficult when you are cross
disciplinary to get time together to complete projects. We used technology but we had to
be together physically as a group too. PPU Student 1. Students scaffolded their work by
planning and replanning and setting goals themselves. We had a plan and if things go
wrong, we replan. – Yes, I got frustrated but then I carried on. BU Student 4. They
remarked on the motivational aspects of having an authentic purpose. This was a theme
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throughout the interviews. Projects were grounded in the Palestinian context and had
real outcomes. The theory became live and practice was hypothesised and tested.

We had a problem at the beginning of the course itself and we had to make a work
plan. So this was based on actual general life problems and we had to make a work
plan for how to solve it. Then from this point we had to make work plans for other
problems related to the course.

We looked at global warming issues, so they were real. We looked at biodiversity
and we came up with a good solution. BU Student 6

The realisation or theory through practical application also led to a degree of
authenticity in that applying theory was seen as an effective learning strategy. I did not
understand the concepts but when it was done in the practical sense it became easier
for me. Getting knowledge about what you can’t understand theoretically through
practical work. This broke the barrier for me. BZU Student 5. Even subjects that are
not really noted for their practical application were related to the Palestinian context of
living in a pluralist society. The poems we studied - Blake and Wordsworth we looked
at how people lost trust in religion and related this to our context. How the political
system uses this to achieve their aims. And we can see that now. ANU Student 7

Sustainability
One of the most positive drivers for change was that grades improved, and several
lecturers expressed “pride” in their students’ achievements and how much the students
enjoyed the approach.

Grade averages came up from C+ to B+ . I was shocked that they understand so
well and… I have become a good teacher. The biggest change for me is how to
overcome student’s disengagement from the material.

Ways to increase motivation. The results were great, so I focus on that.
When you see the results, you forget everything. BU Lecturer 1
The students were amazing, and their work was a very high standard. They related

their solutions to the context of Palestine and chose the best one. Hebron Lecturer 2.
All lecturers interviewed felt they could spread the PBL method to other courses

and some had already done so.
It’s becoming a way of teaching in other areas too, not structurally but it is

spreading. ANU Lecturer 3. However, all said it was hard work and could not be done
with large groups. This will probably be the next challenge to face - how does PBL
become scaled and more importantly, does it need to be scaled?

It’s hard for us, it takes a lot of work. It’s easier for me to be a mono transmitter
rather than a facilitator. You are involved in several projects and you are more
involved in them and with the students. It’s not easy for classical teachers to convert to
this method. ANU Lecturer 3

Conclusions and Discussion
Undoubtedly, where PBL was implemented it resulted in greater student engagement
and agency. However, Bayne’s (2001) notion of smooth space as being informal and
amorphous and striated space being formal and structured does not quite fit with
problem-based learning. Although PBL does open a space it appears to be more suc-
cessful where it is scaffolded and control is released to students incrementally.
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All lecturers without exception used some form of scaffolding of the experience.
Some were more controlled than others. Some were content with providing a problem-
solving rubric, materials and regular meetings for discussion where others created
detailed assessment frameworks and project plans.

I then used PBL… gave structure to students and they worked in groups and each
month they presented their work. Each group had a use case given by me and they
applied it in their group. After 1 month they have to present the progress. They thought
it was a lot of work. BU Lecturer 3.

Another lecturer used clearly defined stages to scaffold the work of the students.
It was a lot of work for them, trying to identify problems, going into the community

trying to test your solutions. They did it in three stages.
Stage 1 was id problems, stage 2 was finding solutions and testing them out, stage

3 was presenting what happened. I was able to meet them at each stage and guide them
through…I also told them it was okay to fail. BU Lecturer 1

Each tutor had a different way of structuring the learning which were more or less
“striated”:

I give them directions to convert the problem definition into evaluation criteria for
their solution at the end, (support the structure of the learning). BU Lecturer 3 This is
much better for them. I had regular classes but only for project discussion. I advised
them in these sessions. ANU Lecturer 1

Identity
In some cases, the PBL ethos extended the curriculum into the community where
students were solving authentic needs. Students had practised and acquired a range of
soft skills and in some cases claimed that they were thinking differently rather akin to
Gee’s (2005) conceptualisation of ‘authentic professionalism’ where experience
transforms individuals into ‘becoming’ researchers or engineers or teachers. Students
took on more professional positions in regard to how they thought of themselves and
also around how they worked with their lecturers. Students said that they felt like
“researchers or engineers and real teachers”. They thought the lecturers were friendly
and approachable, like team leaders or colleagues. Barriers seemed to disappear, and
communication became easy. The lecturers also articulated their revised orientations.
My role changes from a teacher, (I act as) a supervisor and as a consultant when they
design something, I advise them to review their solutions. ANU Lecturer 2

Biggest change is that you are closer to the students, friendlier…in the classical one
the students are far from you but in this you are sitting with them, talking, close face to
face, discussing and you are like a friend rather than a teacher.. ANU Lecturer 3.

Changing One Thing (Pedagogy) Ultimately Means Changing Everything
Staff responses to working with PBL were a mixture of both positive and negative.
Whilst all interviewees said that they enjoyed working in this way they mostly all
agreed it was a lot more work and higher risk. The broad framework presented in the
Aalborg model was easy to conceptualise and follow, it was, a ‘sticky’ method, the
framework we used is from the Aalborg PBL training in UK and when you are a
practitioner it just clicks. Lecturer 1 PPU but required more thought and structure than
was at first realised. As the curriculum broadened to include practical applications and
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became process driven through the PBL approach, assessments also needed to be
rethought. Lecturers remarked that the quality of work and engagement had increased
but several realised they had to change the mode of assessment.

I also tweaked the assessment to ask them if they wanted to be evaluated as a team
or individually. Also, peer evaluation and we discuss the assessment, so we introduced
democracy to the grading process. ANU Lecturer 1. I changed the assessment so less
writing and more technology-based products and presentations. PPT, videos. BU
Lecturer 3. Group working was problematic in some groups but groups that worked
well together did better. It was the first time that I noticed students enjoying the work.
PPU Lecturer 3

Power Relationships
The PBL classes gave rise to a flatter structure where learning was negotiated. In some
cases, the lecturers felt it was more democratic and the power dynamic in classes
shifted. We loved the way that the student and the teacher are the same level. ANU
Lecturer 3 It could also be argued that this change in pedagogical approach was a
movement towards “constructing arts of living” by developing skills within students
that resist being passive reception and create actors within society. Teaching people
how to be ‘agentic’ within the bounds of their freedoms is always problematic but
teachers realised the value in developing ‘agentic’ soft skills within their students.
Seeing them collect data, engage with the texts, complain to me and fight sometimes
with each other…that was a transformative experience for them. PPU Lecturer 2. They
were structured around team work and dynamics and negotiations. It’s worth it even if
it fails. BU Lecturer 1 Some lecturers also saw the use of different spaces as a way of
changing the footing of pedagogy (after Monahan 2002) and the dynamics of power in
the classroom.

Class space is used for discussion… we have a round table, so I moved them to this
room so that the space is different, so we are discussing the subject, they are free to talk
and discuss. ANU Lecturer 1 However, PBL methods in Palestine as in other countries
are working within a results based, content driven system. Barriers to implementation
are systemic and revolved mainly around the difference in approach and whether
students were receptive to it.

We get an inflow of students that are very traditional with this type of lecturing -
indoctrination, exam based. This continues in the university. The students put high
pressure on their teachers against any new approach. It’s challenging to move the
students from teacher centred to student centred. It’s not easy to change existing
learning habits and expectations. Learning is harder this way. They expect you to
transmit knowledge and when you flip the roles it’s a bit of a shock. BU Lecturer 1

The PBL methodologies and cases at play in Palestine were broadly representative
of the range within the Aalborg model. PBL also seemed to align with the needs and
concerns of practitioners Royle and Hadfield (2012) where a technology (See Royle
and Nikolic 2016) for a discussion of Technic (Teaching methods as Technology) is
more likely to be adopted if it is aligned with teaching and learning concerns of
practitioners. In this event there were four key attributes that PBL was able to tap into.
The first was its simplicity, applicability and adaptability across a range of contexts.
The simple Aalborg model asks lecturers to problematise existing courses rather than
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make courses anew, as such it is a bit of a ‘Trojan Horse’ as once started, other aspects
of learning design require change as well. Second, there was a genuine desire to engage
students who were demotivated. Lecturers were pleased by the increased levels of
engagement. Third, there was a conscious need to develop critical thinking and col-
laborative skills within learners. I think it’s a must in our education system because we
need students who are problem solvers. I think it’s a national thing… we need to create
a nation of problem solvers. ANU Lecturer 3. Fourthly, the digital aspects and how
PBL integrates them into practice (technology as tools for change) were useful in
mitigating structural issues.

In a country like Palestine, because of the political situation for example Jerusalem
on Tuesday there will be no transport and no classes, so we need alternatives so that
education is not disrupted. In Palestine you are going to have days where movement is
very difficult, but we need to continue. We live in a precarious environment and that’s
where technology plays a role. BU Lecturer 2

It can be seen that PBL is a pedagogy that opens space for change within previously
orthodox practices in which students and lecturers can be actors and agents for change
and it seems to promote deeper learning, (Fullan 2014), than the previous transmission
models. Where PBL does initially open a ‘smooth space’ this space is quickly striated
by scaffolding, however it is a loosely assembled striation with smoothness within it.
As Allen (2009) notes,

There is no freedom without discipline, no vision without a form…If there were no
lines painted on the road, you wouldn’t be free to let your mind wander and be creative
while you drive. You’d be too busy hoping no one hits you. But if there were too many
lanes and restrictions and rules, you’d have traffic moving much slower than it should,
as everyone was paying attention to being in the right place. (Allen 2009, p. 56).

At present however, PBL only opens small spaces within the greater confines of the
orthodoxy, and it cannot get beyond this without a rethinking of curriculum at system
level. Further work might use Savin Baden’s ontology to position PBL as a cross
discipline curriculum development or whole university initiative. This curriculum
needs to link to the social context of Palestine directly and its young minds need to be
directed to both thinking through and taking actions that solve the problems that are
inherent within the developing society. If our ongoing task is to construct “arts of
living” (after Foucault) it would seem that quite by accident rather than design in the
Methods project, the manifold varieties but basic simplicities of PBL have chimed with
the Palestinian spirit of collaborative endeavour and perhaps it is a potential Pedagogy
for Palestine. As Gibson (1999) notes “That which is overdesigned, too highly specific,
anticipates outcome; the anticipation of outcome guarantees, if not failure, the absence
of grace.” (Gibson 1999, p. 133).
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Abstract. This article presents the challenges that teachers of the youngest
Slovenian public university are facing in introducing ICT into the pedagogical
process. The introduction of ICT into pedagogical practice requires the support
of the school management and also impacts on the quality of education. Thus,
within the framework of the InoTeZ project, we conducted group interviews
with representatives of the faculty management and those responsible for the
quality assurance system. The analysis of the group interviews content revealed
that the differences in faculties’ development are also evident in the fields of
e-learning understanding and in the processes of ICT implementation into the
pedagogical process. Some faculties are more systematic, and changes are
planned accurately, while others leave it to individual enthusiasts. The inter-
viewees showed support for the establishment of unified technical and
pedagogical-didactic support at the university level with the desire to retain
partial local support. The support needs to be set up as an infrastructure center,
taking into account the specificities of the study programs and the needs of
individual faculties and teachers.

Keywords: E-learning � Open education � Higher education �
Digital transformation � InoTeZ project

1 Introduction

Information and communication technology (ICT) offer the possibility to learn any-
thing, anytime, and from anywhere. Therefore, it was recognized as an enabler for
lifelong learning [15]. Widely open access to different resources and learning contents
help people achieve the contemporary skills and knowledge demanded from the
knowledge society.

The revolution of higher education, as some call it [6, 9], started with so called
Massive Open Online Courses (MOOCs) in 2012, even though the abbreviation
MOOC was created in 2008 [9]. The impact of MOOC rates is evident through
statistics showing that in the year 2017 MOOCs included 81 million students [13].
MOOCs are offered by more than 800 universities, some of them in cooperation with
companies, especially in the field of information technology [13]. MOOCs are gaining
in quality and therefore in recognition. According to Goodman [4], 14% of American
students acquired knowledge only through online studies in 2015. In the same period,
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an additional 15% were included in at least one online course. In response to the
opening of universities in the USA, the European Commission (EC) in September 2013
adopted the Opening up Education (EC 2013) initiative. The initiative to opening up
education focuses on three areas [1]:

• Creating opportunities for organizations, teachers, and learning to innovate;
• Increased use of Open Educational Resources (OER); primarily those resources that

are publicly funded; and
• Improving ICT infrastructure and connectivity in schools.

Former European Commissioner Androulla Vassiliou underlines the importance of
opening minds to new learning methods that make persons more employable, inno-
vative, and creative [1]. Implementing new teaching methods is crucial to the creation
of an innovative and interconnected society of the 21st century. Digitization of the
society changes the learning resources, the way of education, and the education
experience. As emphasized in the initiative to open up education, policymakers and
teachers should be introduced by the changes rather than by making changes only to
coincidence and enthusiastic individuals.

Opening education is only one area that has a significant impact on education.
Education is becoming more and more adapted to the learner; different learning
technologies are involved in the learning process, making learning more varied, more
interesting and playful which all motivate students even more (e.g., gamifications,
game-based learning) [7]. The shorter learning content (microlearning) and learning
done through social interaction and collaboration (ibidem) is taking place more and
more. Virtual reality and intelligent assistants (ibidem) come into education too. Many
universities, with the aim of increasing student progressions in their study path,
achievement of learning outcomes, and a better understanding of the whole learning
process, have increasingly been including learning analytics that link all the available
data at the institution with understandable and useful reports [14].

Presented trends and initiatives are being pursued by the Slovene Ministry of
Education, Science and Sport (MESS). In the Strategic Guidelines for the further
implementation of ICT in the Slovenian education by 2020 [10], MESS supports the
development of open, creative, and sustainably sustainable learning environments,
which should be supported by ICT. In the field of higher education, e-education is
highlighted as goal 5 [10]. E-education has to be promoted in formal education as well
as supporting lifelong learning and as an opportunity to tackle the shortage of students’
knowledge in the transition from secondary to higher education. Goal 5 should be
realized with the development of study programs where individual courses, parts of the
program, or the whole study program are carried out online and to assist higher edu-
cation institutions to increase the supply of open content.
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In Slovenia there are four universities: University of Ljubljana,1 University of
Maribor,2 University of Primorska3, and University of Nova Gorica.4 The first three are
public universities; the University of Primorska (UP) is the smallest and youngest of
them.

In 2018, based on strategic national and European documents, MESS launched a
bid for a public university with the aim of promoting ICT usage in higher education
pedagogical processes. The projects are financed by European Social Funds (80%) and
by MESS (20%). The University of Primorska succeeded with the InoTeZ project –
Innovative with Knowledge Technology. One of the goals of the InoTeZ project is to set
up central e-learning support (technical and pedagogical-didactic) for the whole uni-
versity. The second important goal is related to setting up the minimum standards for
the integration of ICT into the pedagogical process. The basis for carrying out all
planned activities is a good state of art and becoming familiar to contemporary trends in
the higher education field. Implementing ICT in organizations depends highly on
management support [12]. Therefore, we tried to find out how supported these trends
are by the leading university staff members. We performed interviews with vice deans
for education/study activities and representatives of individual university members
(faculties) in the field of quality assurance.

2 Information and Communication Technology in Slovenian
Higher Education

ICT in Slovenian public universities is most commonly used to support administration
processes and less to support instruction. This is despite the fact that ICT is already
universally presented in society. In 2018, there was the same portion (89%) of
Slovenians who used internet in the last 3 months daily as it was in EU 28 countries
[2]. In the last 3 months there were 1% Slovenians who did not use the internet at least
once a week. In the EU 28, there were 2%. Slovenian internet users (72%) interacted
more with public authorities in 2018 than an average EU 28 citizen (59%). In 2015
there were slightly more individuals in the internet users’ group that used the internet
for looking up information about education, training, or offered courses in Slovenia
(43%) than in the EU 28 (41%), but fewer than those who were doing online courses in
2017 (Slovenia 7%, EU 28 9%). In 2017, there were more Slovenian (19%) internet
users that used the internet for online learning materials than in the EU 28 (17%), but
fewer of them (Slovenia 7%, EU 28 10%) that used internet for communicating with
instructors or students using educational websites or portals.

The use of ICT in the educational process, modeled in the business world, where
the term e-business is used, is called e-education or e-learning [3]. E-learning is used
for partial support of the pedagogical process or for delivering courses/study programs

1 https://www.uni-lj.si/eng/.
2 https://www.um.si/en/Pages/default.aspx.
3 https://www.upr.si/en.
4 http://www.ung.si/en/.
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online. Understanding the concept of e-learning, despite its long presence in the
Slovenian educational space, is still different. Some people under this concept under-
stand the use of programs for presenting/illustrating learning material (for example,
PowerPoint), while for others e-learning means online delivered courses. The under-
standing of the concept of e-learning was also investigated in the interviews presented
later on. Having a common understanding of e-learning is crucial for further project
activities.

Although the strategic MESS document encourages the implementation of study
programs online, this has not been adopted by public higher education institutions yet.
A quick look to the “Call for enrollment in undergraduate and unified master’s study
programs in the academic year 2018/2019” [11] shows that e-learning/e-study is
offered by:

• Faculty of Public Administration, University of Ljubljana, where the e-learning
method is mentioned as information support for organized forms of study and in
part-time studies call where e-studies are mentioned in the context of distance
learning.

• Faculty of Management, Business and Informatics, Novo mesto, publishes a call for
e-study as a way of conducting part-time studies.

• E-study, as a way of conducting part-time studies, is also offered by GEA COLLEGE
– Faculty of Entrepreneurship.

In the call for enrollment in 2018/2019, there were 17,388 places for regular and
part-time studies has been opened. For part-time studies (3,249 places), there were only
7.1% places for e-learning students.

3 Understanding and Acceptance of ICT in Higher Education
– A Qualitative Study

3.1 University of Primorska

The University of Primorska (UP), the youngest and smallest Slovenian public uni-
versity, was founded in 2003. Upon the establishment of UP, the previously established
higher education institutions joined together under the umbrella of the university:

• High School of Tourism and Hospitality Portorož (established in 1994), since 2008
the Faculty of Tourism Studies – Turistica (UP FTŠ – Turistica);

• High School of Management (1995), which has been working as management
faculty (UP FM) since 2007;

• Faculty of Humanities (2000) (UP FHŠ); and
• High School of Health (2002), since 2011 as the Faculty of Health Sciences (UP

FVZ).

In 2003, the Faculty of Education (UP PEF) was established and in 2006 the
Faculty of Mathematics, Science and Information Technologies (UP FAMNIT).
The UP is thus joined by six pedagogical members offering study programs at all three
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Bologna levels. In the academic year 2016/2017, 5,103 students studied at the UP,
representing 8.6% of the student population of Slovenian universities.

Different fields of study in which UP members carry out their study activities as
well as differences in development are also evident in the introduction of ICT in the
pedagogical process. While some faculty are quite conservative and traditional in
introducing innovations, and also referring to the inappropriateness of the ICT field of
study, others are much more determined and innovate easily.

3.2 Methodology of Data Collection and Processing

As in business organizations, ICT in education was firstly implemented to support the
administration processes – from general administration to students and staff adminis-
tration, and for research purposes. The teaching and learning processes finally were
supported [5]. ICT implementation in business organizations need to have the backing
and commitment of management at various levels [8]. The same is needed in educa-
tional organizations. The introduction of ICT into education institutions cannot succeed
without the acceptance/affection of all stakeholders. The InoTeZ project activities are
based on the state-of-the-art report. The state-of-the-art report consists of a review of
existing hardware, software, and networks that exist at the university and data analyses
about ICT usage among teachers and students. The data was collected with two e-
questionnaires, one for students and one for academic staff. Although the last one
included a question about ICT support and management support, we try to make an
overview of understanding and acceptance of ICT from the management structure (vice
deans for education or academic affairs) and those who are in charge of quality
assurance (the faculties’ representatives for quality assurance). We decided to lead the
interviews in two separate groups, although both interviews were conducted on the
same day, January 31, 2018. First, a group interview was conducted with vice deans
responsible for the study matters. We conducted the interview during a meeting of the
Committee for Academic Affairs at the university. There were four of the six vice deans
and a vice rector for academic affairs present. The author of the paper and the inter-
viewer came from the faculty with missing representatives and are familiar with the
situation at the faculty. The second group involved five representatives of the university
members (faculty) who are in charge of quality assurance for their faculties. Each
interview lasted 90 min. In both groups, we proceeded from the same set of questions:

1. Understanding e-learning for faculty and how/why e-learning is involved in the
pedagogical process.

2. How is e-learning included in the normative acts (rules, instructions, policies) and
curricula? How do you evaluate the work of teachers who perform e-learning?

3. Who is responsible for technical and pedagogical-didactic support for teachers and
(technical) students? How is teacher training provided?

4. How should be the e-learning support and training organized in the future? Cen-
tralized for all university members or decentralized? What are the expectations for
e-learning support?
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5. Opening education – what are they thinking about? Would faculty be willing to
open some of their content? Under what conditions? Where do members see
opportunities/barriers for opening up?

Presented research questions were used for orientation to collect all needed infor-
mation. For example, the representatives for quality assurance were not asked to
answer a question about how the e-learning support is regulated for the faculty if the
vice-dean had already responded to this question. We asked this question to the rep-
resentative of the faculty whose vice dean was not present at the meeting.

The interview in both groups was conducted in the same way: the interviewer asked
the question and the interviewees answered in the order in which they were sitting, in
the same sequence for each question. They were free to add some additional expla-
nation or opinion, depending on the flow of conversation. Conversations in both groups
were recorded, to which participants were informed before the beginning of interviews.
The transcript of the audio recording was processed using MS Office 2016. All words
that were related to the question were marked with comments. The comment included
the abbreviation of the faculty and the code defining the content/summary of the text.
Using the Word macro,5 we transferred all highlighted text with comments to a new
text document. The table in the word document was transferred to Excel, where we
classified the records, merged duplicate records, and classified records into categories
that tracked the content of the questions by encoding:

• Understanding e-learning (Code: Concept)
• Management’s commitment (Code: Leadership)
• Integrating ICT into the pedagogical process (Code: Integration)
• Existing support and training of teachers (Code: Support)
• Future support and training of teachers at the university level (Code: Center)
• Opening education (Code: Open).

In the analysis of the transcript, two new categories appeared that we thought were
worth adding:

• Barriers to greater use of ICT in the pedagogical process (Code: Obstacles)
• Suggestions for improvements (Code: Suggestions).

Data were processed in such a way that an overview by category and by individual
faculty could be presented.

3.3 Discussion

Through interviews, we wanted to gather the views of the vice deans responsible for
academic affairs and from core persons for faculty quality assurance in order to find out
what their understanding of e-learning is for each faculty member, and what is the
opinion about the integration of ICT into the pedagogical process and other topics
included in the research questions.

5 https://www.thedoctools.com/word-macros-tips/word-macros/extract-comments-to-new-document/.
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As we forecasted, there is no uniform understanding of e-learning in university
(Table 1). The representatives’ understanding of e-learning varied from using ICT only
to support lectures face-to-face (e.g., PowerPoint presentations) to teaching a course
online. Differences in understanding also occur within the faculty. Therefore, the
understanding of e-learning is largely left to teachers who use ICT as they decide. It is
obvious that we will need to achieve some kind of common agreement regarding the
proper naming, as it affects e-learning models, the setting of minimum standards, as
well as the processes of monitoring the quality of e-learning.

The initiators of the introduction of ICT in the pedagogical process are at UP FM.
ICT is intensively included at the UP FTŠ–Turistica, where teachers and students from
Slovenia collaborate intensively with their colleagues from the USA. Video-
conferencing systems are used for synchronous collaboration and an online learning
environment for asynchronous communication. The field of humanities studies is more
conservative about using ICT, but the interview discovered that the leading position
and personal experience of this person may influence better attitudes toward ICT
among academic staff. For now, ICT is integrated only into two fields of study –

geography and some languages.
According to interviewees, all subject areas are not equally suitable for the inten-

sive use of ICT. As we will see below, the specific features are also reflected in the
support and training proposals, as this should be adapted to subject-specific require-
ments and needs.

At all facilities, Moodle, named e-classroom, is used as the official learning man-
agement system. The technical administrative support for Moodle is offered by
UP FAMNIT, but some additional administrative activities are done by some faculty
too, mostly by IT staff or by some of advance and enthusiastic user of Moodle. Support
for Moodle in not officially organized at any of the facilities. Assistance and training is
mostly carried out in a collegial way; much of this is so called 1:1 counseling, where a
teacher with experience helps a beginner.

Table 1. Understanding e-learning and leadership

Category/Code Description

Understanding e-learning
(Concept)

– There is no single understanding at the facility
– Understanding is up to the individual teachers
– Lectures at a distance
– Using ICT to support lecturing (presentations)
– Delivering a course in a virtual environment
– Use multimedia content
– Uploading a study material to a LMS is not e-learning
– ICT is a tool for improving teaching

Management’s
commitment (Leadership)

– Support is related to the personal experience of the faculty
representative and the course subject s/he is teaching
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The intensity of Moodle usage varied from faculty to faculty. For some faculty,
each course has a space in Moodle (e-classroom) opened, but generally there is no
control over how this space is used. Therefore, there are fears among the interviewees
that the e-classroom can be used to hide teacher non-activity. The use of the e-
classroom is mostly left to individual teachers, with the exception of UP FM, where at

Table 2. The integration of ICT and the existing support

Category/Code Description

Integrating ICT into the
pedagogical process (Integration)

• Using e-classrooms (Moodle)
• To support the absence of a teacher
• A non-compulsory complement to the classic
course; decision about how and how much is left
to a teacher

• A compulsory supplement – students take a part
of their obligations online (at distance)

• Intensity of integration depends on a teacher (personal
affection and/or content of the subject) or the
department

• Intensity of Moodle usage differs from basic to
advanced functions; depending on an individual
teacher and on faculties’ decisions

• ICT is used to support teaching, searching for
information

• Use of other technologies (Google Drive, interactive
whiteboard at UP PEF)

• Different approaches at opening courses and
encouraging teachers to do it

• Different ways of presenting how ICT is included in
curricula; teacher work is evaluated differently

• At UP FM teachers have to define ICT usage in course
delivery plan, others do not. For one member, a
minimum of content (information) and activity (e.g., a
forum) is set, which must be included in Moodle; in
others, the use and method of use are left to a teacher

• The use of Moodle is not specifically monitored
(supervised); the concern that it is not used for
teachers’ inactivity

• UP FM deliver some courses online
• Teachers at UP FM should deliver online at least a
small part of the course (students’ homework)

• UP FTŠ-Turistica co-operation with the USA
university, joint online lectures in one course

Existing support and training of
teachers (Support)

•Mostly technical support of IT or enthusiastic ICT user
(teacher)/colleague at the faculty

• Content support is rare
• Training on demand, as it is needed (do not have all the
same needs), tailor-made training 1:1 consulting on the
use of ICT
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least a part of undergraduate courses at a professional study program should be
delivered online. Monitoring how this is realized is not yet regulated. Interviewers
agree that other faculty should follow the UP FM practice, though it may be slightly
less rigorous. The impact of MOOCs is also noticed; teachers who attended these
courses often regulated their courses in a similar way – courses are organized by topics,
students have to do different weekly activities, etc. At UP FM, peer grading is used in
some courses as well.

Teachers also use other ICTs, especially cloud services (e.g., Google Docs). Smart
or interactive boards are in use for three faculty groups; their use depends on individual
teachers and the course they are teaching. The interactive boards are usually used only
for the presentation of the topics and less in the way that they should be used.

Interviewers exposed a potential barrier for greater integration of ICTs in the
pedagogical process – a teacher’s work online is not evaluated in the same way as a
classical work is. An hour of lecture is equal two hours of working online. Therefore,
teachers prefer to have classic lectures. Evaluation of teachers’ work online will
undoubtedly have to be unified and organized in a way that will not inhibit the
introduction of ICT into the pedagogical process. The collected comments on the
integration of ICT into the pedagogical process and the existing support on the member
are shown in Table 2.

In addition to the aforementioned evaluation of teacher work, the interviewees also
highlighted other obstacles (Table 3), which makes it more difficult to integrate ICT
into pedagogical practice. Interviewees stressed the burden of teachers with other work,
which makes it difficult to attend training or workshops where they will get acquainted
with modern, ICT-supported, working methods. At some facilities it is pointed out that
older teachers do not want changes, though that was not noticed at other facilities. ICT
is introduced by both younger and older teachers. It is true, however, that some teachers
find it difficult to convince themselves of the change if they are sympathetic to the
classical forms of teaching. It was highlighted that it would be useful to present
examples of good practice in order to inform teachers about the possibilities and
benefits of using ICT in pedagogical practice. Therefore, an annual conference named
University Swallow was organized for this purpose – to present examples of good use
of ICT in pedagogical processes and to motivate teachers to change the pedagogical
paradigm of teaching and learning.

Outdated ICT equipment and a concern over how ICT might compensate a teacher
in a pedagogical process was highlighted in Table 3. The UP PEF points to the pru-
dence of the use of ICT, or that the use of ICT must be designed and thought-out.
A student’s inclination toward personal contacts would be checked with surveys in the
continuation of the project.

Interviewees supported the planned centralized support (technical and content) at
the university level (Table 4). They also expressed the financial part of such a center.
The center should be financed by a university and the service offered for free for all
university members. Despite the centralized support at the university level, intervie-
wees want to maintain a part of the support on the faculty itself, as such support would
be more adapted to specific needs and faster. During the discussion with both groups of
stakeholders, the diversity of study areas was emphasized that should also be taken into
account in support and training.
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In the interviews, we talked about the topic of open education, which everyone, like
the concept of e-learning, understands different. Teachers are generally in favor of
opening at the principle level, but they pointed out a number of problems – copyright
protection, missing resources for the development of open content (teacher overload,
financing issue for development of open content), the time of implementation of these
contents, etc. The open approach is seen as the possibility to promote faculty as well as
promoting teachers.

The interviews highlighted the inadequate students’ digital skills, so they suggested
the preparation of learning content that would fill the missing gaps while at the same
time being accessible to all students at the university, regardless of the faculty they
come from. Open content in the field of ICT use should also be freely available to
teachers.

After the interviews, we tried to visualize the state of the faculty in terms of the
integration of ICT (intensity of ICT usage) in the pedagogical process and the
expressed support (affection) of the management (Fig. 1). The faculty’s position in the
matrix is based on the author’s subjective assessment.

We placed a single faculty based on the analysis of the interview transcripts. As we
discuss later on in the project team, where the representatives of all faculties participate,
there is often high declarative support, but in practice it is not demonstrated and
realized. Therefore, we decided not to include faculties’ full names in the matrix.

Table 3. Obstacles for ICT in the pedagogical process

Category/Code Description

Obstacles to the increased use of ICT in
the pedagogical process (Obstacles)

• Teachers are overloaded with other activities
that prevent the acquisition of new teaching
methods

• The inadequacy of the study area (content) or the
way in which the subject is to be carried out
(e.g., the subject/course needs to be taught face-
to-face)

• Teachers favor classical techniques/forms of
teaching; some teachers find it hard to accept
innovations or stubbornly insist on classical
work

• Teachers are not particularly motivated to
integrate ICT

• In one faculty group, the age of teachers is an
obstacle, but not at others

• Evaluation of teachers’ workload
• Fear that ICT may substitute a teacher
• ICT should be used with prudence
• Inadequate infrastructure and equipment
• Students want personal contact
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Table 4. Support and open education

Category/Code Description

Support and training
(Center)

• Supported by all faculties
• Central and uniform services for all faculties
• Center has to be financed by university, services for faculties
need to be free

• Part of the support should be decentralized (for the faculty)
• Fair and correct evaluation of teachers’ work that offer
pedagogical-didactic support

• Teacher training has to planned in advanced and so it is
easier to cope with other teachers’ activities

• Training has to be tailored to study fields
• Advantage of 1:1 counseling

Opening Education (Open) • Internal mobility is the way to open a member’s education
• Obstacle: internal billing of ECTS
• Obstacle: coordinating schedules

• Ready to prepare open content; Lectures are already public,
so e-content can also be public.

• Obstacles for opening a content:
• Necessarity of development resources
• The course ought to have a beginning and the end
• Tutor support for the participants (who/how)
• Evaluating a teacher’s work for the course preparation
and for monitoring the participants

• The copyright issues
• Open content as an opportunity for promoting the faculty and
professors

Suggestions for
improvement (Suggestions)

• PowerPoint ought to be banned
• Introduce examples of good practices
• Use MOOCs structure and teaching paradigm in universities
courses

• Using and planning online delivery similar as it is at UP FM
• ICT can be an element of quality of teaching – transparency;
integrate ICT usage indicator in the quality assurance system

• Students learn better with ICT, although study still has to a
hard work
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Fig. 1. Support and intensity of using ICT
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4 Conclusion

In the article we present the challenges that we faced at the university when introducing
ICT into the pedagogical process. Prior to the start of the InoTeZ project, at least three
attempts were made (appointment of working groups for the elaboration of the strategy
and/or introduction of e-studies), which, due to the lack of support from the man-
agement structures, were unsuccessful. The InoTeZ project team has set ambitious
goals, which were mostly directed from the ministry bid. The results of the interviews
presented in the paper are only a part of the project activities, which already show a
partial picture of the challenges that we are facing at the university, starting from
different understandings of e-learning, different ICT adoption levels, and also different
leadership support and commitment. The last one mostly depends on personal char-
acteristics and experiences with ICT and e-learning. If some faculties treat e-learning as
more organized and planned, then the introduction of ICT into the pedagogical process
is still left to individual enthusiasts. The organization of support activities at the faculty
as well as the university differs a lot. Among the teachers who participated in the
discussions, the uniform regulation of technical and pedagogical-didactic support at the
university level is supported, by the subject-specific and different needs of individual
teachers need to be taking into account. Teachers draw attention to the need for a
uniform curriculum for the evaluation of a teacher workload, which should not con-
stitute an obstacle to more intensive integration of ICT into pedagogical practice.
Among the participating teachers there is an awareness of the trends in the field of
higher education in the world and the desire to follow them. Opening education and
greater integration of ICT in the pedagogical process might be a positive challenge for
the university, faculties, and the academic staff as well. Teachers, however, are aware
that ICT does not change the pedagogical paradigm itself, and that these challenges
must be addressed by teachers with the support of management and also by taking into
account students at the university.
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Abstract. The starting point of the research was the fact that the math results in
the region were low according to the international evaluation. The paper also
aims to make new math anxiety questionnaire since the existing math anxiety
inquiries focus mainly on feelings of learners and we wanted to study psy-
chological, physiological and social elements of math anxiety using the view-
points of Dacey and Fiore (2000). This questionnaire is compared to existing
ones and the comparison shows that the questionnaire has new viewpoints. The
results show that the anxiety level of the 1–6 graders was mostly low. The
developed math anxiety tool needs further development.

Keywords: Math anxiety � Learning mathematics �
Math anxiety questionnaire � Elementary school

1 Introduction

This study assesses whether elementary school 1–6 graders (7–13 year old children) in
primary school 03 Sajingan Besar have math anxiety. The school is near to the
Indonesia-Malaysia border where the mathematical ability of students has been
assessed to be low (Syachrumsyah 2017). We want to understand whether the poor
math skill results (Mullis et al. 2008; Mullis et al. 2012) are outcomes of math anxiety
that starts already in elementary school. One of the interesting viewpoints is that
Sukmadinata (2004) revealed that anxiety and worry also have a positive value, as long
as the intensity of the anxiety is not too strong, because high, medium, and light anxiety
can be a motivation. We need to be aware that the math anxiety is not always bad.

The other reason for this study is to create math anxiety questionnaire by using
Dacey and Fiore (2000) reasoning that anxiety has psychological, physiological and
social elements. The focus of the earlier anxiety questionnaires is mainly a bit narrower
since they focus on feelings of the learners. We aim to compare the created anxiety
questionnaire with the existing math anxiety questionnaires.

Learning mathematics requires abstract, axiomatic and deductive skills (Hamzah
and Squares 2009). However, abstract thinking of children in elementary school is still
evolving. Because of this, elementary school teachers are forced to connect pupils
understanding from the concrete to abstract.
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According to Ramirez et al. (2013a) a self-report measure of math anxiety is
associated with math achievement in children as early as first and second grade.
According to them math anxiety measure is not related to children’s reading
achievement, suggesting it is not just a proxy for general academic anxiety.

2 Math Anxiety

2.1 Math Anxiety and Its Results

According to Mohd Nordin et al. (2013) the math anxiety is due to the past life
experience; social force and family expectations; negative attitudes and thoughts
towards mathematics; method of teaching; influence of peers; situation and instru-
mentality of test or examination; poor curriculum; repressed emotions and physical
causes and also myths related to mathematics, for example believing that mathematical
skills are born naturally or there is a magic key to solve mathematic problem or girls
don’t learn mathematics.

Math anxiety can be a real fear, the root of which can be affective and cognitive,
with people’s belief influencing the way they think about mathematics and subse-
quently affect their learning (Jackson 2008): p. 41. Math anxiety may cause children to
fear mathematics. The anxiety may hinder a child’s ability to make math a relevant part
of their everyday life (Rossnan (2006: p. 1).

Working memory is linked to math anxiety. The more working memory capacity
one has, the better the performance on academic tasks such as problem solving and
reasoning (Engle 2002) and the better they are at regulating their emotional experiences
(Schmeichel and Demaree 2010; Schmeichel et al. 2008). However when they are in a
stressful situation when the working memory capacity cannot be used normally their
results are more poor. But a person who has low working memory has learned to use
the reasoning and other strategies than memorizing. This explains that when a low
working memory people are in stressful situation they still rely on the other skills than
memorising they will perform better than a person who normally can rely on working
memory (Ramirez et al. 2013a).

Willis (2010) claims that elementary level pupils with math anxiety do not develop
higher-order thinking skills. Higher-order thinking comprises creative problem solving
and emotional response control that are needed to solve math problems and manage
complex technology (Willis 2010).

2.2 Math Anxiety Questionnaires for Elementary Level Pupils

There are not many researchers who have examined math anxiety of young children.
There are three main scales available to assess math anxiety of pupils in elementary
school. The 22-item Mathematics Anxiety Scale for Children (MASC; Chiu and Henry
1990) is based on the MARS (that was aimed for older students) but shortened for use
with children in upper elementary grades. The MASC uses a 4-point Likert-type scale
and has good evidence based on internal structure (a = .92) and strong evidence based
on relations to other variables (i.e., test anxiety and school achievement motivation).
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The Mathematics Anxiety Survey (MAXS; Gierl and Bisanz 1995) is a 14-item
assessment using a 5-point Likert-type scale also based on the MARS but included
pictoral depictions of anxiety to clarify the response options for children. The MAXS
also has good evidence based on internal structure (a = .85 for third grade and a = .87
for sixth grade) and strong evidence based on relations to other variables (i.e., test
anxiety and math attitudes). Finally, the 26-item Suinn Mathematics Anxiety Rating
Scale, Elementary Form (MARS-E; Suinn et al. 1988) uses a 5-point Likert-type scale
and also has good evidence based on internal structure (a = .88) and strong evidence
based on relations to other variables (i.e., standardized math subtest scores). Ramirez
et al. (2013b) and Jameson (2013) created their own math anxiety questionnaire for
elementary school children using the above mentioned questionnaires. Both of them
focused on psychometric measures like the earlier math anxiety questionnaires.

Jameson (2013) created a pool of 20 items based on academic content standards for
elementary math. The pool of items was revised by five experts who suggested minor
rewording and independently confirmed the items’ appropriateness. A pilot test of the
20-item Children’s Anxiety in Math Scale (CAMS) revealed that four items were not
functioning similarly to one another or to the other items on the scale. Those four items
were removed, leaving the current 16-item scale. The questionnaire expresses 16 issues
like “When solving math problems I feel” and “When teacher calls me to answer math
question I feel”.

Ramirez (et al. 2013a) made questions that evaluated the math anxiety attitudes of
1–2 graders in elementary school. Children were asked what they felt when solving a
particular problems that were drawn from mathematics-teaching workbooks for chil-
dren in the early elementary grades (e.g., ‘‘There are 13 ducks in the water, there are 6
ducks on land, how many ducks are there in all?’’). Other items asked children about
specific situations they might be confronted with at school concerning math (e.g.,
‘‘being called on by a teacher to explain a math problem on the board’’). They asked
children to make their responses about each question using a sliding scale that featured
a calm face on the far right, a semi nervous face in the middle, and an obviously
nervous face on the far left. The researchers encouraged all children to use the full
continuum of the scale. The questionnaire highlighted that already in early elementary
school level children faced math anxiety that potentially effected on math achievement
(Ramirez et al. 2013b).

In addition, it is possible to evaluate the anxiety level by someone who is trained to
see physiological signs of anxiety and the actions associated with them. Psychiatrists
and psychologists are the experts who are trained to diagnose such a problem and can
give a third party opinion. This is seen as a must issue when the anxiety is serious
(Shishigu 2018).

2.3 How to Reduce Math Anxiety

The researchers have found following methods that either prevent or minimize the
effect of math anxiety
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1. Parents learn to believe that their children have enough good mathematics abilities,
to express normal expectations, and avoid comparing the mathematics abilities or
achievement of one child with that of another (Mohd Nordin et al. 2013).

2. Psychological Techniques like anxiety management, desensitization, counseling,
support groups, bibliotherapy, and discussions.

3. Once a student feels less fearful about math, he/she may build their confidence by
taking more mathematics classes.

4. Most research shows that until a person with math anxiety has confronted this
anxiety by some form of discussion/counseling no “best practices” in math will help
to overcome this fear (Furner 2007).

5. The teachers should emphasize problem solving in mathematics learning and
practicing cooperative learning in small groups (Ma and Jiangming 2004). Make the
learning fun since students who consider mathematics as enjoyable usually show
good performance (Deci and Ryan 2002). Take into consideration the ability to
think in abstract level. Relate math to real life as often as possible. Encourage
critical thinking, engaged in exploring, thinking, practicing, and using knowledge,
rather than listening to verbal descriptions of concepts. This can be done for
example by games (e.g. Geist 2010). Practice math problems daily since this sup-
ports the confidence development needed to solve mathematical problems (e.g.
Freedman 2010). There are also tools that help to teach math like Geogebra (Furner
and Marinas 2012)

3 Method

3.1 Research Approach and Strategy

The research is qualitative and quantitative research. The pupils assessment of their
experienced math anxiety is verified by asking the teachers opinion of the observed
math anxiety.

The qualitative part is the part how we created the questionnaire.
The actual analysis of the answers when using the questionnaire was quantitave.

3.2 Research Aim

The aim of this study is to create a math anxiety questionnaire that studies feelings,
physiological symptoms, and social elements of math anxiety. The aim is also to use
the questionnaire in order to find out what are the 1–6 graders math anxiety levels in
elementary school 03 Sajingan Besar.

3.3 Developing the Questionnaire

Questionnaire was developed based on the interviews of children and teachers. Math
anxiety questionnaire divides different angles of anxiety.

Data reduction aimed to simplify and transform the raw data that was got when
interviewing the pupils at school. Data was first summared, encoded, themes were
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searched, groups made, memos written and finally the aim was take away (reduce) the
data/information that is not relevant

The following table describes the statements that were formulated based on the
interviews and the expert finally validated statements and formulated them as is seen in
the Table 1:

The problem of data reduction, data presentation, and conclusion/verification into
the image contained a series of activities. Furthermore, the data was analyzed,
described and interpreted in the form of words to describe the facts.

Based on the information that has been described previously, each stage in the
process is carried out to obtain the validity of the data by examining all the data
available from various sources.

Table 1. Statement before and after validation

No. Statement before validation Statement after validation

1 Fear to get it wrong when completing
math assignments

I am afraid to get a wrong answer when
completing math assignments

2 Worry not to be able to complete the
math assignment

I am worried not to be able to solve a math
problem

3 Increased tense when the math task
completion time is almost over

I become anxious when the time to do
math is almost over

4 Nervous when completing math
assignments

I am nervous when facing a math problem

5 Pale when solving math problems I become doughy when I am solving a
math problem

6 Hand is shaking when I am solving
math problems in front of the class

Hand is shaking when I am solving math
problems in front of the class.

7 A cold sweat when going to present to
the class a math assignment

I am sweating when presenting exercise
during math class

8 Knee was shaking when answering
questions of the teacher

The knee is shaking when I answer to the
questions of the teacher

9 Body is stiff due to the tension when I
am learning of mathematics

The body is tensioned when I am in the
math lesson

10 Irregular heart beats when completing
math assignments

My heart is in my moth when completing
a math problem

11 I don’t focus when learning
mathematics

I have difficulties to pay attention to the
teacher while studying mathematics

12 Raised their hands to answer a teacher’s
question

I don’t raise hand to answer a teacher’s
question

13 Not going to class when learning of
mathematics

I don’t go to class when we have math
lessons

14 Late collect math assignment My math assignments are overdue
15 No matter the math assignment I don’t mind to do the math assignments
16 Avoid math I avoid math
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Comparing the Questionnaire With the Existing Ones:
There are similar questions related to feelings in this questionnaire psycholocal
symptoms. But the psychological symptoms are lacking in the existing questionnaires
as well some of the sociological symptoms are lacking. This questionnaire is narrower
when we think about feelings but there are four questions related to feelings classes of
are there. However they seem to have stronger expressions example:

• The following question “I am afraid to get a wrong answer when completing math
assignments” is formulated by Jameson (2013) “When I solve math problems I feel”
and by

• The following question “I am worried not to be able to solve a math problem” is
formulated by Jameson (2013) “When I think about doing math I feel”

The questions like 5, 6, 7, 8, 9 that are related to physiological reactions were not
mentioned in other math anxiety questionnaires but might be seen as questions related
to feeling.

• The question 6 “Hand is shaking when I am solving math problems in front of the
class” While in the other questionnaires they are formulated “If I have to add up
numbers on the blackboard in front of the class, I feel” Jameson (2013)

• The questions that have sociological viewpoint like Question 11 “I don’t raise hand
to answer a teacher’s question” are visible in other questionnaires in form of asking
feelings Jameson (2013).

4 Result Math Anxiety Interviews

90 pupils were interviewed. 60 answers were possible to be analysed. The teachers
evaluated separately their pupils.

The questionnaire summary gives anxiety level points. The data obtained can be
seen in Table 2 below:

The Table 2 shows the results of math anxiety level. The result show that math
anxiety level is low for 38 pupils, high for 2, medium for 13, and very low for 7 pupils
none of the had very high math anxiety Fig. 1.

Table 2. Results anxiety level math pupils

Interval Category Number of Pupils

Very High 0 

High 2 

Medium 13

Low 38

 
Very Low 7 
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1. A total of 16 pupils are sometimes afraid 
of getting a wrong answer when completing 
math assignments.
2. 17 pupils had not been worried about fail-
ing to solve a math problem 
3. 20 pupils had not been anxious when the 
time to do math is almost over.
4. 28 pupils had not been nervous when
they faced a math problem.
5. 39 pupils never felt doughy when doing
the math exercises.
6. 26 pupils have never experienced hands 
trembling when they solved math problems 
in front of the class.
7. 27 pupils never were sweating during
math classes.

8. 35 pupils have never experienced knee 
shaking when they answered math teacher 
questions.

9. 39 pupils never felt increased tension
when doing math exercises
10.30 pupils never felt heart in their mouth
when solving a math problem.
11.26 pupils were always able to pay atten-
tion to the teacher while studying mathemat-
ics.
12.24 pupils were always able to pay atten-
tion to the subject during math lessons.
13.46 pupils always go to math lessons.
14.30 pupils were never returned late their
math assignment.
15.45 pupils don’t mind to do their math 
excesses.
16.53 pupils never avoid mathematics.

The math anxiety of elementary school 03 Sajingan Besar is at a low level since the
total points of pupils is between 24, 5 and 41. In addition, researchers also gave the
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Fig. 1. Graph results math anxiety questionnaire from the perspective of pupils
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questionnaire to the teachers of the pupils who evaluated their pupils’ math anxiety.
The data of teachers can be seen in the chart below Fig. 2:

The previous statements allow us to conclude that pupils anxiety of elementary
school 03 Sajingan Besar according to the viewpoint of the teachers are at a low level.
We analyzed the responses to the questionnaires in order to find the error score. This
error score serves as a benchmark of how valid the used instrument is.
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Fig. 2. Graph results math anxiety questionnaire from teacher perspective
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The calculated error is:

Error score ¼ 28
60

¼ 0:46

The score of questionnaire data errors is 0.46, meaning that the math anxiety
questionnaire related to the experienced and observed anxiety of elementary school
pupils can be declared valid. In conclusion, pupils’ math anxiety questionnaire can be
used for research related to the math anxiety of pupils.

The math anxiety questionnaire was created in order to have other viewpoints than
only feeling based viewpoint in math anxiety evaluation.

5 Discussion and Results

Results show that the anxiety level of the pupils was mostly low both from pupils and
teachers perspective. The developed math anxiety questionnaire results are not possible
to be compared with the earlier results. This might mean that however the math anxiety
is higher than the anxiety in the previous studies.

The study revealed that math anxiety questions have earlier focused on psycho-
logical feelings but the more serious anxiety symptoms like shaking hands or sweating
due to physiological anxiety or social fears linked to math anxiety were not possible to
be found in the earlier math anxiety questionnaires. The developed math anxiety
questionnaire is unique since it studies psychological, physiological and social ele-
ments of math anxiety. However, we have to admit that the translated questionnaire
might need further editing before it can be used in other countries.

The math anxiety can be really fatal for pupils and students in later education. It is
important to find out who need help, and how the teachers support and discuss of the
importance of parents support as well as teachers role in minimizing anxiety.
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Abstract. ICT Companies in Finland today are facing problems in recruiting
the right skilled workforce to meet their needs [1]. There is particular shortage of
application developers, application designers, web professionals and coders in
the South Ostrobothnia area of Finland [2]. Typical degree courses offered by
universities would not work because there is a mismatch between the university
degrees offered and the needs of these companies. There is a need to develop a
new approach to address this shortage. In response to this, local University of
Applied Sciences has developed a new ICT education programme using co-
creation methods. The new approach is based on the concepts of co-creation of
value from service science. This paper discusses the importance of this new
approach in education and how it can be implemented. Empirical data is gath-
ered through observation of and reflection on the development of the ICT
programme which follows the principles of co-creation.

Keywords: Co-creation � Work life orientation � Educational planning

1 Introduction

Taking care of the quality and know-how of working life will be more challenging in
the future and will require more attention. Changes in the micro and macro environ-
ments also create new opportunities. Knowledge requirements increase and diversify,
challenging both management and employees.

The concept of co-creation is about working co-operatively to produce better
results. It has emerged as a management initiative in which different parties (such as a
company and their customers) work together. This allows different perspectives and
ideas to be contributed and can result in enhanced value for all concerned. The theo-
retical basis for the concept of co-creation is examined in Sect. 2. In business terms, the
benefits of co-creation are seen in terms of advantage (ultimately financial) to the
company and an enhanced, tailored product for the customer. However, co-creation can
apply in a similar way in other contexts as well, notably to the creation of knowledge
[3] where students and teachers are recognised as contributors to the knowledge cre-
ation process. Regardless of context, six elements can be identified in the process of

© Springer Nature Switzerland AG 2019
L. Uden et al. (Eds.): LTEC 2019, CCIS 1011, pp. 302–312, 2019.
https://doi.org/10.1007/978-3-030-20798-4_26

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_26&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_26&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_26&amp;domain=pdf
https://doi.org/10.1007/978-3-030-20798-4_26


co-creation, the contents and roles of which should be defined as part of the process of
facilitation [4].

• A role-free community involving both problem-definition and decision-makers.
Users and other external actors act as developers and traditional producer-consumer
roles are faded in the process. (The platform structure and transparency of the
community is emphasised)

• Neutral environment in which to operate. This underlines the openness of the
operating environment, i.e., in principle, it is not delivered behind one of the closed
doors of one company or operator, but serves more operators and in a common
space. (The openness and innovativeness of the space are highlighted)

• Co-creation is both problem-solving and solving problems in a collaborative way
for all parties involved. Because of this, it is important to identify and define the
roles of the client, the problem solver, and other community members; who is
involved in the process and in what way, and how are they motivated to participate?
(The openness and innovativeness of the community are highlighted)

• Value creation has been thought and recognized in the development process, i.e.
how working together increases the value of the activity and how the different
parties benefit from the process. (The innovativeness and originality of the com-
munity are highlighted)

• The innovation process has been defined and timed at least to some extent within
the framework of the platform, so that the customer can identify it. The beginning of
the process, the milestones, the ways of interaction, the end and the form of the end
result must be defined. (The innovativeness and platform structure of the commu-
nity are highlighted)

• Repeatability is a key element of the platform model, i.e. scalability is possible if
demand is sufficient and can be created. Repeatability means that you can contin-
uously or repeatedly bring new problems to the platform. However, the co-creation
process itself should also be reproducible in other environments. (Platform structure
and openness of the community are highlighted.)

Knowledge creation in the context of a subject such as ICT is more complex than a
simple two-party interaction. Universities are involved in developing, accrediting,
delivering and assessing courses, providing accredited levels of assurance. A purely
teacher-centric model of education is giving way to a more collaborative model in
which students are recognized as being part of the knowledge creation process [5]. This
is particularly valuable in the case of mature students with knowledge of working in
industry. Thirdly, companies themselves have direct knowledge of the challenges of the
workplace and the issues they face in a real business context as opposed to a purely
academic learning environment. Hence, they are ideally placed to be part of the co-
creation process.

So far, there has been little investigation of this type of three-way co-creation of
knowledge, or of the impact on the different parties involved (for example, the work-
life balance of the students). This paper consider a practical case study of the imple-
mentation of a programme based on the principles of co-creation and reflects on the
issues arising and experience gained from the initiative.
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2 Theoretical Background of Co-creation

Taking Co-creation has emerged as a new business management paradigm and is based
on value creation in interaction between the company and the customer. The theoretical
background of co-creation is largely based on the literature of the service business,
although research on innovation management, marketing and consumer behaviour has
also provided new insights into the co-creation of value [6]. The discussion of co-
creation presented here is largely in the context of business as this is where the majority
of current literature is focused.

Co-creation refers to a common, communal, concurrent, equal process that gen-
erates new, either tangible or symbolic value [7]. Prahalad and Ramaswamy [8] pre-
sented the concept of co-creation in recognizing the change of roles in the market:
interaction and co-operation between customers and suppliers increasingly influenced
on market mechanisms than the traditional supply-demand relationship.

The changing operating environment of companies and the widening of the service
business require a service dominant logic, in which services are playing a key role
instead of products and production. The company’s entire business aims to create value
for its customers and their role is central. Interaction is active both between the
company and the customer, and in the relationships between the customers. Co-creation
is one of the basic elements of this perspective, which enables the company to develop
its service offering. [9, 10]. Today, interaction is increasingly taking place through
social media channels and the Internet. Product and service advisers are given an ever-
increasing value and, for example, when choosing a destination, many are looking for
social media channels to support other consumers and industry enthusiasts in their
decision-making.

Co-creation offers benefits to both the company and the customer, for example
through better consumer and user experience [11, 12]. Co-creation can promote product
and service innovations [13, 14]. In addition, it can also be explored from a cultural
perspective in consumer research. Consumption can be regarded as a highly symbolic
and culturally related activity where consumers give subjective meaning to products
and services. [15, 16]. Consumers and the meanings they create have a key role to play
in creating value for products and services, as symbolic and cultural-related meanings
have a significant impact on the attractiveness of products and services [17]. From the
point of view of innovation research, cooperation and open processes of the company
and users are central to co-creation [18–21].

The changing environment in business may be compared to the evolving context in
higher education. Institutions which were once regarded as the main creators of
knowledge and providers of learning are now recognising the benefits of an approach in
which students contribute to the generation of knowledge [22] and external bodies such
as industry partner in the development of the curriculum [23]. However, there has been
little evaluation of these approaches. Further, initiatives which embed students’
learning in their work practice, such as work-life oriented Masters in Finland [24] and
degree apprenticeships in the UK [25], involve a three-way relationship which has
received little attention.
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3 Case Study

In this paper we report a preliminary study in which empirical data is based on
observations of a practical development process of ICT education. The case study was
conducted at the University of Applied Sciences, in Finland between May 2018 and
October 2018. Following the principles of “value creation” the development of the
education was informed by “co-creation workshops” with local industrial partners,
combining action research with a case study approach.

3.1 Research Methodology and Data Collection

According to Yin [26], case research is appropriate to answer the questions “how” and
“why”, which aim to explain causal connections or a series of events that happened
during a longer period. It is also appropriate to answer the explorative “what” question
and evaluate and describe the research. So, the initial task is to clarify rigorously the
nature of the study questions [27].

Susman and Evered [28] describe action research with six properties, as follows.
Action research is future oriented and collaborative, implies system development,
generates theory grounded in action, is agnostic and situational. The typical action
research process has a cyclical nature. Susman [29] distinguishes five phases to be
conducted within each research cycle. Initially, a problem is identified and data is
collected for a more detailed diagnosis. This is followed by a collective postulation of
several possible solutions, from which a single plan of action emerges and is imple-
mented. Data on the results of the intervention are collected and analyzed, and the
findings are interpreted in light of how successful the action has been. At this point, the
problem is re-assessed and the process begins another cycle. This process continues
until the problem is resolved.

The research methodology of this study is an action case study, which is a com-
bination of case specific analysis and action research methods [30]. The main purpose
of the case study is to understand and interpret, whereas action research aims to change
the object of research.

3.2 Description of the Development Process

The needs of ICT competence of the South Ostrobothnia region have been studied in
close cooperation with the local ICT and industrial companies.

The process started with a joint business meeting on the needs of ICT skills (10
companies) in May 2018. The invitation to the starting meeting was sent to key ICT
and industrial companies. After this, the ICT competence survey was conducted for the
ICT and industrial companies in the region (49 companies) in June 2018. In the web
survey willingness to participate in the development process was asked. The invitations
to the workshop were sent to those who were interested to participate. Based on the
analysis of the survey, the co-creation workshop was arranged with the local companies
(12 companies) in September 2018. This was further elaborated by the companies
participating through online connections. In addition, strong company involvement will
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be continued during the forthcoming implementation phase including the memberships
in the advisory board, visiting lectures and real development projects in the companies.

Need Analysis of ICT Competences
In the starting meeting, it was discussed the ICT needs of the region. Companies
highlighted the need for ICT education and it was decided to launch a web survey
about the needs and education mode. The survey was widely distributed through
various regional networks for ICT and industrial companies.

The survey explored the importance of the need for know-how related to infor-
mation technology and digitalisation as well the preferred way to meet the competence
needs. They were identified in the following areas: Software Engineering, Information
Networks, Information Security, Information Systems and Server Management, and
Embedded Systems and Electronics.

As a result of the survey, 76% of respondents in South Ostrobothnia consider the IT
and digital skills shortage to be significant. For most companies, the expertise needs are
related to software technology (56%) and to the management of information networks,
systems and servers (65%). The need for software engineering is immediate for 64% of
companies and 36% of companies say they need more experts within 1–2 years. The
need for networking, systems, and server management is an immediate need for 56% of
companies and 34% for this competence within 1–2 years. The need for embedded
systems is immediate for 43% of companies and 43% say they need this expertise
within 1–2 years.

Businesses preferred recruiting new graduates to meet their skill needs. 48% of
companies announced they were hiring a newly graduated software engineer.
Recruitment of experienced experts was felt to be preferable to embedded systems and
electronics.

The e-mail survey carried out in the design workshop and thereafter specified the
content of the training, its implementation and the role of the companies in the planning
and implementation of the training.

The planned training has been developed in cooperation with the companies and is
thus an excellent response to the region’s need for expertise in producing software
engineering, information networks, systems and server management.

Planning Process of the ICT Education
This section describes the content of the workshop and the implementation of the
principles of co-creation. The workshop was planned based on the principles of co-
creation and the preliminary study plan has prepared before the workshop based on
web survey.

The co-creation workshop was organized in collaboration with company
representatives/ICT professionals from twelve local ICT and industrial companies.
Their role was to present the needs of ICT competence and the understanding of
working life into the workshop. The teaching staff brought pedagogical skill and
knowledge about curriculum development.

In the beginning of the workshop, a preliminary study plan was presented and
participants were introduced. In the workshop, participants attended a wide-ranging
and in-depth discussion of both today’s and future ICT competence needs and con-
tributed to the study plan. They presented ideas about content and approaches of it.
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As well, ideas about learning styles were considered. Participants highlighted practical
perspectives on the quality and need for ICT skills.

After the workshop, the study plan was further elaborated by online workshop,
which clarified companies’ interest in participating in the implementation phase. New
kind of company involvement was developed. Three companies expressed their interest
in engaging in a steering group. All companies, except one, were ready to provide
teaching in the form of guest lectures. One company was also interested in teaching
larger study modules and courses. As well, an option to run some of the courses in the
premises of the company was discussed. The companies were willing to offer work life
projects, internships and company visits.

4 Discussion

In this section the results of the co-creation method will be described and discussed. At
the moment, a deeper analysis only about the development process is possible, because
the education programme will be implemented after the publication of this article. In
the following sub-chapters, the added value produced by the co-creation methods will
be analysed. The analysis is divided to the content and the development process of the
ICT education. As well some of the potential features of the implementation are
presented.

4.1 Work Life Oriented ICT Education

The name of the programme is The Study Programme of Software Developer and it is a
type of conversion/updating education. According the admission criteria students are
eligible if they have a higher education degree in the field of engineering or business.
Length of the studies is 60 ECTS Credits and it will be implemented in one year
(Table 1).

Table 1. Study programme (60 cr) of software developer

Pre-assignment and Complementary studies

Programming Skills (22 cr)
Basics of
programing

Object-
oriented
programing

Data
structures and
algorithms

Software
engineering

Interfaces Embedded
systems

Data Competence (18 cr)
Databases Communication technology

and information security
Virtualization
methods

Cloud
services

Data analytics

Orientation Option 1: Industrial Internet (15 cr)
Basics of
industrial
Internet

Web programming Server
programming

Browser
programming

Basics of
artificial
intelligence

Orientation Option 2: Data Analytics (15 cr)
Data analytics
tools

Big data and NoSQL
databases

Data analytic
tools

Machine
learning

Statistical
methods

Work Life Project (5 cr)
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The programme aims to increase student’s ICT competency and it is for those
looking for a career in ICT or wishing to improve their professional ability.

Training is carried out in a multidisciplinary way in close cooperation with com-
panies. Multimodal learning methods are used. It includes contact sessions and online
studies. The emphasis of learning is on independent work as well as solving distant
learning assignments and studying online. The work life project is an essential part of
the studies.

The study programme will be ensured by personal study guidance. At the beginning
of the training, students are interviewed and their learning abilities and motivation are
surveyed. Individual study plans are prepared for students. Possible learning difficulties
are taken into account through structured guidance. In the middle of the training, the
progress of the studies is discussed with each student and the necessary steps are taken.

4.2 Co-creation Workshops in the Development of ICT Education

In the development process of ICT education co-creation workshops were arranged.
The primary co-creation workshop was organised by face to face and the secondary
workshop was organized by online. In each workshop, a preliminary study plan pro-
duced on the basis of previous steps was under discussion (Fig. 1).

Next, the implementation of co-creation principles in the primary workshop will be
described and analysed according to the following prerequisites for successful co-
creation [31].

1. Equal participation
2. Identifying different goals
3. Concrete work
4. Appropriate space and guidance
5. Transparency for new ideas

Co-creation requires equal participation. The company participants were invited by
personal invitations and by the web survey. Various representatives of the ICT and
industrial companies were included in the workshops. At the beginning of the

Fig. 1. Co-creation model in ICT education
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workshop, the participants presented themselves. Everyone had equal opportunities to
participate and all participants were listened to. The benefits of participation were also
made visible and the participants’ contribution was appreciated. The atmosphere of the
workshop was sought to be open and to encourage participation.

The work should identify the different goals of the participants and find a common
goal and a shared topic of interest. Participants had their own goals, but the common
interest was to find a solution to the shortage of ICT competences in their companies.
The co-creation workshops were successful in bringing together different perspectives.

Co-creation should proceed by doing, that is, ideas should proceed quickly to
concrete action and everyone should be allowed to experiment and fail and at the same
time learn. The curriculum has been developed step by step and participants have
contributed to it during the planning process. Communication and transparency play a
key role in co-creation, and therefore evaluation data was structured and visualized and
dealt with by entrepreneurs after the workshops.

Co-creation needs the right spaces and guidance. The facilities were chosen to
provide a good framework for presentations and joint discussions. The aim was to
create an environment and atmosphere that supports cooperation as much as possible.
The time was carefully designed and manuscripts were prepared in advance for the
workshops.

Collaboration can also create a variety of emotions in the participants. Various
emotions are essential in all development work. Thus, it is important to create open and
transparent atmosphere where participants feel themselves valued.

4.3 Analysis of Added Value for Different Parties

The benefits of the co-creation, methods can be characterized from three different
perspectives: regional business life, students’ learning process and university teaching
(Table 2).

Table 2. Added value of co-creation for different parties

Regional business life Students’ learning University teaching

Better recruitment
opportunities
Outputs of work life project
and assignments
Professional input from the
university faculty
Opportunity to influence in
content and learning methods

Work life oriented content
Authentic learning environment
New learning methods
Opportunity to get company
knowledge, feedback and
experience
Better opportunities for
employment

Genuine cooperation
with work life
Better employment
opportunities for
students
More diverse teaching
resources
Well-functioning
industrial relations
Support from work life
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For regional business life the ICT education developed by co-creation methods
offers customized expertise and better recruitment opportunities. During the training
process companies can get valuable outputs from students’ work life projects and
assignments and expertise from professors. In addition, the close co-operation with
education can offer teaching opportunities for the staff of ICT companies. In turn, these
companies are able to influence the learning content and methods in the university
teaching.

For the student’s learning process this model offers work life oriented content and
an authentic learning environment in a real company context. Students have good
opportunities to gain company knowledge and experience during the training process.
This can lead to better opportunities to find employment. New kinds of learning
methods are applied and students are able to get genuine feedback from working life
and have ICT professionals as teachers.

For the university teaching process, it is valuable to arrange education in genuine
cooperation with work life and get more diverse teaching resources. Well-functioning
industrial relations lead to better quality of education.

We can conclude that the described co-creation of ICT education can at least partly,
solve the shortage of ICT skills in regional companies. The companies start to get
skilful software developers and they can influence the subject knowledge and learning
process for their forthcoming work force.

For students, the ICT programme offers genuine, working-based, real life experi-
ences. From the perspective of the university, co-operation with real businesses helps
faculty to gain first-hand experience of the needs of the company. This allows faculty to
develop research that helps companies to innovate.

5 Conclusions and Future Work

The case study shows that a co-creation approach to the development and delivery of
ICT education has resulted in the successful development of an education programme.
Further, the participation of industry from the earliest stages has resulted in a cur-
riculum in which all parties are invested and see themselves as meaningful stakeholders
and contributors (rather than just consumers in response to us as providers).

Analysis of the co-creation process shows that the early and continued involvement
of industry resulted in a syllabus which met their needs and which they had confidence
would foster the graduate skills they need. Students benefit through closer integration
of their studies with industry, with greater consideration to the work-life balance.

This paper considers the process of development and outlines important issues for
successful co-creation. The next stage is to assess the delivery of the programme, to
monitor the on-going co-creation process and to evaluate both students’ experience of
the course and the feedback from industry assessing the process from their perspective.
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Abstract. The recent growth and development in the curricula and programs
devoted to entrepreneurship have been remarkable. Nowadays, there is more
than thousand courses all over the world related to entrepreneurship. It is
because innovativeness and entrepreneurship are seen as key factors to achieve
economic growth. European Union as well as Slovak government recognized
this importance of an entrepreneurial education and prepared Action plans to
support it. However, a restricting factor is on one hand the implementation of the
proposed Action plans and on the other hand the availability of competent
individuals to generate innovative ideas, establish and grow their business based
on those ideas. Universities can help by increasing competences of young
entrepreneurs so they are able to uncover untapped opportunities and establish
profiting businesses. This paper describes the development of an entrepreneur-
ship education at the University of Zilina, Slovakia. There was used a case study
method for describing experiences with building an entrepreneurship program at
the University of Zilina. The case study shows that entrepreneurship education
focuses less on traditional lecture-based teaching of individuals and more on
experiential learning activities. Learning-by-doing was analysed as best
approach to entrepreneurial education in contrary with traditional development
of business plans. However, the study also showed that continuous modification
of the curriculum is required. Therefore, recommendations how to develop
entrepreneurship programs were proposed.

Keywords: Entrepreneurship education � Startup program �
Learning-by-doing � Inquiry-based learning � Experiential learning

1 Introduction

Until 1970, very few universities offered entrepreneurship courses. Entrepreneurship
education was pioneered by Shigeru Fijii, who started teaching in this field in 1938 at
Kobe University in Japan. Courses in small business management began to emerge in
the 1940s and in 1947 Myles Mace introduced the first course in entrepreneurship in
USA at Harvard Business School. The Harvard Business School introduced an
entrepreneurship course, apparently in response to students who were returning from
World War II military service to an economy that was in transition due to the collapse
of the weapons industries. Only half a century later did this phenomenon gain a more
universal recognition [1, 35]. Entrepreneurship courses are taught at nearly every
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American Assembly of College Schools of Business (AACSB) accredited institution, at
over 1400 postsecondary schools, and enjoy considerable world-wide growth [18].

A coherent framework for entrepreneurship education was presented in the
Entrepreneurship 2020 Action Plan and the Communication on Rethinking Education.
As education policies are the competence of EU countries, the European Commission
acts mainly as a catalyst and a facilitator for the promotion of entrepreneurship edu-
cation [9].

In 2015 the Slovak government introduced a document related to the support of the
Slovak entrepreneurial ecosystem called the Concept for Supporting Startups and
Startup Ecosystem in the Slovak Republic and since that the Slovak ministries have
been working on its implementation but we have not experienced most proposed
governmental measures to be implemented so they could jump-start the development of
business startups to help drive the country’s economy as promised.

Currently, universities are expected to play a new role in society, in addition to
research and teaching, by applying a ‘third mission’ of economic development [8].

University of Zilina (UNIZA) and Science and Technology Park Zilina (VTP) rec-
ognized that expected role and proposed development of the entrepreneurship ecosys-
tem at University. One of the main activities that laid the foundation of the ecosystem
was creation of a unique whole-university entrepreneurship education in 2010.

Entrepreneurship education mostly takes very traditional routes. However, the
traditional approach which usually contains development of business plans does not
reflect the current global entrepreneurship challenges and therefore teachers need to
consider new approaches for entrepreneurship education.

Teachers play a key role in the realisation of goals for entrepreneurship education
[4, 6, 31]. Since there are no clear-cut pedagogical guidelines for entrepreneurship
education, teachers are largely responsible for the integration of entrepreneurship
education into their teaching and finding the best and most useful practices. Many
researchers have found that teachers face difficulties in finding contents and methods to
implement entrepreneurship education [13, 30, 34].

UNIZA and VTP Zilina face the same problems when creating the entrepreneurship
education. Finding the right curriculum and connect it with right methods of teaching
was and still is the hardest part of the development of the entrepreneurship education.

This paper analyses entrepreneurship education at UNIZA called Startup program
which is the only whole-university entrepreneurship education in Slovakia.

This paper begins with description of the term entrepreneurship education,
methodology and research approach is described in the following chapter. Next chapter
deals with case study of development of an entrepreneurship education at the
University of Zilina. Subsequent part proposes concept for creating an entrepreneurship
education and last chapter concludes with recommendations for further research.

2 Theoretical Background to Entrepreneurship Education

Nowadays, entrepreneurship education is one of the fastest growing fields of education
globally [34]. This is an indication for the importance of entrepreneurship for the
economy of any society. There is a tacit assumption that links between providing
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entrepreneurship education and promised economic growth, generating employment
opportunity and enhancing economic development at large. This assumption was
examined by many researchers and some evidence were found to support it [7].

The popularity of the term “entrepreneurship” has also propelled its application as
an adjective. The term “entrepreneurial” has found a widening application, connoting
innovativeness, initiative, job creation, creativity, ambition, perseverance, achievement,
and success [24, 35].

2.1 Entrepreneurship Education and Teaching Methods

Rae and Carswell define entrepreneurial learning as an individual’s ability to apply his
or her skills to identify and develop surrounding opportunities. According to them,
learning is a dynamic process which enables the activation of entrepreneurial behaviour
[28]. The purpose of the working methods chosen is to develop learners’ knowledge
and skills [14, 25]. The working methods should promote students’ active participation,
interaction and social skills and problem-solving abilities [5, 19, 20].

According to Gibb, the pedagogy applied to entrepreneurship education should be
built on the active role of learners in the learning process, and thus, on non-traditional
teaching methods [16, 17]. Information is created collaboratively, and failure is
accepted as a part of the learning process. Methods for such purposes include, for
example, cooperative learning, team learning, project work, learning by doing, learning
journals, drama pedagogy, practice enterprises, workplace guidance and enterprise
visits.

Shepherd has identified a wide range of teaching methods, such as role-play,
learning diaries, guest speakers, case studies and simulations. However, all these
methods were applied in the classroom [32]. Solomon encourages exploring teaching
pedagogies employed both inside and outside of the classroom setting as it can improve
the outcomes of teaching [34].

Many researchers have reported positive learning outcomes and teaching experi-
ences in projects carried out in close cooperation with businesses [5, 15, 26, 29].

The most common approach used by universities is the creation of business plans.
Yet, there is little research that indicates that the creation of a business plan is an
effective approach to teaching entrepreneurship. To date, there is not much research
describing the impact or effectiveness of different methodologies for teaching
entrepreneurship [36].

Entrepreneurship education includes all activities aiming to foster entrepreneurial
mindsets, attitudes and skills and covering a range of aspects such as idea generation,
start-up, growth and innovation [12].

The study by Solomon et al. highlighted that the most popular teaching methods in
entrepreneurship education are creation of business plans, case studies and lectures [33].

Experiential Learning as the Core Teaching Method of an Entrepreneurial
Education
Kolb described learning as ‘‘the process whereby knowledge is created through the
transformation of experience.’’ Experiential learning is any knowledge gained through
experience. Experiential learning actually occurs when students engage in some activity,
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reflect upon the activity, derive insight from the analysis, and incorporate the result
through a change in understanding [21].

A learning-by-doing programme enriches the student experience and thereby
enhances the development of their entrepreneurial skills and knowledge [27].

Entrepreneurship education therefore is one particular answer to designing curricula
closer to the ‘reality of life’. Teaching entrepreneurship implies moving away from
traditional theoretical approaches in favour of a learning-by-doing approach. The closer
it gets to real-life experiences, the better the learning results are. That is why many
practice examples in education take the form of creating “mini-companies” or company
visits. Entrepreneurship education can also take place outside the classroom in non-
formal and informal settings, for instance, with volunteering activities and community
projects.

2.2 Reflective Practice in Teaching Entrepreneurship Education

Reflection is an important process by which knowledge is developed from experience.
When reflecting, one considers an experience that has happened and tries to understand
or explain it, which often leads to insight and deep learning—or ideas to test on new
experiences. Reflection is particularly important for perplexing experiences, working
under conditions of high uncertainty, and problem-solving. As a result, it should not be
a surprise that reflection is an integral component of entrepreneurship education and
also a way of practicing entrepreneurship.

Given the nature of entrepreneurship as a continuous cycle of action, learning,
testing, and experimenting, developing students as reflective entrepreneurs requires
reflection-on-practice and reflection-in-practice as part of a pedagogy portfolio.

An entrepreneurship method is teachable and learnable, but it is not predictable.
Starting businesses help students “feel” what it is like to assume the role of an
entrepreneur. Serious games and simulations allow students to play in virtual worlds
that mirror reality. Designed-based learning encourages students to observe the world
through a different lens and create opportunities. Finally, reflective practice gives
permission to our students to take time, think, and absorb the learning of their practice-
based curriculum.

Feeling, playing, observing, creating, and thinking are all important components of
the entrepreneurship method. Learning a method is often more important than learning
specific content, and it requires practice. In an ever-changing world, we need to teach
methods that stand the test of dramatic changes in content and context.

2.3 Objectives of Entrepreneurial Education

Entrepreneurship education covers a wide variety of audiences, objectives, contents
and pedagogical methods [11]. The most commonly cited objectives of entrepreneur-
ship education by previous studies are: to acquire knowledge germane to
entrepreneurship, to acquire skills in the use of techniques, in the analysis of business
situations and in the synthesis of action plans, to identify and stimulate entrepreneurial
drive, talent and skill, to undo the risk-adverse bias of many analytical techniques, to
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develop empathy and support for the unique aspects of entrepreneurship, to revise
attitudes towards change, to encourage new start-ups and other entrepreneurial ven-
tures, to stimulate the ‘affective socialization element’ [2].

The objectives of entrepreneurship education could be classified into three cate-
gories: raising awareness, teaching techniques, tools and how to handle situations and
supporting project bearers [10]. Generally, entrepreneurship education aims to increase
the awareness of entrepreneurship as a career option, and enhance the understanding of
the process involved in initiating and managing a new business enterprise [22].

There are many ways to offer entrepreneurship education, depending on the
objectives of such education. If the objective of the education is to increase the
understanding of what entrepreneurship is about, the most effective way to accomplish
the objective is to provide information through public channels such as media, semi-
nars, or lectures. These methods are effective in terms of sending the relevant infor-
mation to a broader population in a relative short time period. If the objective is to
equip individuals with entrepreneurial skills, which are applicable directly to work, the
best way is to provide education and training that enable individuals to involve directly
in the entrepreneurial process, such as industrial training. Lastly, if the objective of the
education is to prepare individuals to act as entrepreneurs, the most effective technique
is to facilitate experiments by trying entrepreneurship out in a controlled environment,
for instance through business simulation or role playing [3].

3 Research Methodology

Qualitative research was used as the main method for data collection and their sub-
sequent analysis. The following three methods were used: a case study of an
entrepreneurship education at the University of Zilina called Startup program (ana-
lysing and evaluating the current curriculum, stakeholders involved to creation of the
program, students enrolled to this program, their motivation and background to
entrepreneurship, motivation of University of Zilina to support this program).

To be able to develop a case study, various methods were used: semi-structured
interviews with stakeholders involved in this course (enrolled students, UNIZA
management, successful entrepreneurs, various governmental agencies supporting
improvement of entrepreneurship in Slovakia, etc.). Interviews were used in order to
map the requirements of each stakeholder involved in the Startup program.

Content analysis was used so the secondary data from websites and scientific
articles related to entrepreneurship education evaluating methods used in creating
entrepreneurship education, approach to teaching entrepreneurship education, topics
covered in entrepreneurship education, objectives of the entrepreneurship education
were evaluated. Based on the evaluated data curriculum, teaching methods and topics
of the Startup program were compared.

The main question of our research was: What is an ideal concept for
entrepreneurship education at the University of Zilina?
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4 Case Study of an Entrepreneurship Education
at the University of Zilina

Startup program is an entrepreneurial course, which offers university students invalu-
able experience with real business. Course started at UNIZA in 2010. Course was
created in cooperation with VTP Zilina (legal part of the University of Zilina) and
Junior Achievement organization. Authors have been teaching this course since 2012.

The first version of the program was implemented at UNIZA according to high
school model developed by Junior Achievement. This model contained establishment
of a simulated joint-stock company and its liquidation at the end of program. Students
gained real experiences with: establishment of the company, fundraising the first
capital, selling of their manufactured products, collecting money for their sold products
which at the end needed to cover costs and also students had to return money to their
investors with interest.

Despite the uniqueness of the program even after the implementation of the first and
second phase (described in our previous papers) the expected results in terms of
increased number of established new innovative start-up companies were not achieved.
It was because students had to liquidate their simulated businesses and were scared to
establish real business afterwards as they realized that simulated company is not the
same as the real company [23, 37].

Based on authors’ own knowledge and experience in the preparation and imple-
mentation of the Startup program, results from students’ and UNIZA management
feedback, feedback from entrepreneurs who gave lectures to students, updates of the
program are developed each year.

There were introduced new innovative teaching methods at classes. These teaching
methods included learning-by-doing method and problem-based learning. Most of the
classes are taught in classroom, however, some of the work has to be done outside the
class. Students have also possibility to participate in events such as Startup Weekend
(“hackathon-like” event) where they can experience totally different approach to
development of innovative ideas then in our course.

Startup program is two-semester course and students can get 3 ECTS credits each
semester. Usually around 80 students enrol to this course each semester. Students are
either bachelor or master, rarely doctoral. They are from various UNIZA faculties but
the most interest is mostly from students attending Faculty of Management Science and
Informatics. Other Faculties that are offering this course are Faculty of Electrical
Engineering, Mechanical Engineering, Civil Engineering, Humanities and lastly
Operation and Economics of Transport. The ratio of students from Faculty of Man-
agement Science and Informatics and other faculties is 70 to 10.

The first semester results in business model creation and its verification with cus-
tomers. At the end of second semester students should have verified prototype and
finetuned their marketing, sales, and financial strategy. They know how to use various
tools for development of their ideas, team communication, project management,
designing, etc. They know various methodologies such as validation of business ideas,
lean startup, customer development, design thinking, business modelling, etc. When
students understand these methods, they can use them even if they decide to change
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their business idea. The aim of the course is to provide information to students and let
them experience the real business world by validating and developing their ideas with
real customers and help of business mentors so after they finish Startup program they
are able to establish and run their businesses. However, the success rate is still very low
and only few students were able to establish real businesses and run them successfully.

We took a design thinking approach to the development of Startup program. This
approach has following phases:

– Emphasize: lecturers identify problems with stakeholders experienced during each
semester and academic year as whole.

– Define: lecturers analyse observations and synthesize them in order to define the
core problems the group of stakeholders have identified so far.

– Ideate: lecturers think outside the box to identify new solutions to the identified
problem that was most crucial in each semester.

– Prototype: lecturers prepare concept of the Startup program for the following
academic year.

– Test: lecturers test concept during the first semester and make amendments to
second semester if needed.

– After testing, the whole phase of design thinking process starts again before the next
academic semester.

Lecturers ask stakeholders to articulate their problems and requirements for Startup
program so it reflects their needs as well as needs of the market.

Identified needs are following:

• University of Zilina authorities need to have as much students as possible enrolled
to this course so financing of this course will be justified.

• Companies need to have students who have business skills and entrepreneurial
spirit.

• Successful entrepreneurs are willing to join the program and provide lectures. They
usually come pro bono and their motivation is transfer of their experiences that they
have gained throughout their entrepreneurial journey.

• Various governmental agencies supporting improvement of entrepreneurship in
Slovakia are co-organizing and also co-financing some events for Startup program.
Their motivation is fulfilment of the project KPIs.

We always contact each stakeholder at the beginning of each semester, collect their
requirements and try to build the program based on them. After the competition of the
program we present summarization of the fulfilled requirements to stakeholders.

5 Results of Case Study Analysis

Based on our experiences and analysis of the presented case study, we identified
several groups of aspects that have the biggest impact on the Startup program cur-
riculum creation:
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1. Students’ aspects:

– Number of enrolled students,
– Level of skills and experiences of enrolled students,
– Study majors,
– Family background (parents are entrepreneurs or have entrepreneurial mindset

and skills),
– Financial background of students and their parents,
– Variety of business ideas they want to develop throughout the program,
– Motivation and drive of students,
– New generation and its characteristic (change from Generation X to Z).

2. Lecturers’ aspects

– Working experiences,
– Lecturers – time availability, number of lecturers teaching Startup program,

experiences, etc.
– New trends in teaching,
– New theories in entrepreneurship education.

3. Stakeholders’ aspects

– Level of support of stakeholders in organization of events and their financing
(e.g. Agencies that have projects to support entrepreneurship in Slovakia) and
the way how they are involved into the Startup program,

– Fundraised money for the program from stakeholders,
– Support of the University management and their level of engagement in the

program,
– Market conditions (trends, stability, financing, capacity, competition, etc.)

We found out that after 8 years of teaching this program it is necessary to con-
stantly build new curriculum based on above mentioned factor that have impact on it.
We found out that this continuous update of the program is:

– Time-consuming,
– Financially demanding,
– Physically and mentally challenging for both students and lecturers.

Therefore, we suggest that for future success of this program it is crucial:

– to transfer knowledge and know-how to younger lecturers,
– better engage stakeholders and community to the program creation,
– and ensure stable financial stream from various sources.

6 Discussion

Based on the previous analysis it is not disputable that the curriculum of an
entrepreneurship program has to be changed over the years.
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Our previous study revealed that Startup program is developed in cooperation with
other regional actors and is highly dependent on support from these actors. Moreover,
the initiatives mapped in our previous study utilise a large amount of voluntary
resources, such as experienced business people, young start-uppers and successful
entrepreneurs who are willing to contribute as mentors, consultants, and lecturers of
students and their companies [38].

This is a very important contribution for many reasons. First, the voluntary support
makes it possible to offer higher quality and quantity of education without the need of
extensive financial resources from UNIZA. Second, stakeholders contribute with real-
life experience, which is especially important in such field like entrepreneurship. Third,
these stakeholders also provide their own network, thus helping the participants to
build their own networks and relate to external contacts. Fourth, external entrepreneurs
are considered as idols or influencers and can contribute significantly to move the
student projects forward. Fifth, successful entrepreneurs can act as investors and help
student companies to grow.

There is a considerable need for public and private funding in order to facilitate the
development of innovative entrepreneurship education in contrary to traditional. In
Slovakia, this funding is provided via government agencies such as SIEA (supporting
innovations) or Slovak Business Agency (supporting start-ups). Both agencies are
cooperating with us and thus supporting young entrepreneurs. The question is, what
kind of support will follow when the implementation of projects of these agencies finish.

Entrepreneurship education is an integrated part of the activities at UNIZA. With
more than 100 student start-ups during a period of 9 years, this could be viewed as an
implementation of a successful entrepreneurship education, where learning-by-doing,
problem-based learning and student active involvement is the core activity.

Having access to sufficient infrastructure, finances, stakeholders and mentoring
capacity, it has been possible to build a stable education activity and to give many
students the opportunity to explore and develop their entrepreneurial skills.

The main contribution of Startup program is that it plays a key role as facilitator for
entrepreneurship.

Our study revealed that developing learning-by-doing entrepreneurship education is
dependent on many factors, is very resource consuming and mentally and physically
exhaustive.

However, we believe that by involving students, volunteers and other relevant
stakeholders to development and implementation of an entrepreneurial education we can
help to decrease the physical, mental and financial burden of UNIZA and its lecturers.

We proposed model how the entrepreneurship education should be created. Each
year it has to be revised based on students’ feedback. This process should be following
the logic of lean start-up methodology (customer development and co-creation of
value) and build-measure-learn loop. It means that once we build the program, we have
to implement it and see students’ reactions. We will measure them and learn from the
results. This knowledge will be considered in development of new program next year
which will be again measured.

It is very important to take into consideration students and their level of skills,
experiences, maturity of their business ideas, motivation, drive and other factors when
creating the program. Therefore, each semester there are only topics that we as lecturers
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want to cover, however, those might be slightly modified and form of teaching of those
topics will depend on students and external consultants. During the semester we always
have to adjust topics as the progress of students cannot be foreseen.

The best approach how to teach young people to become entrepreneurs depend
solely on two factors:

– Do they want to be entrepreneurs or do they only want to broaden their knowledge?
– Do they have idea or not?

If they do not have idea and want to only inspire and broaden their knowledge,
different approach is followed such as providing information through public channels
such as media, provide education and training that enable individuals to involve
directly in the entrepreneurial process, such as industrial training.

If students have ideas and also want to become entrepreneurs, the most effective
technique is to try entrepreneurship out in a controlled environment with a help of
mentors and lecturers.

7 Conclusion

The recent growth and development of entrepreneurship initiatives including education
have been significant. Not only in USA but also in Europe as well as Slovakia the
importance of an entrepreneurial education was recognized. However, attempts of
European union and Slovak government did not bring substantial change in
entrepreneurship ecosystem.

On the other hand, universities can help by increasing entrepreneurial skills of
young entrepreneurs. A role of universities is to provide education for entrepreneurs
and they have been doing so for decades. However, the insufficient traditional approach
to entrepreneurship education has not been changed until now when the traditional
approach was supplemented by new innovative approach characterised as learning-by-
doing. The case study indicates that this approach to entrepreneurship education can be
accomplished in many different ways depending on many factors.

Although it has been questioned whether it is possible to educate entrepreneurs, the
case study shows that teaching entrepreneurship can be very challenging but the suc-
cess can be measured by the number of companies started by the participants.

This paper described the development of curriculum of an entrepreneurship edu-
cation at the University of Zilina, Slovakia.

The study showed that continuous modification of the curriculum is required. We
believe that our recommendations can help many universities in shifting mindset from
traditional teaching methods to new methods they can implement and changing the way
how to look at the process of entrepreneurship education development.
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Abstract. The purpose of this article is to explore digital literacy levels and
better understand the main differences in ICT competences among business
students from Slovenia (n = 229) and Poland (n = 258). Our research was
divided into three steps: a literature review, quantitative research based on an
online survey for young business students and a statistical analysis in SPSS. In
exploring ICT literacy, we identified the types of IT tools used, the frequency of
their use, and the main differences in ICT literacy between Polish and Slovenian
business students. We also investigated the relationships between time spent
online, one’s study year and the level of competencies in the area of using basic
tools (text editors, spreadsheets, presentation tools) and more advanced com-
puter applications used for business purposes like database management systems
and graphics editors. Our analysis shows that business students mainly use their
mobile devices for education and communication. The developed normalized
index of usage skills (NIUS) indicates that the students involved had the highest
level of knowledge and skills in the area of using word processors, business
presentation tools and mail services. The lowest index value was measured for
database management systems, photo editors and spreadsheet applications. In
our opinion, growing up with ICT is not enough to develop the digital skills
necessary for the digital economy in the field of business and, therefore, the ICT
curricula (even basic level courses) offered by business schools should be
revised in order to better prepare future business graduates for the needs of a
digital society.

Keywords: Digital literacy � Business students � Comparative study �
ICT education � Polish students � Slovenian students

1 Introduction

Literacy is defined as the ability to acquire, communicate, connect and create meaning
in the world [1]. Thus, the world is changing and, nowadays, the concept of literacy is
different from the traditional view of literacy as the ability to read and write. Not only is
data media changing, but society is also changing rapidly. Our digital society demands
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different (new) abilities in order to acquire knowledge and to actively participate in a
technologically-driven society.

In theory, different terms are used to describe the abilities of using information and
communication technologies (ICT) in everyday life. The words “information” and
“digital” are combined with the words “skills” and “literacy” and depend on the term
used to describe today’s society. JISC1 [11], with a vision of the UK as the most
digitally-advanced higher education, defines digital literacy as the capabilities that help
an individual to live, learn and work in a digital society. Glister [8] connected digital
literacy to digital resources. Becker [2] differentiated information literacy from digital
literacy. While information literacy existed before the digital era, digital literacy is
closely related to ICT usage [2]. The American Library Association [2] defines a
digitally literate person as a person who is able to find, understand, evaluate, create and
communicate digital information in different formats. For these purposes, a digitally
literate person is able to use different technologies effectively and able to understand
the relationships between technology, lifelong learning and personal privacy. It is
important that a digitally literate person understands how ICT and its usage impact on
way we live and do things (ibidem). It is assumed that the digital natives, young people
that became familiar with ICT from an early age, are digitally literate by default.
Becker [2] claims that no one is born digitally literate and that digital literacy is an
incomplete process because ICT is changing immensely.

Digital literacy covers a range of skills – from the purely technical to cognitive
skills. A digitally literate person has to use all of these skills to communicate and
collaborate with others and to actively participate in society [2]. These technical skills
are the foundation for digital literacy or literacies (as we will discuss later on) and are
much easier to identify, gather and compare among different groups. This was the
reason why the comparison study between Polish and Slovenian business students was
based solely on a comparison of technical skills.

2 The Theoretical Background

2.1 Digital Literacy

A digitally competent person is a confident, critical and creative ICT user that is able to
achieve goals related to work, learning, leisure and societal participation [6]. A digitally
skilled person has no problems in succeeding in the labor market (ibidem). Digital
competence is a transversal 21st century key competence that supports the acquisition
of the other key competences needed for employability, social inclusion and active
participation in society. Researchers see the digital competence as a basis for func-
tioning in society [8] or even as a survival skill in the digital era [5].

In theory and practice, different terms are used to describe digital literacy: digital
competencies, eLiteracy, e-Skills, eCompetence, ICT skills, etc. [7]. Some even discuss
“new literacies” [4] and presents definitions of literacies used in different environments
and circumstances: computer and internet literacy, media literacy and information

1 https://www.jisc.ac.uk/about.
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literacy [7]. Eshet-Alkalai [5] discusses photo-visual literacy, reproduction literacy,
branching literacy, information and social literacy. ICT literacy, as the ability to use
computers and related technologies [7], is needed to participate in technology-
facilitated learning environments and facilitates lifelong learning [13]. Facing the
numerous ubiquitous web resources and the pervasive growth of web-based learning
[12], students should be able to use computers, various networks, and much more.
They should be digitally literate.

Digital literacy includes a large number of complex cognitive, motor, sociological
and emotional skills [5]. Digital competence is tools (applications) dependent and not
user dependent (Livingstone 2003 in Ferrari et al. 2012). Using online resources
engaged users more than any other offline resource. Users create, participate and share
content online while other skills are needed in the “offline” world [7]. There is more
than “one” literacy. Goodfellow [9] discusses many different literacies as well as media
literacy as the most expansive and interesting concept for educators.

There are many various types of framework that consider different skills and attitudes
related to the digital competence [7]. Based on the 15 frameworks’ comparison study,
Joint Research Centre (JRC) formed a working definition of digital competence [7]:

“Digital Competence is the set of knowledge, skills, attitudes, abilities, strategies and aware-
ness that is required when using ICT and digital media to perform tasks; solve problems;
communicate; manage information; behave in an ethical and responsible way; collaborate;
create and share content and knowledge for work, leisure, participation, learning, socializing,
empowerment and consumerism.”

JRC research digital skills from 2005. Based on different studies, they form the
Digital Competence Framework for Citizens, known as DigComp [3]. The last version
of the framework is labelled DigComp 2.1 [3]. The first version of DigiComp intro-
duced four proficiency levels: foundation, intermediate, advanced and the highly
specialized level. DigComp 2.1 expanded the initial levels to eight proficiency levels
[3] (see Fig. 1). Users with basics skills (Foundation level in DigComp 1.0 – Fig. 1)

Fig. 1. DigComp 1.0 vs DigComp 2.1. Source: Carretero [3].
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develop skills that only recall the cognitive domain (Levels 1 and 2 in DigComp 2.1 –

Fig. 1). Only advanced and highly specialized users are able to develop skills at higher
cognitive levels (Fig. 1).

3 Research

The digital transformation barometer [10] reports that only 53% of 4,164 information
technology, security and business executives, managers and professionals from dif-
ferent global industries and company sizes, are digitally literate. Our business students
are studying ways to adapt companies to such new challenges. We wonder if they are
prepared for global changes and if there are any differences between Polish and
Slovenian business students. The questionnaire was prepared in Slovenian and then
translated into the English language. Polish students filled in a survey in the English
language and the Slovenians in Slovenian. Google Forms was used to deliver the
questionnaire online. The survey (28 questions divided into five sections) was launched
during the last quarter of 2017. Students of both business schools were invited via
announcements in their online learning environments to fill in an online survey.

The data gathered by the online survey helps us to answer the following research
questions:

1. What applications are the most frequently used for creating digital content and
network communication?

2. What activities are mainly performed by students online?
3. What groups of IT tools and what functionalities of these programs are best known

to students?
4. What are the main differences in the area of using basic components of office suits?
5. What are the main differences in online activity among Polish and Slovenian

students?
6. What are the dependencies in terms of time spent online, study year, second school

grade and digital literacy?
7. Are there any correlations between digital literacy and students’ school success?

3.1 Data Analysis

The questionnaire had been sent between September and December 2017. During that
time, 487 business students from Poland and Slovenia completed the survey. The
survey was completed by 258 respondents from Poland (53%) and 229 from Slovenia
(43%), however, some data such as gender, second school grade was not collected in a
group of Slovenian students. Most of the respondents were management students
(55%). All Slovenian respondents studied management, while almost a half of the
Polish respondents (43.4%) studied logistics. The majority were students of the first-
year bachelor’s program (81.7%), the second largest group consisted of the first-year
master’s program (12.5%). Almost all students (97.3%) were full-time students.
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Frequency of Using ICT Hardware
Students were asked about the frequency (1–never, 5–always) of using different types
of hardware. The most frequently used piece of hardware was the smartphone (always
used by 87% Slovenian and 84% Polish respondents) and laptop computers (always
used by 48% Slovenian and 49% Polish respondents). The least used were desktop
computers and tablets (often or always used by 13% Polish and 13% Slovenian stu-
dents). There was only one statistically significant difference in using different types of
hardware. Polish students more often reported using desktop computers than their
Slovenian counterparts (p = 0.008). There were no significant differences between the
frequency of using laptop computers, tablets and smartphones.

Types of Computer Tools Used
In order to uncover the students’ knowledge and skills (from 1– beginner to 5–
advanced) in the area of types of basic IT tools, students were asked to give their
opinion on eight categories. Students illustrated that they are most skilled at web
searches (M = 4.10), similarly good in the area of general computer use (M = 3.90),
communication tools (M = 3.71), word processors (M = 3.70) and a bit less in pre-
sentation programs (M = 3.66). However, they are less skilled users of spreadsheets
(M = 3.24) and have little knowledge in the area of applications for editing photos
(M = 2.51) and database management systems (M = 2.19).

The statistically significant differences were identified in five categories of tools.
Slovenian students reported that they are more skilled in the area of communication
tools (p = 0.002), word processors (p = 0.011) and presentation programs (p = 0.000).
The respondents from Poland reported that they are more skilled in programs for
editing photos (p = 0.044) and database management tools (p = 0.001).

Using Basic Computer Applications
In order to explore the students’ opinions on the frequency of using specific office
applications (1 = never, 5–always), we asked them to report how often they use certain
applications.

Students both from Poland and Slovenia used mostly Microsoft Word (M = 4.01),
Microsoft Excel (M = 3.10), Microsoft Power Point (M = 3.29) and Google Docu-
ments (M = 2.89). The least frequently used included applications for editing graphics
and audio such as GIMP, Blender, Corel Draw, Audacity (all M <=1.35).

The data analysis shows statistically significant differences in using basic Microsoft
Office components and GIMP. Slovenian students reported a more frequent use of
Word (p = 0.000) and PowerPoint (p = 0.000), while respondents from Poland used
Excel (p = 0.000) and GIMP (p = 0.000) more often.

Normalized Index of Usage Skills
To compare the students’ self-esteem with specific skills, respondents were asked about
the given functionalities of basic IT tools. We examined 35 functions in the area of
word processors, 31 functions in the area of spreadsheet programs, 15 functions of
presentation applications, 13 tasks on the web, 13 functions in the area of database
management systems, 10 functions of photo editors and 9 functionalities of mail web
services.
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In order to compare skills in the area of the usage of certain functionalities of basic
IT tools, the normalized index of usage skills (NIUS) was developed. The NIUS was
calculated as a point average to show knowledge of a specific function of the program
(see Eq. 1):

NIUS ¼
Pn

i¼1 ui
n

� 4þ 1 ð1Þ

Legend: NIUS – normalized index of usage skills (its value is in [1,5], ui – ability to
complete the i task (its value is 1 – able or 0 – unable), n – number of explored tasks.

The value of the NIUS index for respondents able to perform all of the tasks
concerning the given tool was 5. Student that did not know how perform any tasks
received a NIUS index of 1.

The NIUS index was higher for web services (M = 4,26), word processors
(M = 4,22) and presentation applications (M = 4,18). Slightly lower values were
obtained for spreadsheet applications (M = 3,64) and photo editors (M = 3,33). Stu-
dents were the least skilled in the area of database management systems (M = 2,68).
The results are similar to answers given for the question concerning abilities in terms of
basic IT tools (Fig. 2).

Statically significant differences were identified in the area of mail service usage
(p = 0.005), spreadsheet applications (p = 0.000), photo editors (p = 0.000) and
database management system skills (p = 0.002). There were no statistically significant
differences between Polish and Slovenian students in the field of simple applications
for web browsing, text editing and business presentation development.

Legend: POL = Polish students, SI = Slovenian students; NIUS = Normalized index of usage 
skills, Basic = an average of self-assessment IT tools usage

Fig. 2. NIUS index and self-assessment IT tools comparison
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Polish students were more skilled in business specific areas such as spreadsheet
applications, photo editors and database management system skills (Fig. 2); this is
based on the NIUS index and on self-assessment.

Access to the Internet
In the area of online activity, the respondents were asked to indicate the places where
they most often (1–never, 5–always) connect to the Internet.

The majority of students both from Poland and Slovenia tend to access the internet
from home (always was indicated by 79% Polish and 90% Slovenian respondents) and
by means of mobile data transfer (always indicated by 45% Polish and 56% Slovenian
respondents). The least popular places included transportation and university libraries
(often and always indicated by less than 22% of Slovenian and 24% of Polish
respondents).

We observed six significant differences in the frequency of using different places
for Internet access. Slovenian students were more likely to connect to the internet from
home (p = 0.002), internet cafes (p = 0.000), from school (p = 0.008) and places with
Wi-Fi access (p = 0.000). Polish students used library internet connections more often
(p = 0.003).

Students’ Online Activity
The research allowed us to identify the main activities performed by students on the
Internet. The respondents could assess 11 different activities on a scale from 1 to 5
(1–never, 5–always).

Most students spent time sharing data with friends (M = 4.03), searching for jobs
(M = 3.37), sharing data with family (M = 3.31), using e-banking services (M = 3.16),
following national news and watching TV (both M = 3.15), following foreign news
(M = 3.00) and watching video courses (M = 2.60). The least frequently performed
activities included using e-government services, tax services and participating in
massive open online courses (M <=1.78).

Statically significant differences were observed in six out of eleven categories.
Polish students used the internet for e-banking services (p = 0.000), watching TV
(p = 0.001), using e-government services (p = 0.000), taxes office services (p = 0.000)
and participating at MOOCs (p = 0.000) more frequently. Respondents from Slovenia
watched video courses (p = 0.028) more often.

Applications Used for Communication
In order to identify the preferences in the area of communication tools, students
specified how often they used popular applications and communication channels
(1–never, 5–always).

The most popular tools were Facebook Messenger, email and Skype (M > 2.4).
Significantly less popular were MSN Messenger, Google Chat, and Google Hangout
(M < 1.4).

The Mann-Whitney test showed significant differences in the use of three tools:
Viber, FaceTime and MSN Messenger. Respondents from Slovenia were more likely to
use Viber (p = 0.000) and FaceTime (p = 0.000) while surveyed students from Poland
used MSN Messenger more often (p = 0.000).
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Social Media
Social media plays a significant role nowadays, not only in entertainment, but also in
education and business. Therefore, students were asked about how often (1–never,
5–always) they use popular social media platforms. The most frequently used were
Facebook (M = 4.75), YouTube (M = 4.68) and Instagram (M = 4.25). Other social
media platforms were much less used.

The least popular included Ask.fm, LinkedIn, MySpace, and Flickr (M < 1.2). The
analysis showed significant differences in the frequency of use in five out of ten social
media portals. Respondents from Slovenia were more likely to use YouTube
(p = 0.036), Instagram and Pinterest (both p = 0.000) while surveyed students from
Poland used Ask.fm (p = 0.000) and LinkedIn (p = 0.015) slightly more often.

Shopping Online
The students’ online activity in the area of shopping is very important for the future
business graduates. Respondents indicated how often (1–never, 5–always) they buy
goods and services online.

Online shopping is not a popular online activity as the total mean was 2.06. The
majority of students (both from Poland and Slovenia) stated that they purchased
clothing and shoes (M = 3.09), tickets (M = 2.90), tourist services (M = 2.62) and
electronic devices (M = 2.19). The least frequently bought goods were digital music or
movies (M = 1.62), music, movies or programs on CD\DVD (M = 1.54) and e-books
(M = 1.30).

The Mann–Whitney U test showed 7 statistically significant differences (p < 0.05)
out of 10 examined services and goods. Polish students bought clothing and shoes,
tickets, electronic devices, food and drinks, paper books, music, movies or programs on
CD and e-books more often. Online shopping was the area where the authors observed
the greatest differences between the students from Poland and Slovenia.

Factors Influencing Digital Literacy
The Pearson correlation coefficient (r) was calculated to identify the relationship
between the level of knowledge of different types of software and the relationship
between the time spent online and knowledge of the software (Table 1).

Table 1. Pearson correlations between time spent online and application knowledge

Variables 1 2 3 4 5 6 7

1. Word processor NIUS
2. Spreadsheet NIUS .606**
3. Business presentation NIUS .642** .573**
4. Web services NIUS .592** .486** .524**
5. Data bases NIUS .302** .509** .343** .341**
6. Photo editing NIUS .262** .352** .327** .374** .268**
7. Mail NIUS .533** .505** .524** .586** .394** .271**
8. Time spent online –.095* .094*

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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There are two statistically significant relationships a variable time spent online
with a variable Photo editing NIUS (r = 0.094) and Business presentation NIUS
(r = –0.095). The correlations were very weak but statistically significant (p < 0.05)
(Table 1).

A significant correlation has been found between possessing skills in the area of
different applications. A moderate dependence was observed between email services
and knowledge of both word processors, spreadsheet programs, presentation programs
and web searching engines (r > 0.5). Students skilled in the area of word processors
claimed to also have more skills in the area of using basic office suit components,
spreadsheets, business presentation applications. In this area, we observed a moderate
positive relationship (r > 0.6).

To identity the correlation between the second school grade, study year and pos-
sessing the knowledge of basic types of software, the Spearman’s rho was calculated
(Table 2).

The analysis showed a weak positive relationship between the study year and
knowledge of Excel (rho = 0.311), a weak correlation was also observed between the
study year and knowledge of database systems (rho = 0.223). We also observed a
slight positive relationship between the second school grade and knowledge of word
processors, spreadsheets and business presentation tools (0.203 <=rho <=0.238).

The correlation analysis also showed weak positive relations between the study
year and performing online actions. Older students more often make e-payments, use
e-government services and tax office services (rho = 0.308, rho = 0.246, rho = 0.216).
Older students also made online purchases more often particularly physical books
(rho = 0.270), music, movies or programs on physical media (rho = 0.175), tickets
(rho = 0.185) as well as food and drinks (rho = 0.304).

Table 2. Spearman’s correlation (rho) between year of study, second school grade and
application knowledge

Variables 1 2 3 4 5 6 7 8

1. Word processor NIUS
2. Spreadsheet NIUS .643**
3. Business presentation
NIUS

.643** .596**

4. Web services NIUS .580** .487** .496**
5. Data bases NIUS .339** .505** .349** .345**
6. Photo editing NIUS .329** .389** .366** .425** .293**
7. Mail NIUS .540** .527** .562** .585** .391** .326**
8. Second school grade .204** .238** .181** .154** .107* .233** .175**
9. Study year .116* .311** .129** .223** .169** .099*

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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4 Conclusion

In this article, we explored digital literacy among young business students from Poland
and Slovenia. The conducted literature review and quantitative analysis showed that
teaching in the area of digital literacy is very demanding because it covers a range of
skills from the purely technical to cognitive skills and needs continuous development.
However, a well-trained, digitally competent person is able to act more efficiently in the
areas of work, learning or leisure. Digital literacy can be explored on four main levels:
basic, intermediate, advanced and highly specialized. Many study programs stress the
two highest levels, but, as the analysis showed, there are many gaps and room for
improvement even at the basic levels. These basic ICT skills need to be developed
especially among non-IT users like business students and older members of our digital
society.

Our research showed that young people mainly use mobile devices for education
communication and leisure. Therefore, the offered courses should be prepared in a
“mobile friendly” way. We observed that respondents were very skilled in Microsoft
Office but had less knowledge and skills in the area of other office suits or more
demanding applications for multimedia creation (graphics, audio and video content).
So, when preparing course framework, teachers should stress the multimedia aspect
and introduce up-to-date, interesting and easy to use tools for creating multimedia
content. The normalized index of usage skills developed by the authors (NIUS) showed
that there were some gaps between the students from Poland and Slovenia, especially in
the area of using spreadsheets, photo editors and database management systems.
Therefore, it is worth comparing the Polish and Slovenian study programs to find
sources of those differences.

The main activities performed online by students included sharing data with friends
and family members, searching for jobs and using e-banking services. The least fre-
quently performed activities were using e-government services, tax services and par-
ticipating in massive open online courses. To support these less frequently performed
activities, syllabi should contain more content in the area of e-government and e-
learning. Teachers should also stress the capabilities and advantages of MOOC courses.
Young students like to use social media like Facebook, YouTube, Instagram. Facebook
Messenger, email or Skype that are widely used for communication purposes. These
tools should be incorporated to courses in order to make the learning process more
enjoyable, interactive and fresh.

The performed analyses indicate that teaching in the area of ICT basics is necessary
for students, can affect both education, leisure and professional areas of life. Nowadays,
IT tools are widely accessible and easy to use especially those in software as a service
form (SaaS). They can increase the effectiveness of the learning process and make it
more enjoyable but also require constant (sometimes rapid) development and
improvement from the ICT teachers/trainers. So, both students’ and teachers’ ICT
literacy should be researched and developed/improved according to changing market
requirements.
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Future Research
ICT tools have many areas of usage and are increasingly used to support educational
and business processes. Therefore, ICT literacy should be an important area of
research. There is a need to prepare new courses for business students with the use of
IT solutions. In order to prepare good courses, teachers should know students’
knowledge, skills and needs in the area of IT tools usage. The research presented was
limited to students at the Faculty of Economics MCSU and business students at the
Faculty of Management, University of Primorska that may limit the findings general-
izability. Therefore, future research will be conducted in two directions to compare the
obtained findings with the opinions of students of different fields: strongly IT related,
medium IT related and not related to IT. The authors also wish to co-examine students
from different countries that are developing, developed and highly developed in order
to identify the main differences. The results of future research will be used to prepare
better quality e-learning courses for foreign students such as participants of the Eras-
mus program.
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Abstract. Official documents from the Brazilian Government stress the
importance of including technological issues for teacher training. Also, pro-
grammes to promote teachers’ digital literacy were created. Yet, recent surveys
in the country show low relevance of the pedagogical use of ICTs in classrooms.
This research describes a practice developed with undergraduates being pre-
pared to become teachers of English as a Second Language in the south of
Brazil. The practices were developed in a subject aimed to develop the students’
proficiency in English. The experiment proposed the use of educational digital
resources to develop the writing skill. The main objective was to develop
pedagogical practices, which include digital educational resources for students
preparing themselves to become English teachers and to verify their influence in
the linguistic knowledge of the students. According to the theories of Second
Language Learning, interaction, meaningfulness and task-essential form must be
considered to achieve success. These features were explored through the digital
resources. It is possible to state that there was an improvement in the writing
skill of the participants.

Keywords: Teacher training � Digital tools � Writing development

1 Introduction

The Base Nacional Comum Curricular1 [1], the normative document that defines the
organic and progressive set of essential learning that all students must develop
throughout the stages and modalities of Elementary Education in Brazil, mentions
explicitly in four of the ten general competencies the usage of digital resources in
education. In addition, another official document, the Resolution No. 2 of July 1, 2015
[2], which defines the National Curricular Guidelines for initial training at the Higher
Level (undergraduate courses, pedagogic training for graduates and second degree) and

1 Available at http://basenacionalcomum.mec.gov.br/wp-content/uploads/2018/02/bncc-20dez-site
.pdf.
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continuing education, stresses the importance of including technological issues for
teacher training.

However, according to Mapelli’s research [3], even though technological subjects
are part of the trainee teachers’ curriculum, the author concluded that they do not
subsequently develop practices with digital resources in their professional planning.
Furthermore, not only did the participants mention their unfamiliarity with educational
software, they also said they were unaware of apps for mobile gadgets and websites
with online activities supporting education. Those few who used online materials were
unable to propose any innovative activity from the perspective of education in
cyberculture, according to Mapelli [3].

The recent report, “ICT in Education, a Survey on the Use of Information and
Communication Technologies in Brazilian Schools 2017” offers evidence to corrobo-
rate this. It mentions that whilst the Brazilian Government has created programmes to
promote teachers’ digital literacy, “recent surveys show that the relevance of the
pedagogical use of ICTs in classrooms is still very low” [4] even when infrastructure is
not an issue. Despite the fact that the use of ICT allows a wide range of opportunities,
these are directly connected to the teachers’ capacity for planning in accordance to their
didactic objectives. According to this report, it continues to be a challenge to promote
digital literacy to teachers.

From this starting point, it is possible to conclude that there is a potential gap
between the guidelines and teacher training programmes. Considering this context, our
research question is how to promote the use of digital resources in pedagogical prac-
tices for second language acquisition? Thus, as an educator preparing students to
become English teachers, this is a major personal concern and the main motivation for
developing pedagogical practices in my classes which include digital resources for
second language acquisition. At the same time as creating opportunities for the students
to become familiar with technology use, from an English teacher’s point of view, the
activities are aimed to integrate digital resources and the learning of the English lan-
guage. This paper is part of a larger work which has been developed for researching
across two semesters. The main objective was to develop pedagogical practices which
include digital educational resources for students preparing to become English teachers
and to verify their influence in the linguistic knowledge of the students. To check
changes in the proficiency levels the scales of the CEFR are mentioned.

The specific objectives were (a) analyse the role of technology in teacher training
courses in the region; (b) investigate if the theories of second language acquisition
support the use of digital resources in the curriculum; (c) describe innovative practices
through the choice of digital resources so that students feel confident in using them in
other contexts, hopefully in their own practice as teachers; and (d) find indications of
improvement in the proficiency level. After two semesters of experimenting with
pedagogical practices using technology to promote appropriate use by the students, to
develop linguistic awareness and to increase the linguistic level of future English
teachers during their training, this third article aims to join the resources used in the two
previous semesters, so that the undergraduates reinforce their use of digital resources,
as well as motivating them to incorporate ICT in their proposed pedagogical practices.
The first practice was described in an article that presented the activities proposed using
Edmodo (https://edmodo.com/) to create a closed social environment in which students
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would have access to suggestions and feel comfortable expressing themselves openly in
writing posts without worrying about possible mistakes and criticisms [5]. The second
practice linked second language learning theories and the improvement in the students’
writing skill [6]. Through the use of freely available resources, the study showed
significant improvement in the students’ vocabulary level. At the end of this period, the
students mentioned some difficulties when they were asked to produce a text, a reality
that was already expected, mainly because of two reasons: (a) the basic English level of
the undergraduates and (b) writing competency is not usually developed in schools,
especially academic writing, which was the kind of skill students were being required
to use.

Therefore, this present practice aimed to join those resources used previously,
which are Edmodo, the Thesaurus (https://thesaurus.com/), the English Profile (http://
www.englishprofile.org/) and Write and Improve (https://writeandimprove.com/). It
proposed pedagogical practices on the social educational network focusing on
improving the students writing skill. This practice is based on the premium version of
the Write and Improve platform, permitting access to more features than the free
version. The intention is to verify what features are available in the paid version and
their influence on the students’ development. The two previous articles presented the
reasons for choosing these resources, but the key rationale is that the institution in
which the practices occurred is a Preparation Centre for the University of Cambridge
proficiency tests and both, the English Profile and the Write and Improve are supported
by Cambridge. There are two main differences from the present practice to the second
[6]: firstly, before the final written production, students had a writing class, following a
lesson plan specifically for this skill, and secondly the teacher subscribed to the Write
and Improve platform, allowing the creation of a workbook for this group of students.
As a result, they could access more features than the ‘freemium’ version used before,
such as a feedback box. Thus, the participants had the opportunity to experience a
condition that most of the resources provide: free and premium versions to improve
their writing level in the English language. In this third practice, the written proposals
were linked to topics discussed in class while in the previous one this did not happen,
as the written assignment was chosen among the platform suggestions simulating the
situation of a proficiency test. Also, the premium version would allow the teacher to
follow the students’ submissions through a progress chart and, most importantly, to
write individual feedback to each student through it.

2 Literature Review

The literature review presented below offers theoretical support to the research
undertaken and the larger project of which it is part. Researchers who defend con-
nectionism believe that our brain works similarly to a computer hence it consists of
neural networks which are ‘complex clusters of links between information nodes’ [7].
One of the claims of this theory is that stimulus-response associations are strengthened
through repetition and this enhances learning. Repetition is also a key feature on the use
of technology, Time is needed to learn how to deal with technology, especially when

Using Digital Resources to Boost English Writing Development 339

https://thesaurus.com/
http://www.englishprofile.org/
http://www.englishprofile.org/
https://writeandimprove.com/


people have not used yet. It is important to deal with it continuously, especially if it
offers more possibilities to be explored.

Practice is a key component in language learning. According to Lourdes Ortega [8],
there are three principles that should be met when practicing inside classrooms:
(a) interactivity, (b) meaningfulness and (c) focus on task-essential forms. The first two
are largely self-explanatory but this third one is related to the essential forms and
structures required by the designed activity. For example, in developing their written
assignments, students must be able to structure their ideas into paragraphs, choose
suitable transition words from one to another, and use appropriate vocabulary and
language, as an essay is a formal paper. Keeping this in mind this practice was revisited
and joined the use of resources already valued by the participants to promote more
opportunities to deal with their specific writing issues, seeking to acquire a good level
of mastery and, at the same time, paying attention to their language development.

According to Lightbown and Spada [9], all researchers of language acquisition are
trying to understand and explain how human learners are able to acquire language,
taking into consideration various social and instructional environments. Either from a
linguistic or a psychological point of view, digital resources can address the basic
principles of language learning and contribute to the students’ personal development.

Besides language development, the practices also involved new ways of using the
resources. By inviting students to post their own understanding of specific content, they
could now produce, distribute and share, interactive and collaborative features that were
only possible because of Web 2.0 technologies which enable people to use social media.
In this study, this was the educational social media platform, Edmodo. According to
Bassani and Barbosa [10], this allowed students to find and share information in mul-
tiple digital ways as well as to communicate and collaborate. They define social software
as a subset of the Web 2.0 tools that support social interaction and collaboration e.g.
wikis. The authors also state that ‘the Web 2.0 applications are the ones that highlight
the possibilities of this platform through a participative architecture among the
members’ (subjects of interaction - Version by the author) [10]. In our opinion, even
when designing activities in which students are the authors of content, it is very
important not to forget that meaning should be integrated with features such as decision
making, sharing, and socializing to enhance learning experiences, as stated by the
theories of second language acquisition [7–9].

According to Musskopf and Barbosa [5], newly qualified teachers still join schools
without apparently knowing how to use digital resources, especially those designed for
educational contexts, a situation also acknowledged by Mapelli. The challenge is to
change this current situation so that undergraduates and future teachers will be exposed
to apps, platforms, resources, and websites created to be used in schools for language
teaching and learning, thus promoting improvements to linguistic levels. Their initial
unfamiliarity of these options impoverishes pedagogical practices of teachers in both
cognitive and linguistic development since there are resources which promote the
improvement of them concomitantly.

Paiva [11] wrote about incorporating the use of digital technologies into general
teacher training in Brazil. According to her, the Brazilian government has been pro-
moting some initiatives, but she still states that it is necessary to think about adding ICT
as an essential element in teacher training courses [11]. She continues by sharing her
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own experience, since the 1990s, by asserting that her biggest source of information is
now the web itself, mentioning some of the websites used in this study, such as the
Centre for Learning and Performance Technologies.

Therefore, it is possible to conclude that there is a potential gap between the
guidelines and teacher training programmes. This point is a focus of our research.

3 Methodology

Due to many features, the cartographic method seemed to be very suitable to be applied
in the pedagogical practices involved in this research. It has been used in field research
in which subjectivity is a component of the context being studied. The cartographic
method [12] aims to follow processes, not represent an object. Therefore, while the
research is being undertaken, the path must be built, adapted, creating its own
movements.

It was clear that many forces surround the research territory inhabited by the
researcher and the students, provoking not only a change in the reality around them, in
knowledge acquisition, but also a change in themselves as learners during the process.
As odd as it might seem, objectivism and subjectivism can coexist, completing each
other. The practices developed by following this methodology searched for data. At the
same time, the participants considered the adaptation and reorganization of the territory
while performing the practices. At times the subjects involved in the process analysed
aspects from inside, although there would be times they would proceed as if they were
hovering and observing from above. For example, students reorganizing their ideas
while involved in the process of rewriting would be considered from inside; when
finished, they reflected about the entire process would be considered from above,
analysing what was already done. When processes are followed, there is a necessity of
registering them, which was achieved by writing a regular research diary, to assure that
details would not be lost in the long run. This may cause a change in describing the
experiences, a different shape so that the results would not be lost along the way. While
finishing one pedagogical practice, it was important to reflect about this part, to
evaluate whether it indicated any swerve to the right, or left, or continuing straight
ahead. Hence, the proposal of the final product was to put together three papers which
were conducted by a thread which passes throughout all practices and though described
separately, are part of one complex piece of structured research.

4 Learning Practice

4.1 The Research Context

The following practices were developed with four undergraduates preparing to become
teachers of English as a second language. Due to the objectives and methodology of
this research, which require a period of time to apply the processes in the context of the
clues, the practices were developed from August 2017 to December 2018, that is three
semesters during which students enrolled in subjects named English II, English III, and
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English IV, respectively. The focus in these subjects was to improve the students’
proficiency level so that they would be able to reach an intermediate level defined as B1
according to the Common European Framework of Reference (CEFR) [13]. So, when
students enter the course, they have basic knowledge and are expected to follow classes
taught in English from the first semester.

In the last semester, August to December 2018, which is the focus of this paper,
pedagogical practices are joined with the digital resources used in the previous
semesters. The practice promoted students as authors of content which was posted on
Edmodo and was used to produce an essay, one of the requirements of the students’
semester. Throughout the two first practices, students continued to use Edmodo to
share interesting pieces they found outside the classroom, surfing on the web randomly
or finding suggestions on YouTube channels they signed up for. As this environment
showed it was a place where the students felt comfortable, wrapping up the three-
semester pedagogical practices led to a proposal linking Edmodo to a writing assign-
ment. This may raise a question: why test more writing? Two main reasons can answer
this: (a) students were very motivated after the second practice and considered they
improved their writing skill as well as reporting that the digital resources used were
extremely helpful and (b) as a famous proverb states ‘practice makes perfect’: students
were longing for more time and further opportunities to continue developing their
writing.

Experiences and improvements are elements which demand time and require
careful observation of processes which in this case could not be controlled by the
proposer since the path was clear but would not be pre-established due to the fact that
the group would be in charge of directing the study. Thus, the cartographic method [12]
was adopted to carry on the research. In brief, cartography considers there is no
separation between theory, practice, reflection and action all of which happen at the
same time, being built by the subjects involved while they are working.

4.2 The Practice

As these students had mentioned their concerns about certain aspects of writing which
they considered difficult, the first step of this practice was to determine what they were.
With this in mind, the idea of creating a word cloud came up. To build it, Mentimeter
(https://www.mentimeter.com/) was used, since according to Centre for Learning &
Performance Technologies (http://c4lpt.co.uk/) it occupies the 56th position in the 2018
Top Tools for Learning. Students had to type three aspects they consider difficult when
they have to produce writing. The result of the activity was the words: preposition,
better structure, verbs, punctuation, vocabulary, connectors, support ideas, etc. Looking
at the results, the teacher asked each student to choose one of the topics to research:
vocabulary, punctuation, verbs, connectors, and prepositions, the last one being taken
by the teacher. Students were asked to look for information about each topic, decide on
a way to present it, add some exercises to practice and post all of it to the class page at
Edmodo, which is an education network page similar to Facebook, created in the first
practice to become a place for the students to discuss issues, post suggestions, activ-
ities. By doing this, students were in charge of reading, thinking about their topic,
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summarizing the information they considered relevant, and deciding what and how
they were going to share this with their classmates.

An interesting aspect to be pointed out here is that one participant decided to look
for a new resource to present her topic. While her classmates decided to use a power
point presentation to express their ideas, she searched and found Genial.ly (https://
www.genial.ly.com/). She learnt how to use it and expressed her views on the topic she
was responsible for, through using this new resource, standing out among the group.
She did not ask the teacher about any suggestions, on the contrary, she decided to look
on her own, showing entrepreneurship. Later on, students were asked to do more
research about their topic on books available at the library of the institution and write a
post adding a tip or a piece of information they had not previously mentioned. They
were also asked to read and comment on it. Figure 1 shows a post from one of the
students.

All of them used a very friendly tone and none of them repeated information posted
in their first task. Students were able to extend their topic content with significant
pieces such as including new pieces of advice as well as expanding knowledge. As they
were supposed to read these posts at home, the teacher asked in class if they had any
questions or comments, so that it would be possible to check the meaning.

Fig. 1. Edmodo post
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The next step was to follow a writing lesson plan from the students’ textbook used
in class, which suggested an essay titled ‘The environment we live in will change
dramatically in the next 50 years’. The class steps raised some topics to discuss, build
vocabulary connected to the topic, promote some exercises, leading to a written pro-
duction. To produce it, students were asked to refer to Edmodo’s postings whenever
they felt necessary and to access the Thesaurus and the English Profile if required.
Participants had another opportunity to use the digital resources as helpers while
developing their tasks.

Finally, the teacher inserted the writing proposal in the Write and Improve plat-
form, the students accessed it and wrote their essay. Throughout the time they were
working, access to the other resources used was allowed (Edmodo, Thesaurus, English
Profile). As this proposal was part of their grades, students had 45 min to complete
the task.

Having subscribed in advance, the platform permitted them to access more details
about the assignments submitted to this version. This included, for example, the
number of times each student submitted their work and their progress forward or
backward, according to what changes they made in each submission. This feature is
really interesting since language acquisition theories support the model
write/feedback/rewrite for written production. The Write and Improve platform grants
this opportunity: after the first submission, besides the platform feedback, the teachers
have the opportunity to write comments for each student, helping them to reflect and
decide what to change to improve their work. This feature is only available in the
premium version of the platform and there was an enormous difference from the
previous practice in which the freemium version was used.

Also, the premium version generates a chart showing the students’ progress. It
allowed the teacher to give each student individual feedback. Such features are not
available in the free version of this platform; therefore, this is a substantial difference
between this practice and the previous ones. The progress chart is helpful as it permits
following each student’s progress as well as giving a visual of all students altogether.
Yet, the possibility of writing feedback to the students is considered the most important
feature of this version because it allows teachers to interact with the students about their
production, leading them to reflect, check and decide changes they can make to move
forward. As students submit their texts, teachers are able to make suggestions related to
structures and form demanded by academic writing. Such features are in accordance
with Ortega’s principles stated previously: interactivity, meaningfulness and task-
essential form.

5 Results

During all the time, the principal author kept a diary in which she wrote down
observations, such as the students’ reaction and their own comments. When they
experimented in the activity with Mentimeter, they were amazed by the opportunities
which technology could promote in the classroom. Most of them considered it a user-
friendly resource, though one of the students did not realise there were three boxes for
three options, and she typed her options all in one. As a consequence, when we looked
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at the result and she realised what she had done, she asked to redo it, which was
promptly accepted by the others. As previously said, it is not easy and sometimes the
resources can raise doubts not always asked by the students.

Through the pedagogical practices proposed, students had to interact with each
other and the teacher, receiving feedback from their peers and the teacher, using
language for a communication purpose in a social context as Lightbown and Spada [9]
and Mitchell and Myles [7] state as necessary to support a meaningful learning process.
Tasks performed always had an objective and the resources were a mechanism to
mediate communication between all the agents involved, inside and outside of the
classroom, so that the geographic space was not a barrier. Language acquisition can
take more time for some students so the fact that the practices were developed over
three semesters allowed students to experience the resources more than once, giving
them time to become familiar with them, making their brain store to embed information
from the short-term memory to the long-term memory [7]. The writing assignments in
the activities stimulated students to respond to the proposals promoting the strength of
associations through repetition, [7] as well as promoting interaction, meaningfulness
and focus on task-essential form [8]. The data collected showed that the theories of
second language acquisition mentioned, support the use of digital resources in the
curriculum for both language and cognitive development. Yet, more than once, the
undergraduates mentioned they were using some tools in other classes and accessed
resources such as the Thesaurus to help in the tasks they had as homework.

Related to the activity completed, after recognising the topics they elected as dif-
ficult, only one of the students chose a new resource to build her presentation. When
asked about it in the following class, she said she wanted something new and then
googled and found Genial.ly suitable and accessible. She was able to integrate other
media resources in her presentation, such as a video and two other links. The other
three students chose the ubiquitous Powerpoint™. It is interesting to notice that the
innovative student is also the one who has the best English level of the four. This may
suggest some questions for a further study: were the others more worried about lan-
guage accuracy than about the tool? Does a better (higher) level of English competence
influence the students to broaden their scope and take some risks, allowing them to
spend more time trying to figure something out because language is not an issue? Or is
this just related to a personality trait?

Students were engaged in the activities and had no trouble in adding information to
their topics. Unfortunately, none of them posted any comments. They said they had
forgotten to do it. Even so, it was possible to check that they read their classmates
posting as they made some comments about them in class. Despite this fact, under-
graduates used features of Web 2.0 technologies to share content in social media [10],
becoming confident as authors from the posts on Edmodo, a safe environment where
they feel comfortable in sharing freely with students from their own closed group.

Related to the writing assignment based on the class textbook, students found the
topic interesting and participated confidently in the discussion. They also received
regular input of new vocabulary to enhance their production. The writing assignment of
each student was subjected to the English profile text analyser, which showed that the
vocabulary level of the students is still in development as all of them reached some
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words in high levels of the CEFR2, such as B2, C1 and some of them even C2.
Nonetheless, to determine the level of the text as a whole, another digital resource
called Text Analyzer3 was used this time. This tool showed that only one text was
classified as B1 while the others reached the B2 level. Before the practices, under-
graduates were categorised as A2 level.

The last activity developed was the final written assignment of the semester using
the Write and Improve resource. The students were already used to the resource;
therefore, they could concentrate on their text. Surprisingly, the result shown was not as
good as expected: one student achieved level A2 of the CEFR while the other three
achieved the level B1. According to observation by the principal author during the
students’ performance, at least three reasons can be suggested: (a) as the activity was
done on the chrome books, students did not realise they could have used other pos-
sibilities to plan their writing, such as a Word™ file, or an online mind map or even
taken some draft paper; (b) timing is still a difficult issue for the students to deal with;
(c) the pressure of a grade made them nervous and insecure. Even so, none of these
reasons were directly related to digital resources.

These pedagogical practices are the third part of a three-semester sequence, the
other two practices having already been published under the titles of (1) Edmodo:
Experiencing a Global Education Network and (2) ICTs and Second Language
Learning. To conclude this study, the institution in which the practices were developed
organised a meeting to address internal interests. The participants shared their acquired
knowledge about the digital resources with the English staff.

For this meeting, the students prepared a presentation using the new digital resource
one of the students had found. This presentation was created outside the classroom
through collaborative tools.

Students then created a 10-question quiz afterwards and they made the teachers
answer a question, creating a word cloud with the same digital resource they experi-
enced in class. All were the students’ initiative; when they were invited to do it, they
were allowed to decide what they were going to say and how they were going to
present. This shows, at least, that they decided to explore more than one tool without
being motivated or guided by their teacher.

This meeting also provided a fantastic opportunity for the students to communicate
with an audience combining their writing and speaking skills. It was the first time they
had the chance of performing a presentation speaking in English, which made them a
little nervous. Another reason is that the audience was made up of English teachers and
the students were worried about making mistakes. These feelings and conflict were
naturally expected since the majority of people would feel stressed about such a sit-
uation. Even so, the undergraduates managed to present their written assignment and
engage in communication in both presenting and answering the audience’s questions.

2 CEFR relates to the Common European Framework of Reference, a set of descriptors to describe
levels of proficiency in languages from A1 to C1.

3 Available at: http://www.roadtogrammar.com/textanalysis/.
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6 Conclusion

This study joined aspects of second language acquisition and applied them to the usage
of digital resources allowing future English teachers to experience ICTs and, at the
same time, develop their English language proficiency. Even though it is hard to
determine if results were connected to the platform or the teacher feedback, it is
possible to state that there was an improvement in the writing production of each of the
students. And, in the authors’ point of view, both teacher and technology support had a
share, because as good as the platform is, there were some issues which students were
able to solve only after receiving the teacher’s feedback. Therefore, any digital resource
is exactly what the word means: a resource, it is something that can be used to achieve
an aim and provide information for teachers and students. It does not replace the
teacher, but it may help the student greatly. Nevertheless, features from the premium
version such as the possibility of written feedback and the progress chart, facilitate the
students’ assessment and feedback by the teacher. It also respects the pace of each
student, since they submit their tasks when they feel ready to do so; they may also
receive the teacher’s comments asynchronously.

Two contrasting aspects can be outlined in this study: (a) authorship and (b) stress
while being accessed. On the one hand, students showed they felt comfortable in
choosing a different digital resource than the ones used in class and explored it to build
a presentation and a quiz on their own. On the other hand, the level of their final writing
may strongly be related to the stress of being assessed, which was the only new element
introduced in this task.

In addition, the opportunity that undergraduates had to engage in oral communi-
cation during the meeting with the English teachers of the institution at the end of the
semester was the perfect event to end the three-semester practices. Students were able
to explain the resources, answer questions about them, inspire the teachers to experi-
ence two possibilities of usage (quiz and word cloud) and demonstrate knowledge
about the digital educational resource and linguistic competence to convey their points
of view. For future trends research, it is important to investigate the learning effec-
tiveness. For this, it will be necessary more time for study and analyses.
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Abstract. Since the advent of the Internet and the web 2.0 technologies, the
world has changed profoundly. While academics and professionals call for a
deeper integration of social media technologies in the classroom, millennials and
generation z students come to university. These students are social, mobile,
global, digital and visual in nature, so it is imperative to establish digital
mechanisms in the classroom that enhance learning by helping students to co-
create, collaborate and participate using technology. This research explores the
challenges of facing digital native students in the classroom by conducting a
practical experiment using social networks in different universities, courses and
subjects. Results show that students enjoy integrating social network practices in
the classroom, as they perceived them as a tool to increase collaboration, active
student participation and collaborative learning. The findings of the paper can be
used to propose effective teaching-learning strategies to improve students’
performance and satisfaction in higher education.

Keywords: Social networks � Collaborative � E-learning

1 Introduction

The power of social networking is transforming the world. With 2.62b worldwide users
in 2018, this number is expected to reach 3.02 by 2021, which means a third of the
entire population [50]. 85% of Spanish Internet users use social networks; Facebook
and WhatsApp are still the most popular, followed by Youtube, Instagram and Twitter.
However, by age, generation Z (16–23 years) prefers to use Instagram, WhatsApp and
Youtube, and Millennials (24–38 years) prefer WhatsApp and Facebook [21]. This
major usage, combined with the arrival of the millennials to the university classrooms,
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raises the teaching challenge to adapt the traditional master class to transform the
teaching-learning process and adapt it to the new requirements of this digital era.

Following the implementation of the European Higher Education Area (EHEA) and
the adoption of the ECTS (European Credit Transfer System) philosophy, universities
adopted a methodology in which both the hours of work in the classroom and
everything that happens outside of it becomes important from the point of view of the
teacher. With this paradigm, universities reduced classroom hours of a master class, in
favor of more hours devoted to the acquisition of skills that will support students in
their professional future. Besides, the student becomes an active agent of their own
learning, with special attention to the skills they must acquire, becoming a proactive
and active student, immersed in an environment that fosters know-how and self-
initiative [22]. This context favors the use of Information and Communication Tech-
nologies (ICT), an issue that universities have not been slow to implement in university
teaching [56]. These media provide an efficient environment to develop the funda-
mental competences that the European Higher Education Area implies, in matters
relevant to professional life such as critical thinking, autonomy or the collaborative
work of students [13]. This new generation of students has modified the relationship
with the world around them and with their learning. They use ICT in formal, non-
formal and informal learning contexts, which require teachers to change their strategies
[8, 35]. That is why many different ways of involving students in their teaching-
learning processes arise in recent years, especially those linked to the use of partici-
patory and collaborative networks such as Facebook, Twitter or Instagram.

Most university students have grown up in a generation dominated by the use of
Internet and new technologies. Terms like Net Generation, Millennials or Digital
Natives [42, 53] assume that students, because of early exposition to 2.0 technologies,
have superior digital skills that change the way they learn. As a result, social media
gives learners an opportunity to adapt their learning environment to get more involved
in it [20], promoting self-learning and the collaborative creation of knowledge [38].
Consequently, a growing number of research is focusing on the use of social media as a
learning tool in higher education [7, 18, 45, 54].

However, there are still challenges and opportunities in the use of social network
sites in the learning environment that need further investigation [15, 34]. For example,
more studies are needed to incorporate and exploit social networking practices into
teaching, or to include geographical or gender differences that could affect to the
implementation and use of these sites [44]. Junco [24] consider that there is still little
research on the effects of Facebook usage among college students. Consequently, the
present research tries to contribute to this research gap by analyzing the use of three
different social media tools (Facebook, Twitter and Instagram) in different university
courses and subjects both of public and private universities. The empirical results of
this study contributes to the literature investigating the effectiveness of using 2.0
technologies in the higher education classroom.
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2 Literature Review

The boom in the use of social networks in higher education environments and other
educational levels leads researchers to wonder if the practices developed are fostering
meaningful learning. This implies that social media can help to build significant
relationships through learning communities that encourage the construction of
knowledge, thus developing reciprocity in the contribution of new ideas [39], which
ultimately allow students to assimilate new knowledge along with others. A large group
of researches in recent literature look at the opportunities that social networks offer for
the development of the students’ teaching-learning process [17, 33, 34, 54]. Other
studies emphasize students’ use of networks at universities [6, 10, 25, 40]. Studies
aimed at understanding the reality of what happens in the classroom are scarcer [31],
although teachers are strengthening the use of these practices in their daily lives, both
in their personal and professional dimensions [37]. There are several studies that
confirm the favorable opportunities that social networks have [15, 33, 34, 44, 54] for
the development of knowledge. This research focuses on the contributions of social
networks to learning processes in higher education.

In particular, Gao, Luo and Zhang [15] affirmed that microblogging services have a
high potential to generate “participation, commitment, reflective thinking, collaborative
learning and to expand learning content in different formal and informal ways”. Manca
and Ranieri [33] acknowledged the potential of Facebook as a technology-enhanced
learning environment. Manca and Ranieri [32] showed that most teachers use social
media to improve the quality of teaching, to share content or to increase student’s
motivation and [23] found significant differences in GPA and engagement scores of
students using Twitter in the classroom. Alwagait, Shahzad and Alim [1] showed that
an increased use of social network does not decrease students’ performance. Roblyer
et al. and Sturgeon and Walker [43, 52] carried out research to analyze aspects related
to the use of Facebook by students and teachers, obtaining revealing data on the interest
shown by students in the possibility of using Facebook for educational purposes, issues
not found in the research by [30]. Wang et al. [58] showed in their research that most of
their students preferred the use of Facebook to the traditional classroom system.
Kirschner and Karpinski [27] conducted research with 219 undergraduate and graduate
students and found GPAs averages in Facebook users compared to non-user students.
In this study, it also became apparent that Facebook users spend fewer hours studying
per week as, in general terms, the use of Facebook is considered by students to be fun
and informal tool [28]. Moreover, Charlton, Devlin and Drummond [9] found Face-
book to be an excellent tool for student collaboration between two different universities
with similar modules in order to develop software for a common course project. Other
authors, such as [12], used Twitter to share resources and comment on news related to
the subject matter of the course, making the students consider this experience as
something positive. Tobias [55] wrote about college instructors using Twitter as an
extension of the classroom and [59] reported a positive experience on eight students
using this microblogging tool to reflect on teaching practices. Silver and Kassens-Noor
[26, 49] also introduced Twitter in the higher education classroom with positive results.
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Despite the benefits highlighted in the literature, a high number of teachers in
universities resist the normalization of the use of these tools in their subjects or do not
succeed in making use of them as a method to evaluate students [11, 17]. Other
educators, because of the importance of social media in our lives, have studied ways to
find partnerships with technology to improve their teaching practices and put students
in an active role in learning [2, 36, 48]. Therefore, it is necessary to have different roles
in social networks that allow the generation of informal learning [41], with a significant
use [29]. Consequently, students are now a proactive agent of his own learning [5, 20],
selecting what makes them learn [3, 46], generating his own content as a result of the
learning process thanks to the networks [16].

This is one of the most important challenges of today’s education, for students to be
able to orient their learning to the changing environments we face [47]. It is a challenge
to promote “self-directed learning” in the formal educational context mediated by
social networks [57]. As is well known, networks not only allow us to generate content
in an individualistic way, but also favor the group creation of knowledge [38]. For
example, Gikas and Grant [16] highlighted social networks as environments through
which students can increase their understanding of what they are creating. Immersion in
their own learning facilitates the assimilation of knowledge and makes social networks
a catalyst for learning. Millennial students are used to having access to a large amount
of information, but sometimes they are not necessarily trained to process it correctly.
Barnes, Marateo and Ferris [4] agree with this idea and highlight the benefits of this
learning style, emphasizing the need to train our students in issues such as critical
thinking because social media without structure can have negative impacts on student
learning [16].

Taking all these issues into account, the purpose of this study is to assess the effects
of the use of social networks in university classrooms. The aim is to ascertain the
effectiveness of the tools based on social networks and to gather the opinions and
experiences of university students of four degrees and five different subjects in both
public and private universities in order to provide answers to the following questions:

• RQ1: Do students have a willingness to use social media for academic purposes?
• RQ2: Do students in higher education accept this new way of learning through

social networks?
• RQ3: Does the use of social media in the class facilitate knowledge sharing?
• RQ4: Do students enjoy using social networks in class for learning purposes?
• RQ5: Does the previous use of social networks in academic contexts predispose

students to use them more frequently in class?
• RQ6: Are students willing to use these types of platforms with more intensity in the

academic field?
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3 Methodology

3.1 Description of the Activity

In order to gather the students’ perception of the use of social networks in the teaching
field, we designed a practical activity that would be developed in the three main
horizontal social networks (Facebook, Instagram and Twitter).

Those responsible for the subjects coordinated a practice with the same structure for
each course that was explained to the students in one of the practical classes of it. Thus,
the student had to give an opinion on a current topic through the social network
selected. For a better localization of the content that the student was publishing in
social networks and the reactions he was getting, we requested the use of a specific on
each subject. The evaluation of the practice took into account the dissemination of the
content obtained (number of likes, number of times shared, etc.), the quality of the
content, the reflections in relation to the current topic, the comments from other col-
leagues, etc.

3.2 Selection of the Sample and Questionnaire

In the present study we analyzed data related to the survey of students in four subjects
(mandatory and elective), four degrees and two different undergraduate courses at two
universities (one public and one private), with a total of 191 participants out of which
146 answered the questionnaire. Regarding the descriptives of the sample, 76.7% of
students were women and the age ranged from 18 to 27 years old. In addition, 92.5% of
the students who responded to the questionnaire used social networks daily. We chose
such a varied sample of individuals to give robustness to the results of this work.

Table 1. Questionnaire item.

Concept

Social_Network_perception 1. I find it interesting to exchange academic information on the
social network with my teachers
2. The use of social networks for academic purposes is positive
3. The use of social networks is a tool with which you can learn
much more
4. The use of social networks promotes social relationships
with my classmates
5. The participation of my classmates in the social network has
been good
6. The use of social networks is a way of making teaching more
participatory
7. The use of social networks encourages students’
participation among themselves and with teachers
8. The use of social networks has allowed me to deepen my
knowledge in topics that I did not know about
9. Using social networks in the course is innovative

(continued)
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We collected students’ answers by means of an online questionnaire from 14 to 25
May 2018, once the experience with social networks was over. The items can be seen
in Table 1. On the one hand, we asked students about their previous attitude or opinion
about social networks in the academic context and, on the other hand, we asked
questions about the student’s opinion about their own experience with social network
practice, their overall satisfaction and their willingness to carry out more teaching
activities on these platforms.

4 Results and Conclusions

We used IBM SPSS Statistics Version 23.0 software to carry out the methodological
analysis of this research. We performed an exploratory factorial analysis of main
components with Varimax rotation with the aim of checking whether there were
underlying concepts that lead students to develop a satisfaction with the fact that they
were carrying out teaching activities on social networks and to develop a future
intention to repeat. We selected those items with self-values greater than 1 [19].

In this way, we introduce items 1 to 9 (related to the student’s previous perception
of social networks in teaching) together and we obtained a single dimension in which
all items had a factorial load greater than 0.5 (minimum factorial load: item 4 = 0.678)

Table 1. (continued)

Concept

Experience_perception 10. The experience was satisfactory to me
11. In practice, it has been easy to synthesize the idea I wanted
to transmit through the social network
12. I think I have communicated the message I wanted to
transmit well
13. I liked the comments of my classmates
14. Practice has increased my knowledge of the subject
15. Finding the content of other classmates has been easy
16. I have researched the subject in the accounts of other people
outside my class
17. Commenting on other classmates’ publications has been
rewarding
18. Commenting on other classmates’ publications has allowed
me to learn more
19. Practice helps me to draw important conclusions on the
subject
20. The reward of practice motivates me

Previous_use 21. I had used social networking before in some other
university subject

Dependent variables 22. I would like social networks to be used in other
subjects/courses as well
23. Global satisfaction with the experience
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and a variance extracted of 59.878%. On the other hand, we loaded items 10 to 20
(items related to the student’s opinion of the experience made in the subject through
social networks) obtaining a minimum factorial load of 0.697 and an extracted variance
of 58.443%. These results largely exceed the minimums established in the literature
[14, 51]. We performed an additional factorial analysis to verify that the combined load
of all independent items of the concept to be tested resulted in two subdimensions. This
was the case indeed and these dimensions coincided with those previously mentioned.

We propose the following linear regressions to test whether the concepts raised in
the factorial analysis and the previous use of social networks in teaching explained
student satisfaction and their future desire to use social networks in the education
sector.

Si ¼ b0 þ b1SNPi þ b2EPi þ b2PUi þ ei

ERi ¼ b0 þ b1SNPi þ b2EPi þ b2PUi þ ei

We observe that the perception of social networks in teaching (beta = 0.23,
p = 0.020) and the experience with them in the classroom help explain satisfaction.
Thus, we obtain an explanation of this variable with an adjusted R square of 0.609
(p = 0.000). In the case of the student’s desire to perform more tests in a social network
environment, we observe that all variables are significant in the explanation of the
dependent one (R square = 0.621, p = 0.000). Thus, it is the perception of the expe-
rience with a beta = 0.433 (p = 0.000) that provides the greatest explanation of the
variable, followed by its perception of social networks (beta = 0.347, p = 0.000) and
finally, the fact of having already used these platforms in the teaching field (beta =
0.125, p = 0.020) (Table 2).

As we can see in the results and in relation to the first research question of the
study, we can see how students show a good predisposition to carrying out activities in
the teaching field through social networks. In addition, higher education students accept
the use of new forms of learning through social networks, so we provide empirical
support to answer research question 2. As participants point out, previous contact with

Table 2. Regressions results

Dependent variable Independent variable Beta (sig) Adjusted R
square

Satisfaction (S) Social_Network_perception
(SNP)

0.230 (0.020) 0.609 (0.000)

Experience_perception (EP) 0.579 (0.000)
Previous_use (PU) −0.058 (0.288)

Experience_repeat
(ER)

Social_Network_perception
(SNP)

0.347 (0.000) 0.621 (0.000)

Experience_perception (EP) 0.432 (0.000)
Previous_use (PU) 0.125 (0.020)
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these type of platforms facilitates the exchange of knowledge and the active learning of
the students (RQ3). But also, students enjoy the experience carried out in these online
environments (RQ4) since it mixes the relaxed atmosphere of a social network with the
social recognition of the individual and also the learning itself. Consequently, these
features make social networks an ideal learning environment in the 21st century.

We have also seen that user’s previous experience with social networks in the
academic context predisposes him/her to continue using them in the same field (RQ5),
which leads us to suppose that those who have already had contact with these online
tools have enjoyed or have had a positive memory of them and want to continue using
them, which reinforces even more the conclusions obtained for RQ4.

Finally, in terms of students’ willingness to increase the intensity of the use of these
tools in an academic context, it can be observed that this is indeed the case, thus
confirming our RQ5. Moreover, we can also affirm that this fact is motivated by the
predisposition towards social networks themselves, the positive feeling in relation to
the learning experience of the classroom and the previous contact with this type of
social environment in an academic context.

5 Limitations and Future Research Lines

This paper presents some limitations that should be mentioned. On the one hand, the
sample used in spite of representing two universities, different degrees and educational
levels, should be extended in order to make the model and conclusions more robust.
We can easily overcome this limitation by replicating the research methodology in
other institutions in Spain or other countries.

On the other hand, the questionnaire used in this paper is not fully tested in the
previous literature. This problem lies in the novelty of the work, which has made it
difficult to find previous research that completely adapts to this work. However, it
should also be noted that the results obtained at the methodological level allow us to
ensure that the scales are reliable and consistent. They could therefore be replicated in
other studies to propose a new measurement scale.

Future lines of research in this regard focus primarily on overcoming the limitations
of the present work. In addition, other experiences will be considered in the context of
social networks in order to identify what kind of activities best promote learning in
these academic contexts.
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Abstract. Traditional tandem language learning (involving two students
learning each other’s mother tongue) is not a new concept. In fact, it has long
been practiced in foreign language classrooms. However, a tandem approach
involving learners of different countries using social media is something that has
not been fully understood. Theoretically speaking, language acquisition occurs
when rich comprehensible input is provided to language learners. Unfortunately,
not all language learning contexts can provide this vital input, primarily owing
to an inadequate language proficiency level of both teachers and students. In
fact, this situation is not uncommon in the English as a Foreign Language
(hereafter EFL) context. As a result, foreign language learning is hampered or
impeded and little learning can occur, if at all. This paper argues that employing
a telecollaborative social media-based tandem language learning approach could
help to provide the missing input. With this approach, language learners of
different linguistic backgrounds (i.e. native English speakers learning Indone-
sian and native Indonesian speakers learning English) work collaboratively
using social media and assist one another in their learning - following the
principle of mutual benefit and reciprocity. Teachers of both groups work
together to design learning activities for the students with the aim being to
provide ample opportunity for language learners to interact with native speakers
of the target language and receive comprehensible input accordingly. Thus, a
tandem approach by means of social media, such as Facebook, could help
provide input critical to foreign language learning at times when input from the
language learning environment is so inadequate. More importantly, a tandem
language learning approach is compatible with and attuned to contemporary
language learning theories such as Language Acquisition Theory and Con-
structivism. Finally, a tandem approach also promotes a fruitful collaboration
among a wide array of educational institutions worldwide which, in turn, foster
an international collaboration and networking.
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1 Introduction

Tandem language learning involves students from different linguistic backgrounds,
working together and helping each other to learn the target language [1]. During
tandem language learning, language learners are paired with native speakers of the
target language. For example, native Arabic speakers learning English are paired with
native English speakers learning Arabic. These students take turn assuming the role of
native speaker of their mother tongue. Successful tandem language learning observes
two principles; principles of reciprocity – both groups should support each other
equally – and the principles of autonomy – both groups should take control of their
own learning [2].

Traditionally, tandem language learning takes place in a conventional face-to-face
classroom. The advent of Web 2.0 has brought about new possibilities because its
nature of emphasizing on the user-generated content, ease of use, participatory culture
and interoperability with various platforms for end users [3].

Thus, it fosters an environment for tele-collaborative tandem language learning and
for language learners from different parts of the globe can now learn in-tandem by
means of social media. Based on the literature, this paper argues that social media-
based tandem language learning (herein after SMB-TLL) offers at least two benefits.
First, it fosters language acquisition through the provision of ‘comprehensible input’
[4] and, second, it promotes fruitful international collaboration and networking among
educational institutions across the globe. Throughout the discussion, it is also argued
that SMB-TLL is compatible with, and is grounded on, contemporary learning theories,
which further justifies its merits.

2 Language Acquisition and SMB-TLL

Ample research evidence shows that language acquisition occurs especially effective
when language learners are exposed to sufficient ‘comprehensible input’ [4] and
‘comprehensible output’ [5] in the process of negotiation of meaning [6]. In other
words, in order for language acquisition to come to pass, language learners should be
provided with sufficient time to be exposed to the target language (either through
listening or reading), but they should also be provided with adequate time to practice
using the target language in the classroom. One of the objectives of any language
classroom should, therefore, include optimizing both comprehensible input (opportu-
nity to listen and to read in the target language) and comprehensible output (oppor-
tunity to practice the target language) as they are critical to language learning.
However, in a conventional face-to-face classroom with the brick and mortar context,
the opportunity for being exposed to the target language is so limited due to time
constraint available in such a classroom [7]. To make matters worse, use of mother
tongue by the teacher is not uncommon in such a classroom and, when the target
language is used either by the teacher or the students, at times, there are problems with
the grammar or the pronunciation resulting in invalid input. This could, in turn, hamper
language acquisition.
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This paper argues that introducing SMB-TLL program could potentially overcome
the above constraints of linguistic learning processes. To begin with, there is currently a
wide range of social media, but for the sake of discussion, this paper will focus on
Facebook and all its facets, as this social media is one of the most widely used in the
world. One of the by-products of Web 2.0, Facebook is the largest multi-language site
on the net [8]. Facebook enables internet users to communicate across different con-
tinent, language, and culture. Since Facebook enables users to communicate using
different languages, both oral and written, such social networking has great potential to
offer in the language classroom [9–11], especially for the teaching and learning of
second and foreign languages [12], such as English and Arabic. Thus, use of SMB-TLL
could potentially foster language acquisition through dynamic interaction with native
speakers of the target language.

As far as SMB-TLL is concerned, Arabic students learning English as a Foreign
Language, for example, can be paired with native English speakers learning Arabic, so
that students of both nationalities can help each other learn the target language and
provide each other with comprehensible input using Facebook as a platform. To do
this, teachers of both cohorts should work together to design the learning activities for
their students. A simple example to begin with could be to get students interview each
other using the target language, either synchronously (chat) or asynchronously (bulletin
board/threaded discussion). In the above example, Arabic-speaking students learning
English will interview their counterparts – English-speaking students learning Arabic
using English and vice-versa. They subsequently report the results of their interview
back to their conventional classroom for discussion. In this way, each student is pro-
vided with abundant opportunity to receive valid comprehensible input from his or her
native speaker partner. More importantly, the context of communication is more
authentic, as the language is used for real communication purposes without being
constrained by time and space. With effective SMB-TLL, equipped with teacher’s good
facilitation skills, the problem of limited exposure to the target language in a con-
ventional classroom can be addressed more effectively.

In addition to providing rich comprehensible ‘input’ and ‘output’, this paper also
argues that use of SMB-TLL is compatible with one of the major tenets of Con-
structivism [13–15] – the contemporary learning theory. Constructivism postulates that,
as far as learning is concerned, social interaction is critical simply because knowledge
is constructed through social interaction. This implies that language classroom should
promote social interaction among the students and between the students and the tea-
cher. However, again, in a conventional classroom, promoting such interaction is not
always easy to achieve, primarily due to time constraints and sometimes the cultural
issues. Also, at times, large classes make it difficult for the teacher to organize effective
group discussion. What is more, some students are occasionally reluctant to participate
in a conventional face-to-face language classroom because they do not want to make
mistake in the presence others [16]. In the end, fostering effective and efficient social
interaction in a conventional language classroom could be a challenging task for both
the teacher and the students.

Empirical evidence suggests that, using online media, language learners are inclined
to participate in the social interaction processes. For example, previous research con-
firms that online discussion among language learners attract more participation than its
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counterpart face-to-face discussion and that language learners feel more comfortable to
participate in such learning milieu [17]. Thus, since one of the important goals of
language classroom, as far as Constructivism and Language Acquisition theories are
concerned, is to promote social interaction among language learners, it becomes
immediately apparent that tandem language learning is compatible with these contem-
porary learning theories. As far as Constructivism is concerned, social interaction that
takes place during tandem exchanges serves as both ‘a means to an end’ and ‘an end in
itself’. In other words, social interaction is both an instrument for learning the target
language and the goal of learning itself. It is not surprising that the web is often referred
to as “a vehicle for constructivist approaches in language learning” [18, p. 2]. However,
as noted earlier, successful e-tandem language learning observes two principles; prin-
ciples of reciprocity – both groups should support each other equally – and the principles
of autonomy – both groups should take control of their own learning [2].

In a nutshell, SMB-TLL should be seriously considered when teaching foreign
languages in this century, as dynamic interaction with native speakers afforded by the
media could potentially provide the learners with rich ‘comprehensible input’ and
‘comprehensible input’, thus enabling language acquisition to occur. This is especially
promising since research studies indicate that students enjoy using Facebook [8, 19,
20]. Needless to say, more research is needed to better understand how to effectively
and efficiently use Facebook as a platform for tandem language learning program.

In the following section, the second benefit of SMB-TLL is discussed – promoting
international collaboration among educational institutions around the world.

3 Promoting International Collaboration

A part from the benefit related to improved language proficiency, another benefit of
SMB-TLL is that it could potentially promote fruitful collaboration among educational
institutions across the globe [2, 7]. Needless to say, in order for a tandem language
learning program to occur, teachers of two institutions, or more, should work together
to design the learning activities that need to be included and to decide on their own
roles as teachers during tandem exchanges. Intensive collaboration between teachers
and students from different educational institutions worldwide could potentially foster
tighter collaboration between these institutions, especially when such a program is
perceived to be mutually beneficial by all parties concerned. Thus, again, in order for a
tandem language learning program to develop into more formal partnership and col-
laboration, it is extremely important that all parties ensure that each is benefitted from
such a program.

A tandem language learning program can easily be followed up by the signing of
MoU between interested institutions on a wide range of collaborative programs such as
teaching, research, student and staff exchange, just to name a few. In the long run,
tandem language learning initiative can be regarded as the seed of, or the stepping stone
towards, international collaboration among educational institutions in the world on the
basis of mutual-benefit partnership. In the following section, we will discuss how
SMB-TLL is relevant to language learning in the 21st century.
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4 SMB-TLL and Foreign Language Learning
in the 21st Century

The turn of the 21st Century is heralded by the omnipresence of social media such as
Facebook and Twitter, just to name a few. As argued previously, this social media has a
great potential to offer in foreign language classroom through SMB-TLL programs.
Interestingly, the advent of this social network coincides with significant changes in the
principles of foreign language teaching and learning. For example, it has been argued
that grammar is no longer the focus of language education in the 21st century [21].
Instead, language learners are encouraged to use the target language for communication
purposes. Thus, the ability to communicate using the target language becomes the main
priority of foreign language classroom in this century. In this case, the advent of social
media is a welcome coincidence simply because of its capability to support commu-
nication and social interaction between language learners and native speakers of the
target language around the world. This paper argues that SMB-TLL is especially
important not only because of the changes in the principles of foreign language
teaching and learning in this century, but more importantly, because of the classical
shortcomings associated with foreign language classroom today. These limitations will
be discussed one after the other and this paper will show how SMB-TLL could
potentially help reduce, if not get rid of, such limitations.

To begin with, language learners are afforded with limited exposure to the target
language [7] during ordinary foreign language classroom and this is particularly true
when the target language is taught along with other distinct subjects in the curriculum.
To make matters worse, during this very limited time, it is not uncommon that use of
the target language by the teacher is also so limited. As a result, language learners
receive so little ‘comprehensible input’ [4] during regular meeting in the classroom.
Nor are they afforded sufficient time to experiment with their ‘comprehensible output’
[5]. In the end, language acquisition is barely possible in such a learning environment.
As noted earlier, SMB-TLL in the curriculum could help provide language learners
with ample opportunities to be exposed to both ‘comprehensible input’ and ‘compre-
hensible output’ through social interaction with native speaker partners, thus opti-
mizing language acquisition. What is more, such communication is not constrained by
time and space.

The second limitation of a typical foreign language classroom concerns language
proficiency of the teacher [7]. At times, the teacher himself does not have sufficient
language proficiency or has limited understanding of the culture of the people speaking
the language (of course, teacher’s language proficiency varies; some teachers are more
proficient than the others). As a result, language learners are exposed to inaccurate
forms, expressions, or pronunciation. Without appropriate feedback, the learners will
keep producing the same errors in the future. Again, SMB-TLL is so helpful when it
comes to providing feedback. A native speaker partner could provide corrective
feedback on any unacceptable forms, expressions, or pronunciation in such a way that
both speakers could improve their language proficiency. Of course, these students
should discuss right from the very beginning how they should provide feedback to each
other under the auspices of the teachers.
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Foreign language teaching and learning in the 21st century is benefited immensely
by the advent of social media and it appears that use of this social network in language
classroom will soon gain popularity. For one thing, social media appears to be able to
address most, if not all, of the classical shortcomings associated with conventional
foreign language classroom. However, it is important to bear in mind that the roles of
the teacher in facilitating tandem exchanges will remain vital and cannot be replaced by
technology. SMB-TLL requires that teachers be familiar with technology and, in the
end, it is every institution’s responsibility to provide on-going training and support to
foreign language teachers. Only then, can we expect fruitful SMB-TLL.

5 Concluding Remarks

The turn of the 21st century has seen the ubiquity of social media and this paper argues
that SMB-TLL offers at least two benefits. First, it could potentially foster language
acquisition through the provision of both ‘comprehensible input’ and ‘comprehensible
output’ and, second, it may well promote fruitful collaboration among educational
institutions across the globe through tandem language learning initiatives. Whereas the
examples discussed in this paper focus exclusively on SMB-TLL, it is important to
emphasize that, strictly speaking, tandem exchanges are not limited to language
learning only. Use of tandem exchanges is also appropriate for the teaching and
learning of other subjects. This research notion has some limitation related to the
learner’s personal characters, cultural issues and the context of a certain type of social
media. Therefore, future research may investigate the confirmation of the notions
mentioned in the paper and bring in more parameters in investigating their influences to
the learning motivation and outcome. In sum, despite the potential benefits of SMB-
TLL, teachers still need to decide for the classes how to whether or not to opt for SMB-
TLL and how to do so in their teaching in order to meet the demands.
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Abstract. This paper discusses the development of the reference interaction
model for enhancing young marginalized adults (16–30) from various vulner-
ability backgrounds to access adult education opportunities by social media-
based services’ ecosystem. The paper drives from H2020 project EduMap case
studies’ data conducted with young people in different European countries: with
migrant background (Turkey, Germany, Austria, UK), NEET and special edu-
cation background (Estonia, UK, Finland, Austria), prison education back-
ground (Finland), roma background (Romania, Spain) and homeless youth
(Greece). The qualitative reports were analysed for interaction patterns using
concept mapping approach, and the reference model of interactions was
developed. Based on the reference model, six interaction scenarios were
developed as comics, which were evaluated formatively by focus group and 15
stakeholders. The design guidelines for social media services ecosystem were
developed, to support using the reference interaction model and the scenarios for
developing supportive social media ecosystems in countries that support the
access to adult education for marginalized adults.

Keywords: Marginalized young adults � Vulnerable � NEET � Migrant �
Homeless � Social media services ecosystem � Access to adult education

1 Introduction

This paper proposes an empirical study based design solution how to support
marginalized groups of young adults to be part of society, enhancing their access to
adult education (AE) opportunities with social media based ecosystem of services.
Research literature of the marginalized adults’ communicative interactions in educa-
tional domain is not substantial. In the European Council report (Bellardi et al. 2018)
about spaces of inclusion highlights the role of virtual and face-to-face networks in
affording social capital with regard to problem solving (administrative procedures,
access to health care and social welfare, housing etc.). It suggests to multiply visibility
and access to media content and training through partnerships with civil society
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organisations, local institutions, public service and commercial media. Our study was
undertaken under H2020 research and innovation project EduMap, that aimed at
decreasing the gap in the knowledge how to make AE best accessible to the vulnerable
groups. Our design research targets particularly the opportunities and issues summa-
rized by EduMap project in the Communicative ecologies report (Tacchi and Sabiescu
2019) about the communicative ecologies of marginalized young adults’ groups:
(i) Potential of social networks for information access: Social networks are the most
effective ways of passing on educational information to young people and heightening
chances of follow-up. Social networks refer to personal and professional contacts that
are close to young people, and whom young people trust. Communication among these
networks can be direct or mediated, diversely by voice services, digital and social
media. In most instances, it is the human factor and direct contact with young people
that makes them valuable for enhancing young people’s access to AE information.
(ii) Potential of blending social networks and digital media: Digital media can be an
effective means to reach out to young people if used in conjunction with direct com-
munication through personal and professional networks close to young people.
(iii) Access to digital media and Internet: Mobile device ownership is most wide
spread, though in some cases (like the Romanian Roma) they can be shared in the
family. WhatsApp is the most used and preferred application among some groups, also
Facebook and YouTube are more used. The use of Instagram, well established in some
contexts, appears to be popular especially among the younger people, 16 to 18.
(iv) Communication challenges: Some young adult groups are difficult to reach. Many
young adults in vulnerable situations lack the capacity to navigate social services.
Young people’s digital practices tend to be more focused on entertainment than on
active information research about AE opportunities. Accessing AE requires active
mediation by advisers using blended channels. Language barriers often prevent young
refugees and migrants from accessing AE information.

The main research question in our design research was: How can access to Adult
Education (AE) programmes be improved for vulnerable marginalized groups using
blended face-to-face and social media and supportive services?

2 Service Based Social Media to Support Marginalized
Young Adults

A possible approach using ecosystem principles in the society domain is a service-
based ecosystem approach. The service is generally defined as a flow of logically
combined products (units, inventories, activities) between the service providers and the
users through the operating level management, in accordance to the outlined processes,
rules or definitions (Sipina 2011). Services comprise the following components:
attributes (inventories, units, monetary and nonmonetary sources), provider, service
manager, service user, activities (necessary for delivering service to the user), and
accompanying rules and/or processes how user will consume the service. In the society,
we may define different stakeholders that can be viewed as the kind of species within
ecosystem. For example, we may view young marginalized adults, adult educators,
social advisors, employers as the relevant stakeholder groups when exploring the
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vulnerability of young adults that lack opportunities for active citizenship. Secondly,
the service ecosystem for young marginalized adults contains processes that take place
between different stakeholder groups in the society. The types of services within the
adult learning ecosystem will cover not only the services that directly provide access to
the AE, but also the social or legal services that enable access to AE by removing
constraints the young adults may experience: age range to fit to certain educational
level, education level to access certain AE, language and citizenship, location, family-
and economic situation, employability status- and disability. Services mutually con-
strain or extend the opportunities for specific stakeholder groups. They may be con-
sidered as ecosystem potentialities that could be validated by the actualization of
services from the specific stakeholders’ point of views. However, young adults from
the service receiver groups cannot be unified under the limited number of category
types. Rather every person is unique and has unique combination of characteristics that
all together build the constraints and service needs for the young adults to become
active and participatory citizen. Desjardins and Rubenson (2011) provide a model of
characteristics that influence participation in AE: (i) Individual characteristics: social
background, being immigrant, age, gender, education and qualification, competences,
experiences, actual competences; (ii) Work-related characteristics: job context, job
tasks, need for competences, usage of competences, organizational structures, inno-
vation and adaptation level of organizations, career opportunities, training opportuni-
ties, work safety, salary, effectiveness, flexibility of work; (iii) Environmental
characteristics: socio-cultural norms and practices, trade unions role, political context.

In the social media-based ecosystem that aims to bring young marginalized groups
to AE there is the need to identify and provide support to different aspects that constrain
young adults. This requires personal approach to discovering what the constraints in
every person’s case are, and proposing how similar persona types have benefitted from
supportive services. We propose considering the vulnerability through the set of
characteristics presented in the service target group model. Such a model allows
describing any young adult at risk as unique a combination (Downes 2014).

3 Methodology

Sites and sampling: In EU FP project Edumap (http://blogs.uta.fi/edumap/), partners
conducted the research in AE environments, and within selected groups of young
people at risk of social exclusion in seven EU countries (Finland, Germany, Greece,
Hungary, Romania, Spain, UK) and Turkey. These case reports, and the summarized
findings presented in the report (Tacchi and Sabiescu 2019) were analyzed using
concept-mapping of interaction paths. The interaction scenarios for enhancing dialogue
between AE providers and vulnerable young adults were developed taking the fol-
lowing steps: The reference conceptual model was developed from different concept
maps of the cases. Guided by the reference model, six possible generalized interaction
paths were extracted that focus on advisory practices at different support organizations,
social media, social networks, and digital social innovation services. Based on these
interactions the generalized stories were developed using comics storytelling approach.
The evaluation of scenarios by survey was conducted with 12 persons (mainly in the
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role of counsellers and adult educators from UK, Estonia, Greece, Finland, Germany,
Taiwan); and by interviews 3 persons (social workers from Estonia). The survey asked
the following aspects: Where does the scenario work? Could the stakeholder use it?
What needs to be changed in the scenario? Could you provide new scenario ideas? The
findings were summarized as the design framework.

4 Results

4.1 Conceptual Reference Model of Interactions Within the Social
Media-Based Service Ecosystem to Promote Young Adults to Access
Adult Education

We built our interaction scenario elements on essential elements that enable young
people to reach out to information, identify suitable opportunities and engage in AE
programmes that make a difference for their lives: (i) the capacity to aspire and con-
struct goals; (ii) access to social networks and hubs; (iii) access to relevant content and
information; (iv) access and use of relevant media and platforms; and (v) possession of
needed information and communication competences and literacies (Tacchi and
Sabiescu 2019). We developed a conceptual reference interaction map (Fig. 1) that
summarized different case studies’ results of focus group interviews.

4.2 The Interaction Scenarios for Social Media-Based Service Ecosystem
to Support Young Marginalized Adults to Access Adult Education

In the second phase of the design study we developed based on the conceptual ref-
erence map of interactions the interaction scenarios (S1–S6). We used the visual
cartoon-based storytelling approach (with software Pixton.com) to depict the interac-
tion patterns. This approach enabled to generalize the roles and places visually.

Fig. 1. Reference framework for interactions in social media-based service ecosystem to support
young marginalized adults to access Adult education
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Scenario 1. Communication ecosystem with social media (S11)
Problem/issue: Different stakeholder organizations that target young adults’ active
citizenship as a goal separately run distributed social media sites in Facebook, blogs,
Instagram, Youtube to conduct social media campaigns for accessing youth and
bringing them to education, job and social services’. There is the need to effectively
prompt information across such media, so that it reaches potentially to all.

Audience/Context: Central AE policy organizations at regional and local level, AE
providers, youth-, employment-, migration- and rehabilitation centres that provide
counselling, specialists’ networks and associations run their own web pages to share
news and specific information about AE and additional services. The web-pages have
the blogs, that can be pushed/pulled to social media such as Facebook or WhatsApp
groups, monitored by personal aggregators or shared across platforms. Some of these
Facebook pages are monitored by thousands of youth, adult educators and counselling
specialists. They incorporate also Youtube for sharing videos about the learning
facilities, and best practice cases in AE, and the Instagram or Snapchat for sharing
visual materials about vocational competitions or job-related designs etc. The Facebook
pages may be used for promotion campaigns, such as winning the access tickets to the
training events, selecting the best specialists based on videos. Campaigns and com-
petitions prompt visits and sharing of media content about jobs, practices, careers and
learning opportunities.

Solution: Seamless access to information across social media between the coor-
dinating organizations for young adults. The interconnected social media will provide
more relevant content to young adults independent of their access points.

Discussion/consequences/implementation: Orchestrating social media of different
organizations into the communication ecosystem where information can be pushed and
pulled across partners may increase information visibility and prompt education-, job-
and social services-directed informedness and engagement among young adults. It also
makes up the cohesive secondary communicative ecosystem where different organi-
zations can be aware of each others’ initiatives and approaches.

Related patterns: S1 scenario links with the S3 (social facilitator): the Facebook
pages are used for providing immediate contact with advising persons. While already at
the place young adults may become aware of more information and take part of other
offered engagement. S1 scenario associates with the S4 (alumni network).

Purpose: Media layer augmentation to embed Information layer elements, such as
hidden advisor mediated prompting to promote AE.

Scenario 2 - Hidden advisor (S22)
Problem/issue: Often young adults from vulnerable background have few interests
except hanging around in social media interest groups or playing various multiplayer
games with virtual friends. This is the community they may trust more than official
advisors. It is difficult to identify such young persons, to get familiar with their
problems to offer adequate help to return to learning or work.

1 https://www.pixton.com/schools/storyboard/e6ieff80.
2 https://www.pixton.com/schools/storyboard/97ek6mj1.
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Audience/Context: There are cases when youth centres have organized projects
where as part of the project young adults from vulnerable background are engaged into
the interest groups or gamified activities that are no related directly to studies or work.
In the interest group or game settings the youth workers who participate in the game
become more familiar with the young people, they get trusted relationships and often
young people mention the problems they have in life. This augmented to settings
advisory practice is the leverage that may be built on to invite young people to receive
more guidance in their life.

Solution: Scenario S2 describes the approach of augmented (hidden) advising.
Often young adults develop passions and interests around social media groups, mul-
tiplayer games, e-sport activities etc. These activities may be used as entry points to
gain access to young adults, develop trusted relationships, and open up for them new
opportunities in AE programmes.

Discussion/consequences/implementation: This scenario requires situation aug-
mented trained advisors as trustees, that do not violate young persons’ privacy and
rights in deciding about their needs and consider all ethical principles.

Related patterns: The scenario may be combined with S3 (social advisor), as the
problems and needs of the person have been identified, some more formal forms of
advising may be following to find suitable AE opportunities and supportive services.
The scenario may be combined with scenario S5 to discover the opportunities for
voluntary network of support. Finally, the S4 (alumni network) may be used also for
recruiting new players to the game using the snowball methodology.

Scenario 3 - Social facilitator (S33)
Problem/issue: Bringing young adults from vulnerable background to organizations
where they get advice and guidance in the career, job, or can discover AE that fit for
their needs, as well as, helping them to discover supportive services that enable the
access is difficult, because young vulnerable people do not have sufficient self-drive
and communication competences to set up visits to official places they are not familiar
with. The drawback of digital media is that young people do not know where to look
for AE, so they first need to find out about and follow up on leads and tips from
contacts. There is lack of knowledge about the local AE system and opportunities
among young adults from vulnerable groups, and lack of support structures for turning
information into decisions. Another issue is that while young people are falling out
from educational institutions, they lose contact with the institutional advisors, and are
not transferred smoothly to the next coaches in their life path. There are no complete
track records of life paths of vulnerable young adults, because the data from advising
events are kept in different data systems.

Audience/Context: The scenario (S3) targets young adults that have low com-
munication skills for setting up meetings in official organizations they are not familiar
with (rehabilitation centres, educational advisory centres, unemployment centres etc.).
The scenario depicts the key advisory role of professional figures such as community
and social workers, local administration youth contact points etc. in mediating AE

3 https://www.pixton.com/schools/comic/3epp70kk.
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information to young adults from vulnerable groups. Advising typically is accompa-
nied by using different databases to track down the records of interviewed people for
further sharing among different advisory bodies and organizations, searching for AE
that fit the profile of young adults from vulnerable groups, and the accompanying
services to scaffold access to the AE and compensating the lack in young adults from
vulnerable groups agency.

Solution: The different advisory practices (at schools, vocational places, rehabili-
tation centres, youth centres) should have connections across social media (S1). The
initial contact with young people can be developed through lightweight chat such as
Facebook Messenger, Instagram or others that young people use in their everyday
practice. The young adults can be invited to talk with different advisors, before the
face-to-face meeting is set up. In order to have track records of young persons’ life
paths towards educational and vocational opportunities, the advisors in organizations
may fill in the records of young adults in shared databases, or by using linked data
approach, they should easily access earlier records made by different advisors. The
anonymized track records may be used for intelligent decision support systems to
discover gaps and predict needs and successful vocational and educational choices in
for specific young adult types. The advisors should also use the educational information
and social service systems in combined searches to make relevant offers to young
adults in need. Blending different advice forms is useful and promotes discovering and
engaging better with young adults.

Discussion/consequences/implementation: This scenario was found to be the
most relevant one, since advising is the main access channel of young adults to AE.
The young adults from vulnerable groups are characterized by very rarely purposefully
looking for AE. The use of digital and social media for personal browsing and
entertainment is not an indication that these are also used for accessing information
about AE. The tracking of young adults’ records has been implemented in some
countries, however privacy concerns apply, as well as the equality reasons. The
tracking methods should not be used for specific vulnerable groups only. It has also
been argued that real advising should happen in secure settings, not in social media,
that is controlled by international corporations. e-mail is not very reliable with young
adults from vulnerable groups as a communication channel, it is problematized by
many users who admitted they do not check it regularly.

Related patterns: S3 scenario relates with S1 (communication ecosystem), since
the Facebook groups of AE or associations providing advising services often use live
chat (Facebook Messenger) for first immediate information sharing. The best way for
AE information to reach out to youth is through blended channels that merge direct
information provided through contacts, organizational mediators and social networks,
with information provided through a variety of digital and social media.

Scenario 4 – Alumni network (S44)
Problem/issue: Many adults with migrant background hardly use other channels of
information than trusted inner community groups in Messenger or WhatsApp. Access
these persons in need for education may be gained by the alumni, who already

4 https://www.pixton.com/schools/storyboard/xjixt5am.
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experienced how education might change their life. Educational organizations have not
managed to build up access and information sharing to inner networks of migrants with
the help of the alumni. Sustaining post-course alumni communication has challenges –
the lack of resources; formal impediments to maintaining contact (privacy, data pro-
tection); transiting from informal to structured practices.

Audience/Context: The audience of this scenario is particular migrant and cultural
groups who keep their identity by communicating mainly with their inner communities.
In such communities, the trust is built by the members who have experienced success
in their life path and may advice others. While educational institutions are successfully
communicating with their students, they lose the track of them after graduation. The
study groups created with social media may be used to build alumni networks. The task
of communicating with alumni may be transferred from educators to communication
specialists who can develop targeted campaigns through social media of institutions,
also in WhatsApp and Messenger chat.

Solution: S4 provides the ways of accessing an inner community or group focus
using personal social media in WhatsApp. The scenario creates the linkage between
trustworthy acquaintances from AE, associations, community centres or social care
centres and inner social networks cultivated informally among friends and family.

Discussion/consequences/implementation: There needs to be motivational ele-
ments to promote such alumni channels and post-studies information sharing to the
inner networks.

Related patterns: Scenario relates with S6 (Learning with WhatsApp). Scenario
makes use of the fact that the value of social networks increases exponentially when
young people benefit from the support of a cohesive community or group, young
vulnerable adults appreciate above all personal contacts as sources for information,
including when it comes to finding out about learning or job opportunities.

Scenario 5 – Voluntary help network (S55)
Problem/issue: Young adults with vulnerable background often face several obstacles
to access AE. They need additional social services, but often the services they need are
not available in their localities (such as while living in remote areas, they need
transport, or babysitting help). Other young adults have issues with self-directing their
studies and work, or communicating in formal settings and they might benefit from
study peers, or mentors.

Audience/Context: While the young person may access centrally several services
that facilitate AE, there may still be the need for tailored services to remove all the
constraints to facilitate persons’ agency. Such constraints may be related with their lack
of self-organization or communication literacy, disability or inexperience in new sit-
uations where the person may need to find the more experienced study-body or friend.
Alternatively, the persons may need the lift with the car, or caretaking of their children
or relatives at home while they are studying. In the best cases, such voluntary help
networks should be mediated to young adults from vulnerable groups by the advisors at
different advisory related centres.

5 https://www.pixton.com/schools/storyboard/4iqo27t4.
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Solution: S5 depicts the emerging social enterprise based opportunities to extend
the support to young adults from vulnerable groups using the active participatory
citizen based approaches to get support and scaffolding.

Discussion/consequences/implementation: The voluntary help network is a new
sharing-economy based service, that enables the young adults from vulnerable groups
themselves and the alumni of AE (former young adults from vulnerable groups) to offer
services also to others, such as mentoring, language support or the lift with car.

Related patterns: This pattern relates with S3 (advising practices).

Scenario 6 – WhatsApp learning group (S66)
Problem/issue: The persons from informationally isolated or culturally constrained
communities primarily use social media such as WhatsApp for communicating with
inner communities. They do not have digital tools to learn other than mobiles. The
group’s specific cultural and social norms and values may also shape possibilities to
use social media for learning. Even educated women access some information via their
male relatives rather than from direct contact with the institutions. Their agency to
develop autonomous communication and information practices is severely restricted by
their domestic and care responsibilities.

Audience/Context: Characteristic to communicative dialogues in informationally
isolated or culturally constrained communities are that word of mouth and social
networks are among the most important ways of accessing information about AE;
information is delivered locally through trusted information sources such as community
centres, local foundations or informal community leaders; key mediators such as
support organizations, foundations, or caretakers have a central role. These places may
be used for offering learning opportunities.

The persons from informationally isolated or culturally constrained communities
who already access AE, also use the social context of their courses to develop
WhatsApp networks that may offer information about future opportunities. Persons
appreciate if WhatsApp or Messenger are used for personalized help and advice either
from tutors or advisors at the college, or from within their social networks, because
information available on the internet can be confusing and unclear. The follow-up after-
course communication of WhatsApp course may range from maintaining relationships
and networks, with a general purpose of connecting, sharing and keeping in touch, to
supporting people in their personal lives and preventing set-backs.

Solution: This scenario S6 depicts the WhatsApp engagement with the young
adults belonging to informationally isolated or culturally constrained communities. In
general, the solution to the cultural isolation problem is social layer repurposing, such
as social media study groups may be developed for sharing information within infor-
mally isolated communities.

Discussion/consequences/implementation: Some groups of young adults may be
digitally disconnected, having access to Internet only in the care facility they regularly
attend, where their agency is enhanced by their own knowledge and motivations to
communicate, computers, WIFI and the social workers who manage the centre, among
other factors. Persons may be sharing mobile phones and Facebook profiles.

6 https://www.pixton.com/schools/comic/ja6n1tcb.
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Related patterns: This scenario relates with S4 (alumni network), since the social
media based learning groups may be transformed to alumni networks.

4.3 The Evaluation of Interaction Scenarios

The interaction scenarios were shared publicly at EduMap blog post, EPALE post in
Estonia, Helpific.com social network, in the network of Youth centers (Noorte tugila)
in Estonia and among the Edumap partners by email. The feedback to the scenarios was
collected using online survey. The scenarios were viewed online by many persons. The
scenarios were evaluated in the survey by 12 persons, and in focus groups by 3 persons.
The cartoon-based interaction stories were found useful in discussing the scenarios
with different stakeholders (advisors, adult educators, young adults with different level
of literacies). The critical issues:

S1: The new social media approaches to enhance marginalized young adults’
groups to access AE would also require training; there aren’t free human resource to
help marginalized young adults with social media; there are better ways of sharing
information between AE institution than social media; social media does not necessary
represent the whole spectrum of services different support service organizations pro-
vide; young people do not use Facebook; Protecting anonymity was considered a
concern in the communication using social media.

S2: Ethically problematic, as it invades to personal space and violates marginalized
young adults privacy; linguistic issue may emerge in hidden advising; gaining trust
while being hidden is a method used by online perpetrators; It is important to consider
the willingness of young persons to be advised; It is important to reveal the intention
and presence of embedded advisor roles from the beginning if such are used; pitfalls of
using multiplayer games as medium were related with the lack of interaction between
players and the facilitator; to contact the marginalized young adults rather in their
activity places than in social media.

S3: Several marginalized groups may benefit from the advisor mediated AE access
scenario, while others cannot be accessed so easily; the inadequacy in advising may
emerge from the lack of suitable offers for marginalized young adults’ group; It would
be important that the advisors have access to dynamically updated databases to AE;
distrust and data privacy concerns related with personal lifelong data; need for smooth
transitional phase; need for the Information Sharing Protocol across social workers; not
sharing personal information with third parties; using interview guidelines, that would
be more immersive and closer to the communication forms of young people.

S4: There aren’t such follow up tools of alumni; the data protection and privacy.
S6: Using WhatsApp requires different course design.
Beyond specific scenarios some general concerns emerged with the comics based

visual scenario approach: Overall, the graphics for scenarios need to avoid stereotyp-
ization that might invoke stereotypization (racial, ethnic, gender, behavioral); The
facial expressions and the body postures may cause mood and motivation related
stereotypization). The scenes at cartoons may show too speedy and optimistic progress,
and do not show the trust building as a lengthy process.
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5 Discussion

The findings from the scenarios were summarized to the key principles. Interaction
scenarios must consider some critical problems: access to different marginalized young
adults’ groups, ethical implications of suggested interaction behaviors, data protection
and privacy, linguistic issues, stereotypization of stakeholders at scenarios regarding
racism, digital equality, gender equality but also stereotypization about their roles,
motivations and behaviors. Scenarios may serve as the reference architecture to
develop communicative ecosystems for enhancing the access of youth to AE.

The vulnerable groups cannot be described by official categories such as NEET,
migrant, or refugee, but vulnerability associates with complex combination of cultural,
educational, social, economic background, the passiveness to take part of active life,
regional, literacy or language constraints and disabilities, gender constraints and digital
equality and literacy. For each country, the target groups must be specified and their
communicative patterns described. The communicative ecosystems of similar
marginalized young adults’ groups vary. The trends that affect access to marginalized
young adults’ groups associate with their accessibility: in specific places (like refugee
camps, schools); difficulties in identifying their localities (like school drop-outs, long
term migrants); according to the services they are accessing (such as people who get
social services) and needs (passive young adults, with low communication compe-
tences, self-regulation and literacy, young adults in remote locations, homeless). For
tailoring different needs the communicative ecosystem requires several interaction
paths. Other important roles are advisor, communication specialist and educator. In the
regional communicative ecosystem several complementary roles may be needed to
support different marginalized groups.

The main organizations providing advice, education, support should be identified.
Similar interaction practices with media must be introduced across complementary
roles. The data of vulnerable needs to be updated in databases. Guiding young adults
transitionally between advising, supporting and teaching stakeholders is needed.

The data about AE and services must be harvested dynamically. The data of young
adults (if tracked along life path) must be protected, the linked data approaches should
be used across different data recording systems to enable also the application of future
intelligent decision support engines to be used in providing relevant and tailored AE
advice.

The tailored to marginalized groups media content should be developed about AE,
that can be used across platforms. There could be motivational packages to scale up the
access young adults (e.g. gamified approaches to collect badges, points, achieving
small successes through different personalized life paths). One of the future features in
educational and supportive services’ databases is the intelligent recommendation tai-
lored to personal needs but also predictive data models.

The growing dependency of corporative controlled social media is predicted.
Corporative media layer defines the interaction (free and payed) that can be used for
advertising AE with games, campaigns or other means. Separate empirical studies are
needed to define the successfulness of such campaigns and games. For example, the
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harvesting of data from communicative interactions in the regional communicative
ecosystem could be useful to make evidence based decisions.

Agency: The emerging social sharing economy potential in providing educational
and supportive services through help networks models also the active participatory
citizenship competences among marginalized young adults, develops informal net-
works and increases social cohesion.

6 Conclusions

The design research results can be used in the countries to develop and orchestrate the
communicative ecosystem of services for vulnerable youth. An effective system
requires developing the national database of social services, database of AE, databases
of linked and lifelong records of educational and employment paths and specific needs
and accessed services. Using linked records’ data would require decisions and regu-
lations at the data access and privacy level. Our analysis demonstrated that there is the
need for stabile and payed advisor roles to promote mediated access AE for the youth
from vulnerable minority groups. Advisors are at present at different organizations such
as in educational-, rehabilitation-, youth-, unemployment-, and migrant centers.
A common procedure for tracking and advice mediation needs to be developed in each
country context that enables different stakeholders in the country to be mutually
informed while advising a person, and the person should to be guided to the advisors
and to the AE by their preferred ways (such as in physical centers and places, in public
social media groups, in personal social media groups, in gamified digital
environments).
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prospective teacher and (3) The relationship between social media activity and
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method used in this study is Ex Post Facto with correlational forms and theo-
retical discussions. The sampling technique is used in this study is the quota
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emotional intelligence with a contribution of 53.63%, as for specific conclusions
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media and the emotional intelligence of prospective student teachers; and
facilitation of online learning and teaching spaces in the industrial revolution era
4.0 requires technology synergy and human society.
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1 Introduction

Today a paradigm shift, daily patterns, activities and almost all aspects of life are
continually undergoing changes. It is very quickly felt is the development and rise of
technology, not even a little that the role of humans itself has been replaced by
technology and information.

The more rapid development and progress in the IT sector is certainly one proof of
the rapid development and progress of world human resources. However, not all of the
progress that occurs is directly proportional to the increase in human resources in
several countries.

Not a few people have not been able to place technological development and
progress in accordance with their roles, such as the rise of hoax news, the occurrence of
social disputes, and even the impact on health which are some negative activities
caused by misuse of technology and information.

The use of social media itself has become a kind of trend or lifestyle in Indonesia
[1]. Based on a survey of Global Web Index Data in 2014, Indonesia is the country that
has the most active social media users in Indonesia, which is 79.7% compared to other
countries such as the Philippines 78%, Malaysia 72%, and China 67%. This confirms
that social media users in Indonesia 15% of the total population and the average time
used by users to access social media is 2 h 54 min per day.

In which access mobile using a smartphone or tablet. While the most widely
accessed social media is Facebook, around 62,000,000 users, followed respectively are
Twitter and Instagram. Social media provides easy access to cheap information and
communication to be able to connect with anyone in the world, including teenagers.
Teenagers are a period of transition or transition from the age of children to adulthood.
In this transition period, various changes occur including changes in attitude and
behavior. Consumption of social media is one of the behavioral changes experienced
by adolescents caused by the development of the internet [1].

In addition, facebook and youtube are social media accounts that can be used by all
operating systems in mobile phones and computers as well as social media that are very
often used by the public, as stated by [2, 3] which states “54% or as many as 71, 6
million people use Facebook, 11% or 14.5 million people use YouTube, while the rest
use other applications such as Instagram, Google+ , Twitter and Linkedin”.

The success of a person is not determined solely by knowledge and technical skills
(hard skills) but by the skills of managing themselves and their relationships with
others (soft skills) and aspects of character education [4], [5].

Moreover, the essence of education not only educates one’s life but also directs a
person or learner to become a person who knows the truth and wants to do right. To
obtain quality human resources, a person is not only required to have hard skills, but
also soft skills. Furthermore, the results of social psychology research show that suc-
cessful people in the world are determined by the role of science at 18%. The rest, 82%
is determined by emotional skills, soft skills and the like [6].

This opinion is in line with [7], that emotional intelligence refers to the ability to
recognize one’s own feelings and other people’s feelings, the ability to motivate
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themselves and the ability to manage emotions well in themselves and in relationships
with others. The main problem that needs to be observed from the explanation above is
that prospective teachers do not only master science, technology, or art in certain fields,
but also need to master additional skills, such as abilities or emotional intelligence as
mentioned above.

This research will present an actual activity and become a global habit today,
namely social media activity and relationships and their influence on emotional
intelligence. The information extracted by the researcher is important because it can
provide an overview that can be used as a reference in the framework of returning the
principle of benefit from each aspect. The sample that will become the object of this
research is prospective teacher.

Given that prospective teachers are agents of change who are expected to be able to
play a role and take advantage of opportunities to knit the future. Based on some of the
above explanations, researchers are interested in knowing more about the influence of
social media on student emotional intelligence, so that it is expected to be a joint
evaluation or view for managers, lecturers, and institutions about social media and
emotional intelligence.

2 Methodology

The research method used in this study is a survey with correlational techniques,
namely to determine the relationship of variables, namely the independent variable (use
of social media) with the dependent variable (emotional intelligence). The reason
researchers use survey methods is that the survey method is research conducted on
large or small populations, but the data studied is data from samples taken from the
population so that relative events, distribution, and relationships between sociological
and psychological variables are found.

The reason the researchers used survey methods with correlational techniques
because correlation research is “research that tries to see the relationship between
several variables” [8]. Is it possible to change one variable related to changes in other
variables? The survey method with the correlational approach will provide an overview
of the relationship between the independent variables (X = use of social media) and the
dependent variable (Y = emotional intelligence).

2.1 The Scope of Research

The content in the scope of this research is related to the research variable. The
independent variables in this study are the use of student social media related to content
indicators, community, communication, the collaboration that is directed at the limi-
tations of the view of the role of social media in learning or lectures. While the
dependent variable in this study is emotional intelligence that is associated with
indicators of self-awareness, empathy, self-management, and self-motivation.
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2.2 Population and Samples

The research population is an accurate data source that is needed in research; therefore,
its role is very important in determining the population that will provide the necessary
data information. According to [9], that: “the population is the whole of the object of
research which can be in the form of humans, animals, plants, air, symptoms, values,
life attitudes and so on”.

Whereas according to [10] “the sample is part or representative of the population to
be studied. Whereas [11] says: “Samples as part of the number and characteristics
possessed by the population”. In connection with this, because the researcher deter-
mines the sample for a specific reason, the sampling technique used in this study is the
sampling area quota, which is where 10 (ten) people from each class represent a sample
of 40 prospective teachers.

2.3 Technique and Data Collection Tool

A study requires certain techniques to facilitate the research process and the technique
must be in accordance with the achievement of the research objectives. Determining the
right techniques in research will have a positive impact and have a strategic importance,
because everything that will be recorded, analyzed and interpreted will be right. Data
obtained through research activities is a very important factor in efforts to solve
research problems. Therefore, the data obtained must be accurate and scientifically
accountable.

The data collection technique used in this study is indirect technique. Indirect
communication techniques are the main techniques used to collect data. [12] argues
that: “Indirect communication techniques are techniques in which researchers collect
data by communicating with research subjects through intermediary tools, both those
already available and special tools made for this purpose.”

A similar opinion was expressed by [13] who argued that: “Indirect communication
techniques are ways of collecting data carried out by holding indirect relationships or
with intermediaries, both tools that are already available and special tools made for that
purpose.”

So, indirect communication techniques are a way to collect data about the object of
research with the intermediary of a particular tool that is in the form of a data collection
tool. The technique is used to obtain data related to the use of social media and the
emotional intelligence of prospective teachers.

2.4 Data Collection Tool

Based on the data collection techniques used, the data collection tools that are in
accordance with the techniques or used in this study are questionnaires. Questionnaire
is used to obtain information data about the variables studied by prospective teachers.

The questionnaire used is in a closed structured form, meaning that a number of
questions have been provided by a number of alternatives that will be chosen by the
respondent, so that the respondent only gives a cross (X) or check (pada) on one of the
alternative answers that are appropriate or appropriate.
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To obtain data relating to the purpose of the study, the data collection technique that
the researcher chooses is an indirect communication technique, with a data collection
tool in the form of a questionnaire. Questionnaire contains statements, which are
indicators of the use of social media and student emotional intelligence in the form of
choice questions with 4 alternative answers or likert scale.

2.5 Data Analysis Technique

The data collected then the researchers examined one by one, to find out whether there
were errors in filling out the research questionnaire. Furthermore, the results of the
problem solving ability test are calculated according to the assessment indicators. The
recapitulation carried out is then analyzed according to the problem statement. “Cor-
relation analysis is a set of statistical techniques used to measure the closeness of the
relationship between two variables with the main goal of determining how closely the
functional relationship between variables” [10].

The calculations carried out include testing the analysis prerequisites in the form of
a normality test and continued with testing the hypothesis of the product moment
correlation test and the determination coefficient to see the contribution of relationships
between variables. The interpretation of contributions according to [11] is as follows:

0; 00�0; 199 : Very low
0; 20�0; 399 : Low
0; 4�0; 599 : Middle
0; 6�0; 799 : High
0; 8�1; 00 : Very High

3 Discussion

On this occasion will be presented about the results of the research that has been carried
out. The results of the research that will be presented are descriptions of research data,
data analysis and discussion of research results.

3.1 Data Description

Because this research is a de facto expost research, while the research data used in this
discussion is social media usage data directed at aspects of use as a medium/facilitation
of learning or lectures, and data on emotional intelligence of prospective teacher
prospective teachers. From the data on the use of social media and student emotional
intelligence, a measure of central tendency was found which included the average,
median and mode, and measures of data variability including minimum data, maximum
data, and standard deviation. The description of the data is presented in Table 1 as
follows:

Based on Table 1 above, the following data for each variable in Tables 2 and 3
match the measurement indicators which are survey descriptions of this study:
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3.2 Data Analysis

Normality Test
The normality test is done to find out whether the sample comes from a population that
is normally distributed. The test statistic used in the normality test is Kolmogrov
Smirnov by using Minitab assistance services. In this study the normality test was
carried out based on the variable use of social media and student emotional intelli-
gence. A summary of the results of the normality test data is presented in Table 4,
while the full calculation is presented in the appendix.

From the table above it appears that all H0 test decisions are not rejected. This
means that for each sample both the categories of social media usage and emotional
intelligence of prospective teachers come from populations that are normally
distributed.

Table 1. Use of social media and emotional intelligence

Kelompok N Tendensi Variabilitas
�X Mo Me Min Maks Sd

Media Sosial 40 3,14 3,17 3,17 2,58 3,67 0,25
Emotional Intelligence 40 3,28 3,36 3,32 2,73 3,64 0,24

Table 2. Use of social media

Statement Mean Category

Finding interesting topics for me is very easy in the “search” menu on
social media

3,50 Good

The features in the Application and social media technology are very
clear in their use

3,25 Good

In application and technology social media allows me to create topics
related to learning/lectures

3,35 Good

I will ask for help from the group on social media if I find a problem in
learning/lecturing

2,85 Enough

Social media gives me the topic of learning/lectures to be discussed 3,25 Good
Social media helps me to do self-introspection through sharing fellow
users

2,93 Enough

Social media can broadcast the latest information to all members 3,23 Good
Social media provides an opportunity to be able to share knowledge as
user services via email and live chat

3,38 Good

Social media can provide motivation to anyone who joins the same
community

3,18 Good

I can study with fellow users in applications and social media
technology

2,95 Enough

I can discuss learning/lecture material through social media 2,90 Enough
Social media provides an opportunity to work in groups 2,95 Enough
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Hypothesis Test
The purpose of the product moment correlation test is to find out the value of r
(correlation) as the significance of the relationship between free and bound variable,
namely the use of student social media and emotional intelligence. The results of
calculations are presented in Fig. 1, below:

Tabel 3. Emotional intelligence

Statement Mean Category

I know my weaknesses and I develop the abilities that 3,30 Good
I have without covering up those weaknesses 3,48 Good
I know what I can do and what I can’t do 3,05 Good
I can still calm even when I’m angry or panic for something 3,53 Very

Good
I always consider the feelings of others in resolving conflicts. I am
sometimes selfish in giving opinions

3,18 Good

When I was stressed, I turned my attention to doing positive things 3,43 Good
When I’m experiencing failure, I’m not easily discouraged 3,43 Good
I can feel what others are feeling 3,23 Good
I am always open to others about my condition 3,05 Good
I can reconcile the conflicts between my colleagues 3,18 Good
I can be a good listener when my coworkers complain 3,30 Good

Table 4. Summary of normality test results

Team Test P (a = 0.05) Result

Sosial media H0accepted >0,150 Normal
Emotional intelligence H0accepted 0,122 Normal

Fig. 1. Analysis S = 0.1645; R-Sq = 53.6%; R-Sq(adj) = 52.4%

The Effect of Social Media on Emotional Intelligence of Teachers 387



Emotional intellligence ¼ 1; 106þ 0; 6933Media Sosial

3.3 Significant Test and Contribution

Based on the product moment correlation calculation, it is obtained that r count =
0.733 and r table = 0.312 with a significance of 5%. Because rcount > rtable is
obtained that H0 is ejected and Ha is accepted which states that there is a high
relationship of social media use to emotional intelligence, this refers to the criteria [14].

To answer the second sub-problem with regard to the contribution of social media
use to prospective teacher’s emotional intelligence were analyzed using a coefficient of
determination and then adjusted to the existing interpretations. Based on the calcula-
tion, it is found that rxy = 0.733, so that contributions can be obtained as follows:

ðrxyÞ2 � 100% ¼ 0; 733ð Þ2�100%

¼ 0; 5363� 100%

¼ 53; 63%

interval area 0.4 – 0.599 with middle category.

3.4 Discussion of Research Results

Based on the results of calculations on the correlational test and the coefficient of
determination, it is found that there is a significant relationship between the use of
social media and the emotional intelligence of prospective teacher, especially with
regard to the use of social media in supporting learning. It can be seen that each aspect
obtained a mean score of 3.14 and 3.28 with equally good categories (Fig. 2).

With regard to this, it provides clarity that the use of social media has a significant
relationship with prospective teacher’s emotional intelligence. Based on the results of
the research, the relationship between the use of social media and emotional

3

3.1

3.2

3.3

Social Media Emotional
Intelligence

3.14

3.28

Prospec ve Teacher

Fig. 2. Mean social media and emotional intelligence
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intelligence is directly proportional or in other words positive (+), meaning that the
higher the level of use of social media by prospective teachers in using learning media,
the better emotional intelligence it has, because “media social present provides easy
dissemination of information and communication among users” [1, 15].

In addition, based on the theory and research results obtained, it is known that the
contribution of the relationship between the use of social media and emotional intel-
ligence is 53.63% with the medium category, while the rest is influenced by other
factors.

In line with these results it may also be of concern to educators, observers, espe-
cially in the education sector who are concerned with emotional intelligence, because
future teachers must really be able to become problem solvers when in a school
environment or wherever they work [16]. The emotional intelligence aspect becomes
one of the important components as an inseparable part in achieving student learning
outcomes, because it has a very important role in supporting the sustainability and
success of students after taking higher education, in line with what was stated by [17]
states that emotional intelligence provides influence on one’s performance.

Furthermore, a review of various relevant aspects so that it can also be a consid-
eration and basis as an effort to increase emotional intelligence in order to achieve
national goals in helping Indonesian people as a whole, namely having competence and
noble character.

4 Conclusions

In accordance with the research objectives and the results obtained that the use of social
media has a significant influence and relationship to the emotional intelligence of
prospective teacher in Indonesia with a contribution of 53.63% with reference to
several conclusion indicators as follows:

1. The use of social media and emotional intelligence of prospective teacher obtained a
mean of 3.14 and 3.28 in the good category.

2. There is a significant influence and relationship between the use of social media and
the emotional intelligence of prospective teacher.

3. Facilitation of online learning and teaching spaces in the era of industrial revolution
4.0 requires a synergy of technology and human society.

Acknowledgment. Thank you to the IKIP PGRI Pontianak institution and STKIP Singkawang
who have provided opportunities, moral and material support to the team in carrying out this
research.
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Abstract. Digital transformation shapes the educational system in many ways.
It has also far-reaching implications for teachers as their job description may
fundamentally change in the future. In this light, it is important (1) to identify
necessary digital competences of teachers and (2) to find ways to foster those
competences in an efficient way. By means of a literature review and expert
interviews, we developed a framework of teachers’ digital competences. In line
with Baumert and Kunter (2006) as well as Koehler and Mishra (2009), it
comprises content knowledge, pedagogical content knowledge and pedagogical
knowledge. However, these facets have extended meaning in the context of
digital transformation. Moreover, our framework considers the official EU
competence framework (Carretero et al., 2017) and hence covers instrumental
skills and knowledge in handling digital media. We successfully validated our
framework by means of structural equation modelling with a sample of 215
Swiss teachers. Utilising an Importance Performance Map Analysis, we iden-
tified competence facets that show the highest effects on the (self-reported) use
of digital media and content. For efficiently fostering those facets, we estab-
lished a webinar series in order to provide further education service regarding
topics like digital teaching and learning.

Keywords: Digital competence of teachers � Formal learning �
Informal learning � Systematic change

1 Introduction

One would be hard pressed to find a topic of current debate in education policy and
educational practice that is as exhaustively discussed as the (proper) handling of the
digital transformation (e.g. ‘standing conference of the ministers of education and
cultural Affairs’ [KMK], 2016). A widely shared perception is that a more intensive use
of digital media in the classroom will improve learning effectiveness, facilitate greater
orientation to the future needs of learners, and support accompanied personality
development in a digital society. The sweeping pressure to make changes is marked
with a high degree of uncertainty regarding the use and benefits of digital media in
schools [6].
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Teachers addressing digital skills, such as the competent handling of online
information, are often entering uncharted territory in their respective fields (media
education). In this context, teachers are increasingly asking for inclusion of media-
specific qualification objectives. However, the kind of competences teachers need to
acquire remains somewhat vague and is largely limited to the use and operation of
computer applications and digital content media [5, 6]. Furthermore, it is obvious that
formal seminars, such as one-day training workshops on how to use ICT, are neither
sufficient nor effective for developing teachers’ digital competences. On the contrary,
successful support initiatives to develop teachers’ competence will have to be rooted in
their particular context and simultaneously embedded in innovation strategies and
quality development processes in their respective schools [33]. The conceptualisation
and design of suitable training measures for teachers requires a systematic approach to
the professional development of teachers at vocational schools. Developing profes-
sional communities among teachers to underpin the benefit of learning together and
from each other is of central importance [19]. Learning communities that make use of
the potential of digital information and communication are becoming increasingly
important as a means of continuously fostering teachers’ digital competences. How-
ever, there is a research gap in the promotion of digital competences for teachers [13,
p. 15]. In this light, this paper focuses on three research questions:

(1) How can digital competences of teachers be defined and measured?
(2) How can measures and interventions to be designed and evaluated for developing

teachers’ digital competences?
(3) How can teachers’ professional development be interlinked with school devel-

opment for a systematic change?

The paper consists of three parts. In the first part, we consolidate relevant theo-
retical considerations. The second part outlines the research methodology and the
results of the research conducted. The third and final section discusses the results of the
study and presents a perspective for further research.

2 Review of the Literature

2.1 Digital Competences of Teachers

An important point of reference is a highly regarded model of professional teaching
competence, which comprises professional knowledge, convictions in the sense of
personally biased basic orientations, values, motivational orientations and self-
regulation (for empirical findings on professional knowledge in the commercial sec-
tor, cf. [51]) [7, 23, 24]. Professional knowledge consists of content knowledge,
pedagogical content knowledge and pedagogical knowledge. This division can be
traced back to Shulman (1986, 1987). Koehler and Mishra (2009) added technological
aspects to these facets of professional knowledge. They include technological
knowledge as a new, disparate type of knowledge.
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Current technological developments, such as artificial intelligence and cognitive
computing, are flanked by fundamental questions about which digital competences
teachers need to possess.

Moreover, approaches for developing media skills [3, 5, 6, 27, 34, 40] might be
taken into account. In this vein, Blömeke’s (2003) model is an approach that refers to
teacher training. It distinguishes five areas of competence: ‘didactic media compe-
tence’, ‘educational media competence’, ‘socialisation-related competence’, ‘school
development competence’, and ‘personal media competence’. The demands faced by a
vocational school in the light of ever-increasing digitalisation cannot be tackled
through the efforts of single individuals. In such a case, the individual teachers would
quickly feel overworked [36]. In the light of digital transformation, appropriate advi-
sory and organisational knowledge regarding cooperation in teams and networks can
thus be regarded as a relevant facet of competence for the joint development of
teaching and schools.

For vocational education and training, the official EU competence framework [9] is
leading the way because it defines cross-vocational digital competences (in the sense of
“digital literacies”), which can be specified in the Europass European Skills Passport1

in the form of self-evaluations. The KMK Strategy 2016 follows a similar path,
identifying six areas of competence for education in the digital world – comparable to
the EU competence framework [22]. However, the implications for professional
teaching skills have remained (as yet) ambiguous.

Empirical findings on technology-mediated learning (TML) indicate that affective-
motivational characteristics of the instructor are a decisive factor influencing the
educationally effective use of digital media in the classroom [14]. Teachers have widely
divergent views regarding the extent to which the lessons themselves should undergo
digital change [32].

2.2 Professional Development of Teachers

Teacher training and its effectiveness is a field of research that has great untapped
potential [39]. Currently, there are virtually no studies that demonstrate the effective-
ness of measures for digital competence development [25] [26, p. 228]. According to
Terhart et al. (2014, p. 517ff.), the efficacy of training measures must be considered on
a case-by-case basis. Since this can be influenced by countless variables and contextual
factors (class, teacher, setting, quality of training content, diverse and challenging
learning opportunities for teachers, etc.), Terhart (2014) proposes that it is practically
impossible to distinguish generally applicable quality standards.

Multiple studies have shown that teachers develop their skills mainly in the
informal context of their professional practice, i.e. in exchange with colleagues or
through individual, critical reflection [17, 21, 28]. As a result, international research
literature on teacher education and training is especially focused on “integrated learning
at the workplace”, which is increasingly aimed at informal learning and reflective

1 The Europass aims to provide a way to present qualifications and competences in a way that is
transparent and understandable throughout Europe, cf. https://europass.cedefop.europa.eu/de.
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dialogue among the teaching staff [28]. For this reason, strong learning environments
are based on design principles from a socio-constructivist perspective in the context of
informal learning theories. Team and community-based learning may be considered
one of the most effective and predominant learning methods in this context and it is
against this backdrop that the construct of the professional learning community should
be mentioned. According to Hord (1997), PLCs involve groups of teachers or the entire
teaching staff at a school that are jointly and constantly seeking ways to increase the
effectiveness of their teaching, sharing what they have learned, attempting to put new
ideas into actual practice, systematically testing these ideas and reflecting on them [18].
New competence requirements in the wake of increasing digitalisation necessitate
ongoing (further) education that is marked by a high degree of speed and innovation
dynamic. Teachers can no longer implement these changes individually and in isolation
from one another in their day-to-day school routine. Bonsen and Rolff (2006, p. 170)
therefore propose “the combination of community and professionalism” in times of
turbulent change. In general, experimental testing of new approaches is risky. Hence, it
requires continuity and a stable framework for developing common value patterns [7].
Effectiveness studies on PLCs have produced key success factors: Shared practice [19],
reflective dialogue, deprivatisation of teaching (teaching is a personal, but not a private
matter), common focus on students’ learning (shifting the focus from teaching to
learning), and fundamentally reinforced cooperation [29].

3 Method

3.1 Design

First, it is necessary to delineate professional competences of teachers in the context of
the digital transformation. The resulting framework concept must then be systemati-
cally differentiated. For the subsequent test development phase, it is imperative to take
into account the purpose of the measurement and the intended use of the results
[1, p. 75f.]. The purpose of the measurement is to assess teachers’ digital skills for
formative purposes. The results should serve to identify potential for improvements and
to design appropriate support measures. With this in mind, we have designed a self-
assessment tool that has been validated using confirmatory factor analyses. Since the
aim of our research is to identify adequate professional development measures, which
is within teachers’ own interest, we regard a self-assessment instrument as suitable.
Finally, the research shall lead to measures in order to develop professional, digital
competences of vocational teachers.

In collaboration with five partner schools from German-speaking Switzerland, we
have developed items that capture the constructs described in Sect. 2.1, cf. Table 1.
The items are measured on a 7-point rating scale. We have validated the instrument by
means of 12 expert interviews. The experts show a diverse background: Training
representatives of companies, researcher in the field of digitalization, school principals,
educational policy makers and federation representatives. Moreover, we carried out five
focus group discussions with teachers at every partner school.
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We utilised an importance-performance map analysis (IPMA) [31] to assess
teachers’ competences and promising fields for improvement. This method, though not
yet widely used in the PLS-SEM context, enables a clear and theoretically justified
presentation of the results for a baseline evaluation. The first dimension (Importance
[I]) of the importance-performance map depicts for each construct, cf. Table 1, or item
its impact on a previously specified construct. In our case, we utilize frequency of use
(measured on a 5-point rating scale) as the target construct, cf. Table 2. For instance, a
value of 0.1 for “pedagogical knowledge” would indicate that an increase in this
construct by one unit on the rating scale increases the expected frequency of digital
media use by 0.1 units. IPMA also considers indirect effects. This enables us to identify
measures that are potentially most beneficial in terms of increasing the frequency of use
of digital media. The second dimension (Performance [P]) places each construct or item
on a scale from 1 to 100, indicating how pronounced the construct or item is among the
teachers studied. A value that is low compared to other constructs or in absolute terms
may indicate a potential for improvement. When selecting interventions, the focus
should be on constructs that have a comparatively strong impact on the target construct
and are not (yet) close to the maximum. We discuss IPMA-results in focus group
interviews with school administrations and specialist representatives from pilot schools.

3.2 Instruments and Data Analysis

The final instrument for capturing teachers’ digital competence consists of 86 items
covering 11 constructs (10 facets of digital competences, cf. Table 1 and frequency of
use, cf. Table 2). 215 teachers at nine Swiss vocational schools act as a sample. 50% of
them are female. On average, they are aged 45 (SD = 6) and have 18 (SD = 10) years
of teaching experience. The lack of normal distribution for all items is noteworthy
(Shapiro-Wilk test: p < .05). Overall, 3.9% missing values occurred. The absence of
values does not follow any specific pattern. A Little’s MCAR test performed taking
into account all context variables was not significant (v2 = 3616, df = 3297, p = 1).
We also checked for outliers using Mahalanobis distances. However, we did not
exclude any observation.

Table 1 provides an overview of the 10 competence facets measured by a seven-
point rating scale: From “very low” to “very high” (content knowledge, pedagogical
content knowledge) and from “does not apply at all” to “applies very strongly” for all
other facets (see Table 1).

Table 2 shows the three elements of the target construct “frequency of use”. They
are measured on a 5-point rating scale: Never, infrequently (1–2 times per semester),
occasionally (3–5 times per semester), frequently (every month), very frequently (every
week).

Overall, we consider our instrument suitable for a comprehensive and valid for-
mative assessment of digital competences as well as for competence development
among teachers.
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Table 1. Facets of teachers’ digital competences including sample questions.

Professional knowledge
(classroom level, school
level) with respect to
digitalisation

Instrumental skills and
knowledge in handling
digital media

Affective-motivational
characteristics related to
digitalisation

Classroom-oriented
professional knowledge
Content knowledge:
(1) General knowledge about
digitalisation (e.g. “My basic
knowledge about decisive
principles of digitalization
is…”)
(2) Business knowledge
about digitalisation (e.g. “My
knowledge about digital
value chains is…”)
Pedagogical Content
knowledge:
(3) Knowledge about
digitalisation as a school
subject, (e.g. “My knowledge
about teaching digital value
chains is…”)
Pedagogical knowledge:
(4) General knowledge of
digital media (e.g. “I am able
to use digital assessment
tools for students’ summative
assessment”)
(5) Promoting students’
interdisciplinary digital skills
(e.g. “I am able to foster my
students’ digital skills to use
online information”)
(6) Media didactics (e.g. “I
am able to select adequate
learning videos for students’
knowledge creation”)

Professional knowledge at
the school level:
(7) Advisory and
organisational knowledge
(e.g. “I am able to support
my colleagues to improve
professional practice in terms
of digital content and digital
media use”)

(8) Digital skills:
– handling digital
information (e.g. “I can
efficiently use search
strategies to find online
information”);

– creating digital content
(e.g. “I can create learning
videos”);

– digital collaboration (e.g. “I
can efficiently use digital
communication tools”);

– ensuring digital security
(e.g. “I regularly check my
security settings of my
digital devices and/or
applications”),

– digital problem solving
(e.g. “I can regularly keep
up-to-date my skills in
handling digital
media/tools);

– specific applications (e.g. “I
can use profession-specific
applications (e.g. Office
applications)”

(9) Positive attitudes (e.g. “I
like using digital
media/tools in my
instruction”)
(10) Negative attitudes (e.g.
“I am afraid of making
mistakes when using digital
media/tools in my
instruction”)
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4 Results

4.1 Competence Facets and Data Analysis

Test validations by means of confirmatory factor analyses generally yielded good values
for all eleven constructs (CFI > .974, TLI > .966, RMSEA < .093, SRMR < .036).
Measurement invariance analyses demonstrate the instrument’s suitability for assessing
competence development as well as group comparisons in terms of gender, age and
teaching expertise. Frequency of use can be adequately explained using the facets of
digital competence (.36 > R2 > .26).

It is important to view the facets of competence in context, and to systematically
foster all of them. However, developing all facets of competence at the same time
would likely overtax the teaching personnel. Therefore, the next step will be to con-
centrate on selected competence facets within the framework of an online PLC. In line
with the IPMA (baseline evaluation), these would primarily encompass the following:

• Media didactics (CFI = .979, TLI = .970, RMSEA = .059, SRMR = .030). This
facet of competence exhibits both a low self-assessment and a high level of effect on
the frequency of use of digitalisation and on teaching with digital media; the
findings show that digital media is primarily used for instructional knowledge
acquisition (e.g. use of learning videos), but less for constructivist and cognitive
processes, such as for discussion, reflection or for forms of action-oriented teaching
and learning (e.g. simulations, multimedia applications).

• Pedagogical knowledge (CFI = 1.000, TLI = 1.000, RMSEA = .000, SRMR =
.003): General, interdisciplinary knowledge of digital media also shows a rather
high importance and a moderate performance. In this area, competence diagnostics
with digital media in particular constitutes a knowledge gap for many teachers
(this is accompanied by the relatively low values for formative and summative

Table 2. Target construct ‘frequency of use’ including sample items.

Frequency of use Sample items

Digitalisation as a class subject
(professional, interdisciplinary)
Use of digital media for
individualisation
General use of digital media

How often do you consider digital related topics in
your instruction?
How often do you foster students’ competences when
dealing with digital media (e.g. dealing with online
information)?
How often do you practice individualisation of your
teaching according to the learning progress supported
by digital media?
How often do you practice individualisation of your
teaching according to learning preferences supported
by digital media?
How often do you use blended learning scenarios (e.g.
flipped classroom)?
How often do you use digital learning arrangements in
your instruction?
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self-assessments in the competence facet of media didactics, which basically rep-
resents the concrete implementation level);

• Fostering students’ digital skills (CFI = .990, TLI = .982, RMSEA = .058,
SRMR = .024). Teachers give the lowest rating to their ability to promote their
students’ knowledge acquisition of digital media. Against the requirements in
vocational education and training, this finding is alarming and illustrates how
pressing the need for action to develop the skills of teachers in this area is.

• Instrumental skills and knowledge in handling digital media (CFI = .974,
TLI = .966, RMSEA = .069, SRMR = .036). This competence facet also has a
relatively strong effect on the use of digital content and digital media. The
importance of the inclusion of digitalisation related topics in the classroom is even
higher than that of the use of digital media in the classroom. A teacher who seems to
be more active in the ‘digital world’ is more likely to recognise the necessity and
become familiar with concrete application possibilities in order to integrate digi-
talisation topics into the classroom in a didactic manner.

In sum, media didactics has a particularly positive influence on the use of digital
learning arrangements. There is potential for improvement, particularly in the digital
assessment of learners’ competences (summative and formative).

The results show, that the average teacher is never or casually (Median = 1 and 3,
respectively) actively working with digital media within his lecture (Blended Learn-
ing). This is an illustration for the trend that schools are at the very beginning of digital
transformation (Fig. 1).

Fig. 1. Frequency of use (percentages).
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4.2 Teacher’s Professional Development in Formal and Informal
Learning Settings

The following section focuses on the importance of the skills development of teachers
in this context. Heise (2007) particularly emphasises the importance of largely self-
directed further education in this professional field. To support and strengthen these
desired informal learning activities, it might be vital to create an environment con-
ducive to communication within the school organisation. The targeted encouragement
of professional discussions before classes begin or during breaks and the use of free
periods for detailed reflection, for example on critical practical situations, can make an
important contribution to triggering and promoting informal learning among teaching
staff [15]. However, not all teachers will be willing or able to collaborate with their
colleagues on the preparation and follow-up of the classes. On the contrary, a certain
proportion of teachers usually work alone, which might make a different kind of
support necessary than would be required for teachers that already cooperate or col-
laborate with one another [17]. A concept to promote informal learning tailored indi-
vidually to the aims and objectives of teachers could therefore generate benefit for
curriculum and school development.

In the field of information literacy, for example, the pressure on teachers to seek
further education has increased immensely due to the constant and rapidly advancing
technological development (Fig. 2).

A main question for schools to address can be summarized as follows: How might
skills development measures for teachers that integrate learning in informal contexts be
structured in practice? Some examples are outlined below (see following illustration):

Fig. 2. Teacher’s Professional Development in formal and informal learning settings.
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Transfer-Oriented Training. School-based training services (SBT) are nothing new.
However, it is now often combined more than was the case in the past with measures that
support the transfer of what has been learned (such as preparatory phases and follow-
ups). Effective results can for example also be achieved with more open learning
environments, such as Engestrøm’s Change Laboratory® [13]. In such a framework, it
would be possible to re-design courses in a professional association and hence combine
the skills development of teachers with innovative strategies for curriculum develop-
ment in schools [18, p. 12]. Whether or not the transfer of training or further education
into the everyday life of teachers succeeds, largely depends on individual factors [17].
An open mind towards new ideas and the willingness to adopt and implement innovative
proposals is the prerequisite for initiating and implementing change processes in school
routine. How teachers learn informally differs from one individual to the next [17]. This
aspect should be considered when developing further education concepts and should
lead to a sense of openness with respect to the curriculum, so that it is possible to adapt
learning processes to the individual needs. One significant benefit provided by the
required openness is the opportunity to obtain feedback on the learning progress. For
example, Zwart et al. (2008) suggest providing teachers with a “peer coach”, who can
help them reflect upon what has been learned [17].

Curating Open Educational Resources and Tools. Open educational resources are
defined as teaching, learning and research resources that “reside in the public domain or
have been released under an intellectual property license” permitting their free use [3,
p. 4]. It is important that educators have access to tools that highlight valuable
resources [38, p. 240]. The adequate management of user communities, multiple
information sources and online platforms is crucial to gain effective experiences in
“digital-rich learning environments”. The success of open educational resources lies in
four essential components: The convergence toward common metadata, an adequate
balance of experts’ and community’s definitions of quality, community input and
interoperability. The last term indicates that it would be more efficient if “a single query
could search across multiple online collections”. This means that the educator does not
have to visit multiple websites.

Moderating the Reflection Processes Regarding Teaching Practice. Critical, indi-
vidual reflection upon one’s own teaching represents a central impetus for the skills
development of teachers [28]. A change in thought structures and hence upskilling is
possible especially when the teacher experiences cognitive dissonance, i.e. inconsis-
tencies between their own perception and how they actually experience critical teaching
phases [38, p. 410]. This raises the question as to what extent such learning options can
be promoted in order to initiate appropriate reflection processes. The findings of the
group led by Zwart et al. (2008, p. 990) show that informal talks with students from the
perspective of an observer offer a valuable learning option. Other examples involve
mentoring programmes in which students act as trained mentors and assist the teacher
in teaching with notebooks. “Reverse mentoring” is currently enjoying growing pop-
ularity even in business. Trainees who are familiar with and able to use digital media
critically act as mentors for senior managers and help them find their way in the new
digital world. It remains to be seen whether this is merely a short-term fad, or if it will
become established as an element of a changing learning and management culture.
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Reverse mentoring could also be an approach for the school learning environment to
compensate for any lack of media skills on the part of teachers by using the potential of
the digital natives. In this way, the students’ resources could contribute to the informal
skills development of the teachers.

Furthermore, other forms of mentoring, such as near-peer shadowing, are capable
of triggering reflection processes among teachers and thereby promoting the informal
skills development [28]. Experimenting with new teaching methods (whether adapting
a theoretically recognised concept, copying a colleague’s method or developing one’s
own new idea) and even the immediate feedback from a colleague contributes sub-
stantially to the informal learning of teachers [17] [28, p. 90]. In this regard, mentoring
programmes can be orchestrated in different ways, i.e. the proportion of informal and
formal elements of the learning process vary greatly [10]. The degree of refinement of
the framework, such as the concrete learning setting, the place of learning or the
general process, influences the “predictability of chance” in the further education for
teachers and generates an added value for the school organisation and the learners.

Self-initiated Learning in Communities of Practice. The idea of the near-peer
mentoring entails a practice-oriented community of people (community of practice
according to Wenger [1998]), who are informally linked with each other, are faced with
similar tasks and shape the practice in this community through a self-organised
exchange. “Professional Learning Communities” in the teaching profession have long
been a popular research field [19], but the effects of professional learning communities
have yet to be researched in detail [38, p. 408]. The basic consensus in the literature
seems to be that community-internal characteristics – such as high motivation for self-
development and student focus – are required in order to address a deeper level of
reflection in teachers as compared to a conventional training seminar [38, p. 408]. The
literature on collegial reflection illustrates the added value of such working relations
[17, 28]. Communities of practice increase the circle of possibilities for reflection and
provided the aforementioned conducive group characteristics exist, are another
instrument of informal skills development of teachers. A beneficial environment for the
successful interplay within the community of practice, such as the time window for the
professional exchange, must be provided by the school.

Not only networking internally within the teaching staff, but also the search for
forms of more intensive cooperation between learning locations, is a field that is still
relatively young in Switzerland and has yet to be implemented systematically [11].
Schneider and Mahs (2003) provide one example of a concept of continuous self-
qualification and cooperative self-organisation for the skills development of teams of
trainers (trainers, teachers, professional services). Here, team meetings represent an
important measure in the course of which training modules and further education per se
can take place in a self-organised way through the multiplier principle [33, p. 300]. More
recent examples support learning cooperation using Web 2.0 to bridge the gap between
learning locations [4]. However, experience with knowledge forums [33, p. 416] reveals
that work within the forum has so far encountered considerable problems; there is often
a lack of motivation to cooperate at the various locations. The formation of networks in
relation to the outside world thus also has a bearing on the internal relationship between
the participating organisations, (“which is why knowledge forums cannot become
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bridges between the organisations, yet bridges are built without ensuring the access,”
[33, p. 416]). Even when using Web 2.0 applications, the critical success factors are
therefore not so much technological aspects. Rather, cultural factors determine the
extent of participation in the community of practice. The above-mentioned promotion of
a climate that is conducive to cooperation within the school influences the informal
learning activities of the teachers [24]. The availability of time as well as virtual and real
rooms fosters proactive action by the practical community [30].

4.3 Developing Teachers’ Digital Competences as a Systematic Change
Process

Teachers’ professional development in the competent use of digital information
therefore requires considerable efforts in the schools. Consequently, it is not enough to
organise a new training course as a further education offer for teachers, which is usually
held as a one-time event. The new further education course will continue to be out of
place in the school. On the contrary, it appears more important that support initiatives
for the skills development of teachers are based on this context and are simultaneously
embedded in innovation strategies and quality development processes in schools
[33, 35]. As a result, curriculum development, staff training and school development
measures must be coordinated in order to implement education reforms [19]. The
development of a school culture in which students and teachers alike attach great
importance to learning together and from each other is of central importance [19].

New competence requirements in the wake of increasing digitalisation necessitate
ongoing (further) education that is marked by a high degree of speed and innovation
dynamic. Teachers can no longer implement these changes individually and in isolation
from one another in their day-to-day school routine. Bonsen and Rolff (2006, p. 170)
therefore propose “the combination of community and professionalism” in times of
turbulent change. In general, experimental testing of new approaches is risky.

In this regard, the relevance of virtual and online learning communities in a
learning organisation has become apparent through learning communities with the
objective to enhance teachers` digital competences. The conditions for their success
(such as coherence, transparency and quality of moderator performance) have been
examined in numerous studies (particularly noteworthy is the meta study [comparison
of 64 studies] by Wegener & Leimeister, 2012, cf. also [2, 6, 8, 12, 16, 36, 37]. Similar
results have been obtained in studies that investigate professional learning community
for the teaching profession supported by digital media [20].

5 Conclusion and Outlook

Our research project has produced a framework for the conceptualisation of digital
competences of teachers in the field of business. In terms of professional knowledge,
there are two building blocks of digital competences: (1) Instructional level: designing
classroom situations, and (2) School level: shaping school development. Drawing on
this framework model, we were able to operationalise the ten facets of digital com-
petence in an instrument that we tested empirically in a pilot study with 215 teachers.

404 S. Seufert et al.



The fit values for the instrument are decent, allowing the results of the pilot study to be
used as a baseline evaluation for subsequent research projects.

Furthermore, it was possible to acquire insight into how these digital competences
can be continuously and effectively fostered among teachers by means of professional
learning communities. The aim is not only to examine the effectiveness of the support
models, but also to explore which factors influence teachers’ use of digital learning
opportunities. The skills development of teachers, in particular in order to test and learn
new teaching concepts, is inextricably linked to curriculum and school development.
As already stated in the introduction, school routine is currently dominated by tradi-
tional forms of teaching, in which innovative educational approaches are almost
impossible to realise. Such teaching practices are therefore the central impediment to
the integration of digital media in everyday school life [41, p. 38].

The main limitation of our study is the reliance on self-assessments. This could
result in two different types of bias: Teachers deliberately give inaccurate answers or
are not able to make a valid assessment. We regard the first bias as unlikely because the
survey was voluntary and anonymous. Irrespective of this, based on the impressions
gained during the qualitative phase of the research project, we can attest that the
teachers are highly self-reflective. This indicates that the second type of bias may also
be inapplicable.
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Abstract. The growing sector of sport industry increases the demand of sport
management specialists capable of using digital technologies in their work.
Among the most important fields, in which they need to gain proficiency is data
analytics, which is expected to revolutionize the sports in near future. This
suggests developing and offering of relevant technology courses to sport man-
agement students. Various factors (briefly discussed in the sequel) make the
design of such courses a challenging task. In this paper we share our experience
of how one can overcome the possible obstacles. We present the main aspects
and components of a course on Data Analytics in Sport Management at a small
liberal arts college and explain how the educational process is organized. The
course is offered by using mostly Open Educational Resources (OER) and other
free sources which are described in the paper. This complies with the aspiration
of many universities to achieve reduction of textbook cost for their students.

Keywords: Data analytics � Sport management � OER

1 Introduction

According to Forbes, The sports market in North America is expected to reach $73.5
billion by 2019; it was worth $60.5 billion in 2014 [4]. This is 21.5% growth since
2014, or on average 4.3% a year – almost twice the average US economic growth rate
for this period, which is 12.8%, or yearly on average 2.56% [13]. It is also interesting to
note that according to Forbes, one of the main reasons for such growth is that the
“media rights sales will surpass gate revenues and will become the sports industry’s
largest segment” [4]. These media are not only the traditional TV, but also live
streaming of events.

The growing sector of sport industry increases the demand of sport management
specialists as it becomes increasingly important for them to be able to apply digital
technologies in their work. One of the most important fields in which they have to get
proficiency is data analytics. In fact, data analytics and big data are expected to rev-
olutionize the sports [1]. Nowadays, for a team to be successful it is as important to
have a good data analyst as to have a good coach [19]. Professional teams in baseball,
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basketball, football, hockey, and soccer have established data analytics departments to
support decision-making on and off the field. Data analyst in sports became a pro-
fession of high demand.

Data analytics is used not only to make important decisions for the team strategy
and tactics; it is also applied to enrich fans experience, to attract more sponsors, and to
increase the chances in sport betting. Although it may seem that data analytics is used
only in professional sports, there is another large area of applications and this is the
analytics of the data generated by the personal tracking devices. Thus, data analytics is
valuable virtually in every area of practice and sciences related to physical activities.

Many universities started offering bachelor degree programs in sport management
including specialized courses such as event and facility management, leadership in
sports, psychology in sports, sport law, international sport, sport economic, etc. A re-
cent study showed, however, that the use of computing technology within the sport
management discipline is underutilized [2]. The reason, in part, is that there are no
prepared sport management instructors proficient in technology. On the other hand, the
computer science experts do not feel prepared to teach such courses.

Some schools such as Yale, Columbia, and New York University either offer the
course on sport analytics as a half-semester course or as a seminar [9, 16, 17]. The used
textbook is Mathletics: How gamblers, managers, and sports enthusiasts use mathe-
matics in baseball, basketball, and football [21], which give some mathematical
methods that could be applied in baseball, basketball or football. While the book is a
pioneer in the field of data analytics in sports, it considers only three of the major sports
and gives different mathematical solutions for each of them.

Students enrolled in our undergraduate Sport Management program usually find the
courses on quantitative reasoning challenging. They have a preference for hands-on
activities, service learning, projects and internships than for typical lecturing classes.
The quantitative courses that they take are usually just part of the general education and
do not go beyond the introductory level. While the knowledge of Python and R is
considered as a necessity for any data scientist, sport management students almost
never take any programming courses. Thus, it would be difficult for them to take
courses on data analytics offered to other majors such as computer science or mathe-
matics majors.

Some other factors play a prohibitive role in offering technology courses to sport
management students. For example, technology courses in sport management definitely
need to be offered in a computer labs, but computer lab are often considered as pro-
prietary to computing departments and other instructors and students are not allowed to
use them. Another factor is the lack of textbooks that could be used for such courses.

The objective of this paper is to share our experience at a small liberal arts college
of overcoming the above obstacles and offering a course on Data Analytics in Sport
Management. Our goal is to help the instructors who would like to develop such a
course in the future. In the next section we describe how the course is organized and
what material we cover. Further, following the university initiative of reducing the
textbook cost, we offer the course using mostly Open Educational Resources
(OER) and other free sources. In the sequel, we describe the resources we used. Finally,
we conclude with a discussion and plans for future work.
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2 The Course

Below we describe a case study of offering in two consecutive years a 3-credit one
semester course (15 weeks of instruction; 45 class hours) on data analytics to sport
management majors in the framework of a School of Business in a small liberal arts
college.

2.1 Students’ Background

The students are enrolled in a Sport Management bachelor degree program. The
incoming freshmen usually have lower than college average Mean SAT-Math scores
[12] and the courses in computing that they take are minimal. As part of their edu-
cation, they have to pass only two mandatory quantitative courses:

1. A course on Introduction to Microcomputer Software including concepts of
spreadsheets and database management systems. The course has a pre-requisite of
three units of high school mathematics. It uses the textbook New Perspectives
Collection MindTap [10], which covers the basics of MS Excel and Access.

2. Since the Sport Management major is offered by the School of Business, the stu-
dents take a course on Fundamentals of Statistics for Business Administration and
Economics, mandatory for all students in the School. It covers basic notions,
models, and methods in statistics, such as frequency distributions, probability and
probability distributions, sampling distributions, estimation, statistical inference,
and simple linear regression [20]. Often the students perceive this course as the
most challenging one in their study.

2.2 Course Content

The course on data analytics is offered at 400-level. The above two courses are used as
prerequisites. No programming language knowledge is required; instead, various
software systems are used. The students are taught to explore decision-making methods
and software to measure performance and gain advantage in the competitive sports
arena. The course aims at developing analytical skills from practical points of view,
useful in sport management. The acquired knowledge aims at allowing the students
solving typical sport management problems such as:

• predicting team performance;
• creating winning strategies;
• player analysis;
• player or team ranking, and others.

2.2.1 Case Studies
The course starts with reading articles and discussing the applications of data analytics
in sports. Then the students watch videos discussing case studies of applying data
analytics into various sports and the achieved improvement. The goal is to motivate the
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students and show them the endless opportunities data analysis offers. The topic fin-
ishes with an assignment: writing a paper how data analysis could be used – in sport
management area of student’s choice – to improve performance, increase revenue,
reveal trends, or, in general, lead to advancement. This paper is extended step-by-step
throughout the course and at the end of the course takes the form of a professional
report.

2.2.2 Data Collection, Restauration, Storage, Protection
After the students become motivated and sketch a plan of further work, they have to
move to the next step and start collecting data for their project. The instructor explains
the different types of data, how they can be collected (automatically, through video-
capturing or tracking devices; manually, through surveys; or extracted from data
repositories), how they are stored in computer systems, how to organize big volumes of
data, how to use cloud services, and how to protect the data. The students are also
acquainted to approaches of performing data screening, filtering, integration of data
from different data sources, and restoring of missing data. They perform several
exercises of data gathering, integration, organization, and storage. As an assignment,
the students collect data for their specific sport management project described during
the first stage of the course.

2.2.3 Data Visualization
At the next phase of the course, the students are introduced to exploratory data analysis,
in which the software tools are used to reveal some statistical characteristics or visu-
alize the data, while the analysis is based on human intuition. For this purpose, MS
Excel or another software system or language, such as Tableau, R, or SAS are
employed. Various types of data filtering and visualizations, as well as their applica-
tions in sport management are discussed. More specifically, the students learn how to
create some advanced charts such as:

• Band Chart
• Box and Whisker Chart
• Bullet Chart
• Gantt Chart
• Gauge Chart
• Heat Map
• Histogram
• Step Chart
• Pareto Chart
• Thermometer
• Waterfall Chart

and apply them for various tasks. At the end of this stage, the students use appropriate
visualization for their projects. Figures 1, 2 and 3 depict some examples.

The visualizations evolve in dashboards, which allow to represent the data
dynamically. The students add interactive controls such as scrollbars, option buttons,
target lines, check boxes, and others.
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2.2.4 Decision-Making
Further, the students are acquainted with approaches for data-supported decision-
making. Articles in sport management decision-making are explored and the role of
attention, anticipation and intuition are discussed. Specific case studies about perceptual
information and associative knowledge are considered. Then software and models for
decision-making are introduced. Our choice was the system Knime, which is a free,
open-source platform for data analytics. We also explored Excel’s Solver add-in to make
decisions. It is a very powerful tool for solving linear and even non-linear programming
problems, allowing finding the optimal solution given some set of conditions.

Fig. 1. Sample usage of advanced Excel data visualizations in sport management: a gauge chart
for individual athlete monitoring.

Fig. 2. Sample usage of advanced Excel data visualizations in sport management: a step chart
for snowfall accumulation in ski resort.
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The efforts were directed towards learning how the software works and how to
apply it for sport management problems. We do not try to cover systematically the
entire functionality of these software systems, but rather to see what models and
functions are applicable for our goals.

Fig. 3. Sample usage of advanced Excel data visualizations in sport management: a
thermometer cart for fundraising for a group visit of the Super Bowl.

Fig. 4. Sample project for using Solver to make a decision about Daily Fantasy Lineup
Projection.

Teaching Data Analytics to Sport Management Majors 413



For example, Knime is used to create a machine learning model for winning
strategies. The students populate the model with existing data sets from sport events.
Then they pre-process the data, as it was studied at the first stage. After that they use
the pre-built block for creating a decision tree. Finally, they score the prediction model.

Solver could be used extensively in sport management for finding the best strategy,
the maximal funding, the minimal expenses, the optimal lineup, and others. The course
explains the model and gives the students examples of using it in sports. Figure 4
displays a sample student project of team lineup using Solver.

At the end of this stage, the students have to extend their projects using predictive
analytics.

2.2.5 Evaluation of the Model
Next, the students learn various types of metrics, measurement, and their usage in
predictive analytics. They are asked to research and find appropriate metrics related to
various problems in sports and apply at least one metric in their project to evaluate the
analytical model that they developed.

Finally, the projects are written in a professional manner, formatted accordingly,
and presented in class.

3 Open Educational Resources

The rising cost of higher education world-wide is a concern to the public, legislators,
and prospective students and their families. In response to this concern, about 10 years
ago, a new movement started widely proclaiming the possibility of getting a completely
free degree equivalent through MOOCs (massive open online courses). MOOCs,
however, did not replace the traditional education, as many expected; the traditional
education continues to be dominant.

Part of the college expenses, which is sometimes overlooked, goes for textbooks. In
the USA, these expenses have increased nearly 8 times in the last 30 years (see Fig. 5).
Recently, federal grants were given in the USA to the universities to lower the cost of
the textbooks. The individual states also allocated funds for that.

Related to this, the State University of New York launched an initiative encour-
aging the instructors to use OER in their courses. The approved courses with over 50%
OER material usage are marked as low cost in the course offering and attract more
students.

Thus, we took the challenge to redesign the Data Analytics in Sport Management
course as an OER-approved course. The sources that we used could be grouped into
three main parts: open videos, open books, and open articles.

The open videos are mostly open tutorials, such as a tutorial for metrics [8], for
using a decision tree [6], for regression analysis [15], for creating advanced charts [5],
and others. Other videos represent case studies such as how to predict the sports
winners using data analytics [7] or how to perform realistic golfing simulation [14].
Several general open books on data analytics and statistics exist, which can also be
explored [3, 11, 18]. The books are released under Creative Commons BY-SA 3.0,
which allow the instructors to not only share, copy, and redistribute the content, but
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also to adapt and build upon the material. This is particularly useful in a dynamically
developing discipline, where it is important to update the information at every offering.
Finally, the open articles were given to students for read-at-home assignments and class
discussion.

4 Conclusion and Further Work

In this paper we considered offering data analytics to sport management students in the
framework of liberal arts education. Both disciplines are relatively new and there are no
readily available textbooks that could be used for such a course. In addition, the
preliminary preparation of the students in quantitative reasoning is quite light. In
particular, they have not taken any programming course.

Hence, our approach is practical. We acquaint the students with models and
methods through case studies and show them how to use software systems to solve
various tasks. Throughout the entire course they work on specific individual projects,
using sport data and make recommendations based on respective analytical models.
Finally, the projects are professionally written and publicly presented. This hands-on
approach proved to be beneficial for the students and they shared that they learned a lot.
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Fig. 5. Increasing cost of textbooks in the USA (Data from the Bureau of Statistics).
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After an initial offering of the course, we redesigned it using OER so that the cost of
associated materials is zero. The benefit is not only lowering the cost, but also making
it possible to easily update the content, which is important for fast-developing disci-
plines. Our studies showed that the students were comfortable with the OER and saw
more benefits than disadvantages.

We hope that our experience could be used by other instructors teaching data
analytics to students in social sciences or humanities.

As a further work we plan to conduct additional studies of the student perception of
learning through exit surveys. We intend to get feedback from the students after
graduation and poll them about the application of the knowledge and skills acquired
through the course in their professional work. We also plan to develop a mechanism for
formal assessment of the learning outcomes.
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References

1. Ayers, R.: How big data is revolutionizing sports. Dataconomy. https://dataconomy.com/
2018/01/big-data-revolutionizing-favorite-sports-teams/. Accessed 09 Jan 2019

2. Barneva, R.P., Hite, P.: Information technology in sport management curricula. J. Educ.
Technol. Syst. (Sage) 45(3), 326–342 (2017)

3. Data Screening. Wikiversity. https://en.wikiversity.org/wiki/Data_screening. Accessed 09
Jan 2019

4. Heitner, D.: Sports industry to reach $73.5 billion by 2019. Forbes, 19 October 2015. https://
www.forbes.com/sites/darrenheitner/2015/10/19/sports-industry-to-reach-73-5-billion-by-
2019/#195f2ce51b4b. Accessed 09 Jan 2019, 10 Mar 2019

5. How to make advanced charts. https://www.youtube.com/watch?v=HDNynLSQBRs.
Accessed 09 Jan 2019

6. Introduction to using a decision tree. https://courses.lumenlearning.com/wm-principle
sofmanagement/chapter/introduction-to-using-a-decision-tree/. Accessed 09 Jan 2019

7. Layton, R.: Predicting sports winners using data analytics with pandas and scikit– learn.
https://www.youtube.com/watch?v=k7hSD_-gWMw. Accessed 09 Jan 2019

8. Lean startup key metrics. https://www.youtube.com/watch?v=o0t2dBkalDk. Accessed 09
Jan 2019

9. MGT 817 01 Sport Analytics – Syllabus. https://yale.instructure.com/courses/29304/
assignments/syllabus. Accessed 09 Mar 2019

10. Mind Tap AC. New Perspectives Collection, Cengage Learning (2017)
11. Missing Data. Wikiversity. https://en.wikiversity.org/wiki/Missing_data. Accessed 09 Jan

2019
12. Office of Institutional Research, Planning & Assessment. University fact book fall 2017.

SUNY Fredonia. https://www.fredonia.edu/about/offices/institutional-research-assessment/
fact-book. Accessed 09 Jan 2019

13. Real gross domestic product (GDP) growth rate in the United States from 2012 to 2022
(compared to the previous year). Statista. https://www.statista.com/statistics/263614/gross-
domestic-product-gdp-growth-rate-in-the-united-states/. Accessed 09 Jan 2019

416 R. P. Barneva and V. E. Brimkov

https://dataconomy.com/2018/01/big-data-revolutionizing-favorite-sports-teams/
https://dataconomy.com/2018/01/big-data-revolutionizing-favorite-sports-teams/
https://en.wikiversity.org/wiki/Data_screening
https://www.forbes.com/sites/darrenheitner/2015/10/19/sports-industry-to-reach-73-5-billion-by-2019/#195f2ce51b4b
https://www.forbes.com/sites/darrenheitner/2015/10/19/sports-industry-to-reach-73-5-billion-by-2019/#195f2ce51b4b
https://www.forbes.com/sites/darrenheitner/2015/10/19/sports-industry-to-reach-73-5-billion-by-2019/#195f2ce51b4b
https://www.youtube.com/watch?v=HDNynLSQBRs
https://courses.lumenlearning.com/wm-principlesofmanagement/chapter/introduction-to-using-a-decision-tree/
https://courses.lumenlearning.com/wm-principlesofmanagement/chapter/introduction-to-using-a-decision-tree/
https://www.youtube.com/watch%3fv%3dk7hSD_-gWMw
https://www.youtube.com/watch?v=o0t2dBkalDk
https://yale.instructure.com/courses/29304/assignments/syllabus
https://yale.instructure.com/courses/29304/assignments/syllabus
https://en.wikiversity.org/wiki/Missing_data
https://www.fredonia.edu/about/offices/institutional-research-assessment/fact-book
https://www.fredonia.edu/about/offices/institutional-research-assessment/fact-book
https://www.statista.com/statistics/263614/gross-domestic-product-gdp-growth-rate-in-the-united-states/
https://www.statista.com/statistics/263614/gross-domestic-product-gdp-growth-rate-in-the-united-states/


14. Realistic golfing simulation. https://www.youtube.com/watch?v=biNrhvLI6q0. Accessed 09
Jan 2019

15. Simple linear regression with residuals – Excel. https://www.youtube.com/watch?v=
lNXylS4ztfA. Accessed 09 Jan 2019

16. Sports Analytics: Half-Course Edition. https://www8.gsb.columbia.edu/courses/mba/2015/
spring/b8131-00. Accessed 09 Mar 2019

17. Sports Analytics in Practice. http://w4.stern.nyu.edu/economics/docs/Syllabi/Sp17/Altman_
%20Sports%20Analytics%20in%20Practice%20-%20Syllabus%20v2.pdf. Accessed 09 Mar
2019

18. Statistics/Data Analysis. Wikibooks. https://en.wikibooks.org/wiki/Statistics/Data_Analysis.
Accessed 09 Jan 2019

19. Steinberg, L.: Changing the game: The rise of sports analytics. Forbes, 18 August 2018.
https://www.forbes.com/sites/leighsteinberg/2015/08/18/changing-the-game-the-rise-of-
sports-analytics/#300b71984c1f. Accessed 09 Jan 2019

20. SUNY Fredonia. 2018–2019 University Catalog. https://www.fredonia.edu/catalog. Acces-
sed 09 Jan 2019

21. Winston, W.L.: Mathletics: How Gamblers, Managers, and Sports Enthusiasts Use
Mathematics in Baseball, Basketball, and Football. Princeton University Press, Princeton
(2012)

Teaching Data Analytics to Sport Management Majors 417

https://www.youtube.com/watch?v=biNrhvLI6q0
https://www.youtube.com/watch?v=lNXylS4ztfA
https://www.youtube.com/watch?v=lNXylS4ztfA
https://www8.gsb.columbia.edu/courses/mba/2015/spring/b8131-00
https://www8.gsb.columbia.edu/courses/mba/2015/spring/b8131-00
http://w4.stern.nyu.edu/economics/docs/Syllabi/Sp17/Altman_%20Sports%20Analytics%20in%20Practice%20-%20Syllabus%20v2.pdf
http://w4.stern.nyu.edu/economics/docs/Syllabi/Sp17/Altman_%20Sports%20Analytics%20in%20Practice%20-%20Syllabus%20v2.pdf
https://en.wikibooks.org/wiki/Statistics/Data_Analysis
https://www.forbes.com/sites/leighsteinberg/2015/08/18/changing-the-game-the-rise-of-sports-analytics/#300b71984c1f
https://www.forbes.com/sites/leighsteinberg/2015/08/18/changing-the-game-the-rise-of-sports-analytics/#300b71984c1f
https://www.fredonia.edu/catalog


A Teaching-Learning Model of Collaborative
Assessment in Computer Engineering Studies

Ana B. Gil-González(&), Ana de Luis Reboredo,
Sara Rodríguez González, and Fernando de la Prieta Pintado

Department of Computing and Automation,
University of Salamanca – Sciences Faculty,

Plaza de la Merced s/n, 37008 Salamanca, Spain
{abg,adeluis,srg,fer}@usal.es

Abstract. The aim of this article is to highlight the benefits of implementing an
active learning methodology in classes delivered to engineering degree students
in Spain. The proposed teaching methodology has been designed for subjects
with assessable practices and a high number of students in Computer Engi-
neering degrees. The methodology is based on the redefinition of roles in the
work assessment process where collaborative learning methods are incorporated.
The idea of this approach is that students work closely together to learn from
each other and that they are responsible for their own learning and that of fellow
classmates. Moreover, they learn from participating in the process of assessing
the work of their peers. This research describes the implementation of this
technology and its promising results. Students increase their activity because
they assume the role of solver of the proposed assignment in pair programming
and also as evaluator of those of others due peers’ protocol. The proposed
methodology gives them a more enriching understanding of the contents of the
subjects as well as the need for greater intensity in the acquisition of such
knowledge in the subject.

Keywords: Pair programming � Computer science education �
Collaborative learning � Project-based learning � Active learning methodology

1 Introduction

It is necessary to review traditional methods of evaluating the competences acquired by
students within the framework of the current higher education system. The motivation
behind this review is to create a new assessment paradigm in which not only the teacher
but also the students are responsible for the task of assessing their work and learning.
Lecture as a model of teaching is often considered an ineffective means of transmitting
information. Experts have recognized skills such as critical thinking, innovation,
problem solving, collaboration and communication, as key for any learner.

Peer assessment is a common scientific practice that has attracted considerable
attention. Numerous assessment approaches have been developed in different areas of
the academy, such as the arbitration system of specialized journals or the assessment of
research projects. The use of several forms of peer, collaborative or cooperative
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learning, has increased in university courses, helping students achieve a variety of
learning goals, mainly in small groups. These goals include working collaboratively
with others, being responsible for one’s learning and deepening one’s understanding of
specific course content [3]. Moreover, collaboration is a requirement in the professional
life of any Computer Science student. Teachers must help learners develop autonomy
and creativity as part of academic excellence. Findings demonstrate that cooperative
and collaborative pedagogies are of benefit to students [11, 12] as strategies for
redesigning learning tasks. Collaborative aspects of Computer Science Education are
compatible with student-centred learning but are also directly linked with the well-
known constructivist pedagogy [1, 7].

The need for the continuous assessment of student competences has given rise to a
more active role of the students in the learning process. This necessity will facilitate the
integration of new assessment processes as mechanisms that validate the students’
achievements and at the same time guide their learning process.

In the Computer Engineering Degree, a major part of the credits are obtained from
practical experience as opposed to knowledge of the theory. However, the design of
practices and their subsequent qualification is a complicated task, because there is no
single solution and the assessment criteria of these practices constitute a competency
training guide in themselves.

The research of Yacedjina et al. [13] examined, from the perspective of the stu-
dents, the effectiveness of small-group work in a large lecture class. This study illus-
trates the ways in which small-group activities enhance the comprehension of course
material, reduce the anonymity associated with large lecture classes, and promote
student accountability.

The validity of the solutions proposed to Computer Engineering problems, can only
be determined by their performance within a given context. The need for a technical
interpretation makes the assessment of practical tasks difficult. As a result of this
difficulty we have been motivated to develop a teaching-learning model, based on a
series of teaching methods for the acquisitions of competences and their subsequent
assessment. The proposed methodology allows Computer Engineering students to
become actively involved in the collaborative construction of knowledge, together with
the use of pair programming [4]. This approach redefines the roles in the assessment
process and leverages collaborative learning methods for the Computer Engineering
Degree. In this process, students work together to learn and are responsible for both, the
learning of their peers and their own, then, they perform a supervised peer assessment
of the practices they have conducted.

This research proposes and validates a model of assessment of practices by pairs
that will be incorporated into the construction of knowledge through collaborative
techniques of assessment, pair programming and learning through projects [2].

To develop this model a work team was formed, in included several teachers who
taught subjects from the Computer Engineering Degree at the Faculty of Sciences in the
University of Salamanca, Spain. Several subjects with a strong emphasis on the
practical aspect have been chosen from different years of the Computer Engineering
Degree.

This paper compiles a final summary of the main contributions and results. Sec-
tion 2 presents the objectives of the work. Section 2.1 describes the development and
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generation of the methodology. Section 3 outlines the obtained results and the degree
of success of the designed teaching models. Finally, Sect. 4 concludes the work and
discusses future lines of research.

2 Objectives

The guiding principle for the development of this methodological approach is the
concept of project-based learning or “learning by doing”; the main objective of the
project is the development of a collaborative methodology that strengthens the tradi-
tional mechanisms of learning in subjects with high practical content and development
of activities that can be evaluated by the students. The general objectives of this
research are as follows:

1. Study the use of collaborative learning techniques as part of continuous assessment
in the classroom.

2. Develop peer assessment and peer co-assessment techniques in evaluable practices
in computer engineering degrees.

3. Involve the students in the tasks of assessment and acquisition of competencies
within a model of exercise solving.

4. Determine the weight (their importance in the teaching-learning process) of dif-
ferent assessment techniques for different subjects of the degree.

5. Develop an execution model of collaborative assessment practices in Computer
Engineering Degree subjects with high practical content, creating an active
teaching-learning methodology in the classroom.

6. Generate specific materials for the practical work for subjects such as “Operating
Systems”, “Database Systems” and implement them in the Computer Engineering
Degree.

2.1 Development of Activities. Methodology of Resolution
and Assessment of Practical Assignments

For each subject, all the information related to the assessment process and its rules are
published in the virtual Campus; the online Moodle-based teaching platform.

On the first day of class, the students are given a calendar with all the dates of
(1) publication of the statements of the practices, (2) delivery a product as solution for
the assignment and (3) defences.

One of the aspects of group work, that most concerns students and teachers, is the
lack of involvement of some group members who leave the work to others. This
problem arises mainly in groups made up of more than four people [6, 9]. The pos-
sibilities of this opportunist behaviour in group tasks, at higher education level, have
been studied along some practical experiences [8, 10]. For this reason, in the model we
developed, the students perform practical tasks in pairs, using the paradigm of pair
programming [5]. The students decide who they are going to work with and remain in
the same pair for the rest of the year. All students also choose a name for the team
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and give it to the teacher. In addition, one of the students is the captain of the
group. Throughout the year, the teams perform three voluntary practical assignments.
The teacher keeps all the captains updated of schedules, appointments etc. through the
virtual Campus.

2.2 Practice Instructions and Evaluable Aspects

Once a practical assignment has been given to the team, each team develops its solution
and uploads it to the platform in the indicated format and before the deadline. The
students defend their work in what we call triads (three teams). Once the deadline has
closed, the teacher arranges the triads and publishes their list and the date and time of
each. The groups that formed a triad were different in the three practices performed
during the course.

Fig. 1. Sample calendar of practical sessions
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A peer review will be conducted: each team should review the practical work of the
other two teams, which make up the triad and complete a review form for both. Thus,
the defence and assessment of the practices of the subject consists of several parts:

1. Each group will provide a solution to the practical work assigned to them.
2. The teacher chooses the groups to form the triads and plans the publication.
3. Assessment of the solutions of the other two teams and preliminary preparation of

the defence task.

To perform this preliminary review, the involved teams are organized to facilitate
collaborative work. Each team must assess the work of the other two teams of their
triad in each of the three aspects:

a. A critical assessment of the practice
b. Determine if the execution is working correctly or not, to this end it is necessary to

interpret the foreign code and to put it into operation.
c. If some part of the foreign practice in the assessment does not work properly, the

assessment team has to identify how it should be solved correctly.

In the virtual campus, the students of the subject contribute to the revision process.
The virtual campus provides a form with sections related to the practical work, each
group must complete and submit those forms on the day of the defence. It is recom-
mended to complete the form directly in the provided spaces, also print it after filling it
out and sign it for delivery to teacher.

4. The students defend the proposed solution in a computer lab, in which all the
members of the three teams (six people in three teams or triads) participate.

5. During the defence, each team will be asked questions related to the practical work
of the other two teams and the information will be included in the practice form
generated for this practice, which will be filled out and signed. They will also have
to describe their practical work that they will have to defend.

6. The grade for the practical work is, nevertheless, given to each student individually
because in the defence of their work, the teacher evaluates each member of the team
orally and considers the student’s assessment of the practical work of the other two
teams.

A summary of other criteria in the qualification, which is important to take into
account are the following:

– The teacher examines the group’s assessment of the other two teams, if faults are
detected in their assessment, the grade of the assessment group is lowered.

– On the contrary, if the assessment group detects and solves the errors of the other
groups, the impact on the grade of the assessment team is positive.

– The team, whose practical work had errors that were detected by the assessment
group, can improve its grade if it is able to provide a possible solution to these
errors during the defence of their practical work.

The groups in the triad change in each practice, so that no team coincides
throughout the defence processes. This allows to encourage a student with three
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practices to visualize at least the way of working of six teams and interact with twelve
people in their group in the course of the course in addition to work in pairs.

Students are given a statement for each practice, as well as an itinerary to carry out
this practice. Therefore, the summary of the protocol finally designed is the following:

1. Formation of student pairs for development of practical work
2. In time assignment delivery
3. Creation of triads
4. Publication of the names of group captains
5. Informing the captains of the triads for any communication
6. Peer review of the practice: each group will review the practices of the other two

groups together with those forming the triad
7. Complete each group the review form for each evaluated practice
8. Defence of the practices

a. Exposition of reasons and delivery of the signed assessment review form for
each of the practices of the two teams

b. Individual defence of the practice and replicas to the other teams and the teacher.

In the case of a study carried out in the subject Operating Systems, the practical
work represents 30% of the final grade of the subject, with 70% of the final written
exam. There were three voluntary practical assignments, which amounted to up to10%
of the final grade of the subject.

In the case of the groups where the peer defence assessment protocol was followed,
the practices were assessed according to three sections, shown at Table 1:

3 Case Study and Results

In this project we have designed a collaborative assessment model in which the student
can be evaluated objectively and participates in the process.

Our model redefines the student’s role, who becomes responsible for their own
learning and that of their classmates through the development of the practical assign-
ments in pairs.

This teaching methodology is designed for subjects with a lot of practical workload
and a large number of students and assessable practices in the Degree in Computer
Engineering studies. Specifically, the case study conducted in this paper affects two
different groups studying the same subject (Case 1 and Case 2). In this subject, 50% of
their ECTS are of a practical nature, which makes them ideal for studying the proposed
methodology (Fig. 1).

Table 1. Weighting of voluntary practices note

Activity Score

Practice delivery Up to 30%
Personal exposition Up to 50%
Peer review Up to 20%
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It was found that it could be useful if tools were generated in order to facilitate the
students’ assessment over the practices of their classmates. Figures 2 and 3 show how
in the first attempt exams the groups that made a defence of practices with triads
methodology had a greater number of approved (53.45%) compared with the groups
with individual defence (38.96%). The resit exams did not generate hardly any
differences.

Throughout the following academic year, called Case 2, work groups were created
for the development of a teaching following the same methodology with light changes.
A methodology of assessment of the practices by pairs has been established that has
been applied in the two groups in the morning while for the two groups of the afternoon
there was an individual defence of the practices that would allow their comparative
assessment as a control group. Figures 4 and 5 show the results obtained in the first

Fig. 2. Comparative graph of the number of students who participate in the assessment tasks

Fig. 3. A comparative of the percentage of students enrolled in the performed assessment tasks

424 A. B. Gil-González et al.



attempt exam of the subject. Again, the percentage of students who passed the subject
is (55.88%) where voluntary practices were performed in pairs, while the percentage of
students who have passed in a classroom with an individual learning approach was
40.70%.

Over the course of the described case study, the team of teachers studied and
elaborated teaching strategies and methodologies applied to teaching, including col-
laborative assessment by peers, has been carried out jointly by the team of teachers.
Practical materials and instructional designs have been developed for individual sub-
jects that have been included and managed using the online teaching tools. For to
evaluate the proposed methodology in context, four practice groups were coordinated,
with four teachers and 188 students in the subject. This experience has allowed us to
generate new materials and consider the scope of the proposed methodology. In this
regard, the results are excellent.

Fig. 4. Comparative of the number of students who participated in assessment tasks (Case 2)

Fig. 5. Comparative percentage with respect to students enrolled for assessment tasks carried
out (Case 2)
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To sum up, almost all the project objectives have been met. Once the project was
finalized, the results encourage us to define objectives for further development of the
proposed methodology and to add more assignments to the future courses.

Finally, the research team is particularly satisfied with the innovation work put in
place with the peer assessment methodology in subjects with a high content of practices
and number of students. Due to the good results obtained, this methodology allows us
to ensure a line of research that is worth exploring in successive projects with a
systematization of the methodology to different subjects and areas.

4 Conclusions

The research proposed in this article lays the foundations for the development of a
teaching and assessment methodology for computer engineering subjects with a high
practical workload. The large number of students in this type of assignments makes it
very difficult to assess the progress of each student. The current teaching approach of
the Spanish higher education system, in the case of engineering degrees, requires a
greater number of teachers. However, due to the economic situation, this is not going to
be possible in the coming years. The use of collaborative methodologies as a means of
solving this problem has rendered good results in the conducted case study. Those
methodologies involve the student in the assessment process, which is always super-
vised by the teacher. This allows the student to get good hold of the practical contents
of the subjects through assessment with the help of their classmates. Thus, the proposed
methodologies are of benefit for the whole class.

The student using the proposed methodology increases their activity by means of
solving an exercise given to them and evaluating the exercises performed by two other
student groups. This approach provides the student with a more global overview of the
practical contents and according to the surveys completed by the students, this
methodology has increased their speed of learning. Moreover, students stated that they
have learned from the solutions of their peers, allowing them to correct their mistakes
or to learn to develop more elaborate solutions.

As shown in Figs. 3 and 5, the classrooms that adapted this methodology had a
higher student pass rate than those that followed an individual assessment methodol-
ogy; there is a visible difference in the success rates of the two methodologies, espe-
cially in the first attempt exams. The difference in the performance of the two teaching
methodologies is not as strongly reflected in the resit exams, although there is a slight
improvement in the results of the students involved in the proposed assessment process.

The analysis of peer review methods and their application to teaching as a peer
assessment methodology has made it possible to elaborate specific materials for the
Operative Systems subject of the Computer Engineering Degree. The interviews with
the students, teachers and colleagues from other universities, have provided us with
different points of view, enabling us to develop a methodology that has improved in
many aspects.

The experiences students gained from this methodology of learning have been
excellent and its impact on the exam results of the students who of participated in the
case study, corroborate the effectiveness of peer assessment.
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Due to the above results, we arrive at the conclusion that this innovative teaching
project has excellent prospects for the future and will likely be implemented in the
computer engineer assignments in the coming years. The project has directly generated
an action for improvement in the subjects involved because as a result it has allowed
the adaptation of:

– The design of the subjects contemplated in the Curriculum,
– The program of the subjects in the teaching program and
– The development and assessment of the subjects in the teaching reality.

To sum up, the results of the case study are satisfactory and demonstrate the
effectiveness of the proposed learning-teaching model.
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Abstract. One of the main concerns of educational entities is improv-
ing the quality of teaching and the academic performance of students.
As a result of this concern, countless studies have been performed to
identify the factors that affect student’s learning. These have helped to
guide students in the correct direction and to change for the better their
students’ habits and personal situation. Since the appearance of virtual
classrooms, the monitoring of the students’ use of online resources has
allowed teachers to identify their learning habits, analysing some of the
reasons for their academic progress or the lack thereof.

This research analyses different machine learning techniques, includ-
ing tree based models and different types of Neural Networks. The objec-
tive is to apply those models to a dataset containing data from a virtual
environment and construct performance models that will allow to pre-
dict if a student is going to fail or pass the academic year. Finally, the
factors that have a greatest influence on the performance of a student
are identified and suggestions for the improvement of those factors are
proposed in order to achieve an increase the pass rate among students.

Keywords: Machine learning · Neural network · Classification trees ·
Student performance · Virtual classroom

1 Introduction

Academically, the main objective of both students and teachers is to achieve the
highest possible pass rate. Normally, the students who pay attention and are
involved in the classes can get through their exams. The amount of study hours
they dedicate and their reasoning capacity are essential. However, there have
always been students who have had more difficulty and this fact, in most cases,
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is linked to a series of social variables that directly affect poorly performing
students. Families with economic problems, an inadequate circle of friends or
low class attendance are clear examples of this.

As a result, many studies have been carried out in the field of education to
identify the external factors that affect the academic performance of students.
However, some positive factors have also been identified, such as the emergence
of virtual classrooms like Moodle, which makes a lot of resources available to
students online to encourage and accelerate the learning process [12,21]. Univer-
sities and colleges are therefore looking at how they can eliminate or minimise
those negative factors for their students and try to maximise their students’
performance; these studies help them decide how to go about doing this.

To perform a study in this area it is necessary to collect data about students.
Underage students’ data cannot be used for data protection reasons. As a result,
higher education courses or universities are the best places for conducting a
research because the students’ legal age allows to process the collected informa-
tion without any barriers. Once a sample of data from different student profiles
has been obtained, it is possible to apply different techniques such as statistical
studies or different machine learning techniques. The purpose of a statistical
study can be very varied [17,22], although it commonly consists of identifying
pass and fail rates versus other variables. On the other hand, applying machine
learning techniques, it is possible to study a sample of data in order to identify
the variables that most affect students. In addition, they give the opportunity to
train a predictive model that allows anticipating and improve future cases [19].

This article relies on the use of Neural Networks to study what factors and
how they affect academic performance in an online course and how the number
of passers could be increased based on the factors studied.

The rest of the article is structured as follows: the background is shown
below, detailing the main machine learning models most used when classifying
data and how they can be applied in the field of education. The Neural Network
designed is described in Sect. 3. In Sect. 4 the system proposed is presented
and evaluated. Finally, in Sect. 5 the conclusion and the future lines of work are
presented.

2 Background

In the field of data analysis, one of the most important aspects is the classifica-
tion into different clusters or groups, either binary classification when there are
two groupings, or multiclass in other types of cases. Statistical and probability
techniques [27], as well as machine learning methods, can be used to carry out
this process. Following an approach based on machine learning models, the most
common classification techniques are tree-based models [7]. Thus, the following
are the most popular:

Decision Trees: consists of grouping elements depending on the possible inter-
actions that can be formed with explanatory variables. In each resulting cat-
egory, the observed frequency is measured with respect to the target variable.
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The branches are then opened according to the most relevant frequencies, repeat-
ing the process until categories are found in which the resulting frequencies are
no longer relevant [25]. Focusing on the context in the field of education, there are
numerous studies carried out with decision trees, such as the work presented in
[27] which studies the satisfaction of university students from a series of opinion
polls. On the other hand, [23] studies student dropout and achievement.

Random Forest: consists of an improved algorithm based on multiple deci-
sion trees [6]. In [2] the Random Forest Technique predicted students academic
performance in a virtual environment using factors such as students interaction
with the environment, their assessment grades, and previous knowledge of stu-
dent data. In addition, [3] pointed out that the field of education is one of the
areas that needs to gain more knowledge on how the classifications performed
by this algorithm and therefore decides to apply Random Forest.

Extreme Gradient Boosting: is a more complex algorithm than Random
Forest, which builds trees taking into account the error caused by variables
classified by the previous tree [13].

It should be noted that many of the studies on classification algorithms are
comparative, such as the study conducted in [26], which concludes that using a
more complex model does not lead to better results.

Another fairly common classification technique is based on Neural Networks.
Neural Networks are a simplified model that emulates the way the human brain
processes information. A large number of interconnected processing units, that
look like abstract versions of neurons, work simultaneously to process informa-
tion. There are different models of Neural Networks depending on the way in
which the neurons are grouped. The most prominent models are described above:

– The Simple Perceptron is a classifier, it assigns to a vector of N values
a binary value, using a non-linear transformation. So each vector belongs to
one of the partitions created by the perceptron [10,11].

– Hopfield’s network is a monolayer network, meaning that it only has a
single layer. Although it can also be represented as a two-layer network, where
the first layer groups sensors and the second one is where the processing takes
place.

– The multi-layer Perceptron has a number of very important limitations.
The most important one is its inability to classify sets that are not linearly
independent. This model is an extension of a perceptron to which series of
layers are added to transform the input variables [14–16].

– Competitive learning networks differ from other Neural Networks in that
instead of collaborating, their neurons compete with each other to represent
patterns.

– Convolutional Neural Networks are a type of Artificial Neural Network
where neurons correspond to receptive fields in a very similar way to neurons
in the primary visual cortex (V1) of a biological brain. This type of network
is a variation of a multilayer perceptron, however, because its application
is made in two-dimensional matrices, they are very effective for computer
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vision tasks, such as classification and segmentation of images, among other
applications [24].

– Kohonen Maps/Authorizing Neural Networks. The Kohonen network
belongs to the category of unsupervised networks, the difference with other
networks is that neurons representing similar patterns appear together in the
output space, this space can be one-dimensional, a line, two-dimensional, a
plane or N-dimensional [5,9].

In the field of education, the most common approach when applying a Neural
Network is to opt for a multi-layered perceptron. For example, this model was
used to carry out a predictive study of the academic performance of students
doing engineering [20]. In the study conducted in [28] Artificial Neural Networks
were used to predict the students’ grades. Another example is presented in [4]
where a prediction model is applied to analyze patterns of general high school
exam result and use them to predict future exam results.

Regarding the evaluation of the different models, there are several types of
metrics that can be used to assess how good a classification is. Some of the most
used models are precision and recall. In binary classification, the precision is
the proportion of positive classifications that were correct, in the same way, the
recall is the proportion of real positives that were correctly identified. With these
two metrics, we obtain what is known as F1-Score which is the harmonic mean
of precision and recall. Thanks to these measurements it is possible to know how
the classifying model behaves. In addition, the so-called confusion matrix is used
to evaluate the deficiencies of a model.

3 Neural Network Architecture

The proposed system architecture is based on a multi-layered perceptron with
two hidden layers as shown in Fig. 1. The first layer is made up of six neu-
rons, while the second layer is made up of four neurons. The activation function
selected in both layers is a Rectified Linear Unit (ReLU), defined as Eq. (1):

R(z) = max(0, z) (1)

This activation function allows all positive values to pass through, while
negative values are assigned a value of 0.

On the other hand, the input layer has as many neurons as there are inputs
in the data set, while the output layer has 2 neurons with a SoftMax activation
function [8], ideal for multiclass classification as it scales actual values in the
range of [0, 1]. The first neuron in the output layer is the probability that a
student is going to fail, while the second is the probability that a student is
going to pass the course.

To minimize the processing costs of the algorithm, an optimization method
has been leveraged. Specifically, the Adam optimizer [18] designed to train Deep
Neural Networks, has been used with 500 epochs and a batch size of 30.

Finally, the mean square error (MSE) has been used to evalaute the precision
of the network.
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Fig. 1. Design of the multilayer perceptron

4 Proposed System

The objective of this paper is to increase the exams pass rate among stu-
dent through the evaluation of an automatic learning model and its subsequent
improvement. The system proposed in Fig. 2 has been designed for this purpose;
the Neural Network is trained with data in order to make it capable of identi-
fying patterns of behaviour. Subsequently, the initial data set is analyzed and
the parameters that contribute to students failing their exams are minimized
to increase the pass rate. Finally, the already trained network is used in order
to predict if with the modifications made in the parameters are going to help
students to pass their exams.

4.1 Dataset Analysis

Due to data protection, the processing of data may be a complicated process,
as a result it was decided to work and apply a set of public data that can be
accessed at [1].

The data that have been included in our dataset come from a group of stu-
dents who have participated in a series of four online courses. Those who have
taken the BBB module have been selected for the study, resulting in a total
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Fig. 2. System workflow

of 7909 students. The studentinfo.csv file (included in the dataset described),
includes the students’ personal data such as their identification code, the stu-
dent’s gender, region, educational level, age range, neighborhood crime rate
(IMD), number of times they have previously participated in the course, enrolled
credits, disability and the final exams result (passed/failed). In addition, the
number of times the student clicked on any of the online course contents has
been counted throughout the course; this data is obtained after making a simple
analysis of the file studentVle.csv, also available in the mentioned dataset.

Most of these data are divided into different categories, therefore, we have
proceeded to categorize the database finally obtaining 39 columns and 7909
rows. The objective is to predict whether a student, based on all the analyzed
parameters, is going to pass or fail their final exams. In addition, it is intended
to conduct a study on the students that failed their exams, to determine the key
parameters that cause their low performance and to understand how to improve
those parameters.

4.2 Results

To perform the training, the data set is divided into two parts: a training set and
a test set. Prior to training, the data is subjected to a min-max standardization
model to scale the attributes to an appropriate set of values, thus improving
network processing. Once trained, the resulting model is applied to the test data
set, resulting in an accuracy of 82.46% as seen in Table 1.
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Table 1. Metrics obtained after training

Precision Recall f1-score

Fail 0.88 0.74 0.80

Pass 0.77 0.89 0.83

Average 0.824 0.815 0.815

Moreover, Random Forest has been applied to the different parameters of
the data in order to extract the variables with more weight. The result is shown
in Fig. 3, where the most influential variable was the number of clicks.

Fig. 3. Weight of parameters

Analyzing these results in detail, we represent the pass and fail rates as
opposed to the number of clicks made by the students. The result is shown in
Fig. 4 where two different groups are observed. In red, the students who have
not managed to pass the course and whose number of clicks is very low. On the
other hand, in green are represented the students who pass the course being their
number of clicks usually quite high. Another relevant feature is some strange
points, such as students who have not passed the course with a high number of
clicks. In order to analyze these values, in future studies, it would be ideal to
collect the time that the student remains in the different web resources, as it
may have a high click rate but not remain barely time on the web.

Once the data have been analyzed and a behavior model has been generated
through the Neural Network, the students that failed their exams are filtered out
of the initial data set. The objective is to modify the parameters of these students
on the basis of the previous study, and thus analyze whether the changes made
to those parameters would allow students to pass their exams. Since the number
of clicks has been determined as the factor with the greatest weight, we have
proceeded to increase the number of clicks of students failures as Eq. (2):
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Fig. 4. Number of clicks and result rates.

ŷi = yi + αm (2)

where ŷi is the minimum number of clicks that the student should have to pass,
yi is the number of times a student clicked on the contents originally, m is the
median of the times that the students who passed clicked on the contents and
α is a variant factor. The closer the value of α is to 0, the new number of clicks
will be closer to the original number of clicks.

For each possible value of α, the number of times students clicked on the
contents has increased. The previously trained Neural Network has been used to
predict if the students are going to pass or fail the course. In this way, varying

Fig. 5. Percentage number of passes as a function of α
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the α parameter we have obtained the graph shown in Fig. 5. It is observed that
when α approaches 0.75 approximately 90% of students pass.

Substituting the values in the equation to α = 0.75 and replacing the value
of the median, the number of clicks should be increased by 570 units per student
as defined in Eq. (3).

ŷi = yi + 570 (3)

Note that the value of α could increase with the disadvantage that it would
significantly increase the number of clicks that students would have to make,
but the pass rate will remain fairly stable. For example, to get the 99.78% pass
rate you would need to increase the number of clicks by 1140, which is an increase
of 575 clicks to get only 9.78% more passes. Bearing in mind that the median
number of clicks of passing students is 760, it is not worthwhile to increase the
number of clicks so much.

5 Conclusions and Future Work

Different variables that affect academic performance have been studied using
machine learning techniques and the variables with greatest weight have been
identified, that is those that most affect the students’ performance. In addition,
the use of a Neural Network has been proposed to predict a behavioural model
which is capable of improving academic performance. This work reflects the
importance of interacting with a virtual classroom. However, it would be valuable
if we could measure the time that students spend on interacting with a virtual
environment, in order to be able to assess its benefits with certainty.

In a future work we are going to study the duration of students’ participation
in a virtual classroom, since frequent access for short time periods does not ensure
success.

Currently, a system is being designed which, depending on the frequency
with which a student uses references, positions the content in a virtual classroom
differently.
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Abstract. Assessment in education is a crucial task. The adoption of
adaptive instead of classical testing poses questions from both a teacher
and student perspective. According to the literature, teachers should
experience shorter times to complete the assessment and obtain more
precise evaluations, albeit at the cost of calibrating their questions. As
for the students, adaptive testing does not allow to revise the already
given questions, which is usually seen as a detrimental characteristic. On
the other hand, adaptation seems to increase their engagement. Given
these premises, the paper describes the system for online assessment
currently under development in the University of L’Aquila and reports on
the research questions mentioned above. The results are positive (i.e., no
particular usability issues, no problems for the item calibration process),
inline with the literature (i.e., FIT is considered easier than CAT, CAT
is more efficient than FIT) even if we cannot confirm that CAT is more
engaging than FIT. These results, in summary, show that CAT should
not introduce issues in the assessment process and could be experimented
by professors and students with reasonable safety.

1 Introduction

Assessment in education can be essentially divided into formative and summative
assessment [10]. Formative assessment takes place during a course as a means
of checking on student learning, by the teacher or by the students themselves.
Summative assessment takes place at the end of a period of study and the results
are used to determine the examination outcome. Within any assessment system,
question types may vary. For example, questions may include short essay type
questions, true or false type questions, or multiple-choice questions [8]. When
limiting questions to have dichotomous or multiple-choice answers, they are usu-
ally called items and have been largely studied in psychometry. A test created
according to the classical test theory (CTT) [6] assigns to an individual an
observed test score given as the unweighted sum of responses to test items, plus
a casual error component. On the other hand, the item response theory (IRT)
[7] states that the individual’s probability of giving a correct answer depends on
the interaction between two elements, i.e., the individual’s ability and the item
parameters (like difficulty level, discrimination, and guessing).
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L. Uden et al. (Eds.): LTEC 2019, CCIS 1011, pp. 439–449, 2019.
https://doi.org/10.1007/978-3-030-20798-4_38

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20798-4_38&domain=pdf
https://doi.org/10.1007/978-3-030-20798-4_38


440 A. M. Angelone and P. Vittorini

By taking advance of IRT, Computerised Adaptive Testing (CAT) may pro-
vide important advantages over traditional Fixed-Item Tests (FIT) [9,24]. Stud-
ies show that CAT can measure the ability of different examinees with the same
level of precision, higher than that of classical tests, by also reducing the number
of administered items (e.g., [22,25]). Furthermore, CAT also provides an appro-
priate challenge for each examinee, so that low examinees are not discouraged
whereas high examinees may enjoy receiving challenging items, which should
result in an increased engagement [12]. As for the drawbacks, CAT requires cal-
ibration, i.e., the application of a complex procedure that takes in input a large
data-bank of tests (administered using FIT and already corrected) and returns
the values of the items’ parameters. Furthermore, a CAT provides the items
sequentially, until the examinee’s ability is estimated within a certain precision,
without the possibility to revise the answers previously given: such a limitation
has been found to adversely impact students’ reactions [20]. Moreover, if a stu-
dent answers the initial items incorrectly, e.g., due to severe test anxiety, the
test can correct itself only partially. However, according to the literature, test
anxiety, as well as the overall experience, does not seem to vary in computerised
adaptive tests with respect to classical tests [12,17].

Given these premises, the authors recently started the development of a sys-
tem called UTS (Univaq Test Suite) [1] that implements, among the others, an
engine for the administration of CAT, with the aim of integrating (or even substi-
tuting) the assessment system – based on FIT – currently used in the University
of L’Aquila.

The system has been experimentally used with students learning Health
Informatics in the degree course of Medicine and Surgery of the University of
L’Aquila (Italy) to understand – from both the student and the teacher perspec-
tive – the impact of adaptive testing.

To this aim, the paper briefly describes the UTS system (Sect. 2). Then, it
reports on the experimental use of the adaptive testing feature, and in particular:

– from the teacher perspective
• describes the possible pros and cons of CAT, as discussed with professors

that used FIT so far, and the item calibration process (Sect. 3),
• investigates the expected better efficiency of CAT wrt FIT, by compar-

ing the times, number of administered questions and time per question
(Subsect. 4.3);

– from the student perspective
• describes the user experience [21] in performing a FIT or a CAT assess-

ment, through a slightly revised version of the After-Scenario Question-
naire [11] (Subsect. 4.4);

• investigates whether differences in terms of engagement (using an adapted
version of the User Engagement Scale [15]) exist between students
assessed with FIT from those assessed with CAT (Subsect. 4.5).

The paper ends with a discussion on the findings and their possible impact
in the adoption of CAT testing in the University of L’Aquila (Sect. 5).
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Fig. 1. UTS system architecture

2 The UTS System

The UTS system architecture [1] is depicted in Fig. 1. Its main blocks are (i)
the actual web application, (ii) the artificial intelligence (AI) engine, (iii) the
plugin engine, the (iv) authentication engine and (v) the adaptive engine. They
are briefly discussed below, with more details on the adaptive engine:

Web application The web application follows the well-know MVC design pat-
tern [2];

AI engine The AI engine is included in the architecture since artificial intelli-
gence has a long tradition in education and we aim to include a feature about
the automated grading of code snippets [14,16];

Plugin engine The plugin engine allows the system to be extended in terms of
its functionalities, e.g., further types of questions;

Authentication engine The authentication engine allows the system to be
more easily integrated into existing organisations (e.g., through LDAP and
WordPress integration);

Adaptive engine The adaptive engine takes care of supporting all CAT func-
tionalities within the system. Because of the need for fast calculations, we
decided – similarly as in other projects (e.g., [23]) – to implement it as a
wrapper to R and the MIRT/catR packages [4,13]. In particular, the MIRT
package is used for test calibration, whereas the catR package is used for item
selection and ability estimation.

3 CAT and Calibration

The project regarding the introduction of CAT assessment started with individual
interviews with professors that used FIT for their assessments. It is worth noting
that all professors using FIT are supported – during the assessment – by a tech-
nician, and only few of them are skilled in computer science and/or psychometry.
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In summary, many professors reported to be tempted of switching to CAT
(because of the ability to measure with more precision the students’ ability, also in
a faster and adaptive way), other were instead perplexed about the difficulty for
the students to understand how their grade came out from the answers. Another
perplexity was how complex could have been the calibration of their items, since
the calibration process requires a large set of test already answered and evaluated,
to be processed with advanced statistical methods [7].

As for the latest point, we decided to discuss with two professors (a computer
scientist and a psychometrist) and the technician the task of item calibration.
Figure 2 shows the main steps to be performed within the system to prepare the
questions for a CAT administration:

– Figure 2-(a) depicts the user interface to import the questions. Firstly, a user
must upload a Comma Separated Values (CSV) file. The file must contain, for
each row, the questions to be imported, in terms of the following information:
the question type (IRT in this case), question name (a unique identifier),
question text, item type (either 1PL, 2PL or 3PL), number of correct answers,
text of the possible answers. Once the file is uploaded, a user must parse it,
verify how the system read the questions, before actually import them;

– Figure 2-(b) shows the user interface for the actual calibration. First, a user
must upload a CSV file containing, for each row, the answers given by a
student to a test. Each row must provide, for all the imported questions, if
the answer was correct (1), incorrect (0) or missing (NA);

– Figure 2-(c) depicts the user interface that can be used to edit the items. Each
row of the table contains a question, that can be opened to modify the text
and the possible answers.

The computer scientist involved in the case study already had in a digital
format circa ten years of exams, for a total of more than 1800 tests already
answered, evaluated and stored in a database. He reported that exporting them
into the aforementioned format was a straightforward task and that both the
process of importing the questions into the system and the item calibration
proceeded without issues. The psychometrist also had her data for the calibration
process in the proper format and reported no particular issues in calibrating her
test. Finally, also the technician expressed no technical problems in exporting
the data into the required format for a potential CAT administration.

4 Adaptive Administration

To complete the study about the impact of a CAT assessment, we organised a ran-
domised crossover study with the students learning Health Informatics at the first
year of the Medicine and Surgery course of the University of L’Aquila (see Fig. 3).

In details, all students were casually and blindly assigned to two groups
(A and B). The first group started with FIT, proceeded with the usabil-
ity/engagement questionnaires, then ended up with CAT. The second group made
the opposite, i.e., first CAT then FIT. We chose such a design because, for ethical
concerns, we had to guarantee to all students the same workload and evaluation.
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Fig. 2. Screenshots of the item calibration process, from the import (a), the actual
calibration (b) and editing (c)

Furthermore, FIT was made up of 20 questions randomly extracted from a
pool of more than two hundred questions. CAT was instead tailored to administer
a maximum of 20 items (the same of FIT), to interpret an ability of −3.0 as 0/30
and an ability of 3.0 as 30/301 and to terminate when the ability is estimated
with a standard error less than 0.4 (i.e., ±1 in Italian grade).

Finally, in order for the students to be equally committed to both tests, we
used as final grade the maximum grade obtained from the two tests. the mea-
sures of performance, i.e., time to complete the test and number of administered
questions, were recorded automatically by the system.

4.1 Methods

To analyse the data, we performed both descriptive and inferential statistics.
1 In the Italian system, the grade is a value ranging from 0 to 30.
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Fig. 3. Cross-over study

As for descriptive statistics, we used means, medians and frequency tables
[19], as well as Chronbach’s alphas [5] to estimate questionnaires’ reliability.

As for inferential statistics, we investigated whether differences existed
between FIT and CAT. The differences regarded the performances, user expe-
rience and engagement. Since performances were measured by means of quanti-
tative data, we used t-tests. On the other hand, since the user experience and
the engagement were investigated with questionnaires (i.e., qualitative data), we
used Wilcoxon tests.

All statistical analyses have been performed through R version 3.5.2 [18].

4.2 Sample Description

The students that attended the test were in total 83. Two of them with-
drawn. Therefore, 81 tests were successfully submitted to the system: 40 of them
belonged to group A (49%), 41 to group B (51%).

4.3 Performances

On average, a FIT test lasted 1910 s (ca 32 mins), while a CAT test lasted 523 s
(ca 9 mins). The difference is statistically significant (p < 0.000). Furthermore,
the median number of questions administered in CAT tests was 9, which is sig-
nificantly less than the 20 questions used in FIT tests. Also this difference is
statistically significant (p = 0.001). Finally, by introducing as a further mea-
sure the time taken to complete a single question, we measured on average
95 s/questions in FIT tests and 37 s/questions in CAT tests. Also this difference
was found statistically significant (p = 0.0002).

This latter measure is the most interesting one, since not affected by the test
length. Furthermore, this finding is also coherent with the opinions collected
from the students that reported that a CAT administration (i.e., with questions
administered sequentially) allowed them to focus on the specific question and
therefore better proceed throughout the test.

Such findings are in line with the existing literature (e.g., [22,24]). Therefore,
since CAT offers an increased precision in estimating the examinee ability wrt to
FIT [22,24], the better performances offer a further advantage especially when
the assessment regards a large number of students.
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4.4 User Experience

As mentioned in the introduction, we developed a slightly revised version of
the After Scenario Questionnaire [11] to measure the students’ user experience.
We opted for the ASQ since it touches upon the three fundamental areas of
usability (i.e., effectiveness with Q1, efficiency with Q2 and satisfaction with
Q1, Q2 and Q3) with only three questions, each rated from 1 to 7 (e.g., from
“strongly disagree” to “strongly agree”), where the higher the rating, the better
the perceived usability.

AppendixA.1 lists the questions, slightly changed from the original version
only to specifically mention the assessment rather than the abstract word “sce-
nario”. Its internal consistency was measured through the Cronbach’s α: the
obtained value of α = 0.86 suggests that also this version of the questionnaire
can be considered reliable.

FIT CAT p
Q1 6.0 5.8 0.03 *
Q2 6.2 6.3 0.68
Q3 6.1 6.1 0.16

Fig. 4. Results

On average (see Fig. 4), we obtained positive results
for all the investigated areas, albeit the effectiveness of
FIT was better than CAT (p = 0.03). This finding is
inline with the literature, since students usually see the
impossibility to revise the previous questions as a detri-
mental characteristic [20]. However, since the average
rating for the CAT assessment is still high, we do not
consider this result as a problem. Therefore, given these result, we can conclude
that our system should not represent an impairment – in terms of usability – to
perform a CAT with respect to a FIT assessment.

4.5 Engagement

Engagement in a course is an attitude that seems to be positively related to
learning outcomes [3]. With specific respect to the assessment activity, and in
particular in terms of CAT versus FIT, little evidences exist. Nevertheless, a
recent study suggests – at least for the mathematical abilities – that under
certain constraints CAT results more engaging that FIT [12].

We then developed a specific tool for measuring the engagement during an
assessment, reported in Appendix A.2. The developed questionnaire is a revised
version of the short form of the user engagement scale short form (UEF-SF) [15].
The revision essentially consists in specifically mentioning the assessment process
instead of the abstract “experience” word. The questionnaire is made up of
twelve questions, divided into four subscales investigating the focused attention,
perceived usability, aesthetic appeal and rewarding.

Similarly as for the ASQ questionnaire, we measured its internal consistency
through the Cronbach’s α [5]. The obtained value of α = 0.68 is very close to
the value of α = 0.7, commonly considered as the threshold for a good level
of reliability. Therefore, given such a small difference, we still considered this
questionnaire as a reliable tool.
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To score the questionnaire, the researcher should:

– reverse the answers for items FA-S1, PU-S1 and PU-S2;
– calculate the scores for each of the four subscales by adding the values of

responses for the three items contained in each subscale and dividing by
three;

– calculate the overall engagement score by adding all of the items together and
dividing by twelve.

On average, we obtained a very limited higher level of engagement in the
students that used the CAT assessment (4.04 vs 4.02). This difference was not
statistically significant. Furthermore, also investigating the single subscales and
questions, no differences were found statistically significant. All p-values were
calculated with a Wilcoxon test.

Even if we would have aimed at finding an increased engagement in using
CAT with respect to FIT, our findings at least do not indicate any drawback in
introducing a CAT assessment.

5 Conclusion

The paper discussed – from both a student and teacher perspective – the possible
impact of CAT in the assessment process.

From the professors’ perspective, the paper suggests that the system does
not introduce usability and technical issues (from the calibration and usability
viewpoints) and can offer increased performances of CAT wrt FIT (i.e., reduced
time, number of administered questions, time per question). Also from the stu-
dents’ perspective, the system does not seem to introduce usability problems to
perform the assessment, even if the FIT was considered easier than CAT. Finally,
the engagement in performing the assessment using CAT was not different than
using FIT, our findings at least do not indicate any drawback in introducing a
CAT assessment.

As for the limitations of the study, it is worth remarking that the sample is
representative only of students coming from a specific course of study. Therefore,
a generalisation of our findings should take into account this fact. Moreover, the
user experience and engagement were measured through self-reported measures:
it is possible that some student may have given answers to these questionnaires
superficially, since focused on the exam.

However, our results in summary seem to suggest that CAT can be introduced
in the assessment process, can improve the assessment performances, and could
be experimented by professors and students with reasonable safety.

Acknowledgements. The authors thank prof. Dina Di Giacomo for her suggestions
in revising the UES-SF scale.
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A Appendix

A.1 After Scenario Questionnaire

Q1 Overall, I am satisfied with the ease of completing the assessment

Q2 Overall, I am satisfied with the amount of time it took to complete
the assessment

Q3 Overall, I am satisfied with the support information (online-line
help, messages, documentation) when completing the assessment

A.2 User Assessment Engagement Scale

Focused attention

UAES-FA-S1 I felt lost during the assessment (neg)

UAES-FA-S2 The time I spent during the assessment just slipped away

UAES-FA-S3 I felt involved in the assessment

Perceived usability

UAES-PU-S1 I felt frustrated during the assessment (neg)

UAES-PU-S2 I found the assessment confusing (neg)

UAES-PU-S3 The assessment carried out in this way was taxing

Aesthetic appeal

UAES-AE-S1 The system was attractive

UAES-AE-S2 The system was aesthetically appealing

UAES-AE-S3 The system was captivating

Rewarding

UAES-RW-S1 Using the system was worthwhile

UAES-RW-S2 Performing the assessment in this way was rewarding

UAES-RW-S3 I felt interested in the assessment

References

1. Bernardi, A., et al.: On the design and development of an assessment system
with adaptive capabilities. In: Di Mascio, T., et al. (eds.) MIS4TEL 2018. AISC,
vol. 804, pp. 190–199. Springer, Cham (2019). https://doi.org/10.1007/978-3-319-
98872-6 23

2. Buschmann, F.: Pattern-Oriented Software Architecture: A System of Patterns.
Wiley, New Jersey (1996)

3. Carini, R.M., Kuh, G.D., Klein, S.P.: Student engagement and student learning:
testing the linkages*. Res. High. Educ. 47(1), 1–32 (2006). http://link.springer.
com/10.1007/s11162-005-8150-9

4. Chalmers, R.P.: mirt: a multidimensional item response theory package for
the R environment. J. Stat. Softw. 48(6), 1–29 (2012). http://www.jstatsoft.
org/v48/i06/

https://doi.org/10.1007/978-3-319-98872-6_23
https://doi.org/10.1007/978-3-319-98872-6_23
http://springerlink.bibliotecabuap.elogim.com/10.1007/s11162-005-8150-9
http://springerlink.bibliotecabuap.elogim.com/10.1007/s11162-005-8150-9
http://www.jstatsoft.org/v48/i06/
http://www.jstatsoft.org/v48/i06/


448 A. M. Angelone and P. Vittorini

5. Cronbach, L.J.: Coefficient alpha and the internal structure of tests. Psychometrika
16(3), 297–334 (1951). http://link.springer.com/10.1007/BF02310555

6. DeVellis, R.F.: Classical test theory. Med. Care 44(11), S50–S59 (2006).
https://www.jstor.org/stable/41219505

7. Embretson, S.E., Reise, S.P.: Item Response Theory for Psychologists.
L. Erlbaum Associates, Mahwah (2000). https://books.google.it/books?
hl=it&lr=&id=9Xm0AAAAQBAJ&oi=fnd&pg=PR1&ots=Eb1 VwKO1k&
sig=g1vYTBhWmp592aTYFpFEqIIf4BE#v=onepage&q&f=false

8. Gikandi, J., Morrow, D., Davis, N.: Online formative assessment in higher edu-
cation: a review of the literature. Comput. Educ. 57(4), 2333–2351 (2011).
https://www.sciencedirect.com/science/article/pii/S0360131511001333

9. Hambleton, R.K., Jones, R.W.: Comparison of classical test theory and item
response theory and their applications to test development. Educ. Meas. Issues
Pract. 12(3), 38–47 (1993)

10. Harlen, W., James, M.: Assessment and learning: differences and relationships
between formative and summative assessment. Assess. Educ. Principles Policy
Pract. 4(3), 365–379 (1997). http://www.tandfonline.com/doi/full/10.1080/
0969594970040304

11. Lewis, J.R.: Psychometric evaluation of an after-scenario questionnaire
for computer usability studies. ACM SIGCHI Bull. 23(1), 78–81 (1990).
http://portal.acm.org/citation.cfm?doid=122672.122692

12. Ling, G., Attali, Y., Finn, B., Stone, E.A.: Is a computerized adaptive test more
motivating than a fixed-item test? Appl. Psychol. Measur. 41(7), 495–511 (2017).
http://journals.sagepub.com/doi/10.1177/0146621617707556

13. Magis, D., Barrada, J.R.: Computerized adaptive testing with R: recent updates
of the package catR. J. Stat. Softw. 76(Code Snippet 1), 1–19 (2017)

14. McArthur, D., Lewis, M., Bishary, M.: The roles of artificial intelligence in educa-
tion: current progress and future prospects. J. Educ. Technol. 1(4), 42–80 (2005).
http://www.imanagerpublications.com/article/972

15. O’Brien, H.L., Cairns, P., Hall, M.: A practical approach to measuring user
engagement with the refined user engagement scale (UES) and new UES short form.
Int. J. Hum.-Comput. Stud. 112, 28–39 (2018). https://www.sciencedirect.
com/science/article/pii/S1071581918300041
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Abstract. The evaluation of teaching effectiveness is an important process of
higher educational institutions. Having regulations, policies and procedures that
guide the teaching activity strengthens the quality of teaching. There are several
teaching effectiveness evaluation models that have been applied, each one with
their own particularities, objectives and supporting tools. Furthermore, there are
numerous studies about their validity, metrics, weighting, properties collection,
among others. One of the main inputs for teaching evaluation is the student’s
achievement, in addition to the qualitative assessment done by expert peers.
With this baseline, we intend to design a new evaluation model capable of
evaluating teaching quality. The model focuses on the instructor’s educational
capacities that include innovative metrics that will allow the evaluation of
his/her competences from a nonobjective perspective. To support the application
of the model, we have designed an architecture where we integrate Semantic
Technologies and Machine Learning algorithms for knowledge representation
and information processing. As a result, we expect that the final system will be
able to measure the effectiveness of the teaching activity of each professor and to
identify potential problems in the applied teaching method.

Keywords: Education � Evaluation � Knowledge representation

1 Introduction

Currently, the implementation of evaluation systems at universities is especially
important, not only for compliance with legal requirements but also for the assurance of
institutional quality [1]. Professors, as a fundamental part of the educational process,
must gather the necessary competencies for the fulfilment of their work. Furthermore,
the institutions must implement the corresponding mechanisms to guarantee the suc-
cess of the academic processes. Given that teaching activity is the main factor that
determines student learning, the evaluation of teacher performance is defined as a
strategy for improving educational quality [2].

The strategies and models that are used to evaluate professors depend on the goals
of each institution. They seek to have procedures and tools to measure the quality of
their work. In the same way, they assess the contribution professors in the students’
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achievements to identify potential problems in time. Many countries have implemented
their own evaluation models, each with its particularities, objectives and support tools
for processing, e.g. Brazil, Japan, Germany, United States [1]. Historically, one of the
main strategies used to measure teaching effectiveness is to apply students standardized
tests on topics oriented to the development of the class [3]. In this strategy, it can be
identified that the results will depend on the instrument quality and the actors’ pre-
disposition to give the answers of its application. The automation of the data collection
process of the surveys should significantly contribute to the process. However, that
does not solve the discretionality of the data obtained from the applied population [4].

Several models have been defined to evaluate the teaching performance. Generally,
these models include new metrics that combine different types of data. Additionally,
they incorporate innovative technologies for processing and generating timely results in
the evaluated context. The basis for the evaluation of coaching activity is focused on
student achievements and opinion polls [5]. Several studies have been carried out to
prove their validity and propose other alternatives for doing it better. The studies have
focused on verifying the importance of the variables used, the metrics and the corre-
lation with other variables.

Measuring teaching effectiveness has given rise to the use of models based on
statistical techniques that use data generated from the academic processes. Proposals
such as the Value Added Model (VAM) [6] and Linear Hierarchical Model (HLM) [7],
make use of these techniques to measure teaching effectiveness, taking student
achievement as the basic variable for the process. In the scenario that VAM and HLM
process, a question is posed: can the quality of the teacher really be measured by the
results that the students obtain? [5]. There are several factors that may affect student’s
results such as origin location and context, professors of previous courses, number of
students per group, classroom conditions for learning, among others. Thus, carrying out
an evaluation based on a single variable is very ambiguous and it is necessary to
incorporate new metrics [8].

Technologies have gained special importance in educational domain providing
different tools for activities development [9]. The availability of different types of data
allows us to use Knowledge Representation and processing techniques that can provide
valuable information in order to take corrective actions even before the event occurs.
Cases such as the strengthening of eLearning systems have received important con-
tributions from techniques such as Knowledge Representation [10], Semantic Web [11]
and Machine Learning [12]. Stojanovic et al. [11] present an approach for imple-
menting the eLearning scenario using Semantic Web technologies. The proposed
system mainly utilises ontologies to describe the content, context and structure of the
learning materials improving their accessibility. Conversely, the work presented by
[10] utilises ontologies to represent contents, exercises, evaluation elements, among
others, to contribute to the systems of study. The studies noted above, allow to identify
the potential of knowledge representation techniques and will be used to measure
variables whose data are in the electronic portals.

In educational institutions, students’ opinions and achievements are important
variables [13] because they provide information from the direct beneficiary of the
training process. Different analysis techniques can be applied to extract knowledge
from such data. For instance, to study the satisfaction level, the approach proposed in
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[14] utilises sentiment analysis techniques to measure opinions about the educational
system implemented. In terms of student achievement, [12] uses Machine Learning
techniques to predict students’ grades considering their demographic characteristics
with regression algorithms. From an objective point of view, the relationships between
students and teachers are represented by students’ achievements, therefore, those are
data of interest that contribute to the measurement.

This paper presents a new evaluation model that incorporates metrics to evaluate
teaching effectiveness from an objective perspective. We include four components that
represent teacher’s activity: teacher profile, academic processes, student achievements
and support activities. To assess the model, we propose an architecture based on
technologies such as Ontologies, Semantic Web and Machine Learning for data pro-
cessing, as an alternative to current approaches.

The rest of the manuscript is organized as follows: in Sect. 2, some relevant works
on evaluation models are analysed to identify their strengths and weaknesses. In
Sect. 3, the proposed model is described based on its four components. The main
technologies to be considered are described in Sect. 4. Finally, we analyse the con-
clusions and future lines of the proposed approach.

2 Related Works

Throughout history, higher education institutions have used different models to eval-
uate teacher effectiveness. Their approaches have a lot to do with the purposes and
objectives of the exercise of evaluation. Here, we analyse some of the most extended
teaching effectiveness evaluation models.

2.1 VAM: Value-Added Model

VAM [15] model uses a generic production function to estimate the differences based
on student results. It has been widely used for the teaching evaluation when the
techniques allow to incorporate measures of previous achievements and in some cases
contextual characteristics of the students. Using VAM enables a more refined analysis
of the student performance. Furthermore, it is more effective on identifying the effects
of various factors that affect student progress.

There is a direct correlation between the student’s achievements and variables such
as professor experience, number of students, level of the subject, among others [7]. The
model identifies and analyses the factors of associated variables and then it calculates
the student’s achievements towards the professor. The objective is, therefore, to process
the students’ achievements with their associated factors to be capable of generating
more realistic information.

2.2 HLM: Hierarchical Lineal Model

HLM [7] is a regression analysis model that enables to estimate the relation among
several variables. In particular, HLM utilises hierarchical regression equations systems
to analyse how it affects variables in the lower level of the hierarchy and in the upper
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level contextual variables. For instance, [7] in his research, identifies the impact factor
of variables such as the socioeconomic level and level of previous knowledge, in
relation to the academic achievements of the students.

This model overcomes the weakness detected in VAM analysing the student
achievement impact factor [16]. The numerical data processing generates results based
on objective data, but it is also necessary to add qualitative data that allow a better
definition of the teaching activity and incorporate other technologies for processing.

2.3 DOCENTIA

DOCENTIA [17] is a multicriteria evaluation model promoted by the National Agency
for the Evaluation of Quality and Accreditation of Spain (NAEQA). It aims at satis-
fying the need of the Spanish educational system, guaranteeing the quality of university
professors’ performance and favouring their development and recognition. DOC-
ENTIA defines a reference framework to evaluate professors considering the European
Space for Higher Education learning and teaching model.

The model is organized by dimensions, criteria and indicators. For instance, the
Teaching Planning and Training dimension is associated to the Teaching-related task
criterion, and this, in turn, contains indicators such as participation in committees and
conferences preparation. It consists of three dimensions and at least nineteen criteria; all
oriented to measure the quality of teaching. Before its application, the system requires
the previous establishment of weights for each indicator given by expert peers. The
incorporation of qualitative data is an important advantage over the other models. It
enables to measure the teaching work by incorporating new non-numerical variables
such as: use of the virtual classroom, opinions of students, training course, among
others. Peer evaluators are an essential element to be capable of executing this model.

2.4 NBPTS: National Board for Professional Teaching Standards

NBPTS [18] is a professor accreditation model that is dedicated to promoting excel-
lence in education, strengthening the teaching process and learning from students. The
model aims at improving the overall effectiveness of the educator, recognising and
rewarding highly competent educators who meet high and rigorous standards.

The model is based on four inputs: three entries to outline the work done in the
classroom and an entry to measure the professor’s knowledge in the area to be certified.
Classroom work includes: differentiation in instruction, teaching practice, learning
environment, and reflective and effective practice; it is done in real work environments
and it requires the participation of expert peers. In the case of the measurement
knowledge levels, the professor must demonstrate knowledge and pedagogical prac-
tices for the teaching on the particular knowledge area.

2.5 Analysis/Model Discussion

The studied models aim at assessing the educational work to improve the performance
of each teacher. In general, this improvement is reflected in the achievement of their
students. Hence, each analyzed model defines a set of metrics to evaluate the teaching
effectiveness. VAM and HLM work with quantitative data avoiding the problem of
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subjectivity since their main input is the students’ grades achieved in each academic
period. However, the used of limited number of metrics does not cover the complete
context of the teaching activity providing the chance to emerge other assessment
models. On the other hand, DOCENTIA and NBPTS include qualitative and quanti-
tative data for their evaluation, which allow to emphasize: (i) the development of the
class; and (ii) the results generated by the process. This is an important strength to
consider since it enables to evaluate the work of the professor in a wider scenario with
different types of variables. However, the academic peers participation in the evaluation
of many variables needs to be analyzed. Table 1 shows a general concepts summary
that covers the different evaluation reviewed models considering the high (H), medium
(M) and low (L) scale that represents the relevance level of the concept in the gen-
eration of results.

The table includes a concept incidence level qualification generated from the results
of each model. Key concepts are raised such as student achievement, teaching practice,
factors that influence student outcomes, peer participation and knowledge of content.
We observe that only NBPTS considers all concepts giving a greater level of impor-
tance in the Teaching Practice [19]. Teaching effectiveness evaluation requires paying
attention to the entire academic process to analyze the generated results.

To evaluate the effectiveness instruction, one of the basic metrics that have been
used is the students’ achievement, tangible data that are the result of the academic
process and are available in the institutional databases. The important point is to
consider there are factors that may influence those achievements, so it is necessary to
incorporate metrics that are related and contribute to the final result. In this regard,
[6, 20] raise the need to incorporate factors related to the own teaching activity in such
a way that it is possible to generate information for decision making.

The incorporation of new non-numerical metrics is an important feature of DOC-
ENTIA and NBPTS. In these cases, the problem arises from the data availability of the
selected variable, the used processing method and the way in which the data is
obtained. Regarding the concept “Content Knowledge”, the identification of this factor
of each professor is valid if there is a standardized procedure. Semantic technologies
can be useful here to reason on expertise profiles.

In summary, establishing which is the best model to evaluate professors, is
ambiguous if we consider that each one has been defined to assess different teaching

Table 1. Main concepts of evaluation models

Concepts VAM HLM DOCENTIA NBPTS

Student achievements H H M
Teaching practice H H
Factors influence student achievement M H M
Peer reviewers H H
Content knowledge H
Learning environment L M
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environments. Models such as VAN and NBPTS are highlighted by the use of metrics
with numerical data. Consequently, their results have an objective basis. DOCENTIA
and NBPTS consider the teaching activity more broadly, incorporating metrics that
need to be measured with documented evidence and with peer experts participation
including certain degree of subjectivity.

3 Proposal

Reaching educational objectives depends on a great extent on the implementation of
processes that organize and harmonize the activities that each actor must fulfill in the
education system [2]. The role of professors are essential to achieve the desired success
and the evaluation of their activities is an ideal tool to achieve the desired objectives.
The responsibility of the professor is not only summarized in the development of the
class. He/she must also consider aspects that contribute to the fulfillment of their
function such as preparation of the class, materials used, academic experience, among
others, which are reflected in the achievements of the students. Therefore, there is a
need to design a new model that not only builds on students’ achievements but also
incorporates metrics associated with the entire context of teaching activity. The model
also has to define efficient measurement procedures capable of generating timely results
to respond to the weaknesses detected in other models such as subjectivity, limited use
of metrics and weights. Hence, we want to minimize the use of metrics that depend on a
certain degree on subjective academic peers criteria and make use of existing data in
institutional databases and other open access sources.

The implementation of the model is supported by an architecture that makes use of
innovative technologies capable of processing the measured variables intelligently.
Figure 1 shows the proposed evaluation architecture.

Two aspects are identified in the figure: (i) the measurement model that is imple-
mented on the architecture represented by components: Professor Profile, Academic
Process, Student Achievements and Academic Support Activities; and (ii) the proposed
technologies to organize and analyze the data: Ontologies, Machine Learning,
Semantic Web and Statistics.

The model organizes the activities developed by the professor into four
components:

(i) Student Achievements component is focused on incorporating student achieve-
ment into the model as an input generated from the training process. There are
factors that directly or indirectly influence the obtained results such as socioe-
conomic level, number of students, level of the subject, among others. The
statistical and Machine Learning techniques approach the problem of processing
this type of data to estimate the contribution of the teacher in the students as an
input for the general evaluation. For example, the difficulties that professors have
had in a work group to identify the reasons why student performance has not
been as expected, determine behavior patterns of the dropout of students. The
historical data of qualifications, teaching history, socioeconomic studies can be
analyzed by techniques to measure teaching work;
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(ii) Professor Profile component aims to measure professors’ professional experi-
ence in the subjects they teach, identify the teaching experience in the subject
and value the relationship between the requirements of the subject and teacher
training. According to the studied models that consider the variable, this activity
is carried out manually through verification of documentary evidence. It requires
the use of technologies that allow modeling, representing and maintaining
relationships between each modeled teaching entity. In this context, the use of
ontologies as a knowledge representation technique provides the necessary
elements for this purpose and therefore effective processing can be achieved. For
instance: the teaching experience is one of the metrics to consider; aspects such
as years of experience, work groups in which he/she has worked, instructor
training and subjects, among others. Consequently, having a model that repre-
sents both the characteristics required for the subject and the requirements that
the teacher must have, in such a way that the professor contribution can be
measured from the available data.

(iii) Academic Process component contemplates activities that complement the
academic process of the students. For instance, to support learning and therefore
a better performance reflected in their achievements. Metrics such as academic
planning, attention to students, compliance with responsibilities, learning envi-
ronment, among others; they are validated through satisfaction surveys. Type of
applied instrument, structure of your questions, population to which it is
addressed, are just some factors that can determine the results that can be solved
with statistical techniques. To enrich these results we will use technologies such
as the Sentiment Analysis and Machine Learning so that from the data available
in both public and private databases contribute to the assessment of the pro-
fessor. The objective is to work with the variables that correspond to opinion

Fig. 1. Professor effectiveness assessment architecture.
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criteria with inputs generated mainly by open questions that the student answers
freely. Similarly, data obtained from public access databases (e.g. social net-
works) can be used to infer opinions of students.

(iv) Support Activities component evaluates additional activities that can affect stu-
dent achievements, e.g. thesis supervision, participation in committees, post-
graduate classes. These factors can be determined by the quality of the teaching
work. To measure this component, statistical techniques will be used on the
available data (hours of dedication).

The model aims at assessing the teaching work of each professor by the sum of the
normalized partial results of each components. (See Eq. 1). All values are normalized
in the range [0–1].

Utility ¼ w1 � teaProþw2 � acaProþw3 � supActþw4 � achStu ð1Þ

Where wj is a weight to assign different importance to each component, with
w1 þw2 þw3 þw4 ¼ 1. Next, we will analyse each component in detail.

3.1 Professor Profile

It represents the level of compliance with the minimum requirements that must be met
by the professor for the development of the class according to the academic institutions.
It also includes the following metrics: Professor Training (teaTra) and Professor
Experience (teaExp); each are normalized in the range [0–1] (See Eq. 2).

teaPro ¼ w � teaTraþð1� wÞ � teaExp ð2Þ

Professor Training (teaTra) measures the hours the professor has participated in
professional training during the evaluation period. Professor Experience (teaExp):
identifies the matching of the professor experience to the required knowledge (aspects
such as: academic title, subjects, professor academic level, etc.).

3.2 Academic Process

The academic process represents the relationship between students and professors
through the exercise of teaching. It seeks to identify relevant aspects that allow
reaching high success rate. It includes the following aspects: academic tutelage, class
development, success percentage, performance percentage and class hours (See Eq. 3).

acaPro ¼ w1 � acaTutþw2 � devClaþw3 � perSuc
þw4 � perPerþw5 � claHour

ð3Þ

Where:

• Academic Tutelage (acaTut): identifies the professor’s academic support with stu-
dents during their academic period, with the purpose of improving their achieve-
ments. The value is generated by the level of student satisfaction.
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• Class Development (devCla): is the level of student satisfaction with the use of
academics resources, teacher’s competences, class methodology, evaluation system,
achievement of academic objectives, academic planning, etc.

• Success (perSuc) and Performance Percentage (perPer) measure the results gen-
erated by the educative process based on the students who successfully complete the
course. The success percentage is obtained from the relationship between the stu-
dents who pass and students enroll. The performance rate, however, is defined as
the relationship between the students approved and the students who pass the
subject evaluated.

• Class Hours (claHour): represents the number of hours of dedication to teaching
activities at graduate and postgraduate level for an academic period.

3.3 Student Achievements

Students’ achievements is an important element to evaluate teaching performance. It
represents objectives and data generated by the educational process. They are factors
that can influence the final result (See Eq. 4).

achEst ¼ f ratingsð Þ ð4Þ

Where ratings are the marks obtained by the students and f is a function of those
marks. This value defines the level of impact of factors related to student achievement.
The number of students per course, the type of subject, the professor experience,
among other aspects, can influence the results. Studies like [16] provide a basis for the
identification of these inputs.

3.4 Academic Support

It identifies the impact of additional tasks that teachers may have been assigned. The
academic support activities include doctoral thesis supervision, participation in com-
mittees and preparation of academic guides (See Eq. 5).

supAct ¼ w1 � theDirþw2 � comParþw3 � guiDev ð5Þ

Where:

• Doctoral Thesis Supervision (theDir): identifies the amount of doctoral thesis that
the professors has directed or tutored, with an upper limit.

• Participation Committees (comPar): defines the amount of committees in which
professors have participated.

• Guides (guiDev): represents the academic planning of the professor as support for
the teaching activity and which must include at least: competencies, objectives,
contents, methodology, material, evaluation, bibliography and coordination criteria
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4 Required Technologies

The presented architecture uses a set of innovative technologies that we will describe in
this section. The purpose is to identify suitable strategies for processing based on
different knowledge representation and processing techniques.

4.1 Semantic Web

Currently, web-based education has become a significant trend in educational institu-
tions. The majority of resources created by professors are available on the Internet. In
this environment, Semantic Web adds new relevant advantages to manage these con-
tents [21]. For instance, it provides mechanisms to publish resources easily, semantic
annotations to provide efficient tools to process and search for information. For
example, in our application domain, teaching resources like books, assessments can be
easily located.

Furthermore, Semantic Web also provides a standardised way to model and rep-
resent knowledge. Hence, the analysed academic inputs can be easily described by
using the same semantic format to improve their management. We can also easily
measure the e-learning platform usage by examining the student visits, among other
variables.

4.2 Machine Learning

The use of machine learning techniques for educational purposes is a promising field
aimed at developing methods to explore data from computational educational envi-
ronments and discover meaningful patterns [12]. In his research, he presents a case
study to predict students’ grades considering the demographic characteristics of stu-
dents using a regression method. This contribution is very important since in educa-
tional environments, data of similar characteristics are available that need to be
processed to assess the work of the professor. In addition, based on historical academic
data, we will try to identify early the chances of success of a professor in a new
academic period. Variables such as student achievements will be analysed by this
technology using regression algorithms to predict students’ chances of success based
on their historical records. Related data such as socioeconomic status, type of subject,
students per course, among others, their inclusion will be analysed, considering the
study proposed by [16] and [15], where these variables are incorporated and associated
with student achievement.

4.3 Sentiment Analysis

The application of opinion surveys has historically been one of the most used tech-
niques for professor evaluation [22]. As a case study, this technique has been used in
the evaluation of the 2013 study plan of the Indonesian educational system where its
implementation has generated diverse opinions among students, professors and the
general public, especially in the social networks of Twitter [14]. This technique allows
us to assess the opinions that the students give about the teaching activity in such a way
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that they constitute an important input for our purpose. Process unstructured content
obtained from a planned opinion survey or from another public source, such as social
networks, provide valuable information for decision making. The identification of
student satisfaction levels in academic subjects is a variable that will be processed
based on classification algorithms for Sentiment Analysis, so that the impact factors of
these variables in others are quite real. It is necessary to identify aspects such as
compliance with planning, academic support, the use of support materials, among
others.

5 Conclusions

In this work, we have analysed the current situation of popular teaching evaluation
models. During the analysis, we have pointed out several weaknesses related to met-
rics, subjective procedures or even data used to evaluate the teaching quality. In
response, we propose an innovative model which combines new metrics and cutting-
edge techniques to overcome such problems.

The new model incorporates four specific components oriented to deeply analyse
the teaching performance: teacher’s profile, academic process, student achievements
and academic support activities. Furthermore, to facilitate the data integrability and
analysis, we have integrated Knowledge Representation techniques to provide a
standard data model; Machine Learning techniques to infer new knowledge from
historical data and Natural Language Processing technologies that provide tools for
efficiently analysing resources described in natural language.

To implement the architecture is one of the future lines that we plan to achieve.
Furthermore, once we develop it, we would like to carry out different tests to evaluate
the teaching performance and compare the results against other models. Last but not
least, we would like to apply into a real teaching environment.
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Abstract. In Latin America, desertion rates in higher education range between
40% and 75%. There are many reasons for a student to deserted of their studies.
However, the importance of identifying the level of risk related to such desertion
is reflected in the socio-economic impact for the institutions as well as for the
country. Technological advancements in database management and artificial
intelligence have led to the development of techniques such as Machine
Learning, which supports decision-making when facing a problem and adapts
accordingly to the required conditions.
The following article shows a case study of the identification of students in

Industrial Engineering at risk of dropping out in the Universidad Distrital
Francisco José de Caldas from the 2003-1 to 2018-1 academic semesters. The
algorithm is selected based on which is more suitable to the nature of data,
through the comparison of automated learning techniques in Azure Machine
Learning Studio.

Keywords: Academic desertion � Algorithm � Artificial intelligence �
Machine Learning

1 Introduction

The approach for student desertion and retention involves variables on individual,
institutional and family-related levels, which on top of that are classified in terms of
psychological, economic, sociological, organizational and interactional aspects [1, 4].
This implies handling large amounts of information that require the use of technologies
with high, medium or low complexity depending on the nature of the study. From this
standpoint, Artificial Intelligence offers a variety of techniques for database manage-
ment and analysis including Machine Learning.

Machine Learning, emerges as an artificial intelligence method derived from
computing programs that access data and uses it to learn and predict results. These
decision-making methods are assessed and receive feedback so that they can determine
the algorithm that is more suitable for the type of data and response related to the
research.
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2 State of the Art

2.1 Academic Desertion in Colombia and Context of the Universidad
Distrital

Academic desertion can be defined as the condition of those people enrolled in higher
education that abandon the institution during two or more consecutive periods at the
time of their studies [5].

According to data gathered in 2015 by the Colombian System for the Prevention of
Desertion in Higher Education Institutions (by its acronym in Spanish SPADIES) in the
statistical report of desertion and graduation of the Colombian Ministry of National
Education and considering the desertion rate by cohort and by training level, the
undergraduate students that deserted represent 41.60% out of the total number of
students that enroll in an academic period on a national scale and 45.25% on a district
scale [6].

On another note, the last report “Statistics of permanence, graduation and desertion
of students in the Engineering Faculty in undergraduate programs from 2009 to 2017”
carried out by the Consultant System Office in the Universidad Distrital Francisco José
de Caldas (UDFJC), 53.8% of the faculty students between 2009 and 2017, either
deserted or lost their student status [11]. Furthermore, specific information on desertion
for the curricular program of Industrial Engineering indicates that the desertion per-
centage in the assessed periods is equivalent to 48% [11].

2.2 Machine Learning and Classification of Its Algorithms

Machine Learning is a form of artificial intelligence where large volumes of data are
accessed and interpreted, the system is trained and new information is predicted
through learning algorithms. These techniques are classified according to various cri-
teria: the type of learning, the tasks dictated to the algorithm and the types of models
used.

Classification is a task in which an individual of the system intends to determine to
which class it belongs according to the process of learning characteristics, patterns and
behaviors that other individuals have previously adopted and their documented records
[10]. Thus, these algorithms are divided into two categories: binary classification and
multiclass classification. Binary classification refers to those algorithms whose obser-
vation result must be catalogued as either positive or negative. Therefore, classification
depends on a threshold used to compare the generated score for each iteration of the
algorithm. The multiclass classification differs in the sense that it predicts the classes
with the highest scores [3].

Binary Classification Algorithms. This article will use the binary classification
learning algorithms, since the objective of the development of the case study is to
predict a desertion or no desertion label for a student whose values of the variables
allow their classification; these algorithms are Averaged Perceptron, Bayes Point
Machine, Boosted Decision Tree, Decision Forest, Decision Jungle, Logistic Regres-
sion and Two-Class Neural Network [2, 9].
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3 Methodology for the Application of Classification Models
Using ML

3.1 Definition of the Computational Tool to Use

There are many options for commercial Machine Learning software. However, in this
case, it is suggested that it is directed towards the predictive model as well as under-
standable and easy to use, which allows the manipulation of data and the types of
results that it can generate.

Next, a comparative table is presented including the advantages, functionality and
generalities of each tool keeping in mind the previously mentioned criteria (See
Table 1).

It is determined that the Azure Machine Learning Studio from Microsoft is used
whose predictive model function is required based on the expected response and
handled database. Additionally, it is code-free which facilitates the understanding of
applied automated learning and includes a free trial version so any user can access it.

3.2 Used Database and Determination of Variables

Considering the concepts and trends mentioned in Machine Learning and the goal of
identifying students at risk of Academic desertion of the Industrial engineering program
of the District University Francisco José de Caldas, Bogotá, Colombia. The following
sample was taken:

Table 1. Characteristics of machine learning software. Source: Author.

Software Description Functions

Azure Machine
Learning Studio

Collaborative solution with drag-and-drop
interface developed to create and implement
predictive analytics solutions in minutes. Designed
for applied machine learning

Predictive
Modeling

Google
Cloud ML
Engine

Engine Managed service that provides a balanced,
scalable and automatic predictive training
compiled in mathematical models that allow to
understand the information extracted from the data
set

Deep learning
Model formation
Predictive
modeling

AWS It allows to create, train technically and implement
deep learning models quickly and easily, with high
performance automatic learning algorithms;
includes data storage, business intelligence, batch
processing, transmission processing and
organization of data workflows

Self-learning
Machine Learning
algorithm library
Model formation
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Sample Description. The software training process is done with a student status
database of the program of Industrial Engineering between 2003 and 2018 (Active
student, graduate, suspended, sanctioned, retired); which was provided by the UDFJC
for academic purposes, and They do not contain personally identifiable information
about people, as recognized by Habeas data. A database treatment was required, from
which unnecessary, incomplete and inconsistent data were eliminated; Bearing in mind
that the required information is specifically that of the students who left the university,
either as a graduate student who is classified as not abandoned or by desertion or
abandonment, leaving a total sample of 3201 data, each one 24 academic and social
variables, which are presented below. (see Table 2).

The sample was submitted to a statistical analysis of independence and homo-
geneity on the average variable of students who deserted to verify the validity of the
data, which were approved with a correlation index of 0.14 and 0,496 for test Kruskall
Wallis with a confidence level of 95%, respectively.

Table 2. Description of the database variables. Source: Author.
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Based on the analysis of variables, their level of correlation is established through
the Pearson coefficient assessed in the software. The highest correlation indexes
delivered by the Pearson correlation can be seen in Table 3.

However, the algorithm that is more suitable to the needs of the case study is
chosen with the purpose of predicting when a student is at risk of dropping out of the
Industrial Engineering program of the UDFJC given that the term desertion includes
those students that entered the program as such yet did not culminate their careers.

3.3 Determination of Performance Metrics of the Selected Algorithms

In order to validate the performance of the implemented algorithms, the crossed val-
idation tool provided by the software used which generates assessment metrics (ac-
curacy, precision, recall and F1 score) for binary classification algorithms.
Additionally, the duration of the experiment is also considered as well as the factors
generated by the confusion matrix which includes the percentage of true positives, true
negatives, false positives and false negatives. These variables are understood as a
whole to determine the assertiveness of the algorithms and then choose the best con-
ditions to predict the classification of the status of students. Then (Table 4), the defi-
nition of these measures is presented.

Table 3. Pearson correlation coefficients. Source: Author.

CI Pearson Average Stratum Age of
entry

N. of
Ac.
Tests

Approved
subjects

Failed
subjects

Score
ICFES

Math.
Knowledge

Math.
Abilities

Average 1.000 0.113 0.176 0.035 0.757 0.003 0.290 0.193 0.180

Stratum 0.124 1.000 0.058 0.057 0.096 0.056 0.087 0.021 0.004
Age of
entry

0.176 0.057 1.000 0.080 0.179 0.076 0.174 0.042 0.036

N. of Ac.
Tests

0.035 0.056 0.080 1.000 0.055 0.881 0.055 0.137 0.015

Approved
subjects

0.757 0.087 0.179 0.055 1.000 0.033 0.285 0.148 0.136

Failed
subjects

0.003 0.049 0.076 0.881 0.033 1.000 0.002 0.131 0.022

Score
ICFES

0.290 0.060 0.174 0.055 0.285 0.002 1.000 0.041 0.467

Math.
Knowledge

0.193 0.021 0.042 0.137 0.148 0.131 0.041 1.000 0.384

Math.
Abilities

0.180 0.003 0.036 0.015 0.136 0.022 0.467 0.384 1.000
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3.4 Application of the Different Algorithms to the Case Study

Based on the objective of the case study, it is stated that according to the desired
response the algorithm must be a binary (two-class) classification (supervised learning)
since the program needs to choose between two response options: Desertion or Non-
desertion. To determine the appropriated algorithm within the Binary Classification, a
software test is performed as shown in Figs. 1 and 2.

The assessment scheme for the algorithms shown in Figs. 1 and 2 consists of a
software tool that can find the value of the Assessment Criteria. Afterwards, the Select
Columns module is used to choose the variables that will be a part of the software
training. In Split Data, the proportion of data used for training is determined. The
subsequent modules refer to the learning, training and result assessment algorithms. For
the testing process, each algorithm is trained for the Two-Class Classification based on
the status variable with a significant sample of 80% of the data and the remaining 20%
is assessed later. The obtained results are shown in Table 5.

Using the previous results, it is determined that the learning algorithm that is more
suitable for the nature of data and the type of response is a Two Class Boosted Decision
Tree. Establishing an equitable weighing strategy for each criteria, this represents a
larger set of characteristics that enable proper adjustment and minimization of pre-
diction errors.

Table 4. Definition of the assessment metrics. Source: Author.

Measure Definition Formula

Accuracy (A) Is the ratio of true results to total cases. Measure
the goodness of a classification model

A ¼ TPþTN
Total of cases

Precision (P) It is the proportion of true results on all positive
results

P ¼ TP
TPþFP

Recall (R) It is the relation of all the correct results returned
by the model

R ¼ TP
TPþFN

F1 Score (F1S) It is the weighted average of Precision and Recall.
The summary of the evaluation is considered

F1S ¼ 2�ðR�PÞ
RþP

Duration of the
experiment (T)

It is the time it takes the model in the training of the database. It is
measured in seconds

True positives
(TP)

Number of cases of No Abandonment, whose prediction was “No
abandonment”

Negative
positives (TN)

Number of cases of No Abandonment, whose prediction was
“Abandonment”

False positives
(FP)

Number of cases of Abandonment, whose prediction was “Abandonment”

False negatives
(FN)

Number of cases of Abandonment, whose prediction was “No
Abandonment”
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Fig. 2. Assessment structure of the algorithms. Part (b) Source: Author.

Fig. 1. Assessment structure of the algorithms. Part (a) Source: Author.
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3.5 Performance Assessment of the Chosen Algorithm

Aiming to improve the performance of the selected algorithm, five tests are carried out
(See Table 6) with different groups of variables (Abbreviations Table 2), where the X
represents the variables chosen from the database that are included in the algorithm.
Since the status is the main variable used to train all algorithms, it is not included in the
tests.

Table 7 shows a summary of the Assessment Criteria per test, which is useful to
identify the variables that have a significant impact on the results of Accuracy, Pre-
cision, Recall and F1Score.

Table 5. Comparison of the measurements for the assessment of algorithms. Source: Author.

Algorithm TP TN FP FN A P R

Averaged perceptron 0.879 0.955 0.121 0.045 0.919 0.879 0.947
Bayes point machine 0.852 0.963 0.148 0.037 0.908 0.852 0.958
Boosted decision tree 0.903 0.965 0.097 0.035 0.936 0.903 0.958
Decision forest 0.899 0.956 0.101 0.044 0.93 0.899 0.947
Decision jungle 0.891 0.982 0.109 0.018 0.938 0.891 0.979
Locally deep support vector machine 0.890 0.979 0.110 0.021 0.936 0.89 0.975
Logistic regression 0.850 0.963 0.150 0.037 0.906 0.85 0.958
neural network 0.870 0.975 0.130 0.025 0.923 0.87 0.972

Table 6. Comparison matrix of attribute addition. Source: Author.

TEST SX ST EI TI PR NP EA ER PI B Q F S AV EL AM CM F H G IE I

1 X x x x x x x x
2 x x x x x x x x x x

3 x x x x x x x x x x x x x x x x x x x X x x
4 x x x
5 x x x x x x x x x

Table 7. Test comparison of assessment criteria.

Test Accuracy Precision Recall F1Score

1 0.994 0.989 0.996 0.993
2 0.995 0.99 1 0.995
3 0.994 0.986 1 0.993
4 0.911 0.887 0.915 0.901
5 0.938 0.909 0.954 0.931
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It was confirmed that the variables with the highest correlation such as Average
(PR), Approved Status (EA) and Number of Tests (NP), Failed Subjects (ER) must
necessarily be included in the test and generates the highest values in the assessment
indexes. In contrast, other variables such as the areas of knowledge do not have a
significant impact in the improvement of results.

4 Results of the Predictive Experiment

The chosen learning algorithm is used to create the Training Experiment (Fig. 3) which
comes from the selection of the previous variables based on the determination of the
status and the use of the Two-Class Boosted Decision Tree as an ordered set of
systematic operations that the algorithm uses to determine the result.

The Predictive Experiment (Fig. 4) shows the final structure of the software
modelling trained with 80% of the data as well as the algorithm that is more suitable for
the characteristics and the type of response. Additionally, the Web Service Input
module requests information to the user to deliver the corresponding prediction. These
requirements are the group of variables in test (Table 6) that are more appropriate
according to the assessment criteria (Table 7).

With the prediction module created, an example can be tested with the data in
Table 8.

Figure 5 presents the result of the practical example where the student deserts of the
university under the given characteristics.

Fig. 3. Training experiment. Source: Author.
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Fig. 4. Predictive experiment. Source: Author.

Table 8. Data for the practical example. Source: Author

Variable Val. Variable Val. Variable Val.

Sex M Score ICFES 303 Mathematical
knowledge

66

Stratum 1 Biology 51 Philosophy 0
Age of entry 20 Chemistry 61 History 0
Type of inscription Normal Physics 56 Geography 0
Average 3.0 Social 50 Foreign language 0
Number of academic
tests

1 Verbal aptitude 57 Interdisciplinary 0

Approved spaces 42 Spanish and
literature

56

Failed spaces 15 Mathematics
abilities

68

Fig. 5. Results of the practical example. Source: Author.
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5 Conclusions

The data of the practical example is used to determine that the student deserts of
university without specifying the academic or social variable that the student quits
from. In this case, the student has passed 26% of the subjects in his syllabus and a GPA
of 3.0, which classifies him as a student in academic probation. Since these variables
have stronger weights within the prediction model, it is valid to state that the desertion
is due to low academic performance of the student who decides to deserted. This
analysis would lead to promote strategies that reduce the academic hardships of stu-
dents by offering subjects during mid-year breaks, more scholarships to students with
better GPAs, among others. It is noteworthy to highlight that there are many academic
or social reasons that lead a student to deserted. However, the previous analysis of
predictions establishes more effective retention mechanisms within higher education
institutions. Learning techniques such as Machine Learning consider both the main and
secondary variables, as well as their normal and abnormal values through previous
training. In this scenario, the responses obtained are reliable with a precision of 90.3%
and an accuracy of 93.6%.

At last after developing this case study, we identify Machine Learning tools that
can be used in business, commercial, financial, industrial, academic, scientific and other
fields. However, from an educational perspective and in order to predict whether a
student will desert or not, with the use of Azure Machine Learning Studio; from the
identification of the relevant variables; the treatment of the database is done by filtering
the useful information for the study; the program is trained with the historical behavior
of the variable (s) it seeks to predict; the current information is entered and the results
are analyzed in order to make decisions and action against the possible scenarios. This
algorithm can be replicated with different objectives and applied in multiple areas that
require the prediction of random variable behaviors.
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Abstract. The recent increase in qualitative research has led to the production
of software packages that help researchers process enormous amounts of data.
Currently, several types of software are available depending on what they are
intended for: data processing, text management, coding and recovery of data,
building of theories or conceptual networks. This research introduces the dif-
ferent software allowing researchers to get an understanding of currently
available tools. Moreover, it provides some guidelines to help researchers
choose the most adequate tool. These programs offer valuable support in routine
tasks, and conceptual and theoretical development. Nevertheless, no tool is ever
going to substitute prior knowledge of methodological research.

Keywords: Software � CADQAS � Qualitative research

1 Introduction

From the 1990s onwards, the importance of qualitative research increased dramatically.
There has been a definite trend in its use among researchers from different disciplines.
As a result, there has been considerable rise in the number of qualitative researches in
Spain and other countries [1]. This surge went hand in hand with the creation of a wide
variety of software, known as Computer Assisted Qualitative Data Analysis Software
(CAQDAS), whose objective is to assist researchers in performing qualitative analyses,
but which in no way replace the creative, in-depth analyses done by researchers. The
first programs appeared in the 1960s, but it wasn’t until the 1980s and early 1990s that
they were recognized in the field of qualitative analysis [2, 3].

Currently, there is a large variety of CAQDAS, aimed at specific tasks such as
storage, integration and organization of data, performance of data searches, data
structuring, information categorization, annotations, links, hyperlinks, graphs, maps,
tables, memorandums and comments. Thus, their use during the analysis process is
increasing. CAQDAS are being updated continuously offering new functions and
possibilities, systematizing and optimizing the analysis of qualitative data. They
maintain the quality of the analytical process without affecting the analyst’s creativity,
the plurality of analysis types or the core features of qualitative methodology:
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flexibility, reflexivity. Again, programs cannot analyze the data by themselves, nor can
they interpret or influence the type and quality of the analyses [4].

Whenever changes come about we are bound to meet with conflicting opinions.
The use of a computer as an aid in qualitative analysis has been no different. Some
claim that the use of software offers infinite possibilities while others continue advo-
cating a manual analysis. The former approach CADQAS as a major area of special-
ization within analysis, as is statistics in quantitative analysis.

As soon as qualitative research became a trend among researchers, a debate began
on the use of software in this area. There have been different concerns; the most
prominent software packages had been developed in the context of a specific approach
- codification according to grounded theory - and as a result, it was difficult to apply
them to other approaches. If the programs do not follow a sequential analysis, should
the researchers who use them ignore this? Does it change the way the data are anal-
ysed? [5]. Fielding and Lee [6] found in their empirical study of CADQAS usage that
two-thirds of the reviewed projects had not used grounded theory, but did use software
for qualitative research. This shows that software and grounded theory are not as
closely related as some authors suggest.

Concern had been expressed over the risk of researchers moving their focus away
from data as a result of the Ethnograph [7], a software designed by Seidel. This
software initially involved a very laborious coding process, which meant that its users
were trapped in code making and lost sight of the contextualization of data. Ten Have
[8], however, shows how the Ethnograph can be applied to conversation analysis.
Another concern is that computer programs implicitly force their logical and expository
structure upon the researcher’s data and analysis. The NUDIST software, for example,
assists in the development of a hierarchical code structure in the form of a tree. A slight
increase in tree-structured coding systems had been identified among its users. Seale [9]
illustrates this problem well by applying NUDIST and ATLAS-ti to a grounded theory
developed by Glaser and Strauss, and shows the differences in the presentation and
structure of this theory in both programs.

There is fear that the attention attracted by the computer and the software will
distract the researcher from the real analytical work: reading and understanding the
texts, thinking contemplatively about what is in the texts and what underlies them, etc.,
[10]. Similarly, Richards and Richards [11], who have developed one of the most
important programs (NUDIST), assert that the use of informatics in qualitative analysis
can have contradictory implications for the process and results of research, from
unacceptable restrictions on analysis to the unexpected unlocking of possibilities.
Ultimately, however, it is the user that chooses how they use the computer and software
in research, and how they reflect on the work they are doing. Thus, computers and
software should be seen as a pragmatic tool that support qualitative research.
Researchers must reflect on the impacts that qualitative research software has on their
research. It is likely that much of the mistrust and misconceptions surrounding the use
of these software is a product of low usage rates among researchers [12, 13].
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2 Characteristics of CAQDAS

The computer is an invaluable aid with great potential for carrying out routine tasks and
for supporting conceptual and theoretical development [14], but it cannot replace the
researcher’s capacity.

2.1 The Usefulness of Software

Publications on data analysis in computer-assisted qualitative research [9, 15] observe
that the use of a computer aids in the management, search and display of data and
related elements, such as codes or memos. It is worth the effort to choose a program,
install it and learn how to use it (or even learn how to use the computer), since a
considerable amount of time is gained when compared to the time it takes to perform a
manual analysis.

Another benefit is that the use of a computer increases the quality of a qualitative
research or at least it is easier to demonstrate its quality. Researches mention greater
coherence in the analytical procedures [15] or the rigor added to the analyses [9]. Kelle
and Laurie, [16] claim that the use of these software provides qualitative research with
greater validity.

Flick [17] states that the use of these software increases the transparency of the
research process and communication in a research team. Weitzman [15] also points to
the consolidation of research, since the computer allows the researcher to have all the
research documents (from the initial field notes to the final presentations, tables and
writings on the discoveries) in one place: the computer’s hard drive. Moreover, Seale
[9] says that this software facilitate sampling decisions based on the current status of
data analysis (according to theoretical sampling).

An important utility is that data management is made easier with computers. Some
authors [16, 17] list various data management techniques supported by qualitative
analysis computer software: (a) the definition of indicators containing keywords along
with “addresses” of text passages that can be used to retrieve indexed text segments;
(b) the construction of electronic cross-references with the help of so-called hyperlinks.
which can be used to jump between text passages that are linked to each other;
(c) functions for storing researchers’ comments (-memorandums-), which can be linked
to keywords or text segments; (d) features for defining links between keywords; (e) the
use of variables and filters so that the search for text segments can be restricted by
certain limitations; (f) functions for retrieving text segments with specific formal
relationships between them (for example. (g) functions for recovering quantitative
attributes from the database.

The first two functions are provided by all qualitative analysis software, while the
other five are provided only by the most elaborate qualitative research software
packages.

Pujol [13] in the same line of data management states that the CAQDAS can be
used to: organize documents; segment and tag texts, sounds or images relevant to the
researcher; facilitate coding and categorization and to theorize and abstract the meaning
of codes and their rearrangement according to levels, if appropriate; increases speed
and flexibility in coding; provide tools that ease the search for text in documents;
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retrieve coded segments; study temporal aspects (integral narrative sequence); consult
the database looking for relationships, similarities and differences between codes;
provide a graphical way of looking at the relationships between different codes and
fragments of text, through diagrams and tables; promote conceptual and theoretical
reflection on the data; provide a formal structure to facilitate the writing and storage of
memos, comments and annotations relevant in the development of the analysis; help
write final results reports; make explicit the underlying analytical operations, making
their audit possible (replication of an analysis by independent researchers).

2.2 Choice of Software

As we have explained before, to be able to use CAQDAS it is necessary to have prior
knowledge of qualitative data analysis and the implicit processes [13]: type of planned
analysis, e.g. Nvivo, Atlas it and Maxqda are very suitable for content [18, 19]; nature
of data (text, sound, image); type of coding (hierarchical or not, or both); process of
writing the final report (exportable to other applications) and other factors such as
amount of information; affinity with computer environments, whether to work with
quantitative data, available computer equipment, research equipment, etc.).

At least in theory, any form of
qualitative analysis could be computer-
assisted through CAQDAS software
created for this purpose, which facili-
tates the manual handling of data:
search, selection and organization. Fig-
ure 1 Homepage of several CAQDAS
for qualitative analysis. Source Merino
2009. Programs such as ETHNO-
GRAPH, AQUAD, NVIVO or ATLAS-
Ti, ATLAS.ti; DEDOOSE; HyperRE-
SEARCH; MAXQDA and QDA Miner,
whose interface can be seen in Fig. 1.,
are extremely useful in analysis, for
operations such as marking and coding
text, listing categories and subjects,
preparing typologies or profiles, or
counting, searching and retrieving
coded units. They are particularly useful

when working simultaneously with large amounts of information [20, 21].
To determine which program should be used in a given research, we must consider

several authors [13, 22]. Moreover, the researcher must consider different points before
deciding to use a computer or a specific computer software or the use of computers in
general [23], which are summarized in Table 1.

Nonetheless, note that “no software has yet been considered the best” [17].

Fig. 1. CAQDAS software homepages
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Table 1. Key points to consider before deciding which CAQDAS to use.

Aspects Questions Characteristics to consider

Ease of use: Is it compatible with PC or MAC?
What are the required network
features (type of computer? RAM,
hard disk. graphics card, screen.) or
of the programs (software system,
need of other programs). What
specific and particularly technical
skills does the program require of the
user (programming skills, perhaps
specific programming languages,
etc.)?

Compatible with Windows,
Macintosh and other
environments.
Simple software that can be used
by novel users
Clarity of the manuals

The types of
documents it
can analyse

What kind of data was the program
designed for?
Can it also be used to analyse
different types of data?
What types of data may not be used?

Text
Sound
Images
Multimedia

Text review Is it easy to work through the
document?

Ability to mark relevant
paragraphs and connect references
Ability to search for specific
paragraphs in the text

Memos What can I access with this
software?

Facilitate the preparation of notes,
memos and reflections on the
analysis
Facilitate access to notes and
memos

Codification To interpret the text must it always
be accessible (on the screen) or only
the categories?

Options for the development of
codes
Easy to apply codes to text, images
and multimedia
Easy to display and visualize codes
Ease to review and modify codes

Analysis and
assessment
capacity

What type of analysis is planned?
How does the programme influence
data management? Based on
previous experience what role does
the researcher or interpreter play in
the analysis? What new possibilities
did it offer? What has become more
difficult or time-consuming in the
interpretation process due to the
software?

Data can be sorted according to
specific codes
Possibility of combining codes to
perform a search
Ability to generate maps, matrices,
diagrams and relationships
Facilitate the generation of
hypothesis and theories

Connection
with other
programs

What conditions do the other
programs require (SPSS, word
processors, databases, etc.)?

Ability to import and export data,
texts, materials, files and code
systems with other programs.

(continued)
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2.3 Most Used Qualitative Analysis Software

The currently available software can be grouped into several types [9, 11, 15, 17, 24]:

(a) Word processors, which allow not only to write, but also to edit texts and search
for words or sequences of words in a limited way.

(b) Text retrieval software, designed specifically for investigating, summarizing,
enumerating, etc. certain sequences of words.

(c) Text database management to search, classify and sort text segments.
(d) Coding and recovery programs that separate text into segments, to which codes

are assigned, and to retrieve or enumerate all text segments that have been marked
with a code. Marking, sorting, classifying and linking texts and codes are the
available features and both (text and code) are presented and managed together.

(e) Building theories based on codes: in addition, these programs support the building
of theories by backing up steps and operations at the text level (assignment of one
or more passages to a code) but also at the conceptual level (relationships between
codes, upper categories and subcategories, networks of categories), always going
back to the assigned text segments. Graphical editors are included in some pro-
grams. and it is possible to integrate video data.

(f) There are ample options for developing conceptual networks and category net-
works and numerous ways of visualizing relationships between individual parts of
the network.

The coding and retrieval functions are prevalent in all CAQDAS, but there are no
notable differences between them. Currently, there are three programs that are widely
used by researchers. Some of them are available to students through universities and
university networks [20, 24]. They are Atlas.ti*; Maxqda before were Winmax and
Nvivo. All three share similar characteristics, although they have slight differences.

Nvivo: http://www.qsrinternational.com/other-languages_spanish.aspx
Software QSR, is an Australian company affiliated to the University of La Trobe
(Australia). It specializes in the creation of software for the qualitative analysis of data.
It has created the NUD*ist software and previous versions of Nvivo. The most recent
version of Nvivo is already the 12th one. It started in version 2, being the improvement

Table 1. (continued)

Aspects Questions Characteristics to consider

Interfaces
between
multiple
projects

Can two or more researchers analyse
the data and can these analyses be
merged?

Possibility of sharing the analysis
between different analysts

Cost Can you afford to buy the program
and/or the computer to use it? Are
there any benefits of getting a
license? How long does the license
last?

Free of charge
License provided by an institution
Periodic License
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of the well-known NUD*ist 6, and in the last years it has gone through its version with
substantial modifications and improvements.

Nvivo is specifically designed for the analysis of qualitative data, coming from
interviews, discussion groups, diaries, life stories…, but they have new functionalities
that give it a unique position in the soft-ware landscape. QSR NVivo is a highly
advanced and powerful program for the analysis of qualitative data in research projects.
It has the capacity to manage large volumes of information (resources) and analyse
textual documents, audio documents, spreadsheets, social networks, references, shared
files, e-mails, interviews, videos and photographs. It also allows to operate with an
almost unlimited number of categories and subcategories, which can be compared in an
abbreviated way through intersection matrices [25]. With the NCAPTURE application,
screenshots and comments can be incorporated into the program, especially useful for
analysing data from virtual environments and social networks. It also has creative and
flexible functions that facilitate the creation of analytical annotations, the integration of
work and discussions through the use of links and hyperlinks. Establish different search
possibilities with very flexible tools that allow multiple searches at the same time and
access to reports or results.

The current version enhances several aspects: document management, coding, data
management, modelling (graphical representation), reports, export to a large number of
formats, facilitates cooperative work and the processing of social network data.
Another noteworthy feature of this program is that it offers a wide range of possibilities
for reports and presents results directly, without going through other programs.
Reports, graphs and dendrograms can be edited. Until now, for example, other support
programmes such as Cmaps, Excell or similar were used and are no longer needed.

One of the drawbacks is the complexity of using all of the software features. It may
require training or initial mentoring, but this does not detract from its worth. The
software uses RAM memory, and it is possible to have several options of a section
open at the same time but located in different windows, this may make its use difficult.
The internal database and the rich text format may cause slower navigation and search
for information.

ATLAS.ti: http://www.atlasti.com/
It was developed by Muhr [26] as part of a research project at the Technical University
of Berlin. The programme is based on a grounded theory and theoretical coding
approach proposed by Strauss [27]. Its most recent versions can process not only text,
but also images, graphics and sound. Most authors classify it in the category of
“conceptual network builders” [15], but mainly in the group of “code-based theorists”.

This program has several units, the most important one is called Hermeneutic Unit
because it is an information storage; it stores all the operations that raw data undergo,
the starting point of all the analysis. Within this hermeneutic unit we can find several
basic components for analysis, such as primary documents, citations, codes, annota-
tions, families, networks and relationships.

Pujol [13] describes it as a flexible program that greatly facilitates the systematic
coding of the search and retrieval of texts and codes. At the conceptual level of
analysis, its ability to organize and establish links between data coming from different
sources, the grouping of categories, the hypertext and hypermedia system and the
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visualization of the results through graphics (networks) is very useful. It supports
multimedia data analysis. The “Object Crawler” or extended search option provides a
general or global view of the project and facilitates the retrieval of texts from primary
documents, annotations or comments within a project. This author affirms that the latest
versions maintain: (a) the format of complex documents (web pages) with each and
every one of their elements (tables, images), (b) the line numbers used in method-
ologies such as narrative analysis, conversation analysis, revisions and comments of
Word and Open Office documents, and segments the images included in the documents
as independent graphic objects. Allows you to export your project to XLM, HTML or
SPSS formats.

Saving and moving the project and the data is difficult in an external database
structure. When moving the project to another space, the primary documents to which
it is linked must also be moved, and when changes are made to the primary documents,
the coordinates of the references change.

MAXQDA: http://www.maxqda.com/
MAXQDA is a powerful new program developed by the creators of WINMAX, for
qualitative data text analysis. MAXQDA leverages the following qualitative methods
and techniques: grounded theory, qualitative content analysis, field research methods
and ethnographic methods. It analyses different types of texts: transcriptions of open
interviews, in-depth, semi-structured and expert interviews, observations, field studies,
group debates, speeches and documents, texts from the web, political speeches and
therapeutic talks. This software is used in many disciplines or fields, such as sociology,
educational sciences, economics, marketing, ethnology, architecture, urban planning,
public health and medicine.

Pujol [13] states that the MAXqda interface is very user-friendly, simple, easy to
understand and use, accurate, intuitive and tidy. Organized with windows of varying
sizes that allow to customize and focus on the primary data in its context, allows to
work with multimedia files and stores documents within the same project archive. It is a
very suitable software to be taught to students. It has good writing tools and it is very
easy to systematically retrieve the results and elements of the project, which is useful
when working in teams (selects and shares elements for comparison or to continue
working cumulatively). It works with flexible codes (they can be relocated or reas-
signed to other codes or subcodes) creating a maximum of 10 levels of code categories.
Simple and advanced search functions are available (single or multiple codes (O) or
intersection (AND) multiple codes) Self-coding elements are less flexible than in other
programs. You can fragment images to encode them, but your video encoding capacity
is limited. You can geolocate and transcribe audio/video in the application, inserting
internal or external links to the original documents.

Free or Low-Cost Software
The programs described above can only be used with a license fee, other free or low-
cost software can be found on the network, as indicated in Table 2, but with limited
possibilities.

Pujol [13] regards ELAN to be the best free software for transcription, annotation
and encoding of audio-visual files. It can be installed on any type of computer and
operating system. The coding and visualization processes of the annotations are very
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simple and intuitive, it makes it possible to work with coding templates, it carries out
multiple searches with regular expressions, and it can import and export with different
formats and schemes coming from other CAQDAS. It is advisable to use it “to carry
out behaviour, language and communication analyses or other lines of research that
require an exhaustive, precise and synchronized control of each of the parts of the
audio-visual material: audio, video and text”.

TRANSANA is a free or open source software, created to analyse audio and video
data. The video or audio and the transcription are displayed in a single window.
Provides the ability to encode video and audio, transcribe, record clips, choose key-
words and establish interrelationships. It can run on Windows and Mac and supports
multiple users. It supports unprotected video formats such as AVI, MPG, MPEG and
MP3 audio, supports WAV or WMV, but it is advised that the most compatible formats
be used.

Weft-QDA is a free program that works with documents in (txt) or PDF format,
allows to classify text segments into categories, add and update notes to categories or
texts, search for words or sets of words, text segments with Boolean operators and
export classified text or tables to Word or Excel. It’s very easy to use. It has few and
simple functions that are easy to manage, an intuitive and simple interface. It can run on
Windows and Linux.

It is important to remember that free software grows thanks to the contributions and
suggestions of all researchers. Functionalities can be added on the basis of the detected
needs.

3 Conclusion

Qualitative data analysis is characterized by a series of procedures that can be sys-
tematized and optimized with the aid of computer programs. The use of computers
allows researchers to apply different types of analyses and be creative while main-
taining the quality of the data and ensuring the fundamental characteristics of the
qualitative methodology: flexibility, reflexivity and inductive reasoning.

Table 2. Free or low-cost software

Software Data type Webpage

AnSWR Textual data. Designed by the CDC http://answr.software.informer.
com/

Audacity Audio editor (WAV, AIFF and MP3
archives)

http://audacity.sourceforge.net/

TAMS
analyser

Textual data http://tamsys.sourceforge.net/

ELAN Audiovisual data https://tla.mpi.nl/tools/tla-
tools/elan/

Weft-QDA Textual data http://weft-qda.uptodown.com/
Transana Audiovisual data http://www.transana.org/
Aquad 7 Textual and audiovisual data http://www.aquad.de/es/
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Attentive reading, or observation of contextualized data, is a prerequisite to any
analysis process. It is not possible to analyse the data without first having read and
reread it, listened to it or observed it repeatedly, until you are very familiar with it. This
includes all data: full transcripts, field notes, quotations, audio data, videos and
graphics.

CAQDAS enable researchers to effectively organize, store and manage large
amounts of qualitative data and sustain a rigorous analysis process. They allow
researchers to perform analyses in a precise and transparent manner that is also more
agile, more systematic, exhaustive, creative and rigorous. However, no program can
perform data analysis on its own, nor can it develop interpretation schemes that would
express their true meaning. The real meanings of the analysis must be conveyed by the
analysts.

Analytical capacity depends on the theoretical and methodological training of the
researcher. The described software packages are only one more tool among many and
they have their own limitations and strengths. Whenever we use any type of tool, we
are always at risk of performing superficial analyses that lack rigour and depth. The use
of technology does not have to increase this risk. CAQDAS are very useful in particular
types of qualitative analysis, may be of help in some and be of no use in others.
Qualitative researchers, once they are clear about what they want to do, should decide
whether to use these programs, whether they meet their needs, and whether they are
consistent with their epistemological budgets.

Training in the use of CAQDAS should be targeted at professionals with prior
knowledge in qualitative data analysis or otherwise should include such training. In
addition, it should promote the participants’ critical thinking about the programs
(methodological implications, advantages and disadvantages of their use and reading of
research projects performed with them) and should not be limited to teaching basic
skills for the use of those tools.

The majority of CAQDAS focus on the coding and recovery of coded texts or
images without decontextualizing them, i.e. without losing information on where the
text comes from. The Atlas.ti, MAXqda and NVivo packages also have text search
functions, code search, memo writing and printing options, which are of great help in
analysis. They also provide analysts with a variety of tools for examining traits and
relationships in texts. Code searching can be used to examine patterns (using com-
parisons) and to test analytical judgments in the early stages of data analysis.

The great challenges faced by the creators of software include analytical modelling
and visualization, the need to improve capabilities in the analysis of discourse, sound
and audio-visual material, improve types of formats, improve graphic output types and
concept maps, achieve greater flexibility in exporting models, improving transcription
processes, creating lower cost or free software.
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