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Preface

This book includes extended and revised versions of selected papers from the 8th
International Conference on Computer-Supported Education (CSEDU 2016), which
was held in Rome, Italy, during April 21-23, 2016.

CSEDU 2016 received 164 paper submissions from 49 countries, of which 15%
were deemed academically deserving of inclusion in this volume. The papers in this
book were selected by the event chairs, based on a number of criteria including the
comments of Program Committee members, the session chairs’ assessment, and the
program chairs’ assessments. The authors of the selected papers were then invited to
submit revised and extended versions of their papers with at least 30% new material.

CSEDU is an annual meeting held in a different European venue each year. Past
locations have been: Lisbon, Valencia, Noordwijkerhout, Oporto, Aachen, Barcelona,
and Rome. The conference provides an opportunity for researchers and practitioners to
present and discuss new educational environments, best practices, and case studies of
innovative technology-based learning strategies, and institutional policies on
computer-supported education including open and distance education. CSEDU 2016
covered state-of-the-art instructional technologies, as well as emerging trends. The
conference also promoted lively discussion about the pedagogical potential of new
learning and instructional technologies in academic and corporate environments.

The papers selected for this book contribute to the understanding of trends in current
research on computer-supported education, including games-based learning, collabo-
rative learning, intelligent tutoring systems, MOOCs, and online learning. Additionally,
topics related to healthy aging and e-health are represented by papers that explore the
use of digital games among senior populations and how gaming may influence quality
of life, attitudes, and learning.

We would like to thank all of the authors for their contributions, as well as the
reviewers who helped to ensure the high quality of this publication.

February 2017 Gennaro Costagliola
James Uhomoibhi

Susan Zvacek

Bruce M. McLaren
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The Complex Process of Scaling
the Integration of Technology Enhanced
Learning in Mainstream Classrooms

Alison Clark-Wilson®™”

UCL Knowledge Lab, University College London,
23-29 Emerald Street, London, WCIN 3QS, UK
a.clark-wilson@ucl.ac.uk

Abstract. The early optimism for how technology might transform teaching and
learning practices in mainstream school classrooms has long faded in many coun-
tries around the world. Whilst early research findings suggested that this was due
to obvious barriers such as access to the technology itself, more recent attempts
to scale student-access have illuminated other factors and provided a more sound
theoretical foundation for us to understanding the processes and products of
scaling educational technology innovations. This keynote will use findings from
key projects and initiatives to highlight what is being learned — and how this might

inform future endeavours to realise a more 21°* century curriculum.

1 Introduction and Overview

This paper summarises the keynote presentation given at CSEDU 2016 in Rome that
aimed to highlight the complexity of the processes of integration of educational tech-
nology in mainstream classroom. What follows is a brief overview of the talk.

There are many interpretations of how digital technologies impact upon learners’
educational experiences in the broadest sense. I begin by drawing on the ideas of two
early visionaries, Burrhus Skinner and Seymour Papert, in order to contrast their very
different perspectives on children’s learning experiences during school education. I then
use the example of a current large-scale longitudinal research study in England to high-
light the processes and products of scaling that is providing substantial research evidence
to enable us to characterise features of successful widespread implementations. I
conclude by highlighting the implications of these findings and suggest questions for
future research and further consideration by the educational technology design and
research communities.

2 Early Optimism — The Visionaries in Education

Technology is not a new idea in education. There have been significant attempts at
technology integration in education since the early 1900s. For example, the introduction
of paper and pencil caused much anxiety for teachers who had developed confident
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practices in their classrooms with the traditional classroom slate, based on teacher expo-
sition and rote learning. Teachers questioned why they should opt for a new technology
that threatened aspects of their existing pedagogic approaches, such as the requirement
to mark students’ written work and hand it back to them. Worries about the spiraling
costs of widespread implementation of paper and pencils were expressed - alongside
concerns about the need for new pedagogies and classroom management techniques.
The arrival of moving film in the 1910s promised another educational revolution - with
pioneers such as Thomas Edison predicting widespread use of what we now call video
in the future. The radio broadcasts of the 1920s prompted similar predictions. In my own
primary school education in England during the 1960s we had radios on the walls of all
classrooms and it was a commonly used media as the class sat to listen to stories and
plays. Similarly for television in the 1950s and, with the arrival of computers to main-
stream education in the 1970s, again came an early optimism and the promise of yet
another educational technology revolution.

However, there were very different views on how all of these technologies might
impact on the students’ learning experiences. I contrast the perspectives of two early
visionaries to highlight this point.

The psychologist and social philosopher B.F. Skinner, conceived an early mechan-
ical teaching machine. In Skinner’s vision of the classroom students worked individually
and in silence as they responded to exercises that were administered and ‘assessed’ by
the learning machine. See Fig. 1.

Fig. 1. A boy working on a teaching machine (c1950).

Skinner claimed that use of the teaching machine would lead to the “formation of
correct behaviours — the student quickly learns to be right” by giving immediate feedback
to students and, by doing so, students would be “free of uncertainty or anxiety about
success or failure — his work is pleasurable” [1].

By contrast, the mathematician Seymour Papert, who was the father of construc-
tionism, believed that computers could be an expressive medium for students’ own
mathematical ideas and creations saying “the idea is simple, let a child learn mathematics
by speaking in mathematics about things that really matter to him” [2]. With colleagues
at MIT, he developed the LOGO programming language and its most influential periph-
eral device, the floor turtle. See Fig. 2.
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Fig. 2. Young children working with a LOGO floor turtle (c1980).

Furthermore, Papert believed that expressive mathematical media such as the LOGO
computing language provided an opportunity to affect the nature of mathematical
knowledge itself, leading to new computational approaches and insights into topics such
as recursion and fractal geometry.

If we move to the present day, the internet abounds with millions of digital exercises
in the spirit of Skinner’s vision, and, even though the nature of the interactions and the
opportunity for more nuanced and intelligent feedback are now possible, these resources
are predominantly designed to provide fast and efficient ways to assess particular educa-
tional content that has already been taught. This prompts the question, what about the
digital design of educational content that aims to introduce students to significant
knowledge in the first place?

Within the mathematics education community, technology has been a topic of
interest since the early 1980s. The International Commission on Mathematics Instruction
(ICMI) held its very first topic study conference on The Influence of Computers and
Informatics on Mathematics and its Teaching in 1985. During this conference mathe-
maticians and mathematics educators explored the way the computer was influencing
mathematics itself and the way in which mathematicians worked, its likely influences
on the curriculum of high-school and undergraduate students, and the way in which the
computer might be used to improve mathematics teaching and learning [3].

The topic was revisited by the community in 2008 within the 17" ICMI Study on
Mathematics Education and Technology - Rethinking the Terrain that focused on
“cultural diversity and how this diversity impinges on the use of digital technologies in
mathematics teaching and learning. Within this focus, themes such as mathematics and
mathematical practices; learning and assessing mathematics with and through digital
technologies; teachers and teaching; design of learning environments and curricula;
implementation of curricula and classroom practice; access, equity and socio-cultural
issues; and connectivity and virtual networks for learning, serve to organize the study
and bring it coherence” [4]. In the opening editorial, Hoyles and Lagrange highlight a
common concern within the mathematics education community that, despite early opti-
mism for the potential for technology to transform school, college and university educa-
tion, very little seemed to have changed in the intervening twenty years with respect to
students’ mathematical experiences as learners in classrooms. Mathematics education
research concerning technology use has now shifted to focus more explicitly on the role
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of the teacher within technology mediated classrooms [5, 6]. Researchers have begun
to articulate the complexity of the teacher’s role, which combines:

Selecting appropriate technologies for teaching mathematical topics.
Designing tasks that are mediated by chosen technologies.
Supporting students to become familiar and confident users of the technology within
the mathematical context (the processes of instrumentation and instrumentalisation
[7D.

e Developing new pedagogies to employ productive use of the technology in whole-
class, small group and individualised teaching.

e Adapting assessment practices to take account of students’ digital work and produc-
tions.

3 Two Important Definitions

In the examples that follow, which are taken from mathematics education, there are two
key terms that warrant deeper explanation: transformative mathematics technology and
landmark activities.

3.1 Transformative Mathematics Technology

The earlier illustrative examples from Skinner and Papert demonstrate how the under-
lying affordances of the technological tool can shape and be shaped by the associated
epistemology (and the potential pedagogies). It is possible to take the same tool and use
it in very different ways within educational settings - the technology itself does not
necessarily define its subsequent use. Artigue, referring to secondary mathematics
teachers’ uses of computer algebra software, commented on “an explosion of techniques
which remain relatively ad hoc, and pose a didactic obstacle to the progressive building
of mathematical activity instrumented in an efficient way” [8]. Consequently, my collea-
gues and I have defined the term transformative mathematics technology as a class of
‘computational tools through which students and teachers (re-)express their mathemat-
ical understandings’ [9, 10]. For teachers, these new mathematical understandings
concern both the content matter and the related pedagogies. So when I begin to discuss
the scaling of technology, I am referring to the scaling of this particular class of tech-
nologies, an example of which will be provided later.

3.2 Landmark Activities

When considering both the design and evaluation of technology enhanced learning at
scale, we use the notion of a landmark activity as one that is mediated by a disruptive
but carefully designed task that prompts a cognitive breakdown, or a “situation of non-
obviousness” [11]. These landmark activities serve two purposes:

e As focusing tasks for teachers during professional development. Teachers work
through the landmark activities for themselves before working collaboratively with
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colleagues to plan and reflect upon how they intend to support their students through
the planned moments of cognitive conflict within their particular classroom settings.
This approach offers focused support for teachers as they begin to think how they
will respond to a diversity of learner responses, supporting them to develop contin-
gent knowledge.

e As aresearch methodology to support the evaluation of teachers’ classroom imple-
mentations. i.e. during observations of the landmark activities being taught in the
classroom, judgments can be made concerning the implementation fidelity of the
intervention in relation to the design principles (For more on this theme, see [12]).

4 The Current Picture Around the World

Many countries are now grappling with issues that relate to the scaling of educational
technology in mathematics classrooms. This is partly due to the more ubiquitous nature
of technology - even in developing countries — but also due to the immense financial
and human investments that have been made to this end.

Around the world, recent research highlights some common and recurring issues
irrespective of the level of mathematics teaching. For example, it is common that
teachers’ early pedagogies with technology tend to emulate their traditional teaching
approaches. Trigueros, Lozano and Sandoval concluded from their study in Mexican
primary schools that “teachers, who have only received training on the general use of
the software, without a hint of how to introduce them into specific lessons, often develop
teaching strategies where technology is used as replacement or amplification” [13].
Many researchers also comment on the influence of teacher’s confidence to teach using
technology on their resulting practices. In New Zealand, Thomas and Palmer’s study
highlighted the “strong correlation between confidence in using technology in the math-
ematics classroom and pedagogical technological knowledge” [14] in a secondary
school setting. Concerning teachers’ motivations to use technology in their teaching, the
research within undergraduate mathematics teaching in Canada by Buteau and Muller
concludes that “overall it seems that the great majority of tutors who integrate technology
into their mathematics teaching do so by their own volition” [15]. We know much about
the issues and barriers that mitigate against teachers’ take-up of technology in their
mathematics teaching — but far less about the conditions that might lead to successful
implementations on a regional or national scale.

In England, which provides the setting for the research that follows, the situation is:

e Most secondary mathematics students do not use transformational mathematics tech-
nology in lessons [16].

e Most English secondary schools are very well equipped with technology with ratios
of computers to students in the region of 1:3 [17].

e Most secondary mathematics teachers have had limited training to use technology in
lessons. There are no subject-level standards for technology competency within
teacher training, nor is it mandated that technology should be used within the National
Curriculum and its associated assessments.



8 A. Clark-Wilson

5 The Cornerstone Maths Project in England

The Cornerstone Maths project built on the foundations of the SimCalc project in the
US, which had demonstrated students’ learning gains in the key mathematical topic
linear functions in a series of studies [18]. The key features of Cornerstone Maths are:

e Replacement curriculum units that use mathematical representational technologies
to enhance the teaching and learning of ‘big ideas in mathematics’ that are ‘hard to
teach’.

e Teacher professional development materials, time for professional learning alongside
school-based support.

e A phased research project that is ‘scaling up’ across the country.

5.1 Linear Functions — A Landmark Activity, ‘Shakey the Robot’

To give a sense of the particular transformative mathematical technology developed
within the Cornerstone Maths project, a landmark activity from the curriculum unit on
linear functions is described.

The curriculum unit is set within a ‘realistic’ context within which students become
developers of games for mobile phones for a fictitious IT design company in which their
role is to advise the programmers on the mathematics that will make the game characters
move in particular ways — the students use mathematics to analyse and create simulated
motion games.

The design of the (web-based) software and the related tasks for students are based
on the following principles:

e Multiple mathematical representations show a dynamic simulation with linked repre-
sentations: animation; Cartesian graph of position-time; table of values; and mathe-
matical function.

e Edit functionality enables the simulation to be controlled via the animation, the graph
or function.

e Representations can be shown and hidden, as required and/or necessitated.

Figure 3 shows the software for the landmark activity ‘Shakey the Robot’.

In a traditional introduction to this mathematical content students would be given
the mathematical function, y = f(x) and, by substituting values of x into the function,
generate a value of y to produce co-ordinate pairs that are then plotted on a Cartesian
graph plane. The Cornerstone Maths environment supports a more experiential approach
whereby the students observe the effect of a particular function on the position-time
relationship for the character and, by editing different features arrive at a more mean-
ingful understanding of, in this case, linear functions. In particular, the resulting math-
ematical knowledge includes:

e coordinating algebraic, graphical, and tabular representations;
e y =mx + c as a model of constant velocity motion — the meaning of m and c in the
motion context.
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Fig. 3. Shakey the Robot.

Within the landmark activity, students are directed to edit Shakey’s graph to produce
a faster and slower animation and, in doing so, make sense of how speed, position and
time are represented in each of the graph, table and function. For teachers, the peda-
gogical challenges arise as they develop ways to mediate the students’ learning in part-
nership with the technology.

To date, we have worked with over 300 teachers from over 100 diverse schools in
England, involving nearly 8000 students aged 11-14 years. Teachers are reporting posi-
tive outcomes — both in terms of their students’ mathematical learning - and their moti-
vation and attitudes towards learning mathematics. However, how do we decide whether
or not we have ‘scaled’ our innovation?

6 Conceptualising Scaling in Education

6.1 Scaling Educational Innovations

Cordingley and Bell carried out an extensive literature review that resulted in a frame-
work to support how ‘scaling’ might be conceptualised within the context of educational
reform - drawing heavily on the work of Coburn [19], who had conceived four interre-
lated and overlapping dimensions:

e Depth: Going beyond surface structures and practices to alter beliefs, norms of social
interaction and pedagogical principles.
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e Sustainability: The innovation can better respond consistently to new demands and
changing contexts - requires support mechanisms including a supportive professional
community of colleagues within a school.

e Spread: not only increasing numbers (of schools/teachers/students) but also the ways
in which reform norms and principles influence identifiable operational structures
such as policies, procedures and professional development processes and priorities.

e Ownership: This must shift from an external reform to one controlled internally.

Cordingley and Bell added fifth dimension, purpose or aim, whereby the goal of the
innovation must be understood and connected to the starting point [20]. Whilst tech-
nology is not specifically excluded, Cordingley and Bell’s review did not focus on, nor
draw any conclusions in relation to any specific aspects of educational technological
innovations.

6.2 Scaling Technological Educational Innovations

Hung, Lim and Huang theorised about the scaling of maths and science technology-
based educational innovations in Singapore, leading to a product-process model. By
products, they refer to the deliverables (performance indicators) of successful scaling,
which are commonly defined according to strict numeric outcomes (e.g. the number of
teachers, the number of schools, the number of school clusters, etc.). They define inno-
vation-scaling as a set of processes “not to be replicated, but instead to be re-created/re-
instantiated/re-enacted” [21]. In our Cornerstone Maths research we have applied and

Table 1. Scaling Cornerstone Maths: products and processes.

Theme Products Processes

1. Geographical reach (a) Number of schools involved (a) Development of web-based
curriculum activity system
(b) Development of teacher community

(b) Number of local hubs involved (c) Development and maintenance of
regional hub-based offer of professional
support

(d) Development of school clusters,
supported by project team leading to
development of local hubs with local

CM project lead
2. School buy-in (c) Improved student attainment (e) School-devised methods to evaluate
students’ outcomes
(d) Number of whole departments (f) Development of school-based PD
involved (g) Support to embed CM within local

of schemes of work

(e) Wider use of the materials (h) Teacher use of the materials beyond
their original project commitment (e.g.
with older classes or revision classes)

3. Penetration in mathematics (f) Number of participating teachers in | (i) Development of a lead practitioner
department each school (who may be the subject leader)

(j) Development of peer-support for
participating teachers
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expanded Hung et al.’s construct to give the themed set of products and processes as
shown in Table 1.

Our earlier phases of work, funded by Li Ka Shing Foundation, focused on extending
the geographical reach of Cornerstone Maths, which resulted in the refinement of the
web-based curriculum activity system, support for the teacher community and the
regional/local professional support through school clusters. However, as the number of
schools has increased and our evaluation research has indicated wide variation of
outcomes related to Theme 2, the school ‘buy-in’ of the innovation, our attention has
moved to research successful features of ‘within-school’ scaling that in turn lead to
Theme 3, ‘penetration within departments’.

7 Implications for Further Research

The current phase of Nuffield Foundation-funded research is responding to the following
research questions:

e What is the impact on teachers’ mathematical knowledge for teaching of their
engagement with cycles of professional development and associated teaching of the
difficult mathematical concepts; algebraic generalisation, geometric similarity, and
linear functions?

e What mathematical knowledge for teaching and mathematical pedagogic practices
are desirable for teachers to integrate dynamic visual technologies in their teaching
of these concepts?

e What are the design features of professional development activities for lower secon-
dary mathematics teachers that support them to use dynamic, visual technology in
ways that become embedded for both the teachers and their pupils and lead to effec-
tive learning?

Our methodology involves design-based research cycles of co-development of web-
based resources to support ‘within school’ scaling of Cornerstone Maths working in
collaboration with project schools and teachers. We conjecture that, by articulating the
specific mathematical knowledge for teaching and associated mathematical pedagogic
practices with [Cornerstone] Maths landmark activities, we can produce research-
informed professional development resources that better meet teachers’ needs. Along-
side this, we aim to illuminate the processes of ‘within-school’ scaling through longi-
tudinal (3 year) case studies in a sample of project schools.

In closing, I would like to highlight for wider consideration three tensions that exist
within the educational design community.

1. Do we design technology-enhanced learning for teachers/lecturers that aim to solve
epistemological or pedagogical issues that neither recognise? OR do we work with
teachers/lecturers to design TEL that takes account of prevailing epistemologies/
pedagogies?

2. Do we design 21st century technology-enhanced learning to provide access to 21st
century curricula OR do we design 21st century technology-enhanced learning to
support 19th century curricula?
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Do we design technology-enhanced learning solution ‘because we can’” OR do we
design and implement technology-enhanced learning to develop 21% century skills/
knowledge/practices?

There are no simple answers to these questions, however, whatever you conclude,

without a clear understand about how any technology-enhanced learning might scale,
the efforts and resources might never realize that early optimism!
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Abstract. Quality is important in industrial production and all kinds of services.
In particular, education is one very important service for our society. Since the
Bologna process, European universities try to do their best using the resources
the society has given them to satisfy the needs of the European citizens.

Quality is very important but it has no value without a well-established system
of continuous improvement based on measurement and knowledge of our capa-
bilities and the needs of the society. The best way to measure the results of a
service is by the way of the evaluation. Evaluation always needs to consider two
inputs: self-evaluation and external evaluation, but it is particularly interesting
when evaluation is considered for improving, not when evaluation is considered
as inspection.

During this paper, a review and comparative analysis between quality and
evaluation in industry and in universities, based on the author’s own experience,
will be done. The experience of industries and other services implemented in our
world is a source of knowledge for improvement, so the main part of this paper
will be addressed to the review of what is done in industries and how to translate
it into the European Higher Education Area. Finally, some proposals for daily
activity in university education will be presented, based on the experience of the
research group EduQTech.

Keywords: Evaluation - Accreditation - Quality evaluation

1 Introduction

Quality is a property of products and services very important in our life. It started in
production of products, initially for the automotive industry because of the large amount
of spear parts to be included in cars. Later, it was extended to other parts of the fabrication
world. Industries are interested in produce their products with quality as a commercial
way to sell more against the other companies. One of the meanings of Quality is doing
things well. Therefore, Quality is important in Engineering.

Finally, service industries were included in the Quality philosophy as banks and other
service companies are interested in using Quality as a tool for competitiveness. In
parallel, the continuous improvement philosophy was extended as a way to do things as
good as possible and better and better.

At the beginning, production companies were interested only in production and the
Quality was only for controlling that the products maintain a level of quality in the
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characteristics. All activities related with the quality were limited to inspection. No
matter the product, the aim of the system was control the quality for assuring that the
level of the product was the same nevertheless the quality were poor.

Later the companies changed to the assurance of quality in the way that they try to
maintain a minimum of quality, not only a level but also a minimum level to guaranty
this quality.

Finally, around the 90ties the evolution was for the continuous improvement.
Companies must produce products with a minimum level of quality but they need to
improve the product in a continuous way for reaching the excellence. This system is
working today and the most popular method to do that is the PDCA process or Deming
cycle (Plan, Do, Check and Act-Correct if needed) as it is shown in the Fig. 1.

Fig. 1. Typical Deming cycle.

The new version of the standard ISO 9001:2015 has updated the role of management
to the more modern thought process of leadership. This change puts new responsibilities
on the senior management, who must demonstrate commitment and take responsibility
for the effectiveness of the quality system, while enhancing customer satisfaction. The
new orientation of the standard and as well the way of doing Quality is that manage-
ment’s role has changed from focusing on things to focusing on people, and from doing
things right to doing the right things. Also, instead of planning, doing and directing, the
role of management has moved to inspiring, influencing and motivating. This part is
very important because people must be motivated and the labor of the direction for
companies or of the university managers is to motivate people to do the right things.

Education is one service more to the Society but is one of the most important services
because the future of our Society depends on Education. Therefore, this philosophy of
Quality has been introduced as well in our universities and in Colleges. Engineering has
been related with Quality since the beginning because of the production of goods and
services and in Higher Education Institutions (HEI) related with engineering, is where
most strong the implementation of this Quality and continuous improvement philosophy
is. United Sates was the first country to introduce this Quality system in their Engineering
faculties for controlling the quality of the students [1]. Different programs were
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established and with the evolution in the time, we know very well one of the most
important accreditation system of the engineering. The Accreditation Board for Engi-
neering and Technology (ABET) is probably the most prestigious accreditation board
of the world.

For the Society and the European countries, we must to do as best as possible with
the resources we have received. Not the excellence. Excellence is a must. A product is
manufactured in the factory and can be checked and tested relatively fast, but the product
in university education is the technological knowledge transferred to the student and the
abilities and skills obtained at the university. So, how to measure the quality? By the
evaluation, but this is not an absolute measurement but a level that must be overpassed.
Ranking is not the objective of a good quality system in higher education.

Quality in companies is measured by the method described in the standard ISO 9001
[2] or by other documents like the ones related with Total Quality Management (TQM)
[3]. In higher education, quality is measured by Criteria described in documents
belonging to institutions, for instance: Accreditation Board for Engineering and Tech-
nology (ABET) [1] mainly in United States or European Standard Guidelines (ESG) [4]
in Europe.

Similar to the introduction of Quality (ISO 9001) in companies in the 80 —ties, that
the accreditation of the fabrication process was before the certification of the product,
now all degrees are accredited but in a short future only degrees/universities working
with continuous improvement will survive.

Engineers are working all over the world and it is important that all Engineering
Schools reach a level of quality understandable for all companies in Europe and in the
World. In Europe, all the quality system is based in the Bologna declaration [5] but the
model is quite similar to the models based in international criteria and used in different
countries in the World. The skills and competencies are oriented to the enterprise
(customer).

The objectives of the Bologna process are [5]:

e Mobility, students must be able to work in different countries

e Transparency, the knowledge reached by students must be clear to employer and to
the Society

o Employability, the knowledge must be oriented to the needs of the companies

e Competitiveness of the students, they must be able to develop their career in a
competitive world

Finally, the Bologna declaration looks for improving the quality of the European
Higher Education Area (EHEA).
The main advantages of implementing a Quality Systems in Education are that:

There is more control and repeatability of the teaching actions

The academic work is measurable

It is easier to stablish an horizontal and vertical coordination

The education is oriented to the results, not to the knowledge per se.
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2 What Is Accreditation?

Accreditation is a certification (of a school, college, diploma, or the like) as meeting all
formal official requirements of academic, curriculum, facilities, etc. So a certification
of his quality Accreditation is based on three legs: Personnel, Facilities and Procedures.

The accreditation can be granted by an independent organisation as third party, in
general, with some dependence of the Administration and following rules or interna-
tional standards.

Evaluation is the verification process where the accreditation body confirms the
quality of the diploma by means of an internal evaluation done by the team of the diploma
and an external evaluation by an external team that study the documentation, visit the
university and the facilities where the diploma is given and interview the different actors
of the diploma: academic, other personnel and students. Finally, the team reports about
the diploma and this report is evaluated by a committee of the independent organization
that accredits or not the diploma.

In other European countries, there are agencies of accreditation like:

e ASIIN [6] in Germany.
e CTI [7] for engineering or HCERES [8] (Haute Conseil pour 1’Evaluation de la
Recherche et 1’'Education Supérieure) in France.
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Fig. 2. Spanish regional accreditation agencies [11].
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The coordination of the European accreditation of diplomas is carried out by ENQA
[9] (European Association for Quality Assurance in Higher Education). The list of
accredited or recognized agencies is controlled by EQAR [10] (European Quality Assur-
ance Register). All the European accreditation is based in the European Standard Guide-
lines (ESG), last edition of 2015 [4].

In Spain, there are regional agencies responsible for the accreditation of the HE
diplomas and one national agency (ANECA) [11]. Some Regional agencies are: ACPUA
(Aragén) [12], ACSUG (Galicia) [13], AQU (Catalufia) [14], Madri+D (Madrid) [15],
between others. Some agencies develop other activities moreover the accreditation
activity. In the Fig. 2, it can be seen several regional agencies. All the accreditation
activity, developed by the agencies, is coordinated by the network of regional agencies
(REACU) [16] in a similar way as in Europe there is a coordination by EQAR.

3 Accreditation Requirements

Accreditation in Spain is compulsory. All higher institution diplomas must be accredited
before the start of the teaching activity (Verifica Program: Verification at the beginning)
[17] and renewed after 4 years of activity if it is a master and 6 years if it is a degree
(Accredita Program) [18]. The accreditation is based in 7 criteria. In Spain, this process
has started in 2014 for masters and, in 2015; degrees started the process of accreditation.
As six years is a long period, there is an intermediate program to check the follow up of
the accreditation called Monitor Program [19]. This program checks in a documentary
way that the diploma is working properly in accordance with the conditions given in the
Verifica program at the beginning.

This process of accreditation needs, like a stable chair, three legs: personnel, instal-
lations and procedures. For good procedures, the best is to have a Quality System imple-
mented in the University or in the Faculty. More and more Spanish universities have an
Internal Quality System implemented and the same organization that checks the Quality
of the programs check the quality of the management system (Audit Program) [20] and,
as well the quality of the academic personnel (Docentia Program) [21]. In a short future,
universities with a certified Audit Program will not need to accredit all the diplomas,
only a part of them, or all of them with a reduced accreditation evaluation.

The seven criteria for the Spanish compulsory accreditation program are [18]:

e Organization & curriculum implementation. The curricula is actualized and has been
implemented in accordance with the conditions accorded at the beginning when the
implementation.

e Public information & transparency. The university has the mechanisms for commu-
nicating effectively to all the stakeholders the characteristics and the processes to
guaranty the Quality.

e SGIC, The Institution has an Internal Quality System well established and imple-
mented that guaranties the continuous improvement of the diploma.

o Academic staff is in accordance with the characteristics and the number of students
of the diploma.
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Support staff, resources and services. The Institution has the support staff, resources
and services to fulfill the needs of the diploma in order to assure the skills and abilities
to be obtained by the students.

Learning outcomes. By the time of graduation, graduates have the knowledge and
skills defined in the verification process at the beginning when they started the
diploma.

Satisfaction and performance indicators. The results are adequate to the needs of the
Society and the satisfaction of the stakeholders is clear in all the sectors: staff, students
and employers.

A part from this compulsory accreditation, there is another volunteer accreditation,

that it is named EUR-ACE for Engineering [22] or EUR-INF for Informatics [23]. This
accreditation is based in 9 criteria, the 7 criteria for compulsory accreditation plus two
more criteria that for engineering are related with the engineering character and the
institutional support for the program.

In a similar way, in the United States there is ABET Accreditation that is volunteer

and is based in 10 criteria. For the accreditation, the diploma must be running and has
to have several promotions of graduates.

The ten criteria for the ABET volunteer accreditation program are nine general and

one particular to the family of degree accredited [1].

Students - Student progress must be monitored to foster success in attaining student
outcomes, thereby enabling graduates to attain program educational objectives.
Students must be advised regarding curriculum and career matters.

The program must have and enforce policies for accepting both new and transfer
students, awarding appropriate academic credit for courses taken at other institutions,
and awarding appropriate academic credit for work in lieu of courses taken at the
institution.

Program Educational Objectives - Program educational objectives (POE) are
broad statements that describe what graduates are expected to attain within a few
years of graduation. Program educational objectives are based on the needs of the
program’s constituencies.

Student Outcomes - The program must have documented student outcomes that
prepare graduates to attain the program educational objectives. There must be a
documented and effective process for the periodic review and revision of these
student outcomes.

Continuous Improvement - The program must regularly use appropriate, docu-
mented processes for assessing and evaluating the extent to which the student
outcomes are being attained. The results of these evaluations must be systematically
utilized as input for the continuous improvement of the program. Other available
information may also be used to assist in the continuous improvement of the program.
Curriculum - The curriculum must effectively develop the following subject areas
in support of student outcomes and program educational objectives

e Mathematics

e Physics

e Technical content
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e Faculty - Each faculty member teaching in the program must have expertise and
educational background consistent with the contributions to the program expected
from the faculty member. The competence of faculty members must be demonstrated
by such factors as education, professional credentials and certifications, professional
experience, ongoing professional development, contributions to the discipline,
teaching effectiveness, and communication skills.

o Facilities - Classrooms, offices, laboratories, and associated equipment must be
adequate to support attainment of the student outcomes and to provide an atmosphere
conducive to learning. Modern tools, equipment, computing resources, and labora-
tories appropriate to the program must be available, accessible, and systematically
maintained and upgraded to enable students to attain the student outcomes and to
support program needs.

o Institutional Support - Institutional support and leadership must be adequate to
ensure the quality and continuity of the program.

Both programs ABET and European are quite similar but focus is stronger in students
and in institutional support in ABET. Institutional support is only taken into account in
volunteer EUR-ACE and EUR- INF.

ABET focus on POE’s, results and knowledge of the students several years after
finishing the diploma. In European system, only the results at the end of the studies are
considered.

EUR ACE program is more similar to ABET including more focus on institutional
support and in engineering and technology and both are volunteer.

The panel composition depends on each system. In Spain, the chair of the panel is
always academic. There are several academic members (1 or 2) depending on the number
of diplomas to evaluate and one student, plus the Secretary that represents and belongs
to the agency of accreditation. In EUR-ACE or EUR-INF there is one more member,
representing the Engineering professionals.

The panel composition in ABET is as follow: The president is a member representing
the agency and there are so many members as diplomas to evaluate. Each member eval-
uates his diploma, but there is coordination between all the team. Members can be
academics or professionals.

Students take part in the evaluation panels (teams) for the accreditation in Europe,
but not in the ABET system

In ABET panels, the Team chair is the link with the Agency in Spain panels, the link
is the Secretary of the panel.

Team members in Spain evaluate all diplomas assigned to the panel. In ABET only
one diploma by each team member.

4 My Experience

4.1 In Accreditation

In my experience, evaluation and assessment of quality system in industry and in
university follow the same pattern. The speed and the needs in both places is different
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but, as universities are delayed with respect to the industries, looking at the experience
in industries, it can be introduced faster and better in universities.

The three main aspects to be taken into account in the accreditation of diplomas are:
The continuous improvement, stablish good procedures or documented processes and
obtain good information through surveys to students, staff and mainly employers.

Sometimes it is difficult to change some things because there is some inertia in the
staff and even in students. For instance, names of some activities, and their significance,
are difficult to modify (modify final year project to final year work) and the need to
measure the time devoted by the student to this work and how to measure the skills
obtained by the students.

Introduction of Quality concepts in Higher Education is very difficult and it takes a
lot of time and explanation to the staff [24]. Some teachers are not involved in the quality
aspects neither procedures of the Faculty. Some staff is not well used to work with skills,
abilities, and the way to measure them, so they are not happy with the system. As well,
students are not involved in the committees for improving; they are only interested in
passing the exams and not in the quality of the education that they are receiving.

Support staff is not involved in the quality system. They are reactive to change. There
is some feeling between staff that quality means bureaucracy.

Changes and modifications from one curriculum to another is very difficult and they
are limited by the Administration. In the contrary, the change from teaching to learning
has been very fast, in particular for teachers that have modified the content and adapted
it to the new situation with some facility. An important number of staff have found
interesting the changes for introduce the innovation activities in Higher Education.

Not the same for students that they continue with the former system of studying
before the exams and they do not like to work during all the academic year.

To have good quality it is important to have a good institutional support but a good
management can improve the budget and optimise it. The problem in Spanish system is
that employers are not involved in Committees in the diplomas and only a small amount
of them takes part in the definition of skills and abilities to be reached by the students.
As the ISO 9001 standard has incorporated in his last version, motivation is very impor-
tant in the process and it must be incorporated in the management. In this way, in
universities the participation of the different stake holders is very important and for that
they need to be motivated and they need to know the importance of all of them in a good
diploma and the best results in the students and in the Society.

The activities to be done by academic staff for a good quality system are:

e Coordination with other peers to assure that no duplication is in the content of the
curricula and which activities need to do in each subject in order that at the end all
students reach the same skills and abilities.

e Take different data every day and store them in the appropriate place for a good
information for the manager of the diploma
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4.2 Our Activities

In our research group, EduQTech [25], we are working in two big areas: Software for
the management of the daily activity [26-29] and the measurement of the time of
study [30].

With the management software, we try to give the teachers tools for facilitating his
academic and management work in the quality system. For that, we have designed and
implemented several processes based on accreditation criteria and in quality standards.
This software is applicable to all kind of subjects of degrees or masters or even to all
other subjects of other kind of courses demanded by the industries. These processes are
based on quality criteria and are a very good guide for applying quality concepts in the
academic activity.

Three kinds of processes have been designed: Basic, Strategic and Support
Processes. The Table 1 shows the main groups of processes developed and implemented.

Table 1. Some processes implemented.

Basic processes Strategic processes | Support processes
Planification Management Resources
Teaching Planification Documentation
Evaluation, exams Improvement Problem solving
End of the academic year Quality

With the time of study we try to measure the time that one average student devotes
tolearning one subject. The main basic research has been a survey done to all the students
of the Engineering School during the three academic years from 2005 to 2008. Every
week during the two semesters a survey through internet, in a special web page, has been
launched, allowing the access only to registered students. The software had a system for
self-detection of errors like too much hours of study in a day.

The survey collects all kind of activity in the classroom and at home. A 20% of all
registered students had good and full answers during all the period surveyed.

Some general comments about the results obtained in the survey were [30]:

e The duration of the work in the laboratory is lower than expected. The students finish
before of the two hours expected.

e They use only an average of half an hour for reading the notes and theoretical infor-
mation.

e The time for writing the intermediate reports of the laboratory work is about 1 h per
report

e The time for writing the final report is about 7.5 h

The big amount of information obtained with the survey, allowed each teacher to
analyze his subject and adjust it to a more realistic situation in accordance with the effort
done by students for learning the subject.

This work has allowed obtaining information of the time devoted by the average
student to learn a subject, but as well other information has been obtained about when
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the activities are done or the links between different activities and the influence in the
results. It has been possible to check the evolution of the effort of the students in every
subject in function of the number of the week. The correspondence of the time devoted
by the students with reports that student need to fill and present to the teacher it has been
clearly seen. The correlation between time of study and difficulty for passing an exam
has been shown too.

5 Conclusions

The application of the Quality in Higher Education follows the Industrial experience.
As products are global, engineers and degree holders must travel and work into a global
market, so their skills and abilities must be global and well known by the employers.

Universities are changing, but there are some questions that need to move faster in
the process of the introduction of a quality system:

e Introduction of Quality concepts to all levels of partners in the teaching and learning
process.

e Orientation to the needs of the Society (Companies and Industries in the case of
Engineers)

The application of the quality system in Higher Education in different countries
follows a similar process to the convergence and finally, as it has been in industry;
multilateral agreement will arrive between different countries to recognize the different
academic diplomas and skills of students.
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Abstract. Recently we observe an enormous grow of Massive Open Online
Courses (MOOCs). But it proves that the dropout rates of MOOCs are very high.
One of the main causes are missing of necessary capabilities of students, inability
of students to manage their study and a missing appropriate didactic model. In
this paper we compare the dropout rates of MOOC:s, regular courses and courses
using new didactical approaches as blended learning and flip the classroom. We
introduce a new teaching learning model to explain high dropout rates of students
in distant learning courses. Finally we discuss possible ways how to teach 21%
century skills as cooperative working, learning, creativity, networking and how
to solve real life problems in a context sensitive approach. Our research findings
are based on educational experiments at Delft University of Technology (DUT).

Keywords: Dropout rates - MOOCs - Learning models - Flip the classroom -
Didactical models - Blended learning

1 Introduction

In a complex, globalizing, unpredictable world full of networks, worldwide communi-
cations and social media we have to train students in acquisition of typical 21* century
skills such as critical reflection, cooperating, networking, creativity, ability to handle
big data, ability to solve real life problems, ability for life-long learning. We have to
educate students which are able to face and contribute to the future world [1]. The ques-
tion is whether and how educational innovations as “blended learning” and MOOCs
enable students to acquire such skills. It is not enough to offer courses as MOOCs but
it is also necessary to develop didactic models to challenge students to take this courses
and complete them successfully [2]. At this moment many courses are focused on indi-
vidual learning. To enable individual learning it is necessary to design MOOC:s as self-
paced courses. But we will show in this paper that this contributes to the high dropout
rate of students
The process of teaching and learning has an impact in three domains [1]:

e Qualification, this is about the role of teaching in acquisition of knowledge, abilities,
competencies, and attitudes such that after graduation students are qualified to
perform their job or play their role in society.

e Socialisation, this is the way how we teach students the social processes in a job
environments or culture and democracy in general.
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e Personal development, the impact of teaching on the process of individualisation and
subjectivity.

The question is how to realise these goals with a student population of increasing
diversity, differences in cultural background, interest, abilities, learning style, speed/
pacing. Most regular courses are focussed on realisation of the qualification goal. By
introducing MOOCs and blended learning courses the hope was that they support
socialisation and personal development. But as we will show in common used didactic
models it is assumed that students master already 21* century skills. But in most secon-
dary schools these skills have not been trained, so they have to be learned at University.
From a recent study in the Netherlands [1], it proves that the teaching process at Univer-
sities is still focussed on knowledge transfer and qualifications of students and not on
socialisation and personal development. The concept Bildung introduced by Humboldt
in the 19" century focussed on the development of all human abilities and not only some
cognitive abilities and knowledge acquisition is a relevant item.

To realise such educational goals there is a request of smaller learning communities
with intense interaction students and teacher. But in MOOC:s the direct interaction with
a teacher is minimised and is embedded in the teaching material in a non-direct way.
We observe also a trend of creating honours programmes challenging and enabling
students to compose their individual self-paced programmes. Concepts as freedom,
responsibility, societal relevance and innovation, are very appealing to students. But we
can observe that only a minority is able to implement such programmes successfully.

Many students don’t know what they really want, are not aware of requirements of
individual studies and of the required capabilities. MOOCs have a high dropout rate
because students don’t have the required capabilities, attitudes and ability to control
their own study behaviour. Student are used to take precooked programmes and a teacher
taking the supervision on their study. Self-paced studies require a new study behaviour
which has to be learned.

In the next chapter we discuss related works. We show that researchers studied the
problem of study success and failure already for many years. In many studies,
researchers try to find the characteristics of students and teaching learning environment
to predict study success. For many years psychological assessment of students was used
to predict high dropout rate. In Sect. 3 we present the main causes of the high dropout
rates. We developed a special teaching-learning model to understand the process of
attachment of students with their study and university. At the end of the chapter we
discuss the emotional components in the teaching learning process. In Sect. 4 we discuss
the results of a psychological assessment at TUDelft. First years students were tested
using the Big Five personality test to assess if students have the abilities to learn 21*
century skills [2]. Then we will discuss the results of a huge experiment performed at
TUDelft from 1953-1957 [3]. Students were tested using personality tests, (cognitive)
ability tests, completed with interviews of student counsellors and surveys on assessment
of features in the teaching-learning environment. The goal of this experiment was to
research if psychological assessment could provide additional information next to the
results of final examination at secondary schools to predict study-success or—failure. In
2014 an experiment has been started using new teaching learning models in mathemat-
ical courses for first years students at Delft University of Technology. Again we will
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report the study performance of students compared to traditional ways of teaching
mathematics. To summarize the goals of this paper are:

o Identification of factors/reasons explaining the high dropout rate of MOOCs.
e Comparison of factors underlying different teaching-learning models varying from
classroom teaching up to MOOCsS, with respect to study-success or—failure.

Our research findings are based on results of experiments performed at Delft Univer-
sity of Technology.

2 Literature Survey

In [4] the authors researched MOOC dropout rates from different perspectives. They
listed a number of reasons for dropout based on literature search. Next they researched
data from a specific MOOC provided by the University of Warwick. Their results indi-
cate that many participants who may be classified as dropouts are still participating in
the course in their own preferred way, either with a slower pace or with selective
engagement.

In [5] the author explores students dropout behaviour in MOOCs. As a case study
they took a special class. He developed a survival model that allows to measure the
influence of factors extracted from that data on student dropout rate. His study shows
that specific social factors as interaction between students, emergent sub community
structure affect dropout behaviour

In [6] the author researched the underlying interaction mechanisms which govern
students’ influence on each other in Massive Open Online Courses (MOOCs. Specifi-
cally, they outlined different ways in which students can be negatively exposed to their
peers on MOOC forums and discuss a simple formulation of learning network diffusion,
which formalizes the essence of how such an influence spreads and can potentially lead
to student attrition over time.

In [7] researchers extended traditional features for MOOC analysis with richer and
higher granularity information to make more accurate predictions of dropout and
performance. The results show that finer-grained temporal information increases the
predictive power in the early phases of the Pattern-Oriented Software Architectures
(POSA) tested on a MOOC offered in summer 2013 by Vanderbilt University.

Prediction of study success is a popular research topic over the years [8]. Wilbrink,
wrote a literature survey of assessment in historical perspective with more than 200
reviewed papers.

In [9] a theoretical longitudinal model has been introduced by Tinto, demonstrating
how different personality characteristics and characteristics of the University have their
impact on the interaction process student-University. Such a process resulted in delay,
dropout or study success. In fact Tinto describes the interaction process between three
systems, the individual student, the academic system and the social system. According
to Tinto the individual student will enter the University with a specific social back-
ground, personality education and training. He will have a special binding with the
University and goal of the study. This binding will be expressed in motivation and
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expectations. The binding will change over time, caused by the influence of the academic
and social systems and the interaction of both and will eventually result in dropout.

A similar study has been performed in Belgium at the Universities of Ghent and
Leuven. Researcher Lacante and Janssen were involved in research on prediction of
study-success for a long time [10]. They developed special surveys to predict the
academic performance at Universities. From 1968 Janssen [11] was involved in research
on teaching and learning in higher education. In his whole research, the student with his
study and exam experience and perception of teaching behaviour is the focus of attention.
Janssen perceives studying as “deep level learning” and teaching as facilitating studying.
Together with Goethem and Lacante [11] Janssen researched study experiences of
students. They developed a questionnaire of more than 100 items and surveyed first
years students at the University of Leuven. After analyzing the responses of students
using factor analysis they discovered three underlying components intrinsically moti-
vation, self-confidence and activity. These components are similar to the Osgood dimen-
sions evaluation, potency and activity [12]. In 1990 we performed similar research at
Delft University of Technology.

In [13] Kalogiannakis states that effective communication between the learners and
the tutor-counsellor has been proved to significantly promote the positive emotions,
reduce the negative ones and reinforce the learners’ participation in a distance learning
program. He investigates the emotions experienced by the learners of the Hellenic Open
University (HOU) and how these emotions may vary through interaction with the tutor-
counsellor. The research findings confirms the dominant place occupied by emotions in
the learning process, a place that has been until recently entirely attributed to reason,
while highlighting the communicative and supportive role to be taken by the tutor-
counsellor in distance learning programs.

In [14-18] Rothkrantz states that in a face-to-face learning environment emotions
can be expressed by (non-)verbal behavior as way of speaking, facial expressions or
words with an emotional loading. In experiments using different ways of distant learning,
the emotional state of learners was assessed using special tools to analyse video record-
ings captured via Skype.

The didactic Adagio of the famous Dutch mathematician and didactic specialist in
mathematics Freudenthal [19] was “You can learn mathematics only by doing and
discover mathematics in the real world”. For him was teaching mathematics an educa-
tional task and it should be context sensitive and application oriented. Students should
be able to design mathematical models and translate real world problems formulated in
natural language in a mathematical language. It is very important to give students
opportunities to reflect on and clarify their thinking about mathematical ideas. Most of
current didactic models fits in the discovery learning tradition developed around 1960.
Piaget, Dewey, Vygotsky and Freire and many others support constructivist learning.
Up to then drill and practice was one of the favourite pedagogical principles in mathe-
matics. Now the focus is on learning based on personal and societal experience. Our
developed didactic model FETCH 2.0 is based on similar ideas [2]. The question is of
course how to implement this didactic model in the developed MOOC. The oldest, and
still the most powerful, teaching tactic for fostering critical thinking is Socratic teaching.
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In Socratic teaching we focus on giving students questions, not answers. The next step
is that students themselves learn to generate questions around a learning text [20].

Mathematicians are trained to ask (critical) questions reading a scientific journal.
These questions are stimulated by the learning material but also by the surrounding
environment and context. Developing a critical attitude by students is not limited to
mathematics. Freudenthal writes about “Mathematics as an educational task”. Many
mathematicians use the inquiry based methods also during reading or reviewing a paper,
or documents or listening to a presentation. It proves that inquiry based method is an
efficient way to keep the reader/listener alert and is a first step to processing the presented
information.

3 Dropout

3.1 Description of Possible Reasons for Dropout

MOOGC:s are in principle open for everybody. No entrance exam has been required. But
some knowledge and capabilities are required to finish a MOOC successfully. This is
stressed in information about the course but some students missing the required knowl-
edge and abilities still believe they can do it. Similar experiences we have with regular
students at DUT. No entrance exam is required to enter DUT. The first year of study
should be used for selection, orientation and adaptation. It proves that low grades for
mathematics and physics at secondary school are good predictors for dropout. Over the
years the failure rate of regular academic courses has been studied. We will report about
a study at Delft University of Technology with a psychological assessment of all
freshmen. It proves that results of students at their secondary school predict about 40%
of the study success or failure in the first year. Psychological assessments ads about 10%.

To complete a MOOC successfully a student should have a strong motivation, based
on the expected outcomes, interest in science and increase of knowledge and compe-
tences. Next a student should be able to manage his time and plan a study. In current
MOOC:s a global time schedule of video lectures, simulations, exercises and exams is
presented. To enable communication and cooperation between students all students are
part of one group taking the course together. In more individual based schedule students
will lack support of fellow students. Many students reported that they prefer to manage
their own course without cooperation. This violates of course the goal to realize 21*
century skills. Individually based studies are offered for many years by the open Univer-
sity. But they also offer meetings for participants to create a community. Given a strong
motivation and ability to plan their study, students should be able to come to activities.
Viewing video lectures and simulations don’t require active participation of students. It
may give them the feeling that they have everything under control. They are confronted
with reality if they have to make assignments or exams. Inadequate time management,
un-ability to set themselves into action and missing of other study skills, results in many
cases to dropout.

An adapted didactic model for MOOC:s is needed. Recorded web lectures of gifted
teachers or successful lectures are no guarantee of high study success of MOOCs. In
many cases the didactic model of regular courses in lecture halls is copied. A teacher



30 L. Rothkrantz

explains the theory, gives some examples during the course and students are supposed
to study the learning material and to make exercises. But making homework is a great
problem. The gap between lectures and making exercises is (too) big and most students
are not able to manage their time and set themselves into action.

It can be observed at Delft University of Technology that a week before the exams
students start to visit libraries, study-halls etc. to start their preparation for exams.
Observing this study behaviour of fellow students triggers other students to start similar
behaviour. It is difficult to implement similar triggers in the MOOC community. But we
have to realise that used didactic models assuming regular study behaviour of students
in general don’t work for MOOC:s. In regular courses students are creative in finding
alternatives, observing peers, similar models are still under development in the MOOC
community.

Personal, intensive study guidance results in better study results. A good binding
with the study and study community is an essential prerequisite for successful study.
Unfortunately the massive character of MOOCs makes individual tutoring by teachers
impossible. One of the assumptions of creating a study community via social media is
that students will support each other. But it proves from surveys at DUT that creating
study communities is far from trivial. One of the outcomes of the surveys is that many
students don’t like networking and cooperation and prefer to study in their own indi-
vidual way. Students get stronger involvement with the study and study community.

To be a member of a learning community has a great impact on the motivation,
emotions and study results/achievement. [21]. It is important to give students the feeling
that it is exceptional to take these courses and that they should be involved in learning
communities. In case of MOOC:s it cannot be expected that there is much individual
support or supervision of teachers. Fellow students can take the role of a teacher and the
community of fellow students should support and stimulate the members of the
community.

Many students following MOOCs don’t live in a student environment. Via social
media they can be involved in learning environments. Participation in such an environ-
ment is important to develop 21* century abilities. MOOCsS offer the opportunity for
internationalisation, integration of research in the learning environment. In research
based education students are involved in common research activities and in research
tutored education students perform research activities themselves.

Students following MOOCs have to take the responsibility for their own learning
process. It is definitely true that part of the students are able to manage their study. But
most students need group pressure, supervision of teachers, counsellors, fellow students
to complete a MOOC successfully. Nevertheless many educators prefer self-paced
instruction so that every student is able to define his individual study path. This enables
students to accomplish their study at their own speed. But it creates problems to give
support from the community. In the Netherlands some PhD students have to follow
MOOC:s instead of common courses at some University. This is highly appreciated by
PhD students and the success rate is high. After completion of a course PhD students
are supposed to do an exam at the home University.
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3.2 Dropout Model Regular Courses

In many studies on dropout and study-delay researchers try to explain the phenomena
of dropout by a description of personal characteristics of (non-) successful students and
characteristics of educational Institutes. In 1975 Tinto [9] introduced a theoretical longi-
tudinal model showing how personal characteristics and characteristics of educational
institutes have their impact on the interaction process students-institute. In fact he
describes the interaction process of three systems: the individual students, the academic
and social system. According to Tinto an individual student will enter the institute with
some social background, personality characteristics and secondary school education.
Based on that he builds up a binding with the Institute and goal of the study. Such a
binding is measurable by motivations and expectations. The academic and social system
and the interaction of both systems have their impact on the binding. A reduction of the
strength of the binding can result in the decision of the student to stop his study. In
Fig. 1 we present a didactic model inspired by Tinto and system theory.

Secondary school Study results

knowledge .
Academic
Capabilities abilities (new| |inte ration Study bond

Skills

Norm,
values Study- /\ |_|

Self—conc.ept choic valutio
Personality

|DUT bond | Interaction | [Secial DUT bond
0 I Peers intergration
. I Faculty
Social environment

Fig. 1. Didactic model teaching learning on macro-meso level, based on the interation student
with teaching learning environment.

To validate the model we developed a questionnaire composed of 130 item distrib-
uted over the following topics:

Choice of study, motivation, study environment, education, tutoring, study problem,
study-methods, personal problem, study-skills. A second part of the questionnaire was
only for students having a significant delay after half a year of study. In 30 items (131-
161) possible reasons of delay were described and students have to indicate on a three
point scale which reasons play a significant role in their personal situation. The data of
delayed students were analyzed principal component analysis. We were able to detect
4 underlying factors and in Table 1 we describe the underlying factors: study commit-
ment, choice of study, skills/abilities, impersonal teaching and we list the items with
corresponding factor loadings.
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Table 1. Four factors describing study delay.

Factor loading

Factor Items F1 F2 F3 F4

Commitment Insufficient preparation exams .55 .26 —-.05 |.05
Insufficient time spend to the study | .77 -.11 |.05 15
Delay in the first weeks of study .61 .18 12 .05
Too much time spend to social 52 .01 .03 .14
activities
Too tired to study in the evening .52 12 .20 -.22
Insufficient time spend to homework | .76 -.08 |.14 .19
Wrong study approach 57 .07 .02 A1

Study-choice Chosen study was second choice —-.09 |.43 12 03
Atmosphere at Faculty 12 .80 21 .19
Personalities of fellow students .10 73 .02 .29

Skills/capabilities Study different from expectations .08 .19 .62 —.04
Study-delay in first weeks of study | .25 21 .50 —-.06
demotivating
Some courses to complex/difficult | —.01 |.06 .69 .08
Limited capabilities, Missing .03 .02 .62 13
background- knowledge

(in-)personal teaching Less social contacts with teachers .16 31 -.16 |.69
No time for tutoring 11 .26 .05 .62
Academic freedom 32 -05 |.13 53
Way of teaching less appreciated 11 .08 .18 .63

3.3 Dropout Model MOOCs

In the last section we discussed a dropout model for regular courses. In this section we
discuss an additional model for MOOCs. The dropout model for regular courses was
describes the interaction process of individual students, the academic and social system.
In case of a MOOC at start we can consider the same model. But as soon a student starts
his course the interaction student, learning material is dominant. In Fig. 1 we visualize
the interaction student-learning material as a melting pot filled with boiling study-liquid.
At the bottom there is a leakage of study liquid by two pro-cesses distraction and phys-
iological condition of the students. New input of study liquid is provided by three
components Attraction, Capability and Activity. These components correspond to the
well-known Osgood dimensions Evaluation, Potency and Activity [12]. Janssen,
Goethem and Lacante [10, 11] researched study experiences of students found similar
results. Before a student starts a study activity he first evaluates the effects of that
behavior. Next he researched if he has the required capabilities and finally he set himself
into action. We discuss the components of our interaction model in more detail:
Attraction: An important component in the interaction student learning material is
interest of students. As long as the learning material is interesting a student keeps on
board. But as soon the learning material gets boring, student lose their interest and the
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dropout process has been started. In case of regular courses there is a lot of pressure of
peers, institute, teaching schemas to follow lectures the other day. New topics provide
opportunities for a new start. Usually this is missing in case of MOOCs. By the huge
amount of students individual tutoring is difficult to realize. A special didactic approach
is needed. The span of attention control is very short, only some minutes. A varied way
of presentation of learning material is needed by showing movies, video lectures, simu-
lations and interesting applied assignments for students.

Capabilities: A student assumes at start he has sufficient capabilities to complete the
course successfully. But when he interacts with the learning material and it proves that
it is far beyond his capabilities, the dropout process has been started. In regular face to
face courses a student is usually not allowed to leave the teaching hall. In case many
students lose their interest an experienced teacher starts a summary, a clarifying example
to get students back in the teaching-learning process. In regular courses there is support
of peers during the breaks or after the lectures. In MOOCs social support of peers is
wanted but usual less developed. There is a trend to develop MOOC:s as self-paced
courses for individual students. That makes these students vulnerable for negative inter-
actions.

Activity: Attractive learning material and sufficient required capabilities are prereq-
uisite of a positive interaction process of a student with his learning material. Next a
student is assumed to play an active role in this process. Many students read the descrip-
tion of the offered courses, they even enroll in the courses but the next step is to start
study activity. Most MOOC:s are not designed for passive students, a lot of activity is
required varying from posing and answering questions, making assignments and
involvement in project activities.

Distraction: Interest and sufficient capabilities are the positive drives of interaction
students with the learning material. But there are also two negative drives. Distraction
is the first negative drive. In case of MOOCS students usually study in a stimulus rich
environment. The computer used for taking the course offers a lot of alternatives for
distraction especially in case the MOOC material gets boring or is beyond the capabil-
ities of students.

Physiology: A second negative drive is the physiological state of the students. If a
student gets hungry, sleepy he can start a break. A lot of discipline is needed for a restart
and to keep the length of the break under control. In case of regular courses there are
social rules, institutional rules regulating breaks.

In Fig. 2 we display the dropout process of MOOCs on a micro-level. The model
has been validated by some exit interviews of students. Drop-off students usually receive
a questionnaire to research the causality of a drop-off. But the response of such ques-
tionnaire is usually very low. So additional research is needed.

Success of study is not only dependent of students characteristics as capabilities,
knowledge, used study methods, but is the result of a complex interaction process. This
is also the basic idea underlying our didactic model presented in this section. Most
didactic models describe the teaching-learning process over a longer period of time. But
as we pointed in MOOCs a strong focus is on the direct interaction student-learning
material. Emotions play an important role in this interaction process. In the next section
we research the impact of emotions as driving forces of the teaching-learning process.
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Fig. 2. Didactic model teaching-learning on micro level.

3.4 Emotional Aspects

It is commonly agreed that emotions have a strong impact on our behavior. Students
with well-developed abilities and trained skills show the expected behavior if they get
motivated and activated by internal or external emotional triggers. Happiness has a
positive effect on the learning behavior. Students who are able to understand the learning
material and to solve the corresponding assignments successfully get a motivational
boost. But from the other site students who are not able to master the learning material
successfully lose their self-confident and self-worth and their motivation to learn.

Distance learning is usual a lonely process. Only chatting with study-friends in the
social network can provide some support. By collaborative learning students are able to
share their responsibilities, share their planning and mutual control. In full isolation there
is a risk of upcoming negative emotion and moods. Strong negative emotions as fear
and anxiety can block the learning behaviour.

Recently we observe some attempts to design a digital tutor. But one of the require-
ments of digital tutoring is assessment of the emotional state of the student online.
Usually assessment of emotions is done by questionnaires. But for instantaneous assess-
ment of emotions questionnaires cannot be used. In [14, 15] Rothkrantz et al. describe
some experiments to asses emotions of students via analysis of facial expressions and
sound recordings. It is required that the teaching learning environment is equipped with
a multimodal camera. But it proves that many students don’t like supervision by a
camera. More succesfull were the experiments using Skype. In that case students were
aware of the fact that they are monitored all the time.

After Darwin, Ekman spent a lot of research on the automatic recognition of facial
expressions. He claimed that 6 emotions are universal namely happiness, sadness,
disgust, anger, fear and surprise. Many systems have been developed to recognize the
six basic emotions in speech and recordings of facial expressions. But in daily life most
emotions are not pure but blended and of varying intensity. And even the six basic
emotions can be displayed in many ways. This can also be expected in an e-learning
environment.

Russell [22] analyzed qualitative values of emotion words based on humans’ social
value and depicted them in a 2D space of pleasureness and activation. These two dimen-
sions correspond with the dimensions attraction and action in our didactic model. The



Dropout Rates of Regular Courses and MOOCs 35

dimension can categorize emotions in a comprehensible way; however, the approach is
not yet sufficient to differentiate between emotions, e.g. anger and fear fall close together
on the 2D map. We used the results of the experiment above and selected the stem of
140 emotion labels and words. The distance between words was based on Whissell’s
Dictionary of Affect in Language [23].

In [24] Fitrianie et al. researched the relation between text and emotions. We created
a talking face as model of a tutor. In this study we researched the relation between facial
expressions and words with an emotional meaning. By the introduction of serious
gaming in distant learning the interest for the impact of emotion on learning has been
increased (see Fig. 3).
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Fig. 3. Display of emotional words on the dimensions activity and attraction.

4 Psychological Assessment

4.1 Big Five Personality Test

One of the research goals of this paper was to investigate how to teach students 21"
century skills as networking, cooperation, creativity etc. Traditionally teaching mathe-
matics is rather individually oriented. A lecturer introduces students in lecture halls into
new topics. Students listen and make notes. Parallel to the lectures are usually lab hours
during which time students are supposed to make exercises alone or together. Especially
during the lectures students are passive consuming knowledge, instead of exploring new
topics and discovering new knowledge and even more important it is an individual
process. It takes students less energy to listen to lecturers and see how he discovers new
knowledge. But the challenge is to take students out of their comfort zone and challenge
them to actively search for knowledge and problem solving.

Changing the didactic approach may change the learning attitude of students. It can
be expected that there will be resistance leaving the comfort zone. A second question is
if students have the right personality characteristics to learn the 21* skills. If students
are not able to cooperate, socializing and networking they are not well prepared for the
future. To research that problem a group of first years students in mathematics and
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computer science were tested using the Big Five Personality test in September 2015 at
start of the academic year. Students were supposed to fill in a questionnaire of 4 X 5
questions. Then the score on 5 factors E, A, C, N, O listed below were computed.
Students with high scores on the factors A and O are supposed to be open for learning
the 21* century skills. But it proves that students score significant lower on A and higher
on O. This supports the hypothesis that students in technology or exact courses have the
tendency to work individually and are open for new knowledge. The factors underlying
the Big Five Personality test can be described as follows:

e Extroversion (E) is the personality trait of seeking fulfilment from sources outside
the self or in community. High scorers tend to be very social while low scorers prefer
to work on their projects alone.

o Agreeableness (A) reflects much individuals adjust their behavior to suit others. High
scorers are typically polite and like people. Low scorers tend to ‘tell it like it is’.

e Conscientiousness (C) is the personality trait of being honest and hardworking. High
scorers tend to follow rules and prefer clean homes. Low scorers may be messy and
cheat others.

Neuroticism (N) is the personality trait of being emotional.

Openness to Experience (O) is the personality trait of seeking new experience and
intellectual pursuits. High scores may day dream a lot. Low scorers may be very
down to earth.

From Table 2 it can be observed that students mathematics and computer science
have the same average score on the factor Extroversions indicating that in principle they
are open/not open for social contacts and open/not open for networking.

Table 2. Average values of the five factors of the Big Five test E, A, C, N, O for a cohort of TUD
students computer science and mathematics and a general cohort.

Number of respondents | 10189 | 179
Extroversion 3.05 [3.05
Agreeableness 3.84 |3.69
Conscientiousness 338 |3.06
Neuroticism 298 |3.39
Openness 4.05 |3.71

The students in the DUT cohort score lower on the factor Openness and less open
for new experience and intellectual pursuits. But we may conclude that students in exact/
technical sciences are in principle open for learning 21* century skills.

4.2 Psychological Assessment Procedure at TUDelft 1953-1957

For most academic studies at Universities in the Netherlands there is no entrance exam.
Only a limited studies with capacity problems have a special admission procedure.
Students with low grades at the final exam at their secondary school have a lesser chance
to pass this special entrance procedure than students with higher grades. As a
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consequence many students start a study with insufficient intellectual capabilities. The
assumption is that Universities have the opportunities to select the students for the higher
years based on their academic performance in the first year. It is a well-known saying
that students with limited intellectual capabilities can compensate this shortage by hard
working. To research the impact of personality characteristics, motivation, social envi-
ronment on academic performance and study-success or —failure a huge assessment
procedure was performed in 1953 at Delft University of Technology. All students in the
first, second and third year got a psychological assessment. They were supposed to fill
in questionnaires corresponding with test assessing cognitive abilities and personality.
Next all students were interviewed by student counsellors.

The outcomes of all these assessments were correlated with the results of exams of
students and results of students at their secondary school. It proves that there was a
significant correlation between academic performance at the university and final results
at secondary school for the subjects mathematics and physics. Not a big surprise taking
into account that the subjects mathematics and physics play an important role in technical
studies at Delft University of Technology. From Table 2 we can see that students with
lower grades for the subjects mathematics and physics have a low study progress in the
first year and students with high grades have a high chance of study success. For the
middle group of about 50% it was difficult to predict study success or —failure. A disap-
pointing result was the fact that the outcome of psychological assessment has a very
limited added value to the prediction of study-success or —failure. Apparently the impact
of personality, social environment were already included in the performance at secon-
dary school.

From Tables 3 and 4 can be observed that the dropout rate in the first two years is
31%. In total the dropout rate was 43%. About half of the dropouts started another study
at TUD or at a Polytechnic School. The function of the first year was orientation and
selection. But still 10% of the students started a second year and dropout during that
year and additionally 12% of the students drop out later in the study. At this moment the
university spend a lot of time and effort to stimulate students to take their decision of
dropout as soon as possible. It is in general not possible to start the second year before
completing the first year. There are special programs and even a special MOOC enabling
student to get a better orientation of the study.

A special problem with presented tables is that some students enrolled in the study
but never show up. In the early days even no-show students could get a student loan for
the whole year. So no-show behaviour has financial consequences. A similar problem
can be observed in the cohort of MOOC:s students. In the past the group of slow starters
made a successful start in the second year. The phenomena of restarting students is not
observed in the cohort of MOOC:s students. One of our recommendations for MOOCs
designers is to take care of slow starters, students who need a longer adaptation time or
to apply the spiral principle of in increasing difficulties.

Students with a low respectively high average score on the subjects mathematics/
physics have a low chance/high chance to complete the study successfully. But students
with modal scores are rather unpredictable. The hope was that psychological personal
improved prediction of study-success or failure for the middle group. Unfortunately this
was not the case.
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From Table 4 can be observed that dropouts miss more than half of the exams already
in the first session. Some students with bad results in the first year give themselves a
second start but have again bad results in the next exam session. The phenomena of
restarting students is not observed at MOOC:s.

Table 3. Study-progress/delay/dropouts in percentages crossed with average score mathematics/
physics grades at school, after two years of study, Cohort 1953.

Study progress > 150% 0% | 4% 1% |15% |7%
Study progress < 150% 0% | 8% 13% 4% |0%
Delayed students with Incomplete first year | 2% | 2% 1% 1% | 0%
Dropouts during second year 2% 6% (2% |0% |0%
Dropouts during first year 2% 9% | 9% 1% | 0%
Average math/physics grades at school exam | 5-6 |67 |7-8 |89 |9-10

Table 4. Study-progress/delay/dropouts crossed with number of passed exams in the first exam-
session.

Studyprogress > 150% 0% 1% 7% 14% | 16%
Studyprogress < 150% 3% 8% 8% | 4% 3%
Delayed students with Incomplete first year 2% 1% 1% 0% 0%
Dropouts during second year 2% 6% 1% 1% 0%
Dropouts during first year 6% |9% |5% |0% |0%
Numbers of exams passed successfully in first period 0 1 2 3 4

S Experiments

In this section we discuss possible causalities of the high drop off rate of MOOCs. DUT
launched more than 20 MOOC:s, accessible via edX platform. In this section we focus
on the MOOC Pre-Un Calculus, visited by more than 26.000 students. Via interviews
and questionnaires experiences of students and teachers were assessed and reported in
by Vos [25]. Most (early) dropouts from the course didn’t take part in the assessment
procedure, so we realize that the results are biased.

5.1 Pre-university Calculus July—-September 2015

TUDelft designed a special MOOC called Pre University calculus (see Figs. 4, 5 and
6). The goal of the MOOC was to refresh mathematical knowledge of students before
they start their academic study at the University and to teach students missing topics of
the mathematics at secondary schools. The teaching material was composed of small,
10 min video fragment with a lot of simulations, video lectures, gaming etc. The focus
was on applications of mathematics.
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Fig. 5. Topics of the Pre-Un. Calculus MOOC (source DUT).

Students were stimulated to cooperate by interacting via special blogs. Students were
supposed to define questions stimulated by the lectures and the learning material. Fellow
students in the network are invited to answer the questions and commenting solutions
in the course forum. This is common practice in mathematics learning.

In 2015 more than 26.000 students worldwide followed the course and via data
analytics the performance of students was analysed. We will report some main findings
from participating students, first students from TUD and after that students from all over
the world. Aspirant students from TUD were stimulated to take part in the special
MOOC. Usually lectures were offered during the summer holidays after the school exam
and just before the start of the academic year. The MOOC was supposed to attract more
students because there was no need to come to the University and also no need for
teachers to lecture to lecture during the summer holidays.
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In total 794 TUD students enrolled in the course, 420 (53%) of them attempted an
exercise and 40 (5%) attempted all exercises. Only 46 students passed the final exam
successfully. From the interviews it proves that most students had the feeling that they
master the topics already. Just before the start of the academic year, other activities got
a higher priority as finding housing in Delft, increasing the income by performing a job
or just taking holidays after passing the school exam successfully. Students didn’t feel
the need to participate in the MOOC.

From Table 4 it can be observed or computed that there is no significant difference
in mathematics grades between students that enrolled and students that did not enrol.

In total 27.186 students enrolled in the course, 4.150 students attempted to make an
exercise and only 273 attempted all exercises.

All students were requested to fill out some questionnaires. We report the results
from students who showed some activity in the course. About 59% of the students took
part in the course from begin to the end, 18% browsed through the topics and videos and
4% mainly watched the videos, 7% mainly did the exercises.

Students on average stated they rarely participated in study groups, connected to
other students, posted a comment or a question, or looked at the forum. They also rated
their perceived support from either other students or staff rather low.

However, they reported that feelings of loneliness or missing interaction negatively
affected them in the course. Neither did they feel that lack of feedback negatively affected
them. Rather, they rated the feedback as good. It seems, students in general neither
expect nor need a lot of interaction with either students or staff. We stress that this only
holds for students taking part in the course. From students who didn’t take part or dropout
in an early stage we have no information.

5.2 Experiment Mathematics at TUD During 2015

It was decided that teaching mathematics at TUDelft will change dramatically from 2015
on. The dropout rate had to be reduced. There should be more focus on applications of
mathematics, self-discovery, teaching 21* century skills such as networking, coopera-
tion via social media etc. In a first experiment 370 students studying Civil Engineering
got mathematical courses new style. First the didactical principle “flip the class room”
was applied. For many years students got their lectures mathematics in big lecture halls
followed by making exercises in small classrooms. Now the order has been changed.
Students are supposed to study video lectures and make exercises before they meet the
teachers and fellow students in small classrooms to discuss problems and outcomes of
the exercises. In the video lectures there was a focus on applications of mathematics,
self-discovery activities of students. They are stimulated to cooperate in study groups.
The MOOC Pre-Un Calculus was integrated in video lectures. Many new videos were
added especially on simulation and applications of mathematics.

From [25] we take some of the results from surveys and interviews. It proves that
on average only 20% of the students viewed the video lectures before the classroom
meeting. So the assumption that students activate the right pre-knowledge was not
correct. That poses a didactical problem for the teacher. Repeating or summarising the
homework is boring for students making their homework and will not stimulate viewing



Dropout Rates of Regular Courses and MOOCs 41

Table 5. Distribution of students who enrolled and didn’t enrol in the MOOC.

Grade math at school exam

5 6 7 8 9 10
# of students that did not enroll 101 | 764 | 1017 |703 |332 |52
Number of students that enrolled 32 1173 | 200 |166 | 63 |10

video lectures in the future. One of the critical comments of students was that the video
lectures are interesting but are not direct integrated with the learning material/book.
Viewing the video lectures maybe will result in a better understanding of mathematics
in general but it is not necessary to pass the exam successfully. One of the goals of the
new mathematics teaching was to focus on real applications. Then the applications
should be part of the exam and not additional. In the compulsory homework assignments
it is possible to make links with some topics discussed in the video lectures (Table 5).

At start about 80% of the students visited the classroom meeting and at the end it
was about 65%. The classroom meetings were highly appreciated. Especially the
moments the teacher was lecturing or explaining difficult topics. It proves that teachers
were better in raising questions or pointing to typical problems. Individual or group wise
making assignments during the classroom lectures was highly appreciated. Because
there was a meeting place for the students in the classroom there was no need to cooperate
via social media. Teachers were asked if and how many times during a lecture they
provide opportunities for students to discuss topics or cooperate. In Table 6 we summa-
rize the results.

Table 6. Overview of opportunities teachers offered for discussion or cooperation.

Opportunities for discussion or cooperation Never |1 time |2-3times |4 or more times
11% |22% | 34% 33%

Teachers like to teach and play a central role during the lessons. Many students come
to the lessons and expect that the teacher lectures. Parallel to the classroom meetings
there was a digital Lab room (My.MathLab). Students were supposed to make assign-
ments and got feedback in an automated way. It proves that many students joined their
effort and meet each other to make assignments

An interesting option for students was to provide feedback during the lectures using
their smart phones or laptop. One of the start-up companies from DUT, FeedBackFruits
developed a tool for mobile devices which enables students to ask questions during a
lecture. The questions are visualised on a display in front of the teacher. It proves that
students consider the tool as an interesting option. But defining questions takes some
time and usual the lecture is going on. It is up to the teacher if he introduces breaks to
allow and discuss questions. Some questions can be used by the teacher to summarize
a topic. If there are many questions about the same topic the teacher has the option to
explain the topic in an different way or to come up with some examples. To support the
didactical approach “flip the classroom”, the start-up company FeedBackFruits was
requested to generate a plugin to make the “questioning tool” available via edX, one of
the MOOCs consortia. A layer of new functionalities was developed over the edX
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platform. This enables students to make specific notes online and make digital notes out
of it. The plug-in also allows users to add new content to the course and share a message
information board way questions of the students can be considered as an online feedback
system for the teacher.

6 Recent Developments

In many surveys it has been shown that students spend less time than expected to their
study. Students in social sciences spend about 24 h weekly to their study and students
in exact studies about 32 h. This is significant less than the expected 40 h pro week. It
also proves that over the year the time spend to the study is not equally distributed. When
exams are approaching there is an increase in time spend to the study. Students spend a
significant amount of study time in social activities, jobs and doing nothing. The Ministry
of Education in cooperation with the Universities were brainstorming for many years
about measures to increase the flow rate of students. Everybody agrees that the freedom
of students to spend their time in an individual way should be limited. This conflicts
ideas of self-management of students and personal development. The focus should be
on development of cognitive skills and improvement of results of exams.

Recent years Universities in the Netherlands took the following measures to improve
the flow rate of students

e Study advice at the end of the first year. All students get an advice at the end of the
first year of study. In case of a negative advice students have to stop their study but
may switch to another study or university. We observe that students having a huge
study delay after half a year of study and expect a negative advice at the end of the
first year stop their study and switch before the end of the academic year

e Hard cut at the end of the bachelor (Since 2012). Student have to finish their bachelor
program before they can start their master program. In the past it could happen that
students finish their master program but still miss some courses from the bachelor
program. Students who are forced to stop focus on the remaining bachelor courses,
take a part time job or even stop the study. But in general more students do their best
to finish their Bachelor in time or after 4 years of study.

e Performance agreements Universities and Ministry of Education. In 2012 Universi-
ties promised to increase the quality of the teachers, to increase the number of
teaching hours and to reduce the dropout rate of students. From the financial budget
7% will be re-distributed depending of the outcomes of the educational improve-
ments.

Interesting to note that the flow rate of female students is much higher compared to
male students (see Figs. 6 and 7).

Recent years Universities took some measures to increase the quality and motivation
of starting students. Delft University of Technology offers online courses (premaster
calculus) in the summer holidays before the start of the study. The idea is to refresh and
improve the knowledge of mathematics taught at secondary school.
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TUD offers also online courses for starting students in their study of preference.
Interesting topics from the study are lectured by the best teachers. The idea is that
students reconsider their choice of their study, get more familiar with the study and are
able to see if they have the right ability and motivation to complete the chosen study
successfully.

%

70

W Start 2004/2005

W Start 2005/2006
W Start 2006/2007
W Start 2007/2008
m Start 2008/2009

After 3years After 4years After Syears

Fig. 6. Percentage of students completing an academic study successfully in the Netherlands
(data from CBS).
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Fig.7. Percentage of male and female students completing an academic study in the Netherlands
(data CBS).

7 Conclusions

The main goals of this paper was to study the high drop off of MOOC:s, to find possible
causes and to develop new didactical models. Secondly we want to invest in how far if
itis possible to teach students 21* century skills. We used the data from two experiments
at Delft University of Technology. The current version of the paper is an extended
version of the paper [25].
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In the first experiment, Delft University of Technology designed a special MOOC
called Pre University Calculus. The goal of the MOOC was to refresh mathematical
knowledge of students before they start their academic study and to teach students
missing topics of the mathematics taught at secondary schools. The teaching material
was composed of small, 10 min video fragment with a lot of simulations, video lectures,
gaming etc. The focus was on applications of mathematics. Students were stimulated to
cooperate by interacting via special blogs. In 2015 more than 26.000 worldwide followed
the course and via data analytics the performance of students was analysed. Only a
minority of 5% of the students completed the course successfully. These students stated
in surveys and interviews that they prefer to work individually and not in groups or in
a digital community. Unfortunately the early dropouts were not surveyed. From the
questionnaires and interviews we found many reasons for dropout behaviour. From the
available data can be concluded that there were only a few network activities and coop-
eration between students via social media. Teaching students 21* century skills will not
take place automatically by using MOOC:s but special didactic models are needed.

Secondly it was decided that teaching mathematics at Delft University of Technology
will change dramatically from 2015 on. There should be more focus on applications of
mathematics, self-discovery, teaching 21* century skills such as networking, coopera-
tion via social media etc. In a first experiment students studying Civil Engineering got
mathematical courses new style. First the didactical principle flip the class room was
applied. For many years students got their math lectures in big lecture rooms followed
by making exercises in small classrooms. Now the order has been changed. Students are
supposed to study video lectures and make exercises before they meet the teachers and
fellow students in small classrooms to discuss problems and outcomes of the exercises.
In the video lectures there was a focus on applications of mathematics, self-discovery
activities of students. They are stimulated to cooperate in study groups. It proves that
less than 20% prepared the lessons by viewing the video lectures in advance. Most
students reported that lack of time and motivation was the main reason. And they expect
that the teacher will summarise the main topics in the lessons so that they are able to
follow the lessons. Following the lessons is important for the students because they
expect the teacher will provide essential information needed to pass the exam success-
fully. Students cooperated via the digital Lab making homework together. In the lessons
there was less cooperation also because the teachers didn’t provide the opportunity.
During the lessons and video lectures students were able to give comment or asking
questions. This provides essential feedback for the teacher and information for the eval-
uation of the course. Again we to conclude that blended courses don’t guarantee that
students learn 21* century skills.

Students mathematics and computer science got a psychological assessment using
the Big Five personality test. From the results it proves that students have the abilities
to learn the 21* century skills but this will not happen automatically. A special didactic
model is needed. We developed a special didactic model based on the model of Tinto
and system theory. This models holds for regular classroom lectures and distant learning
and is able to explain dropout behavior on global level of teaching and learning. We also
developed a didactic model for short time process of teaching and learning. Emotions
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play an important role in this model. In recent years researchers stress the important role
of emotions in the teaching learning process and dropout behavior.

We also described some measurements of Universities in the Netherlands restricting
the study freedom of students. It proved that many students are not able to manage their
study time and external pressure is needed to increase the study flow.

A comparison was made between a huge assessment study at Delft University of
Technology during 1953-1957 and recent experiments at Delft University of Tech-
nology. It proves that over the years 40% of the students dropout. We reported many
causes based on surveying and interviewing students.

As a final conclusion we state that also regular courses have high dropout rates
varying around 40%. MOOCs show even higher dropout rates and we conclude from
the outcomes of surveys and interviews that lack of cooperation in networking, lack of
social control of peer students inability to manage the study and decreasing or lacking
motivation were the main causes of high dropout rates.

Acknowledgements. We thank Ingrid Vos providing me with the results of evaluation of the
experiments at TUDelft. We thanks the colleagues of the FETCH project for their valuable help.

References

1. Bussemaker, J.: Strategische Agenda Hoger Onderwijs en Onderzoek 2015-20125 (Dutch),
Ministerie van Onderwijs Cultuur en Wetenschappen (2015)

2. Rothkrantz, L.J.M.: How social media facilitate learning communities and peer groups around
MOOCS. Int. J. Hum. Cap. Inf. Technol. Prof. 6(1), 1-13 (2015). IGI

3. Bottema, O., Bakker, H.T.: Mislukking en vertraging van de studie. Verslag van een
onderzoek verricht aan de Technische Hogeschool te Delft 1953-1957 (Dutch). Technische
Hogeschool, Delft, vol. 106, p. 32 (1959)

4. Onah, D.F,, Sinclair, J., Boyatt, R.: Dropout rates of massive open online courses, behavioural
patterns. In: 6th Annual International Conference on Education and New Learning
Technologies, Edulearn 14, Barcelona. IATED (2014)

5. Yang, D., Sinha, T., Adamson, D., Rosé, C.P.: Turn on, tune in, drop out: anticipating student
dropouts in massive open online courses. In: Proceedings of the 2013 NIPS Data-Driven
Education Workshop, NIPS (2013)

6. Sinha, T.: Who negatively influences me? Formalizing diffusion dynamics of negative
exposure leading to student attrition in MOOCs. In: LTI Student Research Symposium,
Carnegy Mellon (2014)

7. Ye, C., Biswas, G.: Early prediction of student dropout and performance in MOOCs using
higher granularity temporal information. J. Learn. Anal. 1(3), 169-172 (2014). UTS e-Press

8. Wilbrink, B.: Assessment in historical perspective. Stud. Educ. Eval. 23, 31-48 (1997).
Elsevier

9. Tinto, V.: Dropout from higher education: a theoretical synthesis of recent research. Rev.
Educ. Res. 45, 89-125 (1975). Sage Publications

10. Lacante, M.: Van intelligentie, persoonlijkheid, studiestrategie en studeergedrag naar
studieresultaat. Pedagogische Studie 60, 289-299 (1983)

11. Janssen, P., de Neve, H.: Studeren en doceren aan het Hoger Onderwijs, Uitgevery Acco
(1988)



46

12.

13.

14.

15.

16.

17.

18.
19.
20.
21.
22.
23.
24.

25.
26.

L. Rothkrantz

Osgood, C., Succi, G.J., Tannenbaum, P.H.: The Measurement of Meaning. University of
Illenois Press, Urban (1961)

Kalogiannakis, M.: Emotions experienced by learners and their development through
communication with the tutor-counsellor. Eur. J. Open Distance E-Learn. 18, 36-48 (2015)

Rothkrantz, L., Datcu, D., Chiriacescu, I., Chitu, A.: Assessment of the emotional states of
students during e-Learning. In: Proceedings of The International Conference on E-Learning
and The Knowledge Society, Conference, Ruse (2009)

Datcu, D., Rothkrantz, L.J.M.: Assessment of emotion states during e-learning. Commun.
Cogn. 43(1-2), 81-92 (2010). University of Ghent

Rothkrantz, L.J.M.: E-learning in virtual communities. Commun. Cogn. 42(1), 37-52 (2009).
Nr 1&2. University of Ghent

Rothkrantz, L.J.M.: A training tool for non-verbal communication. In: Proceedings of the
International Conference on E-Learning and The Knowledge Society, pp. 88-93. University
of Ruse (2010)

Datcu, D., Rothkrantz, L.J.M.: Multimodal web based system for human emotion recognition.
In: Proceedings ISC 2007, pp. 91-98. Eurosis-Eti (2007)

Freudenthal, H.: Mathematics as an Educational Task. Springer Science & Business Media,
New York (1973)

Rothkrantz, L.J.M.: Inquiry based learning as didactic model in distant learning. Int. J. Inf.
Technol. Secur. 7(4), 1-10 (2015). Dobi Press Food

Furrer, C., Skinner, E.A.: Sense of relatedness as a factor in children’s academic engagement
and performance. J. Educ. Psychol. 95, 148-162 (2003)

Russell, J.A.: A circumplex model of affect. J. Pers. Soc. Psychol. 39(6), 1161-1178 (1980)
Whissell, C.: Whissell’s dictionary of affect in language. Measur. Emot. 4, 113-131 (1989)

Fitrianie, S., Rothkrantz, L.: Constructing knowledge for automated text-based emotion
expressions. In: CompSysTech (2009)

Vos, L.: Evaluation pre university calculus MOOC, TUDelft Press (2015)

Rothkrantz, L.: Dropout rates of regular courses and MOOCs. In: Proceedings of the 8th
International Conference on Computer Supported Education (CSEDU), Rome, pp. 9-18
(2016)



Papers



Hybrid Matrix Factorization Update
for Progress Modeling in Intelligent
Tutoring Systems

Carlotta Schatten®) and Lars Schmidt-Thieme

Information Systems and Machine Learning Lab,
University of Hildesheim, Hildesheim, Germany
{schatten,schmidt-thieme}@ismll.uni-hildesheim.de
http://www.ismll.uni-hildesheim.de

Abstract. Intelligent Tutoring Systems often profit of intelligent com-
ponents, which allow to personalize the proposed contents’ character-
istics and sequence. Adaptive sequencing, in particular, requires either
a detrimental data collection for users or extensive domain information
provided by experts of the educational area. In this paper we propose
an efficient domain independent method to model student progress that
can be later used to sequence tasks in large commercial systems. The
developed method is based on the integration of domain independent
Matrix Factorization Performance Prediction with Kalman Filters state
modeling abilities. Our solution not only reduces the prediction error, but
also possesses a more computationally efficient model update. Finally, we
give hints about a potential interpretability of student’s state computed
by Matrix Factorization, that, because of its implicit modeling, did not
allow human experts, to monitor user’s knowledge acquisition.

Keywords: Progress modeling - Kalman filerts -+ Matrix factorization -
Performance prediction - Sequencing

1 Introduction

Intelligent Tutoring Systems often profit of intelligent components, which allow
to personalize the proposed contents’ characteristics and sequence. Adaptive
sequencing, in particular, requires either a detrimental data collection for users
or extensive domain information provided by experts of the educational area. In
this paper we propose an efficient domain independent method to model student
progress that can be later used to sequence tasks in large commercial systems.
In this paper we want to extend domain independent performance prediction to
progress modeling. In order to keep track of the learning progress of a student
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it is not sufficient to estimate current/next state of the user, the students’ state
has also to evolve in a meaningful, plausible and therefore interpretable way over
time. In this scenario three problems arise:

1. Domain information, like tagging involved skills in tasks, necessitates experts
and thus is a time-consuming, costly, and, subjective. For large commercial
ITS it is even unfeasible.

2. Progress modeling requires to be able to interpret the model, i.e. to be able
to associate the value of the model parameters with a specific user state.

3. The continuously changing student’s state and the necessity of new data
requires online updating algorithms, that refine their prediction after each
interaction.

Problem (1) involves domain dependent performance prediction algorithms:
Bayesian Knowledge Tracing (BKT) [2] and Performance Factors Analysis (PFA)
[14]. Therefore, [26] proposed Matrix Factorization (MF) as domain agnostic
alternative. As such, MF does not require skills’ tagging [18] and can be easily
integrated in larger systems [22]. By using domain independent performance
prediction and a score-based policy inspired by Vygotsky’s concept of Zone
of Proximal Development [29], the so-called Vygotsky Policy Sequencer (VPS)
sequenced tasks with similar results with state of the art rule based sequencers
without using rich experts’ knowledge [20]. [10] stresses the fact that intelligent
components’ too high requirements often prevent them to be used in commercial
environments. Therefore, domain independence and lightweight integrability are
desirable properties as large ITS often do not possess the skills involved in the
tasks and cannot invest large efforts either in tagging all their contents or in
changing their systems’structure.

If MF algorithms represent a good solution to Problem (1), they unfortu-
nately suffer from Problem (2) since the parameters of the model cannot be
used to interpret the state of the user and its progress over time. Finally, Prob-
lem (3) arise for MF applications in ITS. Item Recommendation is affected by
time differently than task recommendation, since voting movies in different per-
muted orders will not affect the user’s ratings unless a long time passes between
ratings. For this reason it is possible to model user evolution and item charac-
teristics in aggregated time slices, where more subsequent ratings are considered
as generated from the same static model. In ITS, instead, the students learn
something according to their learning rate after each exercise. If exercises are
shown in order or in reverse order of difficulty not only scores will change, but
also in the acquired knowledge will be different. Therefore the usage of an online
updating model is mandatory for an accurate prediction. Best way to do so,
would be to refine the prediction after each action to allow in the future also
hints and feedback recommendation.

We present in this paper how we developed domain independent progress
modeling by integrating the MF algorithms with Kalman Filters, one of the
most famous state modeling techniques of control theory. This is achieved by
exploiting equations of a student simulator, which mimics the learning process
of a student.



Hybrid Matrix Factorization Update for Progress Modeling 51

As a result, the model: has reduced computational requirements, remains
domain independent, has a reduced prediction error, is less sensitive to the lack
of user data, and is made interpretable. In this paper, we first present related
works about students’ performance prediction (Sect. 2). Then, in Sect. 3 the algo-
rithms of MF and its online update are explained. After a brief introduction of
Kalman Filters in Sect.4, we combine the latter with MF and the equations
of a student simulator to obtain a student progress modeler. Finally, in the
Experiment Section (Sect.5), we analyze the novel algorithm under different
perspectives, which involves prediction error and progress modeling.

2 State of the Art

MF has many applications like, for instance, dimensionality reduction, clustering
and also classification [1], but its most famous application is for Recommender
Systems [8], where the algorithm recommends items to a user by predicting the
ratings (s)he would give to them. Recently the algorithm was extended to time
modeling. In papers predicting movie ratings or doing item recommendations,
such as [9,32] the time is modeled with time slices, so that the user’s model needs
to be updated at each time slice. Because of that, no forecasting can be done
for time slices after the current and last one, for which data are available. More
similar to our approach is the online method proposed in [16,27] that we explain
in detail in Sect. 3.2. There, for each new sample available the model of the user
is accordingly updated. Unfortunately, the algorithm requires for each update
the entire student’s history. Therefore, computational requirements for systems
that work in real time performances, such as ITS, becomes too restrictive. As
reported by [18] 6s were required for an update, whereas real time performances
should stay under the 0.1s threshold [11].

As we explained in the introduction, when the aforementioned algorithms
are applied in a new domain other problems arise. The first time that MF was
applied to ITS, [24-26] associated users with students, items with tasks, and
ratings to the probability of a correct answer at first attempt. Alternatively,
as in [17] and [28], ratings could be associated to the percentage of correctly
answered questions. Also other Machine Learning techniques have been used to
model the students’ state. Bayesian Knowledge Tracing (BKT) is built on a given
prior knowledge of the students and a data set of binary students’ performances.
It is assumed that there is a hidden state representing the knowledge of a student
and an observed state given by the recorded performances. The model learned
is composed by slip, guess, learning and not learning probability, which are then
used to compute the predicted performances [2]. In the BKT extensions difficulty,
multiple skill levels and personalization are taken into account separately [3,12,
13,30], whereas in our framework those aspects are considered at the same time.
MF most famous advantage in comparison to BKT is the reduced authoring
effort, since experts are not requested to insert the required skills to solve a task
or use a hint. However, MF computed parameters cannot be associated to the
student’s knowledge as BKT modeled skills [13].
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In this paper we want to develop a progress modeling algorithm based on MF
online-updating performance prediction that can work with fast performances
to schedule the recommendation of tasks, hints and feedbacks. Usual approaches
for sequencing are Reinforcement Learning techniques, which are applicable in
ITS with strong restrictions [19], since the collection of an exploratory corpus
implies frustrating users with either too easy and too difficult tasks or random
hints and feedbacks. Therefore, we started from the implementation of [18§],
where MF was used successfully combined with a simple policy to schedule tasks
with particular attention to the computational requirements defined in [22]. An
additional reason for choosing [18] is the possible extension to multi-modal data
analysis as presented in [4-6], or hint sequencing as suggested by [19].

3  Online Matrix Factorization

We define our problem as a tuple (S, C, ¢, 7) where, given a set S of students,
s; € {1,... S} is the i-th student modeled as a vector ¢ € S := R¥ | where K
is the number of skills involved and S is the student’s space. C is a set of tasks,
where ¢; € {1,...C} is the j-th task, defined with a vector 9; € C := R¥
representing the K skills required to solve a task defined in the tasks’ space C.
In this context we want to find a suitable prediction function able to compute
the predicted performance (y;,1;) of a student s; on a task ¢; considering all
his past interactions. In order to do so we need also to find 7 : Sx C — S a
function defining the follow-up state '*! of a student s; after interacting with
task c;. We explain hereafter how this is done with pure MF techniques.

3.1 Static Matrix Factorization

Generally, in Recommender Systems MF predicts which are the future user rat-
ings on a specific item based on its previous ratings and the previous ratings
of other users [8]. The concept has been extended to student performance pre-
diction, where a student’s next performance, or score is predicted. The matrix
Y € R™=*"e can be seen as a table of n. total tasks and n students used to train
the system, where for some tasks and students performance measures are given.
MF decomposes the matrix Y in two other ones ¥ € R"*X and ¢ ¢ R *K
sothat Y ~ Y = ¥oT. ¥ and & are matrices of latent features, where each
task c;, and each student s;, is represented, i.e. modeled, with a vector of K
latent features (¢ and ¢ respectively). Although these latent features cannot
be mapped to an exact meaning as done in BKT technology, in [26] those val-
ues were associated with the skills involved in the tasks and the skills of the
students. The latent features learned with stochastic gradient descent from the
given performances allow computing the missing elements of Y for each student
i in each task j of a dataset D (Fig.1) without manually tagging the skills of
the domain. For this reason this approach has been called domain independent
in [20]. The optimization function of MF is represented by:

min 3 (s — 9)° + AP+ [2]) (1)
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Students Students
Contents
Contents 0.1 0.87/0.2 0.1 | 0.1]0.87/0.2 |0.85
0.95/0.1 0.12/0.95 0.1 [0.85(0.95
1105 0.30.79/0.83| 1 |05
0.35 02| 1 |0.85/0.35/0.2

Fig. 1. Table of scores given for each student on tasks (or interacting with generic
tasks) (left), completed table by the MF algorithm with predicted scores (right).

where one wants to minimize the regularized Root Mean Squared Error (RMSE)
on the set of known scores. The prediction function is represented by:

K
Gij = > irthjn, (2)
k=0

3.2 Online Update

One of the criticized problems of MF is that it does not deal with time, i.e. the
latent features are constant after the first training. In order to keep the model
up to date, [18] implemented, in a large commercial ITS, the online update pro-
posed in [16]. The update, that we will call hereafter UpMF, consists in solving
again the minimization problem of Eq. (1) optimizing only ¢ with stochastic

Algorithm 1. UpMF Rendle et al. (2008), where (3 is the learning rate, X is the
regularization parameter, ¥ are the tasks’ latent features, iterprq, is the number
of algorithm’s iterations, History; are all the tasks IDs j the student i interacted
with with performance y.

Input: History;, \\¥, 3, K, itermax

Output: ¢’

o'~ N(0,0?%)

iter Moo= History;.length * iteryrqq;

for iter = 1 to iteryrq. do

Select j randomly from History;;

err =y — (Z,ﬁ;o tpikipjk);

for k = 1 to K do

Fe = B (err * P — Apik);

update @ik;

© 00 N O AW N

end
end

=
o
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gradient descent algorithm. This means the student’s model is learned at each
interaction from scratch. [18] coherently with [16] noticed that after approx-
imately 20 interactions the model update’s error for UpMF was degenerating.
[18] overcame the problem by retraining the model each night, assuming students
would see approximately 10 tasks per day. This was of course imposing strong
requirements on the machine where the application ran since the training is more
demanding computationally in comparison to the prediction phase. According
to the pseudo-code Algorithm 1 reported, there are two main limitations of this
algorithm. The first one is the dependency between the history length and the
number of algorithm’s iterations required to converge to a solution. The more
student’s interactions are available, the more iterations are needed by UpMF to
converge (see Algorithm 1). As a consequence the time required to update the
model increases over time. To keep the update time constant one should select
meaningful samples out of the given history. Unfortunately, we are not aware of
previous work analyzing this aspect in detail. The second issue is related to the
invariance to the samples sequence, i.e. when a sample is selected out of the ones
available old and new ones are considered equally. This means that the sequence
has no influence in the model computation.

4 Kalman State Estimation for MF (KSEMF)

In this Section we present a novel update method that overcomes the main issues
of the current state of the art. Kalman Filters are one of the most used state
estimation algorithms in operations research [7] and therefore constitute a valid
approach to our progress modeling problem.

4.1 Kalman Filter Theory

Before explaining the Kalman’s equations into detail, we briefly introduce the
Kalman approach in modeling state evolution. As shown in Fig.2 the Kalman
algorithm can be described as a two-steps cycle, where the alternating phases
are called “predict phase” and “correct phase”. During the predict phase the
state and error estimation are projected, i.e. one tries to predict what influence
a certain input would have on the state’s evolution. The input can be seen as the
set of actions that could be performed. With a more actual state estimate we can
try to predict the next observed measurement, where the measurement is what
we can observe from the surrounding environment. When a new measurement
is finally observed, the algorithm uses the information to correct its estimates.
At this point, the cycle starts from the beginning. In order to implement the
cycle equations, it is required to identify in the problem under analysis the
state, input and observable measurement of the system as shown in Fig. 2 with
the step “[A] System information”. How this was done for student progress
modeling is one of the key contributions of this paper. It is important to note
also how the sequentiality both of state evolution and measurements plays a
major role. Moreover, the Kalman Filter cycle is often referred to as recursive
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(1) Compute Kalman Gain
(1) Project the state
(2) Update the state

(2) Project the error

Q Update the error /

System
Information

Fig. 2. Kalman cycle.

as to reconstruct the entire state evolution it does not require the load of the
entire student’s history but uses only the last estimate in an iterative fashion,
so that the update time is constant.

The state x at time ¢ is modeled as a linear combination of the state at time
t — 1 and a control input uw at time ¢ — 1 with additive Gaussian noise w (Eq.
(3)), where A and B are matrices of coefficients multiplying the state and control
variables respectively (Fig. 2[B]).

L1 = A%t + But + wy (3)
In Eq. 4 the measurements of the environment are predicted adding the current
state estimation multiplied by a coefficient matrix H to Gaussian noise v.

yt+1 :Hwt+vt (4)

Kalman Filters predict the current state £, and the error covariance matrix P,
by means of Eq. (5) (Fig.2[B]), where @ is the state noise covariance matrix
derived from the Gaussian noise variance w of the state variables.

2%;4_1 = Aiﬁt + B’Ll,t
P, =APAT +Q (5)

Then, with a new measurement y; (Fig.2[D]), state estimation #; and error
covariance matrix P, are corrected with Eqgs.6 (Fig.2[E]), where K; is the
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so-called Kalman Gain and R the measurement noise covariance matrix derived
from the variance of the measurement noise vy.

_ _ —1
Ky =P H" (HP7,H" + R)
@y =& + Ky (ye — Hiepyy)
Py=(I-KH)P~ (6)

R, @ and P, are all diagonal matrices whose values are treated as hyperparame-
ters, e.g. @ = diag(0.01) means that all Q values on the diagonal are assigned
to 0.01. We want to use this approach to model the evolution over time of the
MF’s latent features and consequently show the students’ progress over time.

4.2 Kalman State Estimation for Matrix Factorization (KSEMF)

In this Section we present our novel method for progress modeling: the Kalman
State Estimation for Matrix Factorization (KSEMF). In order to integrate the
Kalman Filter and MF we first need to identify the state and the control of the
system. As aforementioned, at each time step ¢! of student s;, i.e. the student’s
MF latent features, needs to be updated to !*! with a function 7. Under this
interpretation, ¢! should be the evolving state. The control over the system
are the tasks’ latent features 1), presented to the student, whereas the score
y: represents the measurement and its prediction ¢; at time ¢ (Eq. (7)). Since
this algorithm is modeling the state and the interaction with the environment
explicitly, a working Kalman Filter does not only show that the approach is valid
for performance prediction, but also that (1) the students’ latent features can
be interpreted as the students’ state and that (2) the tasks’ latent features can
be interpreted as the tasks’ characteristics.

P1 ©1 1
: =A|: +DB | + wy
23 k], Vr],
¥1
Jepr=H || +wv (7)
Pk,

In order to integrate the prediction function of MF (Eq. (2)) we formalized the
relationship between state ¢! and predicted measurement g; as in (8), having
then H = 7.

T
(01 ®1
y} = + Vi1 (8)
Ukl oy Lor] iy

Still missing is Eq. (3), i.e. the function 7 mapping the state ¢;* with the state
at time ¢ + 1.
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4.3 Skill Deficiency Aware KSEMF(KSEMF _SD)

In order to make KSEMF aware of the student’s skills deficiency, we will model
the update function 7, which represents the learning from one task interaction,
in a specific way. We started from the simulated student developed in [20] that
was able to simulate a learning process with continuous knowledge and score
representation and tasks with multiple difficulty levels. Nevertheless, we do not
exclude the possibility to use also other equations to model the relationship
between @? and ¢tt1. The simulator models a learning process defined by the
Zone of Proximal Development (ZPD) [29], i.e. a student can learn from a task
only if it is of the correct difficulty level. This is defined in the simulated envi-
ronment as the difference a®J between the skills of the student % and those
required to solve the task ;. As a consequence a®J represents the skill defi-
ciency of the student.

©,J
ﬂ(%ﬂ/’a) :max(l - |||a90|||| 70)

(00,07 % = (@ins Vi)
ay? =max(Yjr — ik, 0) )

In Eq. (9) ¢ represents the simulated score of the student and the skills are
positively definite. Therefore ¢;x > ;25 means student i is more knowledgeable
than student 2 and ¥, > 1j2r means task j is more difficult than task j2.
Finally ¢, < @i means a task j is too easy for student ¢ and (s)he cannot learn
from it [20]. To develop the Skill Deficiency aware Kalman State Estimation for
Matrix Factorization (KSEMF_SD) we interpreted the simulator modeled skills
Yir and @y, for all 4, j, and k as the from MF computed latent features. We
then reformulated the equations modeling the process, Eq. (9), to fit Eq. (3) and
work also with negative latent features. Therefore, we slightly modified Eq. (9)
to Eq. (10). These changes allowed also negative latent features, but kept the
ZPD properties of the simulator, i.e. a student cannot learn from too easy tasks
and learns from a task proportionally to his knowledge and the skills required
to solve the task. The equations were changed as shown in Eq. 10.

[la]|
sl 7
(i, ¥5)k = @ik, Yjn)¥0 (e’ > 0)i

ay? = e max(1 — i /1hjk, 0), (10)

§(i, ¥;) = max(1l — 0)

where 7 is a weight and § is a Kronecker § that is equal to 1 when its condition
ay’ > 0 is verified and 0 elsewhere. a;? > 0 for max(¢;x — @i, 0) when ¢, > 0
and for min(¢;x — @ix,0) for ¢ < 0. Under the interpretation ¢; ;, = 0 means
student ¢ does not possess skill k and |g; x| > 0 now means having some ability
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in skill k. The mathematical properties of the equations did not change much
from the previous version and are:

1. The simulated performance ¢ of a student on a task decreases proportionally
to his skill deficiencies w.r.t. the required skills.

2. The student will improve all the required skills of a task proportionally to
his simulated performance ¢, his learning rate « up to the skill level a task
requires.

3. As a consequence it is not possible to learn from a content more than ~y times
the required skills.

4. A further property of this model is that tasks requiring twice the skills level
a student has, i.e. ||| > 2 ||¢;], are beyond the reach of a student.

Given Eq. (10) we obtained () = o\ + (5(ir, 03110 (|0ik] < [15u])) s, Le.
A= diag(1)

and
B = diag(§(pir, Vi )0 (o] < [¥jx])7)- (11)

5 Experiment Section

In this Section we analyze different aspects of the algorithm. First, we describe
the dataset used for the experiments; then, we analyze the hyperparameters’
selection and the model initialization. Afterwards, we discuss the ability of the
algorithm to model the student progress. This is done from different perspectives,
which involve the personalization of the state and the update rate. sensitiveness
of the algorithm to the lack of data.

5.1 Dataset Characteristics

To test the presented algorithm and model the progress of the students we use
the dataset collected with an ITS with 20 topics about maths for children aged
from 6 to 14, who can practice with over 2000 tasks at school or at home.

An example of questions proposed to the students can be found in Fig. 3.
From these questions proposed in sets, that we call interactions or tasks, we do
not know which ones precisely were answered correctly since the I'TS aggregates
the information in a single score. For these multiple-skills interactions we do
not possess the skills involved, therefore, in this context, we cannot use classic
BKT and PFA approaches. The score, as in [20], is represented in a continuous
interval which goes from 0 to 1. The topics and new skills to be acquired are
introduced following the curriculum of the country. The tasks are presented
with a rule-based sequencer, which increases the difficulty of the tasks once the
student completed and passed all the tasks of the difficulty level. If the tasks
are not passed the student gets a regression exercise or can try again to solve
the task. Of the large dataset of the commercial ITS we selected two subsets
described in Table1 in order to minimize the noise due to the lack of data and
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monitor the progress of the error and latent features over time. Consequently,
we selected only the students ¢ with at least IV; > 10 interactions, where one
interaction correspond to a student solving a set of 10 questions aggregated
in a single score. The available students are then divided in two groups. The
group of those with 10 < N; < 100 is used to initialize the latent features of all
algorithms (D7, Table 1), whereas the others with N; > 100 are used to test
online updates UpMF and KSEMF_SD (Dr.s; Table1).

The pig has £19. Someone takes £6 from him. How much money does he have?
|

Tick the FOUR pieces that will make one whole.

RDARPTANY

o 0 o o o0 o o

Fig. 3. Two questions of the commercial ITS.

5.2 Hyperparameters’ Selection

All the model hyperparameters of MF, UpMF and KSEMF_SD were selected
with a full Grid Search, i.e. the influence on the model error of different combi-
nations of hyperparameters is analyzed in a brute force manner. First MF ones
were evaluated considering the RSME obtained with a further split of Dpygin.-
66% of Dryqin Was used to train the MF model and its 34% was used to test the
model with the different hyperparameters. UpMF and KSEMF_SD best hyper-
parameters are then selected in the ranges presented in Table 2 according to the
performances in Dr.s in particular we used the value Total RMSE computed
as in Algorithm 2 to evaluate the performances of the algorithm.

Algorithm 2. Experiments’ Framework.
Inplﬂ;: DTrainy DTesh Q7 R: PO
1 Use Drrein and Eq. (1) to obtain (=9 and v,
2 for each s; c; interactions in Diesy N do
A = diag(1), H = ;7
Compute B using Eq. (11);
g=Predict, Eq. (5);
Correct, Eq. (6);
Err+ = (y — 9)*
8 end

9 Total RMSE=+/Err/N;

B =R B )
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Table 1. Dataset Statistics.

Drrain | Drest

Number of Tasks 2035 2035
Number of Students 24288 713
Total Student-Task Interactions, N | 751109 | 102038

UpMF and MF hyperparameters are A, 0, iterpsq, and K. In addition to these,
KSEMF _SD possesses four more hyperparameters: @, R, 7, and Py. The empir-
ical approach is to model @, R, and P, as diagonal matrices and test their diag-
onal values with a logarithmic scale. The selected hyperparameters are reported
in Table 2.

Table 2. Hyperarameters’ ranges tested and selected values for UpMF and
KSEMF_SD.

Parameters Range Step UpMF | KSEMF_SD
Learning rate 3 0.01-0.1 0.01 0.01 0.01
Latent features K 2-120 20 102 62
Regularization A 0.01-0.1 0.01

0.001-0.01 | 0.001 0.01 0.01
Number of iterations Iterarqs. | 10-200 10 100 25
State noise cov. @ 0.00001-1 | Logarithmic | - 0.00001
Error noise cov. Py 0.00001-1 | Logarithmic | - 1
Measurement noise cov. R 0.00001-1 | Logarithmic | - 0.001
Weight ~ 0.00001-1 | Logarithmic | - 0.001

In the future more efficient approaches to hyperparameters’ selection could
be used as the ones suggested by [23,31].

5.3 State Variables Initialization

The next question to answer was how to initialize the latent features of UpMF
and KSEMF _SD. Since both algorithms are fully personalized they both suf-
fers from the so called cold-start problem, which occurs when no information is
available about the students or the tasks. Therefore, a random initialization of
the latent features would lead to very bad performances [28]. Usual approach
to solve the problem is to train a model with the classic MF algorithm and use
the computed tasks’ latent features to initialize KSEMF_SD and UpMF. These
are then kept constant while applying Algorithm 2 or Algorithm 1. Since Dryqin
and Drp.s have no overlapping students, the Dpes; students’ cold-start prob-
lem is solved by including in D74, data of their first interactions with the
ITS, so that their latent features can be learned in a full training. The sam-
ples necessary to avoid the cold start problem, both for students and tasks, are
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generally 0. This amount was empirically defined by [15]. Since these 10 inter-
actions are not always available, we show also results when just one interaction
is included in Dpyqin. The by MF computed students’ and tasks’ latent features
are then used to initialize respectively &= and ¥ of UpMF and KSEMF_SD.
The MF results shown in all the subsequent figures are the ones of the MF used
to initialize KSEMF_SD, so that it is possible to see the lift obtained by the
KSEMF _SD update.

In Fig.4 we can see how the Total RMSE, computed as in Algorithm 2,
evolves over time. Models marked with the “Cold” label are initialized with
only 1 sample whereas the others are initialized with 10. MF Cold behaved like
a random predictor with an error around 0.5 and is not shown in Fig. 4. As it is
possible to see, the 10 samples substantially improved the error. Nevertheless,
we believe this is still not an optimal initialization for KSEMF_SD, since for the
first interactions KSEMF_SD is outperformed by UpMF and MF with 10 samples
initialization. KSEMF_SD, initialized with 10 samples, has a similar behavior as
MF because it inherits the error of MF tasks’ latent features whereas KSEMF_SD
error amelioration is due to the better students’ latent features modeling.

If these 10 interactions are not available, KSEMF _SD Cold converges faster
to smaller errors than UpMF Cold. In [28] it was discussed how the cold start
problem limits the usage of MF in small ITS or for short experiments with new
students. Therefore, a faster converging error is an appealing property, that could
further reduce the requirements of MF.

Despite a better performance in the first interactions UpMF error increases
over time. The problem was reported also by [18], who, to avoid this issue,
retrained the model each night. This is however a quite demanding computa-
tional requirement and, as we will see in Sect. 5.5, can affect the progress model-
ing approach we want to use. Moreover, UpMF requires the entire history of one
student as input parameter for Algorithm 1 that in case of DB implementation
will not only slow down the performances but also increase the complexity of
the system. KSEMF _SD does not require demanding DB accesses to extract the
entire student’s history since it uses only information of the current time step
to predict the next one.

Finally, in this experiment we also provide the first proof that KSEMF_SD is
able to predict the student performances, meaning that it is possible to interpret
the student’s latent features as their state.

5.4 RMSE Evaluation

In this Section we evaluate the overall algorithm performances by computing the
Total_ RMSE, as in Algorithm 2. For MF, UpMF and KSEMF_SD we analyze
the sensitiveness to the number of latent features. Moreover, we repeated the
experiment five times to be able to exclude the variance influence due to the
random initialization of the MF. As shown in Fig.5 the algorithm is able to
outperform our reference baselines in all tried latent features configurations.
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Fig. 4. Drest Total RMSE behavior over time: Models marked with “Cold” label
are initialized with only 1 interaction in D7yqin Whereas the others with 10.

5.5 Modeling Student Progress

In order to use the developed algorithm to model student progress, it is impor-
tant to be able to use the performance predictor as model for the user state and
take decisions accordingly. One of the claimed disadvantages of MF approaches

Sensitiveness of RMSE to number of Latent Features
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Fig. 5. RMSE sensitiveness analysis to latent features.
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Fig. 6. Actual score (left), KSEMF_SD predicted score (center), UpMF predicted score
(left).

in comparison to BKT and PFA is that the amount of knowledge of the stu-
dent cannot be extracted directly from the latent features computed by the
algorithms. For this reason [20] proposed a sequencer which uses only the infor-
mation coming from the predicted score. In Fig. 7 it is shown (a) how the latent
features evolve according to KSEMF _SD algorithm in a scenario with 62 latent
features and (b) how the latent features evolve according to UpMF algorithm
in a scenario with 102 latent features. Figure 7(f) shows the actual score of the
student (blue) and the predicted performance of the student by KSEMF_SD
(green) and MF (red). This figure can be enlarged in Fig. 6. There, one can see
how the actual score curve cannot be used to interpret the student progress.
This can be more easily understood if one considers that the 200 interactions
involve a period of one year, where the student could have increased its knowl-
edge in each of the 22 topics of several difficulty levels. Since both UpMF and
KSEMF _SD mimic the actual score behavior, the same interpretability problem
occurs. However, the predicting ability of KSEMF _SD let us suppose that the
latent feature have indeed a state meaning for the algorithm and consequently an
evolution according to the student’s performance should be monitored. There-
fore, to monitor a meaningful trend, we aggregated the features computing the
norm 1 normalized for the number of latent features as in Eq. (12) and depicted
the results in Fig. 7(c) for KSEMF_SD and (d) for UpMF.

1 K
b = 5 3 o (12)
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Fig. 7. x-Axis: Number of tasks seen by the student or interactions. y-Axis: (a) state
evolution according to KSEMF_SD with K =62. (b) state evolution according to UpMF
with K=102. (¢) and (d): knowledge evolution for KSEMF_SD and UpMF computed
as in Eq. (12). (e) Total RMSE of KSEMF_SD (blue), MF (green) and UpMF (black).
(f) Actual performance of the student (blue), predicted performance by KSEMF_SD
(green), MF (red). (Color figure online)

Under the interpretation that ¢; ; = 0 means student ¢ does not possess skill
k, whereas |p; x| > 0 means having some ability in skill k, variable kn could
be understood as the personalized knowledge evolution or the learning curve of
the user. Although UpMF latent features are learned from scratch after each
interaction one can notice in the figures an evolution trend, which is as plau-
sible as the one of KSEMF_SD. This also confirms that the latent features in
MF approaches represents the state of the user and their value could be used
to retrieve the students knowledge amount. We believe this works because the
tasks’ latent feature are kept constant. Therefore, in order to keep track of the
current state of the students one cannot do a full retrain of the UpMF model,
as done by [18], since this would reset the values of the tasks’ latent features,
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that allow reconstructing at each interaction the state of the student by means
of the student’s history.

5.6 Personalization

One important aspect of progress modeling is personalization. MF creates an
individualized model as well for tasks as for students. In order to do so also
for KSEMF_SD, each student has his/her own KSEMF_SD equations updat-
ing according to his/her modeled state and performances. Since the simulator
equations are based on the state variable, in this context, also the B matrix is
personalized and change at each interaction. Therefore, the update equations of
KSEMF _SD model personalization in two different ways. The B matrix repre-
sents the influence of the student on the update, i.e. what is his/her learning
rate and its skills’ deficiency. The control u, i.e. the tasks’ latent features v,

(a) State Evolution Student 1
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(b)Knowledge Evolution Student 1
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(c) Error Student 1
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(d) State Evolution Student 2
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Fig. 8. x-Axis: Number of tasks seen by the student or interactions. y-Axis: (a)
and (d): KSEMF_SD state evolution of two different students, K=62. (b) and (e):
kn of KSEMF_SD latent features computed as in Eq.12. (¢) and (f): Total RMSE of
KSEMF_SD (blue), MF (green) and UpMF (black) of two different students.



66 C. Schatten and L. Schmidt-Thieme

represents the influence of the task on the knowledge acquisition of the student.
Hereafter, we will see how the state as well as the update evolve over time in a
personalized way.

Personalized State Evolution. See Fig.8(b) and (d) to see the personalized
latent features’ trends of KSEMF_SD. In Fig. 5(c) and (f) and in Fig. 7(e) we can
see the Total RMSEs of the models for three specific students. These are overall
coherent with the results presented in Fig. 4. This information could be used in
several ways, e.g. by later establishing the mapping between the computed kn
trend and the actual knowledge acquisition of the users, we could design novel
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Fig. 9. x-Axis: Number of tasks seen by the student or interactions. y-Axis: (a) how
the state evolves according to KSEMF_SD with K=62. (b) shows how the state evolves
according to UpMF algorithm with K=102. (¢) and (d) show the knowledge evolution,
computed as in Eq. (12). (¢) RMSE of KSEMF_SD (blue), RMSE of MF (green) and
UpMF (black). (f) Actual Performance of the student (blue), predicted performance
of the student by the KSEMF_SD (green), predicted performance by MF (red) and §
(turquoise). (Color figure online)



Hybrid Matrix Factorization Update for Progress Modeling 67

policies for sequencing tasks, feedbacks and hints. In addition, the relationship
between kn and the model error should be further analyzed. This will allow also
to monitor the performances of the performance predictor over time.

Personalized Update Evolution. In this Section we discuss the plausibility
of the personalized update trend derived through Egs. (10). For simplicity we
considered g, which represents the update of the state, since it is later multiplied
with constant v to obtain B (See Eq. 3). In Fig. 9(f) we show, for a student, how
4 evolves over time. An almost constant update is plausible, since it mimics the
learning rate of the student, which is related to his/her learning ability. However,
its adaptive computation through the state is of advantage, since it allows the
model to faster adjust to the students’ states changes. In Fig.10 we see that
the average update for all students evolves over time converging only in the
last interactions to a constant value. This is explicable with the previously seen
behavior of KSEMF_SD in the first interactions (see Fig.4) and should be seen

as another indicator that the initialization of the algorithm is not optimal.
Although we were not interested in keeping the simulation properties of the
simulator from which we derived our equations, we briefly discuss why ¢ is
smaller than the actual performance. Since the variables of ¢ and ¥ are not
i,j

clipped between 0 and 1 as in [20] Hak ‘ is consequently bigger on average

and g smaller than the actual performance. In conclusion, given the ameliorated
results of KSEMF_SD over UpMF, reported in both Figs.4 and 5, we overall
showed that the designed equations for KSEMF_SD are suitable to update the
students’ latent features.

Mean Update
0.26 T T T

Update

0 50 100 150 200
Interactions

Fig. 10. Mean Update Over Time Update behavior at each interaction on average
for all students.
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6 Conclusions

In this paper we presented KSEMF_SD a novel method for student progress
modeling based on online updating MF performance prediction and skills’ defi-
ciency aware Kalman Filters. Progress modeling is proposed, as amelioration of
domain independent performance prediction, it allows showing the evolution of
the students over time in a plausible way. We showed that it is possible to give
a specific interpretation to latent features which represents the state of the stu-
dent and the characteristics of a task. In future work, the relationship between
the computed kn could be mapped with the real knowledge evolution with the
final goal to deliver an effortless analysis tool to teachers and developers. In
order to do so, an idea could be to apply the same approach to the contents’
latent features associating the normed sum of the latent features with the esti-
mated difficulty level of a task. With a laboratory experiment it would be easier
to map the from the algorithms retrieved curve to the available tasks’ domain
information, rather than trying to map predicted and real students’ knowledge.

KSEMF _SD also showed appealing properties in comparison to other poten-
tial domain independent progress modeler. First, the algorithm requires less
resources as the entire student’s history is not necessary to compute the updated
latent features. Then, the algorithm is still domain independent because the
tagged skills of the tasks are not used to deliver a score prediction. Finally,
KSEMF _SD reduced the prediction error and is less sensitive to the lack of data.
In future work we believe to further be able to reduce the error by developing a
better initialization of the students’ latent features. In conclusion, in this paper
we showed that Recommender Systems and Kalman Filters can be successfully
combined. We are then looking forward in testing such approach with other user
modeling applications.
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Abstract. The global aim of this research is to identify, map, and form a
taxonomy of the ways, the elements, and the factors that affect learner engagement
with virtual worlds when Hybrid Virtual Learning models are used. Thereafter,
the more specific objective of the research is to provide clear guidance to educa-
tors who are already utilising or are planning to embed this learning model in their
educational agenda. For the examination of this topic, a quanti-qualitative
research approach is used, as this allows to investigate the subject both from the
students’ and the instructional designer’s point of view. The sample of this study
consists of both undergraduate and postgraduate university students. Participants
are requested to fill in two different questionnaires, one before using the virtual
world and one after completing their assignment. That way it is possible not only
to fully mirror their thoughts, preconceptions, and opinions towards the use of
virtual worlds in Higher Education, but also the impact that the instructional
designer’s choices have on enhancing the opportunities for interactions. In addi-
tion, a focus group is being observed — both in the physical classroom and in the
virtual world — during the course of the assignment. The focus of this experiment
was on the impact that the orientation/induction process has on learner engage-
ment. The findings suggest that students’ interactions with the content of the
virtual world, and the in-class student-to-student interactions, have stronger
impact on student engagement. This is because students’ simultaneous co-exis-
tence in both environments eliminated the drawbacks of each educational
approach, and broadened the network of interactions.

Keywords: Virtual world - Virtual learning - Interactions - OpenSimulator -
Orientation - Induction - Engagement

1 Introduction

Computer supported education can be classified in four different ways (see Table 1).
Virtual reality and virtual worlds, which were first introduced to the public in the 1980s
and have continued to develop ever since, are cornerstones of ‘learning in technology’ [26].

In the literature [19], virtual worlds are defined as 2D or 3D computer generated
environments that either depict parts of the physical world or imaginary sceneries. In
these worlds, users are able to perform a wide range of interactions with the content of
the world and other users [17], such as: (i) object creation [14], (ii) object manipulation
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[3], (iii) terrain editing [1], (iv) navigation around the world [20], (v) synchronous or
asynchronous communication, either orally or via chat, and vi) use of avatar gestures
and other forms of in-world visual interactions [5].

Table 1. The framework of Schrader [26].

Relations of technology with education

Learning about technology Learning with technology
Technology as a topic Technology as a tool
Learning from Technology Learning in technology
Technology as a delivery mechanism | Technology as the context

These kinds of interactions are performed through the use of avatars [21], that is
users’ artificial figures [13]. Virtual worlds provide not only the necessary context for
all the aforementioned interactions, but they are also increasingly providing more
complex interactions. Both these facts have led educators to use them extensively, taking
into account all their educational potentials [26]. Content creation activities, exploratory,
problem-based, collaborative, blended, and synchronous or asynchronous distance
learning are only some of the in-world educational paradigms that have been extensively
used and studied from many different perspectives [17, 30].

Despite some differentiations in recent researchers’ foci [25, 30], all of them have
acknowledged Vygotsky’s Social Constructivist Learning Theory [31] to have great
practical application on learning within virtual worlds. According to the Social
Constructivist Learning Theory [31], students construct their cognitive structures
through interactions and engagement with any kind of activity that motivates them to
learn. Thus, interacting within virtual worlds can be very beneficial for learners [14].
Jones [22] underlines that it is the learners’ ability to affect, alter, and enhance —
according to their needs — the content of the virtual world in which they learn, that
enables them to construct their cognitive schemes and engage with the phenomena they
study. Consequently, learning becomes more self-directed and student-centered [2],
whilst the educator gets the role of the designer, instructor, and supporter of activities
that aim to engage students in learning [2].

The historic context of these studies derives from the plethora of research activities
into Second Life since 2003 — including research at the University of Bedfordshire such
as Shukla and Conrad [28], or Christopoulos and Conrad [9] — and subsequent research
on OpenSim in view of the similarities and differences identified [9]. It is fully acknowl-
edged that other interfaces such as textual virtual environments exist; however, they do
not fall within the focus of this study.

Several frameworks have been developed to aid educators define and conceptualise
their new role and the potential utilisation of virtual worlds in educational contexts [18].
Most of them focus on the interactivity of the worlds or the interactions that can be
developed in order to cover students’ learning needs. Camilleri et al. [4] studied in-world
interactions in detail aiming to explain how students learn in-world, yet disregarded the
perspective of learning in the physical classroom, focusing on the viewpoint of distance-
learning.
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Furthermore, de Freitas et al. [15], investigating the use of virtual worlds for distance
learning, suggested a four-dimensional framework for the evaluation of students’
learning experiences. Those dimensions (see Table 2) are the learner’s dimension, the
pedagogic dimension, the representational dimension, and the contextual dimension.
Even though in-world interactions were part of their study, the focus was not exclusively
on that aspect, since they aimed to give a more holistic view of the affordances of distance
education in virtual worlds.

Table 2. The framework of de Freitas et al. [15].

Four-dimensional framework

Learner specifics | Pedagogy

Profile Associative

Role Cognitive
Competencies Social/Situative
Representation Context

Fidelity Environment
Interactivity Access to learning
Immersion Supporting resources

At this point, a question arose regarding the way in-world interactions are being
developed, in cases where learners are simultaneously co-present in the physical class-
room and in the virtual world.

Another interesting point of de Freitas et al. framework [15] is that it takes into
consideration a ‘learner’s dimension’. Thus, the answer that will be provided through
this study will supplement the aforementioned framework. It will also analyse how
engagement occurs as a synergy or component between the learner’s personal choices
and preconceptions, on the one hand, and the instructional designer’s plans, on the other.

Childs [7], who investigated the skills students acquire when they start using virtual
worlds, formed a taxonomy of interactions related to the use of virtual words (see
Table 3). He divided interactions into four categories: interacting with the world, inter-
acting with others, interacting with the avatar, and, finally, finding and searching.

Table 3. Child’s [8] taxonomy of interactions.

Interacting with the world Interacting with others

Motion Using local (public) chat

Manoeuvring Using private chat

Way-finding Using the minimap to find people and move to them

Changing camera positions
Mouselook (first-person)

Interacting with the avatar Finding & searching
Changing avatar appearance Creating a landmark
Creating folders to save appearances Finding a landmark in the inventory

Animating the avatar Teleporting to a new location and back again
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Chafer and Childs [6] identified the elements that affect a world’s interactivity, that
is manipulability, reciprocation, and responsiveness. Addressing the same topic from a
different angle, Steuer [29] noted three alternative factors when examining interactivity:
speed, range, and mapping of interactions. These two different frameworks can be
helpful tools for educators who need to measure how interactive their existing virtual
environments are. One of the few researchers looking at the educational use of virtual
worlds both from the inside and from the outside, both in-world and in-class, is that of
Levesque and Lelievre [23]. Specifically, they presented the outcome of their experiment
on applying a hybrid approach, where students were simultaneously present in-class and
in-world. They pointed out that students’ virtual and physical co-location led to the
development of a complex network of interactions both in-world and in-class; both
among students, and between students and the virtual environment. Although Levesque
and Lelievre [23] studied interactions quite extensively, they did not identify how inter-
actions are linked to engagement. This is another issue that this study aims to investigate.

However, this taxonomy did not include the interactions between students and the
content of the virtual world, nor the building and scripting skills students usually need
to acquire, since this subject was out of the scope of Child’s [7] study. This issue is
intended to be covered in this study.

De Freitas et al. [16] underline the need for further investigation of the potential and
the affordances of hybrid spaces with simultaneous student physical and virtual pres-
ence. In addition, Elliott et al. [18] point out a lack of a detailed taxonomy of all the
interactions related to the use of virtual worlds in an educational context.

To sum up, this study aims to fill the gaps highlighted in the literature, and provide
educators, who aim to include the use of virtual worlds in their educational agenda, with
instructions on how to design and develop engaging and interactive learning activities.
Even though learner’s choices and preconceptions regarding the use of virtual worlds
have been extensively investigated in the literature, the impact of the synergy between
the learner’s personal choices and the instructional designer’s plans is blurred. Further-
more, the existing literature is mostly focusing on the in-world interactions aiming to
create effective e-learning models. However, it lacks detailed frameworks that explore
the relationship between the interactions in hybrid-learning models and learner engage-
ment with the learning material, on the one hand, and the educational activities, on the
other.

2 Materials and Methods

Primarily two research methods were used, observations and surveys. This was thought
to be the most appropriate way to examine the subject under investigation, since it would
give a more thorough view of the phenomena, aid validity and diversity, and allow for
the triangulation of the primary data. In other words, observations would allow to record
students’ actions and behaviour both in the physical classroom and in the virtual world,
whilst surveys would provide the opportunity to record students’ preferences.
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2.1 Observation

Research through observation may have several strengths [11]. Three were the main
aspects that indicated observation as the most suitable method for this study. Firstly, as
described in Cohen, Manion, and Morrison [11] that led to the emergence of unique
primary data, the most essential advantage of observation is considered to be the princi-
ples of ‘immediate awareness’ and ‘direct cognition’ — i.e. the opportunity given to a
researcher to have a ‘direct look’ at the actions that take place without having to rely on
second-hand accounts. Secondly, observation is a very flexible form of data collection
that allows researchers to alter their focus, depending on the observed actions and behav-
iours. Finally, the method of observation allows the researcher to gather any necessary
data, while the participants unimpededly follow their own agenda and priorities.

Nevertheless, when conducting observation research, there are unavoidably —as with
most methods — certain disadvantages in the data collection process [24, 32]. Even
though a great effort was made to eliminate them as much as possible, they cannot be
disregarded. The main challenge, when collecting primary data through observation, is
the ‘selective attention of the observer’. When two or more observers are observing the
same sample, different outcomes are likely to be reached, due to the very unique way
the human brain perceives what one sees, feels, and hears. To eliminate the negative
impact of this issue, it was attempted to explicitly log students’ actions the way they
were taking place in real time.

In addition, the ‘reactivity’ of the sample can also run the risk of bias. According to
Shaughnessy et al. [27], human behaviour may alter when someone is being observed.
In terms of the observations in question, students may feel stressed or anxious during
the observation and this can affect their overall behaviour, e.g. working harder, or
performing worse, or even behaving in ways that they feel will have a positive impact
on the researcher’s work. This is why the lab observer maintained an overall low profile,
roaming almost silently around the lab, while keeping a ‘safe distance’ from the students
so as to not make his presence distracting for them.

Finally, observations are recording only what happens in a given period of time or
what can be seen in a given interface. This is eventually the ‘problem of inference’ and
the suggested solution is the triangulation of the primary data. This was, eventually, the
main reason why surveys were also used in conjunction with the observations in this
study [12].

2.2 Experiment Structure and Sample

This research was conducted in a university-based environment with a cohort of post-
graduate students who volunteered to be part of this study during their weekly practical
session (see Table 4). A university-hosted virtual world, based on the OpenSimulator
architecture, was used to allow students to explore and familiarise themselves with the
Linden Scripting Language — an event-driven programming paradigm — and also with
3D modelling concepts.
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Table 4. Sample’s identity.

Observation week 1 12/3/41|516
Male 10819 5|8 |6
Female 7 |7|71/61|5 |4

The aforementioned cohort of students utilised the virtual world as an innovative
tool to deal with, in the context of working and collaborating in groups with task division,
similar to circumstances taking place in companies. Each group had to choose an
emerging technology subject, research that subject, create a virtual showcase for its
promotion, and document all the aspects of their work. For more information about the
assignment setup the reader is directed to Christopoulos, Conrad, and Shukla [11]
(Table 5).

Table 5. Students’ prior experience with virtual worlds like Second Life/OpenSimulator.

None 7
Up to a week 5
Up to a month 2
More than six months but less than a year | 1
More than one year 2

2.3 Experiment’s Overview and Setup

Many new users are either simply unable to acquire the navigation and operation mech-
anisms of virtual worlds, or refuse to do so because they consider this practice as a waste
of time and effortt with no practical value [7]. When a virtual world is to be used for
educational purposes, it is essential that time be devoted to the students’ familiarisation
with the world. This is necessary in order to enable them to form their avatar — and, by
extension, their virtual identity — and also learn to interact fundamentally with the virtual
environment, as reported by Childs [7] and De Freitas et al. [15]. Additionally, De Freitas
et al. [15] note that the realisation of these procedures, which on the whole they call
‘orientation’, requires that specific actions be undertaken under the supervision and
assistance of the educator in charge.

Therefore, in this experiment the focus was on the impact that the orientation (induc-
tion) process has on learners’ actions, interactions, and engagement with the virtual
world and the learning material (Fig. 1).

While designing the experiment, various setups were considered in order to examine
the effectiveness of the virtual world, in general, and of the orientation process, in
particular, on learner engagement. The initial idea was to have a cross-over design, in
which half of the students would have access to the virtual world first, and the other half
would not; it should be noted that the roles would have been switched in a predefined
period of time. In the meantime, there would theoretically be the possibility to observe
students’ performance, and notice the difference between their performance and the
learning outcomes. Nevertheless, as the use of the virtual world was an integral compo-
nent of students’ assignment — not to mention that the assignment brief had specific
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Fig. 1. Avatars’ appearance editing room.

deadlines and time plan for all the tasks — giving ‘early access’ to some students could
have been considered as an advantage over to others, and, therefore, this idea had to be
disregarded. It is worth mentioning that even though having different control groups
(e.g. a cohort of students that would go through the orientation process, whereas the
second group would not) would be desirable, it was not feasible to establish this, due to
students’ perceiving they might be disadvantaged as to their learning experience.

3 Results

A semi-structured observational checklist [11] was used for the collection of primary
data. This checklist included: sixteen (16) focus points regarding the interactions taking
place in the physical classroom when a virtual world is used; seventeen (17) focus points
regarding the interactions taking place in-world, not only among students but between
the students and the virtual world as well; and, finally, six (6) focus points regarding
students’ willingness to remain in the virtual world, and, by extension, in the physical
classroom.

The focus points of the checklist were carefully chosen to cover all the potential
interactions that students could have both with the content of the virtual world and with
each other. Tables 6 and 7 illustrate the rationale based on which the observation check-
list was developed, and the spectrum of interactions were mapped.
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Any remarkable detail of each observation was noted in the open-ended part of the
checklist. Observations were taking place on a weekly basis and lasted six (6) weeks.
Students were simultaneously co-present both in the physical (university) classroom and
in the virtual world, whilst each practical session was lasting for 2 h (12 h in total). In
order to observe all the participants for an equal amount of time, students’ actions were

observed in rotation for approximately 30 s until the completion of the practical session.

Table 6. Student interactions with others.

In-world In-class
Student-to- Student chats with his/her classmate | Student talks to classmate about the
student/teacher | about the project or the virtual world | project or the virtual world
interactions Student chats with student about Student talks to classmate about

something irrelevant to the project or
the virtual world

something irrelevant to the project or
the virtual world

Student uses in chat phrases/words
revealing enjoyment (e.g. ‘that’s
funny’, ‘cool’, etc.)

Student talks to tutor/demonstrator
about the project or the virtual world

Student uses in chat words/phrases
revealing exclamation (e.g. ‘that’s
fantastic’)

Student talks to tutor/demonstrator
about something irrelevant to the
project or the virtual world

Student uses in chat words/phrases
often used is social networks (e.g.
‘lol’)

Student makes positive comments
about the technology of the virtual
world

Student refers to avatar in the first
person/identifies with avatar (avatar
as ‘T")

Student makes negative comment
about the technology of the virtual
world

Student refers to avatar in the second
person/addresses avatar directly
(avatar as ‘you’)

Student makes a positive comment
about the emotional experience of the
virtual world

Student refers to avatar in the third
person (avatar as ‘him or her’)

Student makes a negative comment
about the emotional experience of the
virtual world

Student refers to avatar as object
(avatar as ‘it”)

Student refers to avatar in the first
person/identifies with avatar (avatar
as ‘T")

Student makes a negative comment
about the technology of the virtual
world

Student refers to avatar in the second
person/addresses avatar directly
(avatar as ‘you’)

Student makes a negative comment
about the emotional experience of the
virtual world

Student refers to avatar in the third
person (avatar as ‘him’ or ‘her’)

Student uses emoticons

Student refers to avatar as an object
(avatar as ‘it’)
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Table 7. Student interactions with the worlds.

In-world

In-class

student-to-world
interactions

Student works on his/her project
(building/scripting)

Student seems focused on his/her
project

Student performs actions irrelevant

Student seems to enjoy the project

to the project (e.g. dancing, flying,
visiting places, etc.)

Student modifies his/her avatar’s Student seems ‘absent-minded’

appearance

Student uses avatar gestures Student seems displeased using the

virtual world

Student explores his/her classmates’
virtual artifacts

Student ‘logs-in’ before the
beginning of the practical session

Student uses his/her own virtual
creations

Student ‘logs-in’ at the beginning of
the practical session

Student uses the in-world tools Student ‘logs-in’ later than the
beginning of the practical session
Student ‘logs-out’ before the end of

the practical session

Student ‘logs-out’ right after the end
of the practical session

Student stays in-world after the end
of the practical session

3.1 Actions and Interactions in the Physical Classroom

The focus points for the first fundamental category are grouped in three sub-categories
(see Sects. 3.1.1-3.1.3).

3.1.1 Students’ in-Class Talking and Making Comments About

the Virtual World
While being in-class, students were often observed talking and making comments about
the virtual world. This activity can be summarised as follows:

They were considerably talkative in-class during the practical sessions.
They were mostly discussing with their classmates about matters related to the virtual
world and their project.

e Their discussions with the teaching team regarded mostly the virtual world and the
assignment.

e Students’ discussions were not always relevant but also irrelevant to the project or
the virtual world.

e Students’ comments about the technology and the emotional experience of the virtual
world were usually positive (Table 8).
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Observation Week 1. During the first minutes of the session, students’ communication
was taking place mainly in-class. Students were discussing about the orientation building
(which was where they were first logged-in and the first part of the content they came
in contact with), the avatars, the instructions they were given, and their in-world task.
As soon as they started the modifications of their avatars’ appearance, several comments
about that were heard in the classroom. At a point when a student used gestures imitating
punching, two students expressed their idea of embedding a health system in-world in
order to create a game where they would beat their project manager, obviously referring
to an avatar fighting in a joking manner. Approaching the end of the session, several
students opted to fly around the world. That was when they pointed out that the virtual
world was empty and that they would have preferred it if there had been some former
students’ artefacts or showcases available for them to see. Other students preferred to
stay in the orientation building until the end of the session, having their avatars sit on
the couches and chairs available. They were calling their classmates to join them saying
‘come sit with us’, ‘would you like some coffee? We have coffee here’, ‘I’d prefer some
tea, please’. In a sense, that was a role-play game taking place partially in-world and
partially in-class. Finally, close to the end of the session five students noted that the
virtual world seemed empty and that they would have preferred it if there had been
former students’ artefacts available for them to explore.

In general, students were enjoying their time in-world and they were making positive
comments about their experience. Their communication in-class was very extensive,
sharing ideas about anything related with the virtual world, from the look of the avatars
to the content of the virtual world, which (the latter) was limited.

Observation Week 2. Students’ communication took place mainly in the physical
classroom. The session started with students discussing about their project and the setup
of the virtual showcase, and until the end of the session almost all conversations were
focused on that topic. Students were expressing their thoughts and their plans regarding
their in-world development to the demonstrator, asking for their feedback and advice,
and also clarifying questions. An interesting point is that, even though each group
worked with task division, several students that were not responsible for the in-world
development were willing to work on it, and, thus, they asked for the demonstrator’s
permission to do so. That was encouraged by the teaching team, but what was pointed
out was that the developers of the team had the responsibility for the final outcome.
Generally, students seemed very keen to collaborate and help each other, either that was
ateammate or any other classmate. Finally, students asked for further information, tuto-
rials, guides, and relevant online sources to broaden their knowledge about the virtual
world.

Observation Week 3. During this practical session, all the team members that had the
role of developing the virtual showcase decided to sit next to each other, separated from
the rest of their team members that were working on a different aspect of the assignment.
Those (latter) students were exchanging ideas about their projects and helping each other
in a form of spontaneous peer-tutoring process. They were very frequently asking for
the demonstrator’s help and guidance on how to proceed with their task, as well as
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feedback about their ideas and progress until that point. A student, after having explored
the virtual world, asked the reason why it was rather empty, while other students also
seemed a bit disappointed by the fact that the content of the world was limited. At some
point around the middle of the session, a student was persuaded by his teammates to
enter the virtual world for the first time, after being told that it was an action worthy to
take, since he would fully understand the affordances of the virtual world, he would be
more productive and more able to have spot-on ideas, and, in any case, he would enjoy
the process (Fig. 2).

Observation Week 4. The practical session started with students discussing about the
progress of their work and their future plans. Several questions were addressed to the
demonstrator regarding the same issues. A group of students asked for permission to
build their virtual objects on a third-party program, and import them into the virtual
world when they would be ready. They claimed that their experience on building using
the virtual world tools was minimal, and that this would obstruct them from having the
desired results. However, they were experienced users of the aforementioned third-party
software, and, thus, they were given the permission. Other students expressed some
queries concerning the basic in-world object creation mechanisms. They were referred
to the posters placed in the sandbox, and then they were encouraged to come back for
further questions, if necessary. Students continued discussing and brainstorming ideas
about the setup of their showcases until the end of the session.

An interesting observation was that of a student saying that she did not like flying
with her avatar, when her classmate asked her the reason why she opted to walk instead
of flying around.

Observation Week 5. Initially, the students that were responsible for the in-world
development presented to their teammates the artefacts that had been created in the
intermediate period since the previous week’s session. Afterwards, the teams’ conver-
sations were focused on the in-world development and the refinement of the existing

Fig. 2. Meeting room with information about the communication.
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artefacts that needed to be done until the end of the course of the sessions. Members of
two teams complained to the demonstrator that their ideas were stolen by other teams
that had created showcases closely resembling theirs. From that point on, those students
started discussing ways to conceal their showcases and the artefacts placed in them from
the rest of the teams, asking for the demonstrator’s assistance on that, too. Other teams
asked for the demonstrator’s help on scripting, claiming that it was difficult for them to
understand the logic behind the programming language of the virtual world.

Observation Week 6. Students were talking most of the time about scripting and the
potential ways of making their showcases more interactive. They took the orientation
building as an exemplar of the way their showcases should be in terms of interactivity,
and they claimed that a showcase without interactivity would be incomplete and not
interesting. The conversations with the demonstrator concerned the same topic and
several queries regarding it were formed. Students were discussing more about poseballs
and the ways these can animate the bodies of the avatars.

3.1.2 Students’ Attitude Towards the Use of the Virtual World

Students’ attitude towards the use of the virtual world includes four (4) focus points.
Their frequencies are illustrated in Table 9, whilst the findings can be summarised as
follows:

Most of the time students were working focused on their projects.

More often than not they seemed to enjoy the use of the virtual world.

Rarely did students seem absent-minded.

A few times students seemed displeased using the virtual world, mostly when they
were struggling with its technology and tools.

Table 9. Students’ attitude towards the use of the virtual world.

Week | Student seems Student seems to | Student seems | Student seems Sum
focused on enjoy the project | ‘absent-minded’ | displeased using the
his/her project virtual world
1 17 29 0 29 75
2 147 68 0 17 232
3 113 49 9 3 174
4 154 57 0 27 238
5 126 39 0 41 206
6 136 57 0 19 212
Sum | 693 299 9 136 1137

Observation Week 1. All students seemed focused on their task which, in that specific
session, was to familiarise themselves with the virtual world, its tools, and its navigation
system, while the whole process took place in a pleasant atmosphere. Apart from some
moments when students seemed confused about what to do and how to use the tools of
the world, students seemed to enjoy the use of the virtual world. Very often they were
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observed laughing with the unexpected results of their actions, or the look of other
avatars, or the gestures used by some students, or the comments they were making in-
class about anything taking place in-world, or jokes shared with IMs.

Nevertheless, some students seemed disappointed when they realised that even
though there was much free space on the virtual land, they were restricted to create their
showcases inside specific buildings that were designed with a plan of being formed as
an expo. In any case, that was part of the instructional design, and students, according
to their assignment brief, had to adjust their work to anything they would find in-world
as a workspace area.

Observation Week 2. All students were working focused on their projects most of the
time. They seemed to enjoy the process and the fact that they were given the opportunity
to be creative and productive. In the few cases when students were not working on their
project they were still active in-world, creating objects not related to their showcase, or
using the existing in-world objects. But even in those cases when students were taking
breaks from their work, they were enjoying and familiarising themselves with the
features of the virtual world.

Observation Week 3. All students were observed working focused on their projects
throughout the whole duration of the practical session. They enjoyed the use of the virtual
world, and, even in cases when they were facing difficulties, they seemed intrigued to
look for further information on the use of the virtual world and its tools. At some point
close to the end of the session, one student seemed absent-minded and completely
detached from what was going on in the virtual world and the physical classroom
(Figs. 3 and 4).

Fig. 3. Student project A. Fig. 4. Student project B.

Observation Week 4. Students were working focused on their projects for as long as
the practical session lasted. A group of students seemed to have difficulties in using the
virtual world, but as soon as these difficulties were overcome, they seemed pleased with
the progress and the results of their work.
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Observation Week 5. All teams seemed to be working focused on their projects. The
members of the teams who had made a satisfying for them progress on their project
seemed to enjoy the use of the virtual world and the results of their work. On the other
hand, other teams seemed to be struggling to understand the world’s mechanism; that
deprived them from the enjoyment of achieving good results and from using the tools
of the virtual world in a creative way.

Observation Week 6. Students seemed to work very focused on their projects. Their
enthusiasm was obvious when they could see their showcases taking their final form.
They were also enjoying seeing the functionality of their scripts.

3.1.3 Student Identity and Avatar Identity

The way students referred to their avatars while being in the physical classroom included
four (4) focus points and their frequencies are illustrated in Table 10. Generally, the
findings can be summarised as follows:

References to the avatars were few during the first 4 sessions.

No reference to avatars was made during the last two sessions.

Students referred to their avatars mostly in the first person.

Students referred to their avatars in the second and third person very few times.
No student referred to their avatar as an object.

Table 10. Student identity and avatar identity.

Week | Student refers to | Student refers to Student refers to | Student refers to | Sum
avatar in the first | avatar in the second | avatar in the avatar as an object
person/identifies | person/addresses third person (avatar as ‘it’)
with avatar (avatar | avatar directly (avatar as ‘him’
as ‘T) (avatar as ‘you’) or ‘her’)

1 9 0 4 0 13

2 6 3 0 0 9

3 4 2 2 0 8

4 2 0 0 0 2

5-6 0 0 0 0 0

Sum | 21 5 6 0 32

Observation Week 1. Students spent a considerable amount of time editing and re-
editing their avatars’ appearance, and comments about the look of the avatars were heard
during that time. Since many students were trying to give their avatars their own physical
look, they kept asking ‘do I1ook like him/her?’ or ‘does he look like me?’. Other students
were trying to make their avatars have the ‘ideal’ for them look, and they kept asking
for their classmates’ feedback (‘Do I look nice?’, ‘She is pretty, isn’t she?’). A student
was very disappointed with his avatar’s look, complaining that it looked too female no
matter what he did. Eventually, one of his classmates helped him make the necessary
modifications. Many comments were also heard about a naked avatar with all its features
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stretched to the limits (too short, too fat, too big nose etc.), such as ‘oh, this is ugly’,
‘who is that ugly thing?’, ‘shame on you! Go get dressed’. Another student that had
removed all the avatar’s clothes by mistake shouted in the classroom ‘Help me! I don’t
have any clothes on. I can’t find them’. Another student, in a role-play mood, pretended
to be Adam and he was calling for Eve. Generally, students either identified with their
avatars, or they were referring to them as a third person.

Observation Week 2. Students referred to their avatars in very few cases. There was
a case of one student that was entering the virtual world for the first time; his teammates
helped him modify his avatar’s appearance, while their discussions were focused around
this topic for a few minutes (~10). Students were referring to their avatars either in the
first person (e.g. ‘look at me’, ‘do you like my t-shirt?’) or in the third (e.g. ‘He looks
strong’). Moreover, a student, disapproving of her classmate’s avatar appearance, which
she thought to be too revealing for a university student, said ‘shame on you’ to her and
that led the latter to change the clothes of her avatar.

Observation Week 3. A few comments about an avatar were heard in-class when the
firstly-introduced-to-the-virtual world student was modifying his avatar’s appearance.
Students were referring to the ‘newbie’ avatar in the third person (e.g. ‘you can change
his clothes’, ‘he is a bit short’, ‘he looks like a woman, how can I make him more
masculine?’). They referred to their own avatars in the third person too, though these
references were very limited.

Observation Week 4. The only reference made to an avatar was that of a student who
asked her classmate ‘why don’t you fly instead of walking?’ to get as answer ‘I can’t. |
find flying difficult’. However, one might say that this was not a direct reference to the
avatar, but to the student herself.

Observation Weeks 5-6. None of the students was observed making reference to
avatars at any time of this observation.

3.2 Actions and Interactions in the Virtual World

The aforementioned focus points for the second fundamental category concerning
students’ actions and interactions in the virtual world are grouped in four sub-categories
(see Sects. 3.2.1-3.2.4).
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3.2.1 Students’ in-World Talking and Making Comments About

the Virtual World
Students’ communication in the virtual world includes seven (7) focus points and their
frequencies are illustrated in Table 11. The term ‘chat’ mentioned below refers exclu-
sively to typewritten communication. Summarising the observation findings it can be
noted that:

Students used the chat tool only during the first and the second practical sessions.
Their typewritten communication mostly concerned the virtual world and the utilisa-
tion of its tools.

e Students’ comments in chat about the virtual world and their in-world experience
were mostly positive.

Observation Week 1. A few minutes after the students’ first log in, one of them spon-
taneously encouraged the rest to use the chat tool saying ‘hi, can someone talk to me?’,
and the rest instantly responded with greetings, such as ‘greetings’, ‘hi’, ‘hello’, ‘hi guys’
etc. Later, when most of the students were editing their avatars’ appearance, one of the
students, who apparently had not noticed that there were posters giving him all the
information needed, used the chat to ask his classmates ‘how to change my style?’.
However, he got no reply, since the student sitting next to him showed him the way.
Apart from that, students used the chat in several cases to comment about the actions or
the appearance of the avatars, using phrases revealing enjoyment, such as ‘haha that’s
hilarious’, or exclamation, such as ‘wow great’, and even to exchange ideas and thoughts
with the students located in the next classroom. The most extensive use of the chat took
place when a student, who had prior experience in this virtual world, used several
gestures, and students, who were located in different rooms, were praising his actions
asking how these gestures could be used. Finally, the most interesting case was that of
two students who, despite the fact that they were seated next to each other, they opted
to use IMs in their mother-tongue to communicate with each other. Even though the
content of their conversation is unknown, both of them were laughing and they seemed
to be enjoying their in-world communication.

Observation Week 2. Some students greeted each other when they first logged in.
Later on, the use of the chat was limited. It took place especially when students made
their first building attempts in their showcase area, and other students, physically located
in different rooms, were asking each other information about building, in general, or
about the showcases, in particular.

Observations Weeks 3—-6. No use of the chat tool was observed.
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3.2.2 Student Identity and Avatar Identity

With regard to student engagement and avatar identity as expressed by students in-world,
their actions were observed based on five (5) focus points, the frequencies of which are
illustrated in Table 12. The findings can be generally summarised as follows:

e Students modified their avatars’ appearance extensively during the first practical
session and less in the second and third.
Some students spent time between sessions to modify their avatar appearance.
No avatar modifications were observed during the last three sessions.
Avatar references in chat were very rare.

Table 12. In-world nonverbal communication.

Week | Student Student refers to | Student refers to | Student Student Sum

modifies avatar in the first | avatar in the refers to refers to

avatar person/identifies | second person/ avatar in the | avatar as an

appearance | with avatar addresses avatar | third person | object

directly

1 98 1 1 0 0 100
2 16 0 0 0 0 16
3 12 0 0 0 0 12
4-6 0 0 0 0 0 0
Sum | 126 1 1 0 0 128

Observation Week 1. The avatar modifications were very extensive during the first
observation. Some of the students with prior experience started editing their avatars’
appearance with ease, immediately after their log-in. The rest of the students followed
their lead, and in several minutes the avatar modifications were massive. Some students
were paying attention to every detail of their avatars’ appearance, trying to make them
look like their physical self, whilst others used their imagination to form their virtual
selves. One of the students opted to form a completely white avatar, pretending to be a
ghost. Another student that had prior experience in the use of this virtual world created
an avatar with all its features stretched to the limits (i.e. too short, too fat, too long hair,
too big eyes, too big feet, etc.). There was also another who created a short, fat, female,
naked avatar. It should be noted that both of them were using their avatars to tease their
classmates. Later on, one of the students removed all the avatar’s clothes by mistake
and that made him feel shocked and embarrassed, while two of his friends did the same
thing wishing to tease him. Then, another student who saw that incident removed all the
avatar’s clothes, and put a palm tree texture on his avatar pretending to be Adam looking
for Eve. Finally, despite the fact that all students were aware of the existence of ready-
to-use outfits in the ‘edit your appearance’ section of the orientation building, only one
of the students used one of those outfits, whilst the rest preferred to create their own.
Initially, most of the students were modifying their avatars’ appearance in front of
the corresponding poster in the orientation area. Later on, when they became familiar
with the mechanism, they did so anywhere and anytime. Interestingly, some students
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preferred to change the outfit of their avatars behind a folding screen to give a more real-
life feeling to the process. Another student had his avatar sitting on a chair in the ‘edit
your appearance’ section, pretending to be judging his friend’s appearance and helping
him pick the best outfit.

Aside from the above, very interesting was the case of a student who had formed her
avatar based on her physical look. However, she then preferred to use the default look
again, since ‘the default one is way better, because it does not wear glasses’ unlike
herself, or an imitation of herself.

As regards students’ in-world references to their avatars, they were very few. A
student, who had not noticed the related posters in the orientation building, asked through
chat ‘how can I change my look?’ and his friend gave him instructions on how to do
that.

Observation Week 2. One student, who was entering the virtual world for the first
time, was observed modifying his avatar’s appearance for approximately 10 min, after
having read the corresponding posters in-world, and after following his teammates’
example and guidelines. Interestingly, another student opted to change her avatar’s
appearance after her friend had disapproved of it.

Observation Week 3. Solely the newly introduced to the virtual world student spent
approximately 15 min to change his avatar appearance, trying to imitate his physical
look.

Observation Weeks 4-6. No avatar modification or reference to the avatars through
the chat tool was observed.

3.2.3 In-World Nonverbal Communication

One of the alternative ways of communication that virtual worlds offer is nonverbal
communication, through avatar gestures and emoticons. Table 13 presents their frequen-
cies and the observations can be summarised as follows:

e Students used random avatar gestures only during the first practical session.
o Emoticons were never observed being used.

Table 13. In-world nonverbal communication.

Week | Student uses avatar gestures | Student uses emoticons | Sum
1 34 0 34
2-6 0 0 0
Sum |34 0 34

Observation Week 1. A student with prior experience in this virtual world was the
first who used gestures, mainly to present to his classmates one more feature of the virtual
world which he deemed to be enjoyable. Initially, he used some of the built-in gestures
of the virtual world (waving, jumping on a jumping ball, bodybuilder posing, punching),
but later on he created his own ‘dance’ combining the aforementioned gestures. He even
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used the punching gestures to ‘punch’ the demonstrator’s avatar and that made everyone
in the room laugh. Several students tried to imitate him and started experimenting with
the available gestures, whilst others used the poseballs available in the orientation
building in order to animate their avatars.

Observation Weeks 2—6. No student was observed using avatar gestures or emoticons.

3.2.4 Interactions with the World

Even though the main reason for using a virtual world was for teaching and learning
purposes, the fact that students’ attention can be distracted by other stimuli could not be
disregarded. Therefore, this category consisted of four (4) focus points, including the
various types of interactions that students had while being in the virtual world; the
frequencies of which are illustrated in Table 14. These findings can be summarised as
follows:

Students spent most of their time in-world building and scripting.

Most of student-to-world interactions were relevant to their project.

Students often visited their classmates” workspaces to observe their work.

Students were using their own virtual creations very often, mostly to check the func-
tionality of their scripts.

Table 14. Interactions with the world.

Week | Student works | Student performs Student explores Student uses | Sum
on project actions irrelevant to | classmates’ virtual | own virtual
the project artefacts creations
1 0 107 21 66 194
2 35 82 17 57 191
3 76 46 13 73 208
4 | 107 19 8 61 195
5 | 126 4 3 86 219
6 73 0 7 39 119
Sum | 417 258 69 382 1126

Observation Week 1. From the very first minute of students’ presence in-world, they
used the orientation building to the maximum extent, exploiting all the artefacts available
in it. Initially, they read the posters and followed the given instructions in order to
familiarise themselves with the mechanisms of the virtual world. As soon as students
had completed, or paused for a while, the avatar modification process, almost all of them
used (at least once) one of the objects existing in the orientation building. Students were
usually using more than 2 or 3 objects for multiple times, since they were experimenting
with the mechanisms of the world, trying to understand them. In addition, students used
the given poseballs to sit on chairs and armchairs, but later on they tried to sit on any
available object, ending up sitting on the tables, on the walls, on the lights, etc.
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Subsequently, most of the students sporadically moved to the sandbox, where posters
containing information about building were available. The sandbox fully served its goal,
since students were reading the posters and experimenting with building in it, creating
from very simple primitives to very complex ones, even combining some of them to
create an artefact. Some students, though a minority, started building objects without
visiting the sandbox first where the corresponding posters were placed. Most of them
visited that spot later on and read the information about building. Very few students
never visited the sandbox, whilst even those with prior experience in such environments
read all the posters, even at a glance, mostly motivated by their curiosity. By the end of
the session, all students had created at least one object in the virtual world, either in the
sandbox or elsewhere, either big (someone created a house) or small, either complex or
simple. Moreover, several students flew around the world in order to explore it, and
visited the workspaces where they would build their showcases in the following sessions.
Interestingly, about 10 min before the end of the session, all the avatars of a group were
sitting at a meeting table inside the virtual world, while their physical selves were
simultaneously sitting in similar positions in-class in order to (orally) discuss about their
project.

At this point, though not directly related to the actual interactions students had with
the world, it should also be noted that the majority of students sent friend requests to
their friends and even to their other classmates, and then used the ‘offer teleport’ and
‘teleport to friend” functions.

Observation Week 2. The student that was entering the virtual world for the first time
went through the whole orientation process guided by his classmates, read all the avail-
able posters, and used the majority of the existing objects, while familiarising himself
with the mechanisms of the virtual world. The rest of the students were reading the
posters regarding building, and were trying to create some objects inside the sandbox.
The objects students were creating were mostly not related to their project, though some
students were observed creating objects that would serve the needs of their showcase.
Other students were observed having their avatars sitting on chairs or armchairs or at
the meeting table inside the orientation building, while they were having their meeting
in the physical classroom. By the end of the practical session, all the teams had started
modifying their workspaces according to their needs, and they had created some objects
with only very basic modifications. Interestingly, one of the groups had already started
working on their project since the previous week, and, thus, their work progress was one
step further than the rest of the groups by the time this observation took place. However,
they made no further building during this session.

Observation Week 3. Several students opted to spend some time in the orientation area
again, using the virtual objects available there. One student went through the whole orien-
tation process for about 30 min in order to familiarise himself with the virtual world, since
that was the first time he was using it. As soon as he felt satisfied with his orientation, he
had his avatar sitting on a chair in the orientation building, and then went on working on
another task completely detached from the virtual world. Other students stayed in the
orientation building for several minutes trying to make copies of the available objects, but
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got disappointed when they realised that all the objects were locked — since content crea-
tion was the main task students had to perform in-world. Others were searching the web
for further information regarding building and scripting. From that point on, students
started their actual in-world development, working either in the sandbox —in order to keep
their showcase clean and tidy — or in their workspaces — in order to have immediate
awareness of the progression of their work and the look of their showcases. Students were
working with such dedication taking care of every detail, that they even created labels
outside their showcases with the logos of their teams. A worthwhile observation is that
during this session students’ need for more content became clear. Some of them explored
the virtual world once again and even tried to fly across the sea looking for unexplored
lands with more content.

Observation Week 4. The teams’ in-world progress since the previous week was
obvious, as students had created new objects in their showcases. Their in-world inter-
actions with the virtual world during the practical session were mostly limited to building
and scripting, according to the needs of their showcases. Sometimes they were observed
being in the sandbox looking over the posters for information on building. Some avatars
were observed being in-world without performing any actions, while students were
working in the physical classroom.

Observation Week 5. Students seemed to have created the greatest part of their in-
world infrastructure, having created more artefacts with more attention to detail and
fitting the purposes of their projects, since the previous week. They continued working
on their showcases during this practical session, refining their existing artefacts and
implementing their teammates’ ideas. They were also using their virtual objects, in order
to check the functionality of the scripts they had written, and correcting their mistakes,
in order to give the desired functionality to their objects. However, they seemed to focus
more on the object creation rather than on the script writing, as they seemed to be more
interested in giving their showcase the desired look, rather than making interactive the
objects they had created. Moreover, the students were also visiting other teams’ show-
cases to view their classmates’ artefacts and get ideas about their further progress. That
was when some students felt uncomfortable with their classmates’ observing their work;
thus, they decided to conceal their showcases with additional walls, and then continued
working isolated.

Observation Week 6. Very few students were working in-world. Their focus was on
scripting, since they had completed most of the building they had planned to do, and
they were aiming to make their objects more interactive at this point. They used scripts
on some objects and even created poseballs, which they placed on chairs, armchairs,
sofas, etc. As soon as they had created their scripts, they started using them to test their
functionality.
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3.3 Students’ Willingness to Remain in-World

The final sub-category, consisting of five (5) focus points, concerns students’ willingness
to use the virtual world for additional time, while being physically located in the physical
classroom. Table 15 illustrates their frequencies.

As a general note it can be said that:

e Students usually entered the virtual world at the beginning of the practical session.
e Students usually exited the virtual world right after the end of the practical session.
e In few cases student remained in-world after the end of the session.

Observation Week 1. Apart from 9 students, who were all members of the same group
and did not log in at all during the whole practical session, all the rest of the students
actively used the virtual world for at least as long as the practical session lasted. One
student was observed online 10 min prior to the beginning of the session, whilst 5
students stayed in-world for approximately 15 min after the end of it.

Observation Week 2. At least one member of one of the groups seemed to have logged
in since the previous week, as modifications had been made in their workspace. Even
though none of the students was observed logging in earlier than the beginning of the
practical session and most of them logged out as soon as the session ended, 4 students
opted to stay in-world for approximately 15 more minutes to finalise their work in
progress.

Observation Week 3. At least one member of each group seemed to have logged in
since the previous week, as modifications had been made in all workspaces. During this
practical session, mainly the developers of each team were online, whilst there were
several other avatars online that remained non-active throughout the whole session. All
students logged out as soon as the practical session was over.

Observation Week 4. At least one member of each group seemed to have logged in
since the previous week, as modifications had been made in all workspaces. Three
students remained in-world for 10 min after the end of the practical session in order to
complete the task in progress.

Observation Week 5. At least one member of each group seemed to have logged in
since the previous week, as modifications had been made in all workspaces. All students
that logged in did so at the beginning of the session and logged out as soon as the practical
session was over.

Observation Week 6. At least one member of each group seemed to have logged in
since the previous week, as modifications had been made in all workspaces. All students
that logged in did so at the beginning of the session. A few students stayed in-world for
20 more minutes than expected in order to finalise their work, given that this was the
last practical session of the course and some final help from the demonstrator was still
offered.
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4 Discussion

The impact that the orientation process had on learners’ engagement — while using a
hybrid virtual learning approach — was clearly positive, as it also enhanced the opportu-
nities for interaction between the students and the virtual world. Those who went through
the orientation process were keener to interact both with their fellow students and with the
virtual world. The same students used the in-world tools more intensively. They also
found the whole process more enjoyable, constructive, and rewarding. Likewise, students
that followed the instructions regarding the avatar modification process — though with
some exceptions — were usually having considerably more intense modifications on their
avatars compared to others. On the other hand, those students that disregarded partially
or even completely the existence of the orientation area, were almost constantly strug-
gling to deal with the virtual world, and, by extension, with their assignment (even though
this can be attributed to the lack of information regarding the programming process).

Nevertheless, the references made to avatars were overall limited, most likely
because of the fact that they did not consider them as a special feature of the virtual
world, but rather as a tool to work on their project. The opportunity given to students to
simultaneously be co-present both in the virtual world and in the physical classroom,
resulted in a limited use of the chat tool or of any other nonverbal communication method
in the virtual world, since this need was primarily covered in the physical classroom.
Furthermore, most of the students were working on their task without being distracted
or struggling, due to the fact that they had all the necessary knowledge base to deal with
the tools of the virtual world, and, by extension, with their project. Finally, students’
willingness to stay in the virtual world and the physical classroom for extra time, for the
whole course of the practical session or even longer than expected, is also an important
indication that confirms their engagement with the virtual world and their project.

Considering the above, there is a clear indication that the orientation process can play
a crucial role in learner engagement, something that is also reinforced by the findings
attained from the students who decided not to go through this process. These finding are
also confirmed by the Virtual Games industry, which introduced the idea of the orienta-
tion process long time ago aiming to ‘teach’ gamers (learner level) how to use certain
controls or functions of the game in order to increase the levels of engagement.

Aside from this, considering the clear increase of interactions between the students
and the virtual world, it can be hypothesised that an — at least basic — understanding of
the 3D tools is required on any commercial attempt as part of the digital learning process.
Thus, the following suggestions are given to stakeholders who have different interests
in and responsibilities towards the use of virtual worlds:

Instructional designers should always ensure that a proper induction process will
be provided to learners in order to help them understand quickly and deeply the mech-
anisms of the virtual world, as this is the key to increase the chances of having successful
learning activities and the desired outcomes.

Educators should provide learners with enough time to undertake the orientation
process for a proper induction and familiarisation with the virtual world and its tools.
Students should be encouraged to use and engage with this process, as this will help
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them achieve better results — in terms of their assignment — and also work within the
virtual world effortlessly.

Future researchers should focus on designing different setups of induction
processes that will fit the personalities of different learners (in terms of their learning
style) and their perspectives, as well as the levels of education considering that this
experiment was conducted with university-level students.

As seen from all the theoretical background reviewed and presented above, inter-
acting within the physical classroom does have advantages but certain disadvantages
that cannot be disregarded, as well. The same applies when students interact in the virtual
world and use its tools. However, when these two educational approaches are combined
and students simultaneously co-exist in both environments, the drawbacks of each are
eliminated. This is exactly where the most significant contribution of this research lies;
students’ network of interactions is broadened and educationally enriched when working
within both the physical and the virtual world.

5 Conclusions

The orientation process helped most of the students to have a smooth induction to the
virtual world and its tools, and also enhanced the opportunities for interaction. Thus,
students should be given enough time to orient themselves into the virtual world, famil-
iarise with its tools, and explore its potentials. Nevertheless, the learners’ choices might
be opposed to the instructional designer’s, and, therefore, clear instructions and infor-
mation should be given to learners. In addition, educators should encourage their
students to use the in-world infrastructure. As regards the hybrid virtual learning
approach, the findings suggest that the co-presence in both environments definitely
contributed to the enhancement of the engagement with the virtual world and the educa-
tional material.
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Abstract. Although there are various personalised and adaptive eLearning
systems developed, a culture factor has been not sufficiently considered in adap-
tive and personalised learning environments. This paper presents a personalised
and adaptive system based on individual differences in cultural backgrounds
(individualism and collectivism). A culturally adaptive teamwork system called
IdeasRoom is used to implement cultural additions. The IdeasRoom system has
adaptations to its interface to include two different versions of design: individu-
alist version (IND) and collectivist version (COL). The paper summarises an
initial evaluation of the proposed system. This evaluation of the proposed Ideas-
Room system relates to the responses of the participants of the study that involved
52 postgraduate students, so that the version that was not personalised to partic-
ipants’ cultural backgrounds is compared with the version that was personalised
to participants’ cultural backgrounds in terms of their perceptions of usability
their preferences of design. The findings show that the participants had percep-
tions of usability that are shown to be at a higher level when teamwork learning
systems are personalised to participants’ cultural backgrounds, which suggests
that these results based on identifying users’ cultural backgrounds are of signifi-
cant importance. Also, this evaluation concludes that participants’ preferences
for experiencing a system are matched to their cultural inclinations.

Keywords: Culture - Group work - Teamwork - Higher education - Design - HCI -
CSCW - Personalisation - Adaptation

1 Introduction

Societies worldwide are rapidly becoming culturally diverse, and specifically in Western
Europe. Universities are increasingly embracing multiculturalism, which is demon-
strated by diversity in cultural traditions and religion [43]. The increasingly multicultural
profile of students entering higher education leads to the requirement for designers of
online course materials to recognise the role of culture within higher education. Educa-
tors use group work activities more within coursework, which is in line with current
thinking that teamwork is an essential skill for students to understand [11]. One of the
main challenges faced by educators within higher education and designers in the field
of computer support cooperative work (CSCW) is working within multicultural teams.
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The ‘one size fits all” approach in current user interfaces is a critical limitation in team-
work technology, since it ignores cultural differences in design. In addition, cross-
cultural cognition is shown to be complex, but the content of some teaching and learning
technologies appear to be insensitive to this critically important issue. Although tech-
nology sometimes offers localised versions of content, such localisations tend to be
related solely to date/time formats and language adaptions. This research challenges this
view and suggests that user interfaces should adapt their presentation to a user’s culture
cognitive factor, which can best accommodate their personal preferences.

This research proposes a novel approach in the design adaptive system that supports
teamwork in higher education. The adaptation is based on differences between indi-
vidualists’ and collectivists’ perceptions, beliefs and preferences through group work.
The paper is structured as follows. Section 2 discusses the scope of culture in this
research. Adaptive eLearning and related works are discussed in Sect. 3. Section 4
discusses teamwork in education. Section 5 examines a set of culture-related design
strategies called R.I.N.G that are proposed and used as adaptive rules for the proposed
system. Section 6 evaluates how a culturally adaptive teamwork system called Ideas-
Room is used to implement cultural additions (individualism and collectivism). Ideas-
Room is a novel teamwork tool, which has the facility to adapt its interface to the users’
cultural cognitive style. The IdeasRoom system has adaptations to its interface to include
two different versions of design: individualist version (IND) or collectivist version
(COL) based upon users’ culture cognitive type (individualism or collectivism). In
Sect. 7, the evaluation of the usability and preference of the design are discussed, and
Sect. 8 offers conclusions for this research study.

2 Cultural Dimensions

In this study there is a focus on two common societal dimensions of culture: individu-
alism and collectivism, and are defined as follows:

e Societies described as individualist tend to be mainly associated with their close
families and often live independently, so that they are expected to look after them-
selves; therefore, there are loose ties between individuals. People living in individu-
alist societies tend to be motivated by loss of self-respect and guilt, and are often
perceived to be goal-oriented and self-motivated, so that group interests are less
important than individual interests [19, 21]. People living in individualist societies
tend to demonstrate a personal identity rather than an identity of specific groups, so
that they often seek benefit from their duties and activities, and have a more consistent
behaviour and attitude approach to life than those from collectivist societies [45].

e These findings are contrasted with societies described as collectivist, where people
tend to form groups that are cohesive and strong throughout life, so that the welfare
of individuals becomes the concern of the group associated with them, and anxiety
can result when individuals are separated from their group. Unquestioning loyalty is
shown to individuals in collectivist societies, as the groups they are associated with,
and often known as ‘in-groups’, give them protection when needed. Generally, people
in collectivist societies attempt to maintain tradition, adopt virtues and skills that are
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needed to demonstrate that they are good members of their group, and attempt to
maintain social harmony, so individual interests are less important than group inter-
ests. Therefore, people living in collectivist societies tend to be motivated by loss of
face and shame [19, 21]. The identities of individuals in collectivist societies are
usually associated strongly with the values of their group, so that they generally
support what is acceptable in their group [45].

The main focus of individualism and collectivism is how individuals are integrated
within groups. Therefore, this research focuses on peer group interaction with individ-
uals from different cultures, within a group-learning environment. Although this cate-
gorisation of societies is widely supported in the literature review, the definition of
cultural identity involves greater complexity than factors discussed above, as individuals
in all societies are likely to demonstrate various cultural identities at different times and
in different circumstances. This study presents only one perspective on how to examine
culture and there are others that could be drawn upon. However, to form a concept of
different groups in terms of their behaviour patterns and general belief, the individu-
alism-collectivism dimension proposed in previous research studies provides a very
useful and important initial categorisation on which to ground future work.

Many sociologists, such as Hofstede and Triandis, have worked on classifying indi-
vidualism and collectivism at two levels - namely, the nationality and individual level.
Hofstede’s research applies the classification of individualism and collectivism to the
nationality level, while Triandis’ research applies it at the individual level. Hofstede’s
work has often been criticised, because of his classification that reduces culture to
nationality. It also ignores the on going changes that a person or a group who share
cultural values undergo [29]. This research relies on the individual level of classification
of individualism and collectivism.

3 Adaptive eLearning

Advanced technology enables software designers to ensure that learning tasks and mate-
rials are appropriate and relevant to the characteristics of individual users, instead of
providing all users with the same content of materials and tasks. Therefore, software
designers need to understand the preferences, requirements and needs of individual
learners better, so that they can adapt learning tasks and materials, and learning expe-
riences become more dynamic and effective, rather than providing learning tasks and
materials without recognising that learners are different [7]. This insufficient recognition
that eLearning strategies need to be personalised to individual learners exposes signif-
icant problems and limitations for many platforms of learning described as
eLearning [18].

The on-going process of learning for individuals needs consideration of their pref-
erences and needs, because the process of learning is adaptive and personal [5]. Effective
learning could be prevented for some learners if software designers fail to understand
factors that could influence their specific requirements, such as personal interests,
learning styles, skills, prior knowledge and previous experience. This suggests that
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information is processed and learned in ways that are different for each individual,
because individuals are different [23].

Therefore, learning programs need to ensure that presentation styles, sequences of
resources and content selection are personalised and adapted based on data available
from the profile of the learner, so that different techniques are used to enable the software
system to adapt these appropriately for individual users. This approach should ensure
that requirements, interests, needs and preferences of individual users are recognised to
design a learning experience that is personalised for users.

Various systems have been developed to design eLearning systems that are adaptive,
such as Internet-based educational fields, adaptive hypermedia educational fields and
intelligent tutoring systems (ITS) [32]. These adaptive strategies are often developed to
combine learner knowledge and learning style in eLearning systems, but can also only
focus on one of these factors [1, 13, 18]. Limited studies consider culture factors in
adaptation techniques [22, 35, 42], but none focus on the context of teamwork learning
activities.

4 Teamwork in Education

According to Smith and Bath [40], the most effective approach to ensure students acquire
knowledge and enhance their communication skills at educational institutions is team-
work, as this provides significant advantages to supervisors and teachers to reduce the
quantity of their marking, give students opportunities to work collaboratively, enhance
the challenge and complexity of tasks given to students to improve their experience of
working, and to engage students more effectively [17]. When compared with face-to-
face collaboration for group work projects, the performance of students collaborating
online can be significantly better, because the interactions with other members of the
group are more meaningful and frequent for students collaborating online, when
compared with students involved in learning activities on a face-to-face basis [48].
Online learning tasks for teamwork is perceived more negatively by Smith et al. [41],
who report that resolving logistical problems is easier for students seated physically
together in one room, when compared to students learning in online classes. Personal
factors can influence the perceptions of teamwork by students, so that how they perform
within group activities is affected by these perceptions.

Perceptions of group work by students might also be affected by their communication
and personality traits [31], but this is challenged by findings from other research, which
suggests that the previous experience of students working in groups could change their
perceptions of teamwork through online channels. In a study by Powell, Piccoli and Ives
[34], the findings report that when students had wider experience of working with other
students online and were involved in more online courses, their perceptions of teamwork
through online channels were increased positively. This was related to the students
spending more time online, and using this time to adapt to (and benefit from) the tech-
nology and online teamwork activities.

Research studies evaluating behaviour and teamwork preferences for employees and
students suggest that the cultural dimensions of individualism and collectivism
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developed by Hofstede are an important factor in terms of profiling such groups and a
useful way of assessing group behaviours [4]. When students work collaboratively in
groups, their working processes are likely to be different, due to differing approaches
that are likely to be taken by students from primarily individualist versus primarily
collectivist cultures [15].

5 A Set of Culture-Related Design Strategies

To design group-based technologies that are meaningful and effective for their target
audiences, designers should reference — or at least allow for — the audiences’ cultures in
their approaches. This section summarises the findings of the interviews carried out with
lecturers and university students who have experienced group work, to establish how
students incorporate culture as a factor from their current practice [38]. This section also
presents a set of culturally relevant group-based technology design strategies based on
insights from the interviews, as well as findings from cross-cultural psychology literature
on behavioural tendencies of individualists and collectivists. These strategies have
resulted from our work in a previous study [38]. A set of four main culturally relevant
design strategies is presented and each strategy involves two sub strategies. One is aimed
at use in tools developed for collectivist users and the other is aimed at use in tools for
individualist users. Each strategy is presented with the following information: Descrip-
tion, which attempts to explain the strategy presented, Antecedents, which highlight
the factors based on the review of the literature that lead to the strategy, Real World
Parallels, which demonstrate the strategy in real world situations, and The Two Sub-
Strategies produced from each main strategy. The two sub strategies are presented with
a description and target audience, which suggests whether the audience would likely to
be collectivist or individualist. This way of describing the strategies is intended to help
designers include appropriate strategies in systems that are relevant for target audiences
where cultural backgrounds could be a significant factor. It is anticipated that designers
could find the discussions, descriptions and antecedents helpful in understanding the
strategies, why they were developed and how they could be applied.

5.1 Strategy 1: In-Group Relationships

Description: The difference between collectivist users and individualist users forms
the basis of this overall strategy to define relationships between members of a group.

Antecedents: In studies of education theory, findings suggest that individuals from
individualist cultures often display less cooperative behaviour in groups than those from
collectivist cultures, which supports the views discussed above [10]. Collectivists often
highly value group solidarity and interpersonal harmony, prefer cooperation to compe-
tition, value group success rather than individual success, and tend to avoid individual
recognition. This contrasts with individualists who often demonstrate additional effort
to attain individual goals, and are generally motivated by individual recognition and
competition [10, 26, 44].
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Real World Parallels: The study investigated communication in the USA (individualist
culture) and in Syria (collectivist culture), and reported that Syrian respondents preferred
strategies that were ritualistic, indirect and cooperative, but American respondents
preferred strategies that were hostile, direct and competitive [30].

The Sub-Strategies: This strategy contributes to the competitive strategy and the
harmony strategy.

e The Competitive Strategy: A sense of competition between members of a group
could be promoted with the competitive strategy. Target audience: Individuals in
individualist cultures.

e The Harmony Strategy: When the level of cooperation between group members is
increased, a sense of harmony relationship is promoted by the harmony strategy.
Target audience: Individuals in collectivist cultures.

5.2 Strategy 2: Identity

Description: The differences between collectivist users and individualist users in the
views about the self are described by the strategy.

Antecedents: How individual people understand themselves in relating to other people
explains the concept of the self, and Erez and Earley [12] suggest that people represent
their social roles, social identity and personality as the self. People in individualist
cultures often perceive themselves as separate from the social context, and independ-
ently follow their own projects and interests. People in collectivist cultures often
perceive themselves as connected to social contexts with relationships with other people
that are interdependent [28]. Therefore, people living in individualist cultures often
perceive themselves as unique [39, 44], but people living in collectivist cultures tend to
feel they fit into or belong to society, and do not feel isolated [44, 46].

Real World Parallels: An example of parents in an individualist culture, such as the
USA, would encourage their children when reluctant to eat the meal prepared for them
by telling them that children in other countries have very little food, and that they should
be pleased that they are fortunate. An example of parents in a collectivist culture, such
as Japan, would encourage their children when reluctant to eat the meal prepared for
them by telling them that the farmer that had grown the rice had wasted his time, so he
would feel bad if the children did not eat the rice, so they are encouraged to think more
about the producer of the food rather than themselves. The example of the Japanese
family suggests the importance of interdependence with others and fitting in and being
concerned about others. The example of the USA family suggests the importance of
promoting the self, noticing the differences with others and focusing on the self [28].

The Sub-Strategies: This strategy contributes to Individual-identity strategy and
Group-identity strategy.
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o [Individual-identity Strategy: This strategy aims to promote uniqueness, independ-
ence, and an independent view of self in cooperation. Target audience: Individuals
in individualist cultures.

o Group-identity Strategy: This strategy aims to promote belonging, fitting in and an
interdependent view of self in cooperation. Target audience: Individuals in collec-
tivist cultures.

5.3 Strategy 3: Assessment Norm

Description: The differences between collectivist users and individualist users form
the basis for the strategy in terms of the perceptions of compensation or rewards for an
individual within a group.

Antecedents: Thereview of literature into reward allocation preferences indicates cross
cultural differences, so that individuals from an individualist culture tend to prefer equity
based allocation of rewards, but individuals from a collectivist culture tend to prefer
equality based allocation of rewards [14, 46]. Therefore, values of collectivist cultures
emphasise affiliation and cooperation, but values of individualist cultures emphasise
achievement and competition, so that individualist values are more compatible with
equity norms and identify individual performance for career progression and reward
systems, as well as pay for performance systems [16].

Real World Parallels: In a study that compared distribution of rewards in a group and
decision rules, Japanese respondents described as collectivist and Australian respond-
ents described as individualist, were involved in a game of decisions for classroom
administration. Australian respondents had a tendency to follow self-interest rules in
this game, and Japanese respondents had a tendency to follow equal-say rules [27].

The Sub-Strategies: This strategy contributes to Equity strategy and Equality strategy:

o The Equity Strategy: The equity strategy proposes that persons who allocate rewards
or compensation within a group distribute them in proportion to each member’s
contributions. Target audience: Individuals in individualist cultures.

o The Equality Strategy: The equality strategy proposes that persons who allocate
rewards or compensation within a group distribute them for a group of users for the
actions of an individual user. Target audience: Individuals in collectivist cultures.

5.4 Strategy 4: Superordinate Goals

Description: The differences between collectivist users and individualist users in goals,
interests and motivations described by the strategy.

Antecedents: In societies defined as having an individualist culture, group interests are
less important than individual interests, so that individuals in this type of culture are
often motivated by potential loss of self-respect and feelings of personal guilt, so that
they tend to be goal orientated and self-motivated. This contrasts with societies defined
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as having a collectivist culture, as individuals tend to maintain traditions by being good
members of groups by adapting their virtues and skills, and in a collectivist culture
typical motivators are loss of face and shame [20, 33, 44, 46]. Individuals often empha-
sise personal autonomy, freedom of choice and personal responsibility as values of
personal independence in individualist cultures, and often show a preference for the
independence of groups and self-directed behaviour, as these individuals attempt to
maintain personal opinions and attitudes that are distinctive [39, 44]. In contrast, a sense
of working within a group, interdependence and duty to a group are attitudes represented
in a collectivist culture, as values in these societies stress that personal goals in groups
are less important than maintaining the goals of the group. Therefore, individuals living
in a collectivist society are interdependent with their in-group, and there is a collective
responsibility for accountability and sharing responsibility [44, 46].

Real World Parallels: In Japan, managers of organisations often use participative
programmes, employee suggestions and team decision-making or delegate responsibil-
ities to team members and practice team working as a business strategy. Therefore,
Japanese managers tend to adopt restrictive methods by expecting employees to obey
and honour all management decisions, but also adopt relaxed methods by looking for
consensus when issues arise, even minor issues, and ask for suggestions and ideas from
employees [36]. Japanese organisations often introduce activities, such as team names,
team banners, team dormitories and collective meals, to enhance productivity, as these
types of activities help to integrate workers within their team and encourage effective
teams. This contrasts with patterns of group working in Western countries, such as the
USA, the UK, Sweden, Canada and Australia, where work teams are often self-
managing, semi-autonomous or autonomous, so that team working operates as a form
of self-management, and is widely applied in these countries [36]. According to Hofstede
[20], there is a perception that in the USA and the UK, higher quality decisions are made
by individuals, when compared to decisions made by groups.

The Sub-Strategies: This strategy contributes independence goal strategy and inter-
dependence goal strategy.

o The Independence Goal Strategy: This strategy aims to promote self-goal, self-
interest, personal responsibility and a sense of independence in cooperation. Target
audience: Individuals in individualist cultures.

o The Interdependence Goal Strategy: This strategy aims to promote group-goal,
group-interest, collective responsibility and a sense of interdependence in coopera-
tion. Target audience: Individuals in collectivist cultures.
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6 IdeasRoom: An Adaptive Teamwork System

Ideas can be generated when students are involved in brainstorming groups, so that the
Internet tool called IdeasRoom is adopted in this study within the format of a forum for
discussions, and is described as an experimental tool to promote this learning styles
electronically. This teamwork brainstorming tool has the following components:

Leader boards,

Themes for interfaces,

Blue, bronze, silver and gold colours to represent levels of membership
Lists of ideas,

Ideas to be added, and

Sub-ideas to be added.

However, this tool also enables the use of versions that can be designed differently,
and the COL version was designed to meet the preferences of collectivists, and the IND
version was designed to meet the preferences of individualists. The next section provides
more details and explanations, and discusses how R.ILN.G. strategies or group-based
technology design strategies that are relevant in terms of cultural backgrounds inform
both of these versions.

6.1 IND Interface

The RING sub-strategies of competition, individual identity, equity and independent
goals are adopted in this version. Personal welcome messages, individuals’ points are
displayed, membership levels are highlighted, pictures and names of users are shown
and themes represent these members, which are intended to enhance perceptions of
uniqueness, independence and self views that are independent for the individual identity
sub-strategy. Self achievement recognition and comparisons based on peer-to-peer
perceptions involve points for completing activities defined as personal rewards, and
levels of participation compared with other group members from personal feedback
shown by gold, silver, bronze and blue colours that represent levels of membership for
virtual personal achievement represented in two forms. Rewards for users are deter-
mined by participation in terms of quantity and quality with points that are awarded, and
participation of users is represented by personal themes and personal membership levels,
so that a member’s theme is personalised by self-earned points, and shows that the equity
norm has two forms. Finally, changing independent and personal goals are reflected by
leader board changes and personal theme changes, and levels of personal membership
are related to changing levels of participation of users that defines the independent goals
sub-strategy.

6.2 COL Interface

The strategies of harmony, group identity, equality and interdependent goals form the
collectivist culture R.ILN.G. sub-strategies for the COL interface. The group has a
welcome message to promote the identity of the group, total points are shown for
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individual members and each group, membership levels for groups are shown, pictures
and names of groups are shown, and group themes collect information from the group,
so that belonging together, fitting in and views that are interdependent promote the group
identity sub-strategy. Perceptions of belonging and interdependence group themes are
related to different colours, such as gold, silver, bronze and blue as strategies for moti-
vation. When groups compete, first ranking could be achieved simultaneously by all
groups involved, and between-group competition is represented on the leader board, and
in-group cooperation encourages the harmony sub-strategy [8]. To enable group
comparisons, feedback about participation levels is shown when group membership
levels move from one level to a different level that are represented by different colours
of gold, silver, bronze and blue. Group members are awarded collective points for
collective participation, so that feedback on group participation is shown by group
themes and group membership levels, so the equality norm has two forms, as group
reward points are awarded based on the quantity and quality of all members, which
defines collective participation. Collective goals are achieved based on group positions
on the leader board, and group themes and group membership levels are changed when
group participation is increased by the interdependence goal sub-strategy

7 Evaluation

A factorial design experiment was conducted in a computer lab to evaluate the effec-
tiveness of culturally adapted approaches and the design proposed in this research. In
previous studies of human computer interactions, field scientist researchers and psychol-
ogist researchers often adopt factorial design in their methodologies, as these lower the
likelihood of confounding variables and errors in experiments, and this indicates if vari-
ables are associated [25]. Researchers often apply factorial design when a variable that
is dependent and single is studied to gain better understanding if this is affected by other
independent variables. Therefore, investigations have 4 conditions when experiments
have a 2 X 2 design, so that when testing how many conditions exist, this is associated
with how many factors exist. Therefore, factorial design experiment was adopted for
the evaluation stage of this study due to its suitability to analyse learners’ preferences
for design, learners’ usability perceptions in terms of the collectivist design version or
the individualist design version, and how respondents with collectivist cultural types
and individualist cultural types interacted with the system. To encourage students to
participate in this study, the researcher explained that each participant would receive a
£10 Amazon voucher for participation. In total, 52 students agreed to participate in the
study.
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7.1 Hypotheses

Two hypotheses are formulated in this evaluation as follows:

Hypothesis 1: Personalised teamwork system based on user culture background (indi-
vidualism - collectivism) yields significantly higher levels of perceived usability than a
non-personalised system.

Hypothesis 2: One particular type of teamwork system design (IND version or COL
version) is significantly preferred by students with a particular culture cognitive style
(individualist or collectivist).

7.2 Measures

The Scenario Questionnaire of Cultural Orientations developed by Chirkov et al. [9] is
used in this study to identify users’ cultural cognitive style, which validates the findings
of this current research, as this questionnaire is based on previous empirical and theo-
retical research studies and adopts parameters for the questionnaire that are not selected
arbitrarily, and offers significant advantages for this study. Kitayama [24] argues that
bias should be reduced in research that has cross-cultural associations, as the scenario
format is identified, and is a valid approach to reduce or remove potential bias. The
domain for this questionnaire is specifically set within an academic institution, where
assessment procedures need to recognise the context of cultural backgrounds for
students, and avoids the adoption of a questionnaire with a general domain. In addition,
more precise predictions can be made of social life and behaviours of individuals in
academic institutions when the boundaries of individuals are set specifically, so that
domain specificity is another advantage. This questionnaire attempts to accurately
describe situations with 4 options and 12 scenarios, and collectivism and individualism
as distinct cultural backgrounds that are represented by two options. A Likert scale
provides measurement from 1 or strongly disagree to 5 or strongly agree to highlight
agreement levels, and teamwork learning activities enable universities to adapt and
modify each scenario according to its specific context.

Brooke [6] developed the system usability scale (SUS) questionnaire that offers 5
Likert scale responses from strongly agree to strongly disagree for 10 questions, which
is adopted in this current study to measure perceived levels of usability, and Tullis and
Stetson [47] explain that this system usability test is used widely, is reliable and is quick
to complete for business organisations and educational institutions.

The preference of design is measured by a questionnaire developed for this purpose.
The questionnaire aimed to collect data about users’ preferences for the design, and
specifically which version of the IdeasRoom System is preferred, and the overall design
of the system. The questionnaire includes 8 questions and the main question intended
to answer hypothesis 2 asks users which interface they preferred more in brainstorming
task 1 or brainstorming task 2 and why.
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7.3 Procedure

Students who agreed to participate were asked to provide basic information to identify
them for this study, such as student name, student ID and email address. Participants
were informed that this information would be kept for the duration of the study and then
would be destroyed or replaced with a coded system. The researcher would maintain a
link that identifies students to the coded information, but this link would be kept secure
and available only to the researcher. The researcher commenced the study process by
thanking the respondents for their participation in this research study, and then explained
the purposes and aims of the study. Participants were asked to complete a psychometric
test (Scenario Questionnaire of Cultural Orientations) to identify the users’ cultural
cognitive styles. The researcher classified users into a particular culture cognitive style
cluster (individualists or collectivists) using the cluster algorithm as described in a
previous study [37].

Participants’ registration with IdeasRoom system is completed by the researcher
before the sessions. Five brainstorming sessions were conducted and each session
involved 12 or 16 participants for up to two hours. Participants were asked to interact
with the IdeasRoom system to perform brainstorming task 1 for two topics using a given
username and password. The system divided participants into groups of four, and all
four were asked to work together during the system as one group. Each session involved
half the participants interacting with a mismatched condition and the other half interacted
with a matched condition. Mismatch condition refers to users that interacted with a non-
personalised interface version; for example, individualist users interacted with the COL
version and collectivist users interacted with the IND version. Match condition refers
to users that interacted with a personalised interface version; for example, individualist
users interacted with the IND version and collectivist users interacted with the COL
version.

Participants’ allocation into groups was random and with consideration of the
balance between the number of individualist and collectivist users in each group. After
completing brainstorming task 1, each participant was given 10 min to complete an
online survey, which included usability scale questions (SUS).

After the usability scale was completed that involved all participants with both
versions of the IdeasRoom system (IND version and COL version), participants were
asked to perform brainstorming task 2 for new two topics. In brainstorming task 2, the
user condition was changed, so that those who had experienced a mismatched condition
in brainstorming task 1 were then exposed to a matched condition, and those who had
experienced a matched condition in brainstorming task 1 were then exposed to a
mismatched condition. Brainstorming task 2 was adopted to highlight users’ preferences
for a specific version, as well as to give them exposure to the other version they had
previously experienced. After completing brainstorming task 2, each participant was
given 10 min to complete an online survey, which included preference of the design
questions.



112 W. Shishah

7.4 Results

The experiment was conducted with 52 participants. The participants were postgraduate
students in a computer science department. In terms of cultural background types, 25
participants were classified as individualist users and 27 participants were classified as
collectivist users. During task 1 brainstorming, 25 participants interacted with the IND
version, 12 were individualist users (matched) and 13 were collectivist users
(mismatched). Also, 27 participants interacted with the COL version, and 13 were indi-
vidualist users (mismatched) and 14 were collectivist users (matched) shown in the table
below. In total, 26 participants interacted with the matched version and 26 participants
interacted with the mismatched version (Table 1).

Table 1. Users allocation in brainstorming Task 1.

User type/Version | IND version COL version
Individualist users | 12 (matched) 13 (mismatched)
Collectivist users | 13 (mismatched) | 14 (matched)

Usability
The perception of usability for IdeasRoom system was examined. The perception of
usability for the IND version (Mean = 73.20, SD = 6.02) and the COL version (Mean =
73.15, SD = 7.06). A t-test was conducted for independent samples to define the differ-
ences of mean on users’ perceptions of usability after interacting with the IND and the COL
versions IdeasRoom system. The results show that there is no significant difference for
perceived usability between the IND and COL versions. This means both versions are
similar and in general, the scores for perceived usability for both versions are reasonable,
because the mean is more than 70 [3], which suggests that participants found both versions
easy to use and indicates overall satisfaction.

Hypothesis 1 relates to level of perceived usability between personalised and non-
personalised approaches and this is examined by comparing matched and mismatched
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Fig. 1. Means of usability for matched and mismatched conditions.
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conditions. Learning is improved when systems are perceived to be clearly usable, so that
learners are motivated, engaged and satisfied with their interactions [2, 49]. To examine
Hypothesis 1, a t-test was conducted for independent samples to define the differences of
mean on users’ perceptions of usability after interacting with the matched and mismatched
versions of the teamwork system. The analysis showed that interactions with the person-
alised teamwork system approach were more efficient (M = 75.3846, SD = 6.73396) than
the non-personalised teamwork system approach (M = 70.9615, SD = 5.57122). The
Levene’s test of homogeneity of variance (P =.931) showed equality of variances. There
was a statistical significance of these results (MD = 4.42308, t(50) = 2.581, P = .013).
The means of average perception scores for each condition is shown in the figure below
(Fig. 1).

A two-way ANOVA was performed to investigate the main effects of interaction
between types of users (individualists and collectivist) and the IdeasRoom versions IND
and COL) on users’ perceptions of usability. The analysis showed that there was a
significant interaction effect between user type (individualist vs. collectivist) and the
IdeasRoom version (IND version vs. COL version) on users’ perceptions of usability
(F(1, 48) = 6.742, P = .012).

The figure shown below (Fig. 2) represents a pairwise comparison between user
types (individualist and collectivist) and system versions (IND and COL). The results
show that individualist participants perceived usability better with the IND version
(personalised condition) with a mean of 76.46 scores in comparison with collectivist
participants having a mean of 70.19 scores. Likewise, collectivist users perceived
usability better with the COL version (personalised condition) with a mean of 74.46
scores in comparison with individualist having a mean of 71.73 scores. Therefore, when
compared with the scores for the non-personalised system of teamwork, there is
perceived usability at a higher level for usage of the personalised system of teamwork,
which recognises cultural backgrounds of users defined as individualists or collectivists,
and confirms this hypothesis.
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M Individualists 76.4583 71.7308
m Collectivists 70.1923 74.4643

Fig. 2. Means of usability per culture type group and system version.
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Design Preference

In order to examine Hypothesis 2, a chi-square test was carried out. The Independent
Variable (IV) was assumed to be the user’s preference selected and the Dependent Vari-
able (DV) was the user’s culture type. Since the DV was measured on a Likert-based
scale of frequency, an ordinal scale (ranking the preference), and non-parametric test
were chosen. The results show that there is a statistically significant difference in the
frequency of preference between individualist and collectivist users (y(1) = 22.194,
p = 0.000).

The figure shown below (Fig. 3) represents a bar chart of the medians of the two
versions of the system preference frequency (IND version vs. COL version) between
the two types of users (individualist users and collectivist users). This indicates that 80%
of individualist participants preferred the IND version (personalised condition)
compared to 20% of individualist participants who preferred the COL version (non-
personalised condition). Likewise, around 85% of collectivist participants preferred the
COL version (personalised condition) compared to 15% of collectivist participants who
preferred the IND version (non-personalised condition).
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Fig. 3. Preference frequency of the two versions of the system (IND version and COL version)
between two user types (individualist users and collectivist users).

Only 10% of the participants in this experiment provide qualitative data about reasons
for preferring a specific version of the design. The qualitative data shows that individu-
alist participants express some reasons for preferring the IND version, such as individ-
ually rewarding and personal achievements, while collectivist participants prefer the
COL version for various reasons, such as group competition and sense of interdepend-
ency. Hypothesis 2 is also confirmed, and it can be concluded that participants’ prefer-
ences for experiencing a system is matched to their cultural inclinations.
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8 Conclusion

The design and evaluation of cultural adaptive eLearning system based upon individual
differences in cultural cognitive backgrounds (individualism and collectivism) was
summarised in this paper. This paper introduces cultural adaptive system called Ideas-
Room. The IdeasRoom system has adaptations to its interface to include two different
versions of design: individualist version (IND) and collectivist version (COL). The
design of both versions was informed by R.I.N.G. design strategies which identified
from the cross-cultural psychology literature relating to the bipolar dimension of indi-
vidualism—collectivism, and through insights from interviews designed to explore
cultural factors within academic teamwork in our previous studies [38].

This research study has investigated how students’ cultural backgrounds, such as
those identified as collectivists and those identified as individualists, have different
perceptions and behaviours in teamwork learning activities in educational institutions,
and that these individual differences need to be addressed when designing online
learning activities that are adaptive and personalised. This study also explains that
cultural adaptions can be implemented when adopting the IdeasRoom system for
students’ teamwork activities, as the design for this study included a COL version for
collectivist users and an IND version for individualist users. The system proposed by
this study presents an initial evaluation of the findings of the 52 participants who were
postgraduate students to compare perceived usability of the non-personalised version
and the personalised version. The findings of this study are significant, as perceived
usability was higher when users experienced a learning system that had a better match
to their cultural backgrounds. Therefore, this study argues that students could participate
more and learn more if their learning interactions match their cultural backgrounds
better, which could also motivate them better, engage them better and satisfy them better.

This investigation was based on a short-term study with a relatively small number
of participants. A long-term evaluation with more participants is desirable in future
research studies into this subject, which could investigate the effectiveness of the adap-
tive design based on cultural diversity with various aspects of teamwork activities, such
as students’ perceptions of free-riding behaviour and perceptions of fairness. Also, a
qualitative evaluation could be conducted to evaluate the R.I.N.G. design strategies, and
how participants respond to IdeasRoom features that represent the R.I.N.G. design
strategies.
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Abstract. Providing online course materials on the course website has
become standard practice in most institutions. These materials are
intended to support students’ study after class and especially revision
before an examination. Most students download and print out these
online materials uploaded by teacher, which reduces the advantages of
being online. Besides which, students sometimes suffer from the stress of
revising a large amount of material. Maximising the potential of these
online materials as an alternative method of revision is a challenge in
the area of technology enhanced learning. To address this issue and
overcome the challenge, we have developed the self-revision electronic
course materials framework (SRECMATS) that features direct access
to specific materials through keyword browsing and keyword searching,
allowing users to gain a quick overview of extracted keywords along with
easy access to related materials. This feature restructures the uploaded
materials and delivers intelligent online materials for students. The first
prototype was developed and launched for a Design of Information Struc-
tures module in the Department of Computer Science at the University of
Warwick. This paper evaluates the proposed framework in order to assess
student satisfaction, understand students’ perceptions of using the sys-
tem prototype, and understand whether or not the developed features
are appropriate for practical use.

Keywords: Online materials management - Online materials design -
Course management system -+ Student revision

1 Introduction

Revision is one of important learning processes in a university where students
study again the work that they have done, in order to prepare for an exam [15].
At this stage, it has become standard in all universities to provide online course
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G. Costagliola et al. (Eds.): CSEDU 2016, CCIS 739, pp. 118-138, 2017.
DOI: 10.1007/978-3-319-63184-4_7



Research on Potential Features to Enhance On-line Course Materials 119

materials for students. One of the main purposes of providing these materials on a
course website is to allow students access at any time and place for their revision.
Our earlier survey results [4] suggest that students sometimes suffer from a large
amount of learning materials to review in a short period of time as well as poor
learning resources uploaded by teachers. Moreover, Nicol [6] found that many
students cannot develop effective searches for online library resources and require
support from library professionals. These issues indicate that the current online
materials can be a cause of inefficient revision, which creates greater cognitive
load for students as well as being time-consuming. Forsyth [7] argues that many
institutions have not considered their presentation of online materials carefully
due to a lack of institutional commitment to effective online delivery. In addition,
designing an intelligent system to deliver online course materials requires not
only knowledge about the content of materials but also programming and design
skills. Fortunately, content management systems (CMS) exist which are tools
that allow teachers to manage content on the website and upload materials
without any programming knowledge. At present, almost every university has
started to embed this system on the university website to provide simplicity and
flexibility for teachers who lack website development skills. The current CMS
platforms, however, only support teachers to create and upload online materials,
which do not benefit students much.

We therefore endeavoured to support students by maximising the potential
of online learning materials while still considering how to reduce teachers’ work-
loads when developing and designing the system. The current study has not,
however, revealed an effective way of designing appropriate features to deliver
course materials for students’ revision. This has left us a number of challenges
to investigate potential features of online tools that students need for exploring
online materials during the revision period. In order to identify these potential
features, we designed a software framework called “SRECMATS”. It was designed
based on our literature review and results from a previous survey [4]. The basic
concept of the software framework is to integrate all learning materials and pro-
vide a simple navigation system as an alternative revision method for students.
Students are given the opportunity to browse, search, and navigate across inte-
grated online learning materials in one place and in a much richer way. We also
aimed to validate the proposed framework by developing and launching a system
prototype in a first-year undergraduate course. The background study describing
the design of the SRECMATS framework is provided in the next section followed
by discussion of components of the SRECMATSs framework, an evaluation of the
framework, and a conclusion.

2 Background Study

To deliver appropriate online course materials that can support students during
their revision, we need to understand other issues which relate to students’ revi-
sion. In this section, we present a background study of related works which have
influenced the design of a software framework through three research questions.
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Firstly, how do students normally use online materials for revision? Secondly,
what are the issues affecting current traditional course websites? Finally, how
can cognitive theory support students’ revision?

2.1 How Do Students Normally Use Online Materials for Revision?

In formal education, many studies have focused heavily on teaching and learning
approaches such as lecture-based learning, discovery learning, hands-on learn-
ing, seminars and debates. However, only a few of them have considered how
students learn during revision periods. Woloshyn [3] states that revision is a
process that depends on what students have done previously. Many universities
suggest best practice as regards to revision on their course website obtained from
discussions with students who come for consultation. Results from analysing the
UK university course websites [17-22] reveal that the common approaches for
revision are:

— to make notes only on important points;
— to take time to memorise materials;
— to practise with past exam papers.

Although many universities provide general guidelines for students to per-
form effective revision, there are only a few pieces of research which have studied
the behaviour of students during their revision. This could imply that research in
this area is not yet mature. Entwistle [1] has studied the revision process and revi-
sion strategies and has captured the pattern of student revision by conducting
interviews with 13 students and collecting written responses from 11 students.
His results show that students perform the following tasks during revision:

— learning from original notes;

— memorising parts of the notes;

— copying notes to maintain concentration;
— summarising and condensing notes.

Later Entwistle [2] followed his previous study [1] by conducting interviews
with the 28 students. The results from this second study suggested two other
processes before revision: commenting on the understanding they achieved, and
reviewing notes. The results of these two experiments correspond with a major-
ity of university guidelines which suggest students engage in reflective thinking
about their previous knowledge, organising notes, reviewing lecture notes, sum-
marising and producing new notes, then memorising them. Sajjacholapunt and
Joy [4] further explored a common pattern of students in using learning materi-
als during revision periods through a questionnaire survey to extend the earlier
study by Entwistle [2]. The results were used to design a conceptual framework
to describe revision as shown in Fig.1. The framework suggests that students
typically start their revision with lecture slides to gain an overview, then move
to past exam papers for practice or further reading of their lecture notes to gain
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materials?

Classmate

Ask specific
question
Information Seeking YES

Fig. 1. Framework for a common process of using e-learning resources for revision [4].

more detailed information. If they do not understand the materials, they would
search for more information online or ask their classmates. The research also
revealed a potential issue for improved online course materials to address, which
is that the majority of students are worried about the large quantity of learn-
ing materials to be revised. Students also mentioned that they need a tool that
allows them to easily organise and navigate through the course materials. These
results motivated us to devote further study about how to design an appropriate
tool to support students.
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2.2 What Are the Issues of Current Traditional Course Websites?

Due to the advancement of technology, most universities have provided online
course websites for students. The major reasons are to provide learning materials
to enable students to collaborate, and to facilitate communication with teachers.
At present, a content management system (CMS) is used as a tool to support
university staff, especially academics, in order to build and manage their course
websites through Graphic User Interfaces (GUI). Teachers can therefore focus
on content and information while remaining ignorant of programming or web
design. However, the current CMSs only provide basic features such as content
management, online discussion boards, and grade reports. In the case of learning
materials, current CMS tools only allow teachers to upload information on the
course websites. Although students can access materials at any time from any-
where, it is still not always convenient to perform revision online. Most students
still print online materials and review them on paper. Thus the challenge is to
improve online materials by enhancing course website features to better support
students’ online revision activity.

2.3 How Can Cognitive Load Theory Support Students’ Revision?

Cognitive theory is an important theory related to the learning process including
revision. It is about how students perceive, think, learn, understand, and know
something [8]. These learning activities are relevant to the amount of informa-
tion being used in the working memory which is known as cognitive load [14].
De Jong [12] states that the working memory can be overwhelmed if learning
activities need too much capacity. The cognitive load, however, can have both
positive and negative effects on learning. It can be classified into three types [12]
that are: intrinsic cognitive load — refers to a difficulty and complexity of the
learning material itself which is hard to change, such as content of the learn-
ing materials, extraneous cognitive load — refers to an unnecessary workload for
learning such as searching of relevant information from learning materials con-
tained in many different pages, and germane cognitive load — refers to a process
or workload that benefits learning, such as the process of organising learning
materials before revision. Since the intrinsic cognitive load is immutable, this
project focuses only on reducing the extraneous cognitive load of students using
online materials and leaving the germane cognitive load for students. In order
to reduce extraneous cognitive load, different types of cognitive tools have been
studied. Orey [9] classified cognitive tools aiming at supporting cognitive load
from students into four categories: knowledge organisation, information presen-
tation, information seeking, and knowledge integration. The definitions of each
category are listed below.

— Knowledge Organisation: supporting a student in simply organising infor-
mation they have, in order to understand a conceptual relationship between
these pieces of information. An example of these kinds of tool is mind-
mapping.
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— Information Presentation: supporting a student to represent and view
data from different aspects. These types of tools are visualisation tools such
as the Google chart application.

— Information Seeking: supporting a student to search for specific informa-
tion. This type of tool consists of recommendation systems or search engines.

— Knowledge Integration: supporting a student to collect and connect new
knowledge to existing ones. This type of tool includes referencing tools.

These types of cognitive tools have been considered for use as a guideline to
identify potential issues to improve the revision process in our previous work [5].
Our previous research also found that students have more issues regarding the
readability and navigability of online materials which increase their cognitive
load. Since most university course websites only consider uploading static mate-
rials to students, we thus endeavour to reduce their cognitive load by enabling
better navigation features to support their revision. This would aim at reducing
their cognitive load and leaving them to concentrate more on other learning skills.
The next section will discuss the proposed functionality through the SRECMAT's
framework.

3 SRECMATSs Framework

SRECMATS is a framework for a web-based tool that automatically restructures
online course materials which are uploaded by the teacher by integrating and
linking all materials based on keywords. The SRECMAT's framework is composed
of front-end services and back-end services as illustrated in Fig. 2. Details of each
are discussed below.

Uploaded | Front-ends services Uploaded Back-ends Services
. materials materials
/ R Interactive Online > Candidate Terms
P Materials Generation ’ Extraction
Confirmation Confirmation
message | i _ R message D Pre-Pro in
Interactive features ata Pre cessing
Lecturers (OpenNLP)
Direct Access
(keywords browsing) | | Keywords Selection

! (JATEtoolkit)

Direct Access
(keywords searching)

Similarity Table Calculation

‘ / Keywords or

Users query Gaining a Quick materials info. L
Overview Terms Weighing
Requested A Materialora

s Materials Easy Access to Related Hstofrelated N :
tudents Materials materials Similarity Calculation

Fig. 2. The software framework for designing interactive self-revision course materials
(SRECMATS).
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3.1 Front-End Services

The front-end services contain components pertaining to the functionality of the
system. The components of the front-end services can be divided into two types
based on the user that are features for teachers and for students. For teachers,
SRECMATS only provides basic components similar to CMS features which
teachers can fill online with the course information and upload online materials
as normal without worrying about coding. The system will automatically process
these materials and publish them to students.

For students, SRECMATSs provide four main features to support students’
revision on the course website: direct access by using keyword browsing; direct
access by using keyword searching; gaining a quick overview using keywords; easy
access to the related materials. These features are mainly designed to support
information seeking and information presentation tasks. Details of each feature
are discussed in the following subsections.

csi 26 Design of Information Structures

acture Materials / Lecture Slides

Week Slides Detail

© CS126 Aims: ADTs| (@ CS126 Aims: Aigorithms] (% Overview of Topic Areas| (% Lectures
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® Two Themes - One History| (% Algorithms| (% Why Think About Algorithms?| (% Data Structures
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® Algorithm Efficiency| (% Time Efficiency| (% Why Not Use Real Time?] (% Elementary Operations
% Counting Elementary Operations| (% Growth Rates| (W lustrating Growth Rates
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® Relating Big-Oh To Growth Rate| % Big-Oh Rules| (% Asymptotic Analysis| (% Big-Omegal(®)

® The Duality Rule] % Big-Theta(®)| (% Understanding Asymptotic Notations| (% Space Efficiency
® Required Mathematics| (@ Expressing Algorithms| (% Pseudocode Example

Algorithm Fundamentals

® Recursive Algorithms| (% Recursive Algorithm Structure] [® Classic Recursive Functions
® Factorial Example| | Evaluating Factorial| % Analysing Recursive Algorithms

® Analysis Example: Fibonacci| % Analysing Fibonacci| (% Analysing Fibonacci (Cont...)
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@ Tunas OFf Racursion | |® What Next?

Fig. 3. Direct access by using keyword browsing.

Direct Access is a feature that allows students to have quick access to a
particular page of a set of learning materials. This feature is introduced to reduce
the cognitive load of the information-seeking process when students want to read
about particular topics. SRECMAT' provides two kinds of direct access features:
keyword browsing and keyword searching. Keyword browsing is a tool that shows
important keywords contained in learning materials (e.g., topic, technical terms)
for students to easily find and directly navigate to a particular page as presented
in Fig.3. Keyword searching is different from keyword browsing by allowing
students to type in a set of keywords (similar to Google search) into a search
bar for accessing particular learning materials that correspond to keywords as
presented in Fig. 4.
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Fig. 4. Direct access by using keyword searching.

Gaining a Quick Overview is a feature that allows students to quickly get
a rough idea of what a document is about. This feature is mainly introduced
to reduce the cognitive load of information presentation by providing a set of
keywords that are relevant to the documents as shown in Fig.5. SRECMATS
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Fig. 5. Quick overview through a set of keywords.
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automatically extracts a list of keywords from a document ranked based on fre-
quency. This feature also facilitates scanning and skimming, which are important
for speed-reading [10].

Easy Access to Related Materials is a feature that allows students to sim-
ply switch and quickly navigate through different kinds of materials through
the navigation bar on the top-right corner as shown in Fig.6. SRECMATSs also
provides a recommendation feature, which allows students to revise relevant
materials quickly to gain more insight information or to practice more on a
particular topic. The recommendation feature is implemented based on Natural
Language Processing techniques. As with direct access features, these features
aim to support students’ in seeking information.

800 tmpLgif 1,240x1,754 pixels

SRECMATs

The Queue ADT

+ Aqueue is a sequence of elements

« Queues are characterised by the property that elements can
only be added at one end (i.e. the rear) and removed from the
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- The length of a queue is the number of elements it contains
~ An empty queue has a length of 0

« The length of a queue may change during execution

WARWICK 3

WPrev | Next»

[ ©s126-2012-13, page:1  [3 c126-2010-11, page:2

Fig. 6. Accessing to related materials through recommendation feature.

3.2 Back-End Services

The back-end services contain components that are used to run the front-end ser-
vices. The HTML language, CSS bootstrap framework, and pdfViewer libraries
are used to construct the front-end user interface. Direct access by keyword
searching is handled by a relational database. Other features (direct access by
keyword browsing, gaining a quick overview, and easy access to related materials)
are constructed and processed by Natural Language Processing (NLP) tools [11].
The reason for using NLP techniques is because the majority of materials pro-
vided on the course website are in PDF format which can be simply processed
as plaintext. The NLP techniques are used for automatically extracting tech-
nical terms and for calculating similarity between materials. The summaries of
techniques that have been used in SRECMATS [5] are discussed below.
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Table 1. Common pre-processing tasks [5].

Converted document to plain text

Sentence segmentation

Tokenisation

Part-of-speech tagging

Stemming and lemmatisation

Stop-words filtering

Candidate Term Extraction is a process for extracting candidate technical
terms and topic sentences from online materials. Results of this process are: used
in three purposed features that are keyword browsing where key sentences of each
lecture slide and each past exam paper are extracted and used for browsing; gain-
ing quick overview where candidate terms are used for scanning and skimming
of information; and accessing related materials where candidate terms are used
for calculating similarity among documents in the corpus. The candidate term
extraction process is composed of two sub-processes: data pre-processing and
keyword selection.

— Data Pre-processing: This stage prepares all materials to meet the require-
ments of the system. Details of the methods used in this research are presented
in Table1. Our framework focuses on processing actual learning materials
(e.g., PDF format) that are commonly provided by the university, and are
difficult to reuse. Therefore, we firstly convert these PDF learning materi-
als to plain text by using iText!, a Free Java-PDF library. We next use the
open-source JATEtoolkit? to process documents based on NLP methods that
are: sentence segmentation — breaking sentences of a paragraph in a docu-
ment; tokenisation — breaking up sentences into units (words or phrase) for
processing in term extraction methods; part-of-speech tagging — assigning a
part-of-speech to tokenised words such as noun, verb, adjective; stemming and
lemmatisation — normalising words (to a normal form); and stop-words filter-
ing — eliminating non-relevant candidate terms based on a list of pre-defined
words.

— Keyword Selection: After data pre-processing, we have a set of candidate
terms which will be filtered to use in the system depending on requirements
of the front-ended features. For direct access, the selected terms for lecture
slides are all the topic sentences in each slide, whilst the selected terms for
past exam papers are all candidate terms appeared in the index at the back
of the textbook. For gaining quick overview, we just use all terms appearing
in the index at the back of the textbook. For accessing related materials, we
use candidate terms after pre-processing for calculating similarity.

! http://itextpdf.com.
2 https://code.google.com/p/jatetoolkit /.
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Similarity Table Calculation. For easy access to the materials features, espe-
cially the material recommendation one, calculating the degree of similarity
between online materials is another challenge. Having obtained a set of keywords
in each item, we next have to use these terms as a key feature to identify the
degree of similarity between online learning materials. When students focus on a
learning material, other related materials ranked by similarity score are provided
for them. The degree of similarity between two learning materials, Sim(A, B), is
calculated through a cosine similarity formula as follows:

(1)

where wy;(;) denotes a weight of term i in learning materials U and ﬁ is a weight
of term vector (wy (1), Wy (2 -+, W (n))-

The weight of each term in learning materials is defined based on a term
weighting scheme which refers to a score of how important each term is in a
document. In this first prototype, only a classical term weighting TF-IDF is
considered to be used as a weight of term wy ;). This is to validate whether
or not the classical term weighting provided sufficient accuracy results for the
recommendation system. Details of the term weighting techniques that we used
are summarised as follows.

— Term Frequency (TF) is a measure of the frequency of a candidate term
that appears in the target document. For the candidate term ¢ in learning
material U, the normalised term frequency TF(i,U) was derived from a frac-
tion of the raw frequency, freq(i,U), and the maximum of raw frequency of
term [, which was computed over all terms in the learning material U as
max; freg(l, A) [13].
freg(i,U) @)

max; freq(l,U)’

— Inverse Document Frequency (IDF) is a measure of the importance of
the term provided, in terms of whether the term is common (and appears
in most documents), or is rare (and appears only in a few documents) as
proposed by [13]. Let N be the total number of learning materials and n;
be the number of learning materials that a candidate term ¢ appears. The
inverse document frequency of term ¢, IDF(i) is computed by [13]:

TF(i,U) =

IDF(i) = log g (3)

%

The weight of term ¢ in learning material U is thus the product of (2) and (3).
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wy iy = TF-IDF(i,U) = TF(i,U) x IDF(i). (4)

4 SRECMATSs Evaluation

To evaluate the SRECMATS framework, we designed and launched a system
prototype in 2015 with the first year undergraduate course ‘Design of Information
Structures’ delivered by the Department of Computer Science at the University
of Warwick. The system was introduced to students a month before their final
examination as an alternative to existing course materials for revision but not
as a replacement for the traditional course website. This study finished one day
after the examination. During the use of the tool students were still able to use
the traditional course website as usual. Moreover, students retained the right to
decide whether to use it or not without any effects on their results. The aim of
this evaluation is to understand general perceptions as well as their satisfaction
pertaining to the use of the SRECMATS framework. In addition, we evaluated
the usability of four main features or components provided in the SRECMATS,
asking whether they are useful and beneficial to students.

4.1 Methodology

To evaluate how appropriate the provided features were in term of usefulness
and benefit for students’ revision, results from a usability evaluation seemed
insufficient on their own. In this study we therefore decided to evaluate the
SRECMATS framework based on three aspects, in order to ensure reliability
and confirm the findings and results that are listed below.

— Students Behaviour: to obtain Students’ Behaviour, the students’ use of
the log file was observed and analysed. SRECMATS recorded students’ activ-
ities during their use of the system such as login information, navigated links,
and accessed objects. We analysed this information and discovered patterns
of using SRECMATS, such as how often students used the system, and how
they actually accessed online materials.

— General Perceptions: to obtain general perceptions about the usefulness
of SRECMATS, feedback regarding how satisfied students were with SREC-
MATSs was collected by using a star rating method. After they had used
SRECMATS a few times, the system automatically redirected them to a feed-
back survey page. The system also asked students to provide comments and
suggestions to identify their perceptions of using this tool.

— Usability Evaluation: to evaluate usability of the system, students’ feed-
back pertaining to a usability of the system were collected by using a ques-
tionnaire survey method. The questionnaire was designed based on a standard
5Es usability scheme to measure how easy to learn, effective, efficient, error
tolerant, and engaging the system was.
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4.2 Result and Discussion

Results are discussed in three sections based on the evaluation methods that
are student behaviour, general perceptions, and a usability evaluation. Details
of each set of results are discussed below.

Student Behaviour. In this study, we intend to observe three major activ-
ities of students using the SRECMATS system: the number of students using
a tool; the time that students spent using the system; the pattern of students’
navigation. The results of these observations are discussed below.

Number of Students using Tools: can indicate how interested they are in the
system as well as being used as evidence to ensure that there was a sufficient
number of students willing to use the SRECMATS tool for evaluating the usabil-
ity. Inadequate use of tools results in difficulty claiming the benefits of tool use.
There were 132 students registered on the course, and having introduced the
system, 73 students registered to use the system, which is 53% of the popula-
tion. However, the actual number of students using the system was 63, which is
47% of the population. Figure 7 presents a line chart showing the number of stu-
dents who accessed the traditional course website (dotted line) compared with
the SRECMATS system (solid line).
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Fig. 7. Number of accessing traditional course website (red) and SRECMATS system
(blue). (Color figure online)

The trend of student access to both websites is similar in that the number
of accesses increased steadily from the start until it reached a peak one day
before the examination. This suggests that the majority of students were likely
to review material just a few days prior to the examination and only a few of
them accessed online materials much earlier. In addition, the number of students
who used and accessed the SRECMATS system indicates that some of them were
genuinely interested in the system and were willing to use it continuously during
their revision. This led us to perform a usability evaluation of the system.
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Time That Students Spent: can indicate how interested students are in the sys-
tem as well as their engagement behaviour. We recorded time that students
spent on it between login and logout as shown in Fig.8. We classified length
of time into three groups: 0—10 mins, 11-60 mins, and more than 60 mins. The
majority of students spent only 10-30 mins on the system. This may imply that
students use SRECMATS for a short time as a reference tool just to recall their
knowledge.
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Fig. 8. Time duration students spent on the SRECMATS system.

Pattern of Students Navigation: is about what kind of materials they visited
the most as well as in what order. The SRECMATS log file also records type
of materials that students navigated to. The timestamps were recorded showing
how they visited and left the material. From these data, we analysed and classi-
fied patterns of students’ use of learning materials into four main types as shown
in Table 2. These types of revision strategy are used in Fig.9 and illustrate the
numbers of students using different patterns on SRECMATS.

Considering results in Fig.9 by ignoring Type IV, where students do not
intend to use the system, it can be seen that most students used SRECMATS as
a tool for referencing (Type II) by reviewing past exams and lecture slides for a
short period of time. The most common navigation patterns that students do on
SRECMATS are Type II and Type I1I where they start their revision with a past
exam paper before navigating to the lecture slides. This result contradicts the
previous survey in [4] where students tended to start their revision with lecture
slides before past exam papers. However, this may result from students starting
their revision on printed lecture slides before practising on the past exam paper
materials.

Moreover, we also recorded how often students use our features to understand
their preference by counting the number accessing per click. The results are
presented in Fig.10. The results, however, do not consider the quick overview
feature through keywords because it does not have a physical action by students
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Table 2. Description of each type of revision strategy presented in Fig. 9.

Type I: | (1) Start revision on (all) lecture slides
(2) Go through past exam papers
(3) Go back to specific lecture slides

Type II: | (1) Start with past exam papers
(2) Go to related specific lecture slides
(Quick look for reference)

Type I11: | (1) Start with past exam papers
(2) Go to a set of related lecture slides
(Spend time reading)

Type IV: | (1) Students who do not intend to use the system but only login and
navigate through few functions which do not show any revision
patterns
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Fig. 9. Number of students performing revision strategies on the SRECMATS system.
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which we can capture. It is clear that most of students access the related material
feature (browsing recommendation), with 550 clicks, than the other two features
(direct access through searching and browsing). This high number using the
feature could be regarded two ways: either that students may literally prefer to
use these features or, alternatively, that these features may provide inaccurate
results and students thus need to use it many times to find what they are looking
for. Therefore, we later performed usability evaluations on these features.

General Perceptions. We measured general perceptions by asking students
to rate and comment on our system. The five star rating method was used where
1 star means a user is very dissatisfied and 5 stars means they are extremely
satisfied with the system. Table 3 presents the rating scores from 30 students who
rated the system. The other 43 students did not respond to the rating exercise.

Results from Table 3 show that a majority of students (mode) who rated the
system, gave the SRECMATS system 4 stars which means that most of them
were satisfied with the system. 6 students gave the system the full score of 5 stars
which indicated that the system was extremely useful for them. However, there
was another group of 6 students who responded with 3 stars, indicating that
they felt neutral about the system. The average rating score (mean) computed
from data presented in Table3 is 4. The average score of 4 also indicates that
students are likely to felt satisfied with the tool.

Table 3. Average rating of the SRECMATS system.

Rating Score Number of students
not response 43

After giving a star rating, six students were willing to contribute their opin-
ion. The comments of each student are presented below.

Student 1: “It’s nice that all the resources are gathered in one place, but
this thing is a bit broken. When I’'m looking at past papers or lecture slides,
and I try to go into past exam papers or slides using the blue buttons on
the top right, it never works on the first try. When it works after a couple of
clicks, it goes to the right page but shows my name wrongly, and then again
for some reason I have to try a couple of times before I get to the lecture/past
paper I need.”
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Student 2: “A quick and easy way to look for the information you want in
the lecture slides and the exam papers.”

Student 3: “A search bar.”

Student 4: “Useful for CS126, would be more interested if there were other
options available too (CS136, CS137, CS140, etc.). A great ideal”

Student 5: “It’s helpful to have everything in one place.”

Student 6: “Clean design but the fact that the ‘back’ button (specifically in
the Chrome browser) does not have any use may confuse people due to the
fact that it’s conventional that if you want to go back to the previous page,
you want to use the back button. Otherwise, it’s a good app!”

Apart from Student 3, the other 5 students seem to have had a good experi-
ence with the SRECMATS system. However, the comments from Student 1 and
Student 6 indicated bugs found in the system. This is an issue of usability, which
we will discuss more in the next section.

Usability Evaluation. After students finished the examination, they were
asked to complete a questionnaire survey constituting a usability evaluation
of four frontend services discussed in Sect. 3.1. The questionnaire was designed
based on the “Five Es” usability scheme [16], which is composed of the following.

— Easy to Learn: a component to measure on how easy to use the features
are.

— Effective: a component to measure how effective the features are in terms
of completeness and accuracy.

— Efficient: a component to measure how efficient the features are in terms of
reducing time spent on the task.

Table 4. Usability survey based on five Es scheme.

Keywords

. . ion2
Five E's Question? Tagging

Browsing Searching Recommending

| can start using this
function without any
tutorial.

Easy to

4.42 4.42 4 4.14
Learn

This function allows
me to navigate
through e-materials
easily and precisely.
This function
reduces time |
spend on browsing
e-materials.
| found that this
Error function disturbs my
Tolerant ability to navigate
through e-materials

Effective 3.85 3.71 3.14 3.57

Efficient 3.57 3.85 3.28 3.28

1.85 1.71 2.14 2

| prefer to have this
Engaging function on the
course website.
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Fig. 11. Five Es evaluation scheme to evaluate usability.

— Error Tolerance: a component to measure how well error tolerance of the
features deals with bugs or errors.

— Engaging: a component to measure how much a student likes engaging with
these features.

Likert scales from 1-5 were used for measuring levels of the Five Es in each
question (1 totally disagree, 5 totally agree). The results in Table4 illustrate
the average scores of 5Es usability evaluation of the four features provided in
SRECMATS. Data from Table 4 are also converted into a radar chart as presented
in Fig. 11, which allows us to simply see the strengths and weaknesses of each
feature.

Easy to Learn: the average scores of how easy to learn are higher than 4.0 for all
features, and especially for browsing and searching features, which suggests that
all these features are easy to use without extra tutorial support being required.

Effective: the average effective scores for browsing, searching, and keyword tag-
ging are all above 3.5 which suggests that students are satisfied with the accu-
racy and completeness of these features. However, the effective score of the rec-
ommending system is 3.14, which is the lowest score, and suggests a need for
improvement in the accuracy of this feature.
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Efficient: the trend of the average efficiency score is similar to the effective
score where browsing, searching, and keyword tagging are more efficient than
the recommending system. This suggests that the recommending system still
lacks the capability to reduce students’ time spent on navigation through related
materials.

Error Tolerance: this score measures how well the features prevent errors in
students’ navigation. By errors we mean that the features can lead a student to
a undesired direction or actual unexpected error, which can disturb navigation
ability of students. The result showed that all features have average error toler-
ance scores below 2.5, which indicate that most students were not disturbed by
errors in navigation through these features.

Engaging: the average engagement score of 4.0 (Agree) for keyword browsing
and searching shows that students are willing to use these features and prefer
to have them on the course website. In addition, the keyword tagging and rec-
ommending systems have engagement scores of 3.28 which are a little above the
boundary, implying that these features still need to improve in many ways to
attract students.

5 Conclusion

This paper presents the SRECMATS software framework as shown in Fig. 1 for
utilisation and delivery of online course materials. While teachers upload mate-
rials as normal using content management systems, SRECMATSs would auto-
matically create indexes, links, and navigation paths between materials. We aim
to reduce the cognitive load of students by supporting a low level of cognitive
skills. Students can then focus more on the content of revision. To ensure that
the SRECMATS framework has the potential to be applied in practice, we per-
formed three studies of students’ behaviour, general perceptions, and a usability
evaluation.

Results of the student behaviour study show that a significant number of stu-
dents registered to use the SRECMAT'Ss system. The log file activity also illus-
trates that they used it continuously during their revision. In addition, there
was a group of students who spent more than an hour revising online. These
results suggest that students were satisfied with the tool. The log file also reveals
students’ patterns in using learning resources, where a majority of them used
SRECMATS as a reference tool to review their knowledge by starting their revi-
sion with past exam papers then going on to lecture slides but only spending
a few minutes on each of the materials. Very few of them closely read all the
materials page by page.

The results relating to general perceptions confirms that students are satisfied
with the system from average score of star rating of 4.0. We also received positive
comments from five students (out of six). However, two students mentioned issues
regarding bugs and errors found on the system which need to be addressed.
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The usability evaluation at the end showed that all the features are easy to
learn without any extra tutorials. It also suggested that most students prefer to
have direct access by using keyword browsing and keyword searching features on
the course website. However, the 5Es score of easy access to related materials and
gaining quick overview features are just above the borderline 3.0 score (except
the error tolerance). This indicates that these features still require improvement
particularly in term of effectiveness as regard to accuracy of results. Finally,
positive results in regard to students’ behaviour and their general perception
are in conformity with results from a usability evaluation where SRECMAT'S
framework was evaluated as useful for some groups of students and thus having
potential for practical evaluation.

Although the aim of this research was achieved, there were some unavoidable
limitations. The major limitation is, because of the time limit, the system eval-
uation was conducted only on one class of students. Moreover, results from the
general perception and usability evaluations form a self-report study which may
contain several potential sources of bias, such as selective memory and telescop-
ing. Therefore, to confirm and generalise the survey results for a larger group,
more experiments should be conducted.
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Abstract. Content and Language Integrated Learning (CLIL) is an
immersive pedagogical approach where the learners’ foreign language
represents the medium of classroom instruction. In this paper we will dis-
cuss its applicability to primary school, addressing children aged between
6 and 7. Such an approach, relatively novel due to the young age of
students, requires ad hoc pedagogical methods, learning resources and
multimedia interactive interfaces in order to foster bilingualism and —
potentially — even multilingualism. This work will cover all the aspects
involved, starting from an overview of the state of the art, defining the
research questions, describing the design and implementation of suitable
Web solutions, showing a pilot experimentation, and finally discussing
the obtained results.

1 Introduction

An emerging trend in pedagogy is to propose rich educational environments
based on integrated approaches, including traditional lessons, manipulative
tasks, multimedia, out-of-school activities, and so on. The goal is to enhance that
educational cross-component able to influence key aspects of children’s growth
such as expressiveness, autonomy and sociality, in accordance with the funda-
mental concepts of pedagogical activism [1].

In this sense, technology can profitably support pedagogy. Ad-hoc methodolo-
gies, techniques and devices can be designed to make children learn how to interact,
listen, watch, discriminate, transpose concepts, and develop their cognitive and
social skills in meaningful learning contexts. Curricular contents and multimedia
can be coupled to create multi-layer learning environments aiming at the integra-
tion of skills and abilities. As stated in [2], multimedia should not be seen as a mere
collection of sound, images, video and animations; rather, it is a vital, dynamic
field offering new challenges, interesting problems, exciting results, and imagina-
tive applications. The educational impact of multimedia — already addressed by
a huge number of theoretical analyses, scientific works and projects — requires an
explicit design effort geared to kids [3].

© Springer International Publishing AG 2017
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Integration among heterogeneous skills is also the basis of Content and Lan-
guage Integrated Learning (CLIL), a methodology adopted in teaching situations
where a foreign language is used as a medium for teaching non-language content
[4]. CLIL encourages a cross fusion of didactic subjects — currently considered
as a relevant educational trend [5] — by approaching content through the target
language. In this sense, CLIL acts as a bridge able to connect multiple learning
aspects into a coherent whole where interdisciplinary elements prevail [6].

The goal of this work is to discuss a novel approach to CLIL which takes
into account and joins commonly-accepted pedagogical theories, current trends
in education, multimedia, computing devices, and information systems, in order
to make CLIL profitably applicable to primary school students.!

2 A Short Overview of CLIL

The label “CLIL” stands for classrooms where a foreign language is used as a
medium of instruction in content subjects [8]. This initiative was launched in
1994 in conjunction with the European Commission, since multilingualism was
— and it is still — considered at the heart of European identity, and languages are
seen as a fundamental cultural aspect of European citizenship [9]. The idea was
originated by a discussion among experts, above all in Finland and the Nether-
lands, on how to bring the language-learning excellence typical of a restricted
number of institutes into mainstream government-funded schools and colleges.

CLIL aims to develop both lower and higher order thinking skills in children,
according to Bloom’s taxonomy of cognitive objectives [10]. CLIL strategies are
mainly focused on the latter abilities — namely those skills involving analysis,
evaluation and synthesis, i.e. creation of new knowledge — even if higher order
thinking skills are dependent on an earlier acquisition of lower ones. Conse-
quently, such a methodological approach is more cognitively engaging for both
students and teachers. On one side, this aspect may increase the demands and
difficulty of CLIL, but on the other side it leads to a higher engagement and
motivation too [11].

Another point to underline is the difference between Basic Interpersonal
Communicative Skills (BICS) and Cognitive Academic Language Proficiency
(CALP). BICS refers to conversational fluency in a language, whereas CALP
refers to student’s ability to understand and express, in both oral and written
modes, concepts and ideas that are relevant to success in school [12]. In CLIL,
teachers have to address CALP rather than BICS, whereas students have to
know both content-specific vocabulary for the topic they are learning (e.g., tech-
nical terms), and a suitable language to carry out activities during the lesson
(e.g., sentence starters).

One of the key aspects in CLIL is the identification of the input [13]. A foreign
language should provide learners with a substantial amount of comprehensible
input. From this point of view, content is conveyed by the teacher as a way of

! This paper in an extension of a work presented at the CSEDU 2016 conference. For
further details, please refer to [7].
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facilitating understanding, and the input is represented by the language to which
learners are exposed [14].

All constructivist comprehension theories underline the importance of the
input in the construction process. However, the input as such is not important for
successful processing, rather for the significance it has for the learner. Cognitive
psychologists argue that comprehenders can only process input successfully if
they can relate it to what is already part of their own body of knowledge. Social
constructivists carry their argument even further: in their opinion, only input
in which comprehenders can get engaged — or involved in — can be processed
and will finally lead to a construction which they can make use of [15]. These
considerations are behind the design of the Web frameworks described below.

In order to provide an effective input, educators need to know what CLIL
exactly is, mastering both the methodology and a specific language for contents.
Consequently, ad-hoc professional training is required for teachers. Among a
number of initiatives, it is worth citing CLIL{U? and the British Council’s
CLIL project.*

3 State of the Art

Two key aspects of this proposal are: i) CLIL in primary school education, and
ii) the use of multimedia technology as a means to convey content in a foreign
language.

In most educational systems which encourage an early study of a foreign
language, curricular approaches are rather similar, usually consisting of general
lessons that include foreign culture, art and craft activities. A great importance
is given to the development of phonemic awareness and vocabulary, and these
goals are traditionally achieved through reading and writing assignments.

In the educational systems open to CLIL experimentation, this methodology
is usually applied to secondary (see e.g. [16-18]) or tertiary education (see e.g.
[19-21]).

Conversely, the application of CLIL to very young students attending primary
school is a quite novel idea. In this sense, it is worth citing a pilot project in
Spanish curricular infant education described in [22]. An interesting study about
CLIL across multiple educational stages, ranging from primary to tertiary level,
is provided in [23]. Another relevant initiative aiming to examine the effects of
foreign language exposure vs. specific language exposure was carried out in an
institute offering preschool, primary and secondary schooling [24].

Some researches go even further, exploring the methodologies and tools to
teach a foreign language to preschool children. For example, [25] addresses

2 In the following, we will extend the concept of input to other aspects of our proposal,
such as multimedia and digital skills.

3 http://languages.dk/clil4u/index.html.

4 http://www.britishcouncil.org/europe/our-work-in-europe/content-and-language-
integrated-learning-clil.
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preschool teachers and administrators, suggesting how to develop effective pro-
grams to create the linguistic background for early second-language exposure.
Learning in an early stage of life is facilitated, so the acquisition of a foreign lan-
guage can be easily integrated into the exploration of basic curricular topics such
as numbers, colors, animals, etc. [26]. It is also possible to use unconventional
teaching strategies such as nursery rhymes [27].

Didactic experiences expressively designed for children attending the first
years of primary school can encompass engaging classroom tasks, motivating
games and other activities aiming to improve their listening and speaking skills.
The development of reading and writing abilities will occur later, but it will be
possible to encourage such skills through a suitable evolution of the CLIL envi-
ronment, thus creating a continuous educational path. In all the mentioned activ-
ities, CLIL is considered effective not only to teach curricular contents together
with a foreign language, but also to foster cognitive development, communication
abilities and cultural awareness, as stated in [28,29].

4 Research Questions

This work raises research problems that are rooted into different fields, in par-
ticular pedagogy, multimedia and information technology. Consequently, the
research questions we want to answer are complex, heterogeneous and trans-
disciplinary.

We do not aim to prove the pros neither discuss the cons presented by CLIL;
in this sense, the state of the art reported in Sect. 3 should provide some interest-
ing food for thought. Rather, our proposal makes an assumption: the possibility
to effectively employ CLIL in primary school education, as demonstrated by
some pilot studies cited above. Starting from this ground truth, our research
moves along 3 dimensions: (i) the educational dimension, (ii) the technological
dimension, and (iii) the teaching environment setting.

As it regards the educational dimension, [Q1] how can we rethink traditional
teaching tools in order to encourage CLIL-based learning? [Q2] Can multimedia
and transmediality be integrated in order to enhance the CLIL experience?

Concerning technological aspects, [Q3] to what extent can the use of tech-
nological devices encourage the adoption of CLIL in primary school? And [Q4]
how does a combined use of CLIL and multimedia technologies improve students’
skills in the administered school subjects, foreign language, and digital compe-
tences? Please note that [Q4] actually refers to this dimension as far as the focus
is on technology; but if the aim is to “demix” the integration of school subjects,
foreign language and multimedia technologies in order to test the acquisition of
skills in each single area, this research question will better fit the educational
dimension.

Moreover, we want to discover if the current proposal could/should affect the
teaching environment, including the way lessons are organized and conducted,
and the relationship between school and the outer world. For instance, [Q5] what
is the impact of the proposed CLIL enhancement on teaching activities? In other
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words, are teachers ready and trained to accept this innovation? Are classroom
settings fit for this goal, and — if not — can they be easily rearranged? Is the
available equipment fit for our goals? Besides, we want to test if the integrated
vision typical of CLIL can help bridge different learning environments: [Q6] may
this proposal encourage the integration of classroom lessons and out-of-school
activities?

Finally, more general research questions may arise. For example, [Q7] to what
extent can a playful environment foster creativity, collaboration and the aptitude
to a learn-it-yourself approach? [Q8] Can we generalize the proposed strategies
in order to address students of other years?

In the following we will try to answer all these questions in order to validate
our proposal, from both a theoretical and an experimental point of view. In
particular, Sect. 6 will present the results of a pilot study conducted in an Italian
primary school.

In general terms, there are two types of data that can shape research ques-
tions: quantitative and qualitative data. While the former type of data focuses
on the numerical measurement and analysis between variables, the latter exam-
ines the social processes that give rise to the relationships, interactions, and
constraints of the inquiry. In this work, quantitative data will be retrieved from
both measurable aspects of classroom situations and the analysis of assessment
tests administered to young students after CLIL lessons, whereas qualitative
data will be mainly inferred from an interview to the teacher who adopted the
proposed methodology during the pilot study.

5 A Web-Based CLIL Environment

As stated in [30], CLIL exists in different guises on a continuum where content-
based education is at the softer end, and bilingual education is at the harder one.
As a consequence, we can recognize Hard (Strong) CLIL, where teaching and
learning are primarily content-driven, and Soft (Weak) CLIL, which is mainly
language-driven. The version of CLIL we are going to adopt stands in the middle,
consequently it is sometimes called Mid (Comfortable) CLIL: learning occurs as
a combination of both language and content, and its aims can be considered
dual-focused. Mid-CLIL requirements imply a mixed use of graphical and audio-
visual elements (i.e. multimedia in its multiple forms), necessarily predominant
due to the young age of students. A key role is played by audio, that mainly
allows listening activities in the native as well in the foreign language. Moreover,
audio can be used to introduce additional sounds that can reinforce learning, as
in the examples below.

Computer-based solutions and technological devices can respond to the men-
tioned needs, since they provide those audio-visual aids required to involve young
learners and to overcome the typical problems caused by an unknown language
in young students. In addition to traditional tools already in use at schools
(blackboards, textbooks, etc.), technological equipment such as computers and
interactive boards can foster the acquisition of linguistic competence in an enter-
taining and motivating way.
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Narrowing the field to the Web, the new possibilities offered by HTML5 —
and specifically by its built-in support of audio and video — allow the creation
of playful environments oriented to CLIL in primary school. JavaScript, another
W3C-compliant standard, can add the interactivity required to enrich the inter-
face from both a graphical and a functional point of view.

A Web application, compared to “traditional” software, presents a number
of advantages, such as: multi-platform portability, compatibility with a wide
range of devices,? out-of-school availability, and so on. Besides, the adoption of
purely client-side technologies potentially allows teachers to distribute materials
through physical media (CD-ROMs, USB pens, etc.), and users to work off-line,
namely with no network connection.

In order to test the efficacy of our approach, we have designed, implemented
and tested a basic Web environment dealing with typical primary-school sub-
jects, like farm animals and musical instruments. The idea was to equip teachers
with a flexible tool, easily adaptable to students’ age, skill levels and didactic
goals. A single class is composed by many children, each one presenting a differ-
ent way to learn. In accordance with the theory of multiple intelligences [31], we
aimed to provide multiple inputs, multiple interaction modes and multiple ways
to employ the same Web environment, so that the resulting learning experience
can be really “student-tailored”.

Consequently, we embedded different kinds of content into each learning
resource: multiple graphical representations, pronunciation of terms in the native
and foreign language(s),® other contextualized audio content (animal sounds,
music excerpts, etc.) and a text transcription of foreign words.

The resulting interface, shown in Fig. 1, lets teachers choose among scenarios
that present a gradually increasing number of learning resources as well as a
gradually increasing graphical complexity. At the moment of writing, two sample
lessons — dealing with farm animals and musical instruments respectively — are
available at http://clil.lim.di.unimi.it.

6 Pilot Experimentation

An early experimentation of the framework described in Sect.5 took place at
the Istituto comprensivo Mahatma Gandhi located in Trezzano Rosa, Italy. Two
first-year classes of the primary school, made of 13 (Class A) and 15 (Class B)
students, were involved in the experimentation.

Two CLIL sessions were organized during the hours of Music and Sciences,
dealing with musical instruments and farm animals respectively. Lessons were
administered to students approximatively of the same age, between 6 and 7. For
practical and organizational reasons — the pilot study was conducted at the end

5 A W3C-compliant application can be virtually run on desktop computers, tablets,
interactive whiteboards, smartphones, and — in general — any network-connected
device equipped with an HTML5 browser.

5 Please note that a strict interpretation of CLIL would forbid the use of students’
mother tongue during lessons.
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of the school year — Class A participated in both sessions, whereas Class B was
administered only the lesson about farm animals.

CLIL sessions were coordinated by a non-linguistic subjects’ teacher, having
expertise on the topics to treat, a basic ability to speak a foreign language, and
knowledge about students’ vocabulary.

Each CLIL session consisted of two parts: acquisition and assessment. During
the former phase, taking approximatively 40 min, students were free to indepen-
dently explore the Web interface, working alone or in small groups, possibly
under the supervision of the teacher. By using the term acquisition, we want
to stress that students are not only learning lexicon and notions on school sub-
jects, but they are developing a number of higher-order skills, as detailed below.
After the first phase, described in Sect. 6.1, students were required to undergo an
anonymous assessment test that lasted about 40 min. The goals were manifold:
the teacher had to check the actual learning of school subjects and foreign lex-
icon; the CLIL expert had to test the achievement of high order thinking skills
and the development of further abilities (e.g., digital competences, scaffolding,
peer collaboration, etc.); and the authors of the research wanted a measurable
feedback about the effectiveness of their methodology. The results of the assess-
ment phase have been reported in Sect. 6.2.

ChMusical instruments

Fig. 1. A web framework for CLIL written in HTML5 and JavaScript.
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6.1 The Acquisition Phase

The first phase was conducted by following a strict interpretation of CLIL: the
teacher spoke exclusively the foreign language — in this case English — adopt-
ing necessarily a simplified lexicon and grammar. Since children could remain
surprised or even confused because of the foreign language, the educator char-
acterized the context by placing an English pennant on the teaching desk.

Due to the constraints imposed by classroom equipment, the teacher decided
to concentrate the activity of each class on a single device. When in front of the
computer, students had to work alone or in small groups, exploring different sce-
narios and finding their own way to learn (see Fig. 2). This strategy was adopted
since one of the current trends of pedagogy is to turn students into the pro-
tagonists of their educational process within a self-regulated learning approach
[32]. In the meanwhile, idle children were invited by the supervising teacher to
observe the interface and to participate by repeating the words chosen by their
classmates. The teacher acted as a coach by coordinating students activities,
providing inputs and encouraging cooperation.

While students were engaged with learning and the teacher was supervising
them, an expert with a pedagogical background conducted the observation phase.
As a first result, this lesson model proved to be effective in encouraging interac-
tion among classmates, thus reaching the goals of peer seeking, peer reviewing
and cooperative learning. Due to the limited linguistic knowledge of young stu-
dents, interaction necessarily occurred in their native language. Figure 3 shows
a moment of dialog among classmates. Simultaneously, another type of relation-
ship emerged in the class: the presence of the teacher was not seen by students
as a constraint but rather as a guide, in the context of a supervised didactic
activity.

Besides, the observation revealed some unforeseen ways to use the interface,
originally designed for personal fruition in a self-regulated context. This experi-
ence showed a number of collaborative applications: for example, the possibility
to launch a game where a child choose an animal sound, and classmates have to
say the corresponding foreign word. This kind of activities created an atmosphere
of playful involvement, motivation, and peer-to-peer incitement.

One aspect that could negatively affect the experiment was the need to pro-
vide young students with technology skills, for instance to explain in a foreign
language how to navigate the Web interface. However, being digital natives, stu-
dents showed a good mastery of technological tools, and the interfaced proved
to be intuitive enough.

6.2 The Assessment Phase

In order to verify the effectiveness of our proposal, at the end of the CLIL-based
acquisition phase we planned to administer a test in a paper-delivered format to
children. The test was anonymous, in order to reduce stress conditions and let
the learning outcomes emerge.
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Fig. 3. Cooperation and dialog among students in front of the interface.
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The skills to investigate were primarily related to listening comprehension,
since reading and writing abilities should be developed later. Consequently the
document contained a very limited amount of text, it required no written answer,
and contents were mainly graphical. However, pictures were significantly different
from the representations shown to students in learning scenarios. In fact, the goal
of the CLIL experience was not to teach the relationship occurring between a
given graphical representation and its phonetic counterpart, but rather the one
occurring between a concept — which can be graphically represented in different
forms — and the corresponding foreign word.

The assessment was conceived to check the acquisition of different skills and
test multiple intelligences. It consisted of three sections — Listen & Choose, Listen
& Color, and Listen € Draw respectively — and the task to carry out in each
section was orally explained by the teacher in simple words.

During the Listen & Choose assignment, the teacher indicated a given subject
(i.e. an animal or a musical instrument) to be recognized among three alterna-
tives. An example of sentence was: “Number 1: choose the pig”. Students had
to go to subsection 1, select one of the pictures — in this case the choice was
among a bear, a pig and an elephant — and mark the right answer. This activity
included a total of four multiple-choice questions. As shown in Fig. 4, answers
could contain also animals not present in the scenarios, and — in any case —
the graphical representation of the known animals was different from the ones
previously presented to children. In this way, we tested not only the acquisition
of specific lexicon, but also the development of understanding and abstracting
abilities.

Concerning students’ performances, children demonstrated a very good level
of listening comprehension and lexicon acquisition. As it regards the recognition
of animals, in Class A the wrong answers were 3 out of 52, with an error rate less
than 6%, and in Class B they were 6 out of 60, with an error rate of 10%. The
recognition of musical instruments was proposed only to Class A; this task was
carried out with only 1 error, which means an error rate of 2% approximatively.

Fig. 4. An excerpt from the Listen & Choose assignment.

During the Listen & Color assignment, the teacher indicated through a sim-
plified language which subject (i.e. which animal or musical instrument) had
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to be colored with a specific crayon. An example of sentence was: “Take your
blue pencil and color the rooster”. Figure 5 shows the coloring page for the test
on farm animals. The associations were: blue rooster, green cow, yellow pig,
brown horse, white goat, and red sheep for animals; orange violin, pink trom-
bone, black flute, blue xylophone, green oboe, and yellow double bass for musical
instruments.

One of the potential problems with this task was the discrepancy between
the color a subject usually presents in the real world and the one requested by
the teacher. Another obstacle was the need to recall prior knowledge, such as the
name of colors in English. Reasoning skills were also stimulated by the request
to use the color white, which did not correspond to any crayon. These aspects
were intentionally introduced in order to foster students’ higher-order thinking
skills and cross-subject integration.

Fig. 5. The picture to fill during the Listen & Color assignment.

Students’ performances on animals were impressive: both in Class A and
B the assignment was completed without any error. The case of musical instru-
ments was more difficult, nevertheless the error rate remained below 8% (6 errors
out of 78 responses).

Finally, during the Listen & Draw assignment, the teacher suggested which
subjects (i.e. which animals or musical instruments) had to be drawn on paper.
An example of sentence was: “Number 1: draw a dog”. Please note that the
sentence challenged students not only through the use of a contextual lexicon
in a foreign language, that is a basic requirement of CLIL, but also through the
prior knowledge of numbers and the need for a personal reworking of graphic
content, thus bridging different school subjects and competences. The sequence
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of animals was: 1. dog, 2. pig, 3. sheep, 4. rooster, and 5. horse; the sequence of
musical instruments was: 1. piano, 2. trumpet, 3. guitar, 4. flute, and 5. drum.
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Fig. 6. The pictures of guitars and trumpets produced during the Listen & Draw
assignment. Below the final picture, it is often visible an earlier draft.

All students from Class A and Class B completed the task. The outcomes
of this section, partially shown in Fig.6, were interesting from different per-
spectives: they pointed out not only which words were harder to understand,
but also which subjects were more difficult to represent. Needless to say, these
results cannot be evaluated ignoring the prior domain knowledge (e.g., the avail-
ability of a given musical instrument at home), the drawing skills and the level
of creativity of each student.

In order to improve listening comprehension, during the assessment phase
some reinforcement techniques were adopted by the teacher. First, the instruc-
tions to follow — provided using a simplified language — were uttered clearly and
repeated several times. Besides, when previous knowledge had to be recalled,
the teacher employed additional tools: for example, the number of the current
exercise was pronounced and simultaneously written on the blackboard. Finally,
ad-hoc body language and explanatory gestures proved to be particularly effec-
tive, for instance to mimic the movements of instrument players.

6.3 Interview with the Teacher

The interview with the teacher who conducted the classroom experimentation
allowed us to catch those qualitative aspects of student-teacher interaction which
could not have been inferred from the test.

In addition to confirming a number of issues that had emerged from the
observation, such as the good level of involvement and interaction, she reported
some sentences uttered by students that unveiled interesting aspects.
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First, in reference to the use of the Web platform, a girl asked in Ital-
ian: «Teacher, can I do it at home, too?», thus revealing the will to spontaneously
bridge school education and home activities.

Another interesting aspect noticed by the teacher during her coaching activity
is a mixed use of the native and foreign language in children’s interactions.
For example, she heard the sentence: «Guarda, ecco il dog!», a mixed-language
expression which can be translated as: «Look, here is the dog!».

One last point that is worth remarking is the aptitude shown by some stu-
dents to anglicize unknown terms by an autonomous mental process of rule
inference. For example, the Italian word “nero” — corresponding to the English
word “black”, unknown to students — was transformed into “ner”, thus creat-
ing the same relationship that exists between “violino” and “violin”. Despite
this naive approach generally produces incorrect results, this case demonstrates
CLIL’s potential to stimulate higher order thinking skills.

7 Towards a Multi-layer Pedagogical Approach

With respect to the approach described in Sect. 5, a more advanced goal is to
realize a multi-layer pedagogical environment based on the role of multimedia
not only as a privileged means to convey content, but also as a way to create a
complex network of correlated and synchronized information. Foreign language,
multimedia and technologies are the entities to be integrated in order to foster a
stratification of skills, in accordance with the theory of “four Cs” [33]: Commu-
nication (i.e. improving overall target language competence), Content (i.e. learn-
ing the knowledge and skills of the subject), Culture (i.e. building inter-cultural
knowledge and understanding), and Cognition (i.e. developing thinking skills).

We can define this new proposal as “multi-layered” because it embraces dif-
ferent media types and media instances — each one with its own features, gran-
ularity and level of abstraction — and keeps them together in an interconnected
information network. This approach was already present in the Web environment
described in Sect. 5, but we would like to extend it by establishing a dense net-
work of interconnections among the various facets of learning resources, including
synchronization among timed materials.

A multi-layer structuring of information can be conferred to a Web environ-
ment through a suitable representation format. To this end, we are exploring the
possibilities offered by IEEE 1599, an international standard promulgated by the
Institute of Electrical and Electronics Engineers (IEEE). Originally conceived for
music information, IEEE 1599 adopts XML (eXtensible Markup Language) in
order to describe a music piece in all its aspects, ranging from notation to audio,
aiming to potentially provide the most comprehensive description [34].

The design of a CLIL framework based on IEEE 1599 calls for a paradigm
shift, but such a framework supports important improvements with respect to
the proposal in Sect.5, such as the possibility to include multiple timed con-
tents and to experience them in a synchronized environment. While the previ-
ous interface required specific user actions to trigger events, now it is possible to
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use a tale, a rhyme or a song to drive their occurrences. Besides, thanks to the
characteristics of IEEE 1599 originally designed for music, the user is allowed
to switch current materials in real time: graphic backgrounds can be changed
to increase or decrease the difficulty level without pausing the narration, the
sequence of events can be altered by choosing a different kind of timed content,
multiple audio tracks can be employed to illustrate different pronunciations, the
language itself can be switched in the context of a multilingual lesson, etc.

An TEEE 1599 example of CLIL lessons has been uploaded to the “Music
Box” section of the EMIPIU framework,” a repository of music pieces encoded
in IEEE 1599 format. The comparison between a standard music case and CLIL
learning material is illustrated in Fig. 7.

Select an audio/video track

. .
Bobby McFenin, Yo-Yo Ma

Select a score

I =

Ave Maria

D'apres le Prélude en do majeu

L1 Transcription n.2 e
du Clavier Bien Tempéré, vol. 1, de ). S. Bach

Page 14

Select an audio/video track

Select a score

Page: 1

Fig. 7. A Web interface for advanced music fruition and its CLIL reinterpretation.

" http://emipiu.di.unimi.it.
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Another field to explore is the integrated use of CLIL and music, which could
be easily implemented in IEEE 1599 without any paradigm shift. Pedagogical
research states that songs and rhymes can be used to teach new words, increase
vocabulary, introduce a specific lexicon, and improve pronunciation [35]. More-
over, songs are memorable for a long time: a recent study confirmed the long-held
belief that singing in a foreign tongue can facilitate language learning [36]. Music
quite naturally provides opportunities to practice patterns, math concepts, and
symbolic thinking skills, all in the context of a joyful noise, which makes it
attractive and engaging even for very young children. There are multiple and
heterogeneous ways to participate in music activities, and such experiences can
be easily adapted for a range of developmental levels and skills depending on
the learner’s age [37].

Recalling the concept of input introduced in Sect. 2, music-based lessons offer
three distinct sources of language input [38]:

1. the language used to manage classroom activities and to set up music expe-
riences;

2. the process itself that leads to a performance;

3. the actual words and phonological features of songs, rhymes, musical stories,
etc. (performed by the audience or already available as media content).

Some pilot studies about the integration of music in CLIL experiences have
been already published — see e.g. [39] — but mainly as an alternative to traditional
music lessons and addressing secondary-school students. As it regards future
work, one of our research goals will be to transform CLIL into CLMIL — a new
acronym standing for content, language and music integrated learning — and to
test the efficacy of this approach in primary school.

8 Answers to Research Questions

The results achieved through a careful design, a suitable implementation and
the experimentation of the aforementioned prototypes let us answer the research
questions listed in Sect. 4.

[Ql] How can we rethink traditional teaching tools in order to encourage CLIL-
based learning?

[Al] We designed and implemented two Web frameworks suitable for use by
primary-school children both in classroom and out of school, in a supervised as
well as in a self-regulated context. These tools are not intended to completely
replace traditional teaching methodologies, but to improve their efficacy thanks
to computer technologies, multimedia and interactivity.

[Q2] Can multimedia and transmediality be integrated in order to enhance the
CLIL experience?

[A2] CLIL-based strategies encourage the use of additional content and rein-
forcement elements coming from different fields. Also in a traditional setting,
the teacher is suggested to go beyond a standard lesson administrated in a
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foreign language. Consequently, we integrated digital pictures and sounds in a
framework that could recall real-life scenes, like a window open on a courtyard
full of animals or a theater box in front of the orchestra. A number of scenarios
have been provided, in order to challenge self-regulated children without causing
frustration if the scenario was too demanding. As a result, the level of interac-
tivity and engagement was undoubtedly higher with respect to a standard CLIL
lesson.

[Q3] To what extent can the use of technological devices encourage the adoption
of CLIL in primary school?

[A3] Thanks to their young age, digital natives showed great familiarity with
technology. During the experimentation, there was no need to explain how to
use Web interfaces, since children were perfectly able to navigate them and
enjoy learning resources. Far from representing a limit or a constraint, the use
of technological devices emphasized the playful aspects of CLIL learning.

[Q4] How does a combined use of CLIL and multimedia technologies improve
students’ skills in the administered school subjects, foreign language, and digital
competences?

[A4] The encouraging outcomes of tests demonstrated the acquisition of the
school subject under discussion as well as the related foreign lexicon. In other
words, the basic goals of any CLIL experience were completely achieved. More-
over, computer-based activities improved the familiarity of students with tech-
nological tools, and less-skilled children were helped and encouraged by their
classmates in the context of a joyful peer-to-peer cooperation.

[Q5] What is the impact of the proposed CLIL enhancement on teaching activ-
ities? Are teachers ready and trained to accept this innovation? Are classroom
settings fit for this goal, and — if not — can they be easily rearranged? Is the
available equipment fit for our goals?

[A5] Thanks to the specific training and open-mindedness of the teaching
staff in the school where the experimentation was conducted, the experience
was really positive. Nevertheless, answering these questions in general terms
is hard: CLIL requires domain knowledge and specific training for educators,
and learning resources should be the result of a collaborative work involving
domain experts, linguistic subjects’ teachers, pedagogues and computer devel-
opers. These aspects may clearly have an impact on the ordinary activities of
a school and require the integration of missing competences or — at least —
cooperation with other institutions. It is worth recalling that the pilot study
described above was made possible by the agreement among a primary school,
a university department of education and a computer science department. As
it regards classroom equipment, the described Web frameworks are not too
demanding: they require a personal computer, possibly attached to a video pro-
jector or an interactive board, and — despite the use of Web technologies — no
network connection.

[Q6] May this proposal encourage the integration of classroom lessons and out-
of-school activities?
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[A6] This question can be answered from two perspectives. Concerning a teacher-
driven pedagogical design that fosters cross-subject learning and encourages
continuity with external activities (e.g., school trips, visits to museums, exhi-
bitions, etc.), our approach can be easily extended by integrating the proposed
interfaces with additional multimedia content, links, and suggestions for manip-
ulative activities. A close collaboration among education experts and developers
can help generate strongly-related learning resources both in the real world and
in the digital domain. In a nutshell, this is what happened for the preparation of
the assessment test. From the point of view of students, who in this context are
considered as the protagonists of their own learning process, the described expe-
rience stimulated interest towards curricular and related non-curricular activities
also outside the school environment.

[Q7] To what extent can a playful environment foster creativity, collaboration
and the aptitude to a learn-it-yourself approach?

[A7] The pilot experimentation revealed that young students — supervised by a
coaching teacher but free to express themselves in the context of self-regulated
learning — showed great interest in the proposed educational activities, thanks
to the multimedia and interactivity features offered by the framework. They
demonstrated a natural aptitude towards collaboration, including group activi-
ties, peer-to-peer review of user actions, and encouragement. When working with
classmates, children could experience the so-called cooperative learning. New the-
ories of social constructivism and constructivism network argue that knowledge
is acquired in a context, and — in this sense — cooperative learning encourages the
development of communication skills and positive interdependence [40]. In par-
ticular, audience support was a key aspect of social interactions: “idle” children
played indeed an important role in sustaining interest and passion during lessons.
Support from the audience further convinced current users that what they were
doing was interesting, and they somehow felt proud of themselves since they
were the center of attention. Finally, as it regards creativity, students were stim-
ulated in different ways, ranging from the availability of a number of scenarios
to explore during the acquisition phase — each one presenting its own graphical
aspect and a specific difficulty level — to the tasks assigned during the assessment
phase. Self-regulation, cross-subject integration and out-of-school activities are
issues where creativity can emerge.

[Q8] Can we generalize the proposed strategies in order to address students of
other years?

[A8] The main obstacle we faced from a pedagogical point of view was to let very
young students approach a CLIL lesson, namely a learning session completely
administered in a foreign language. Since CLIL is studied and usually applied to
higher school levels, extending our approach to older students has no contraindi-
cations, but rather opens up new possibilities. Examples are the integration
of text contents and the consequent study of phoneme-grapheme mapping, the
gradual introduction of an increasingly complex grammar and lexicon, the possi-
bility to address multilingualism, and a better integration with other curricular
subjects.
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9 Conclusion

In this work we described an educational proposal for primary school based on
the integration of three domains: computer technologies, multimedia, and foreign
language. Since our approach makes them tightly interconnected each other, it
can be difficult to establish the exact role played by each aspect: any of them
could be seen as the input, the means or the educational goal of the initiative.
This is perfectly consistent with the declared aims of CLIL methodologies, where
the focus is on integration. The development of Web interfaces based on CLIL
pedagogical indications proved to be an accessible, highly-customizable, open
and free approach to apply CLIL strategies to primary school education.
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Abstract. Uncertainties exist in intelligent tutoring. The partially
observable Markov decision process (POMDP) model may provide use-
ful tools for handling uncertainties. The model may enable an intelli-
gent tutoring system (ITS) to choose optimal actions when uncertainties
occur. A major difficulty in applying the POMDP model to intelligent
tutoring is its computational complexity. Typically, when a technique of
policy trees is used, in making a decision the number of policy trees to
evaluate is exponential, and the cost of evaluating a tree is also expo-
nential. To overcome the difficulty, we develop a new technique of policy
trees, based on the features of tutoring processes. The technique can
minimize the number of policy trees to evaluate in making a decision,
and minimize the costs of evaluating individual trees.

Keywords: Intelligent tutoring system - Partially observable markov
decision process - Policy tree -+ Computing cost

1 Introduction

An intelligent tutoring system (ITS) performs one-to-one, interactive teaching.
It has the abilities of knowledge tracing and adaptive instruction. During a
tutoring process, an I'TS traces and stores the student’s knowledge states, and
chooses optimal tutoring actions accordingly. In recent years, ITSs have been
developed as teaching aids in many fields including mathematics [1,19], physics
[15], chemistry [11], computer programming [1], medical science [19], military
training [7], and web-based adult education [5,10]. Students can use ITSs for
learning concepts [8,12], or problem-solving skills [14], or both [19].

Information about student knowledge states plays an important role in adap-
tive tutoring. Unfortunately, in a practical tutoring process, student states may
be uncertain to the teacher. Quite often, the teacher does not know exactly what
the student’s states are, and what the most beneficial tutoring actions should be
[19]. For building an adaptive tutoring system, the partially observable Markov
decision process (POMDP) model may provide useful tools to deal with uncer-
tainties. It enables a system to take optimal actions even when information of
states is uncertain and/or incomplete.

In a POMDP, finding the optimal solutions (or actions) is the task of POMDP
solving. A practical technique for POMDP solving is to use policy trees. In a
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policy tree, nodes are actions and edges are observations by the agent. The
children of a node (action) are possible actions in the next step depending on
what the agent observes. The technique involves evaluating alternative trees,
choosing the optimal one, and taking its action(s). The technique of policy trees
is still very expensive, although it is better than many others. In making a
decision, the number of trees to evaluate is typically exponential [3]. The cost
for evaluating a tree is exponential as well [12]. The computational complexity
discourages application of a policy tree technique to practical tutoring processes.
To overcome the difficulty of computational complexity, we develop a novel
technique of policy trees, aiming at minimizing the number of trees to evaluate in
making a decision, and the costs for evaluating individual trees. This technique is
based on the information of pedagogical orders of the contents in the instructional
subject. In this paper, we first provide the background knowledge of a POMDP nec-
essary to understand our technique, review the related work of using the POMDP
model for building ITSs, with emphasis on POMDP solving, then we present our
technique of policy trees, and finally we discuss some experimental results.

2 Partially Observable Markov Decision Process

2.1 POMDP and Belief Calculation

The major components of a POMDP are S, A, T, p, O, and Z, where S is a
set of states, A is a set of actions, T is a set of state transition probabilities,
p is a reward function, O is a set of observations, and Z is set of observation
probabilities. At a point of time, the decision agent is in state s € S, it takes
action a € A, then enters state s' € S, observes o € O, and receives award
r = p(s,a,s’). The probability of transition from s to s after a is P(s'|s,a) € T.
The probability of observing o in s’ after a is P(ola,s’) € Z.

A POMDP is an extension of a Markov decision process (MDP), for modeling
a decision process in which states are not completely observable. In a POMDP,
the agent infers state information from its actions and observations, and makes
decisions based on the inferred information. O and Z are the extended compo-
nents for dealing with uncertainties in observing states.

A POMDP has another new component: belief for representing the inferred
information about states. In some literature, it is called belief state. A belief is
defined as probability distributions over states

b= [b(s1), bls3), -, b(5Q)] (1)

where s; € S (1 < i < Q) is the ith state in S, @ is the number of states in S,
b(s;) is the probability that the agent is in s;, and Z?Zl b(s;) = 1. During the
decision process, the agent cannot directly observe the state at every time step,
the information available is the beliefs.

The agent uses policy m to choose an action based on its belief:

a=n(b) (2)

where b is the belief. When 7 is optimal, it returns the optimal action for b.
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After the agent takes action a and enters s’, it has a new belief b’. The new
belief is a function of b, a, o, and s’. Since a belief is a vector (see Eq. (1)), the
agent updates its belief by calculating the individual elements. The following is
the formula for calculating element o'(s’) in b':

V'(s') =) _b(s)P(s'|s,a)P(ola, ") /P(o]a) 3)

ses

where P(o|a) is the total probability for the agent to observe o after taking a. It
is calculated as

P(ola) = Zb(s) Z P(s'|s,a)P(ola, s"). (4)

seS s'eS

P(ola) is used in Eq. (3) as a normalization factor so that the elements in b’ sum
to one.

2.2 Technique of Policy Trees

In a POMDP, finding the optimal policy is called solving the POMDP. For most
applications, solving a POMDP is intractable [2,9]. A practical approach for
POMDP-solving is using policy trees. Figure 1 illustrates a policy tree, in which
a, € A is the root action, 01, 09, ..., 0 are all the possible observations, and a
is an action in A.

ay
01 02 OK
a a a

01 |02 OK

Fig. 1. A policy tree.

In a policy tree, edges are labelled with observations, and nodes are labelled
with actions. At an internal node, for each observation in O, there is an edge to
a node at a lower level. A node at the lower level is labelled with an action in
A. Based on a policy tree, the root determines the first action to take (the root
action). Assume that the observation is o after action a. The next action to take



162  F. Wang

is the one connected to a by the edge labelled with o. A path in a policy tree is
a sequence of “action, observation, action, observation, ..., action”.

In a finite horizon POMDP of length H, a policy can be a tree of height H.
The number of nodes in a policy tree of height H is

H-1
Oof -1
Ot:7| 5
> 0= 5= (5)

where |O] is the size of O. At each node, the number of possible actions is |A|.
Therefore, the total number of all possible H-horizon policy trees is

|Oo

o ©)

A

2.3 Making Decisions with Policy Trees

In an approach of policy trees, each tree is associated with a value function,
which returns the long term rewards by taking the tree. Making a decision is to
find the policy tree that has the highest value, that is, the optimal tree. Let 7
be a policy tree and s be a state. The value function of s given 7 is

V7(s) =R(s,a)+ 7 Z P(s'|s,a) Z P(ola, s ) V™) (5" (7)

s’eS o€0

where a is the root action of 7, 7 is a discounting factor, o is the observation
after the agent takes a, 7(0) is the subtree in 7 which is connected to the node
of a by the edge of 0, and R(s,a) is the expected immediate reward after a is
taken in s, calculated as

R(s,a) = Z P(s'|s,a)R(s,a,s") (8)

s'eS

where R(s,a,s’) is the expected immediate reward after the agent takes a in s
and enters s’. The second term on the right hand side of Eq. (7) is the discounted
expected value of future states.

From Egs. (1) and (7), we have the value function of 7 at b:

VT(b) = b(s)V(s). 9)

seS

When the value functions are optimal, we have 7(b) returning the optimal policy
tree 7 at b:
m(b) =7 = argmax, V" (b), (10)

where 7 is the set of policy trees to evaluate in making the decision.

From Egs. (7) and (10), we can see that making a decision requires evalu-
ating all the policy trees in 7. As discussed, |7 | is exponential in |O|, and the
number of nodes in a tree is exponential in the tree height (see Egs. (5) and
(6)). In evaluating a tree, the total cost is proportional to the number of nodes.
The intractability has been an obstacle to applying the policy tree approach to
practical problems.
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3 Related Work

The work of applying the POMDP model to computer supported education
started in as early as 1990s [4]. In the early years’ work, POMDPs were used to
model internal mental states of individuals, and to find the best ways to teach
concepts. Typically, the states of a student had a boolean attribute for each of
the concepts, the actions available to the teacher were various types of teaching
techniques, and the observations were the results of tests given periodically. The
goal could be to teach as many of the concepts in a finite amount of time, or to
minimize the time required to learn all the concepts.

The recent work related with applying POMDPs to intelligent tutoring
included [6,7,12,13,17,18]. The work was commonly characterized by using
POMDPs to optimize and customize teaching, but varied in the definitions of
states, actions, and observations, and in the strategies of POMDP-solving. In the
following, we review some representative work in more details, with emphasis on
POMDP-solving.

In the work reported in [12], the researchers created a system for teach-
ing concepts. They developed a technique of faster teaching by POMDP plan-
ning. The technique was for computing approximate POMDP policies, which
selected actions to minimize the expected time for the learner to understand
concepts. The researchers framed the problem of optimally selecting teaching
actions by using a decision-theoretic approach, and formulated teaching as a
POMDP planning problem. In the POMDP, states represented the learners’
knowledge, transitions modeled how teaching actions stochastically changed the
learners’ knowledge, and observations indicated the probability that a learner
would give a particular response to a tutorial action. Three learner models were
considered in defining the state space: memoryless model, discrete model with
memory, and continuous model.

For solving the POMDP, the researchers developed an online method of for-
ward trees, which were variations of policy trees. A forward tree was constructed
by interleaving branching on actions and observations. For the current belief, a
forward tree was constructed to estimate the value of each pedagogical action,
and the best action was chosen. The learner’s response, plus the action chosen,
was used to update the belief. And then a new forward search tree was con-
structed for selecting a new action for the updated belief. The cost of searching
the full tree is exponential in the task horizon, and requires an O(|S|?) operations
at each node. To reduce the number of nodes to search through, the researchers
restricted the tree by sampling only a few actions. Additionally, they limited the
horizon to control the depth of the tree.

The work described in [7] was aimed at making POMDP solvers feasible
for real-world problems. The researchers created a data structure to describe
the current mental status of a particular student. The status was made up of
knowledge states and cognitive states. The knowledge states were defined in
terms of gaps, which were misconceptions regarding the concepts in the instruc-
tional domain. Observations were indicators that particular gaps were present
or absent. The intelligent tutor took actions to discover and remove all gaps.
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The cognitive states tracked boredom, confusion, frustration, etc. The intelli-
gent tutor accounted for a learner’s cognitive state so as to remove gaps more
effectively.

To facilitate POMDP solving, the researchers developed two scalable rep-
resentations of POMDP states and observations: state queue and observation
chain. They introduced parameter d;; for describing the difficulty of tutoring
concept j before concept k. By reordering the gaps to minimize the values in d,
a strict total ordering over the knowledge states, or priority, could be created.
A state queue only maintained a belief about the presence or absence of one
gap, the one with the highest priority. The state queues allowed a POMDP to
temporarily ignore less-relevant states. The state space in a POMDP using a
state queue was linear, not exponential.

The existing techniques for improving POMDP solving have made good
progress towards building practical POMDP based I'TSs. However they had lim-
itations. For example, as the authors of [12] concluded, computational challenges
still existed in their technique of forward trees, despite sampling only a fraction
of possible actions and using very short horizons. Also, how to sample the pos-
sible actions and how to shorten the horizon could be challenging problems. As
the authors of [7] indicated, the methods of state queue and observation chain
might cause information loss, which might in turn degrade system performance
in choosing optimal actions.

4 An Intelligent Tutoring System on POMDP

4.1 An Overview

We have developed an experimental system as a test bed for our techniques,
including the technique of policy trees. The system is for teaching concepts.
Working with different data sets, it teaches different subjects. The ITS tutors a
student at a time, in a turn-by-turn interactive way. In a tutoring process, the
student asks questions about concepts, and the system chooses optimal tutoring
actions based on its information about the student’s knowledge states. Figure 2
illustrates some example questions and answers when the system teaches basic
knowledge of software.

In a subject of science or mathematics, many concepts have prerequisites. To
understand a concept well, a student must first study all its prerequisites. When
the student asks about a concept, the system should determine whether it needs
to teach a prerequisite for the student to make up some required knowledge,
and, if so, which to teach. At a tutoring step, the optimal action is to teach
the concept that the student requires to make up, and that the student can
understand without making up any other concepts. In Fig. 2, m3 is an optimal
action.

4.2 Casting the ITS Structure onto a POMDP

The major components of the ITS include a domain model, a student model, and
a tutoring model. The domain model contains the domain knowledge to teach.
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tl ml: What would you like to learn?

t2 hl: What is a database?

t3 m2: To understand "database", you may need to learn "file" first.
May I teach "file"?

t4 h2: Yes, please.

t5 m3: A file is a set of data on some durable storage.

t6 h3: OK.

t7 m4: You may also need to know "query language".
May I teach "query language"?

h8 h4: Yes.

t9 m5: A query language is a high-level language for querying.

t1l0 h5: But what is a high-level language?

tll m6: A high-level language is a programming language independent
of any particular type of computer, and is closer to human
languages than assembly languages.
May I return to "database"?

tl2 hé6: Yes.

tl3 m7: A database is a collection of interrelated files manipulated
by application programs written in a query language.

tl4 h7: I see.

tl5 m8: Other questions?

tlé h8: Yes. What is a data warehouse?

Fig. 2. System and student actions in tutoring. m - machine (system), h - human
(student).

The student model represents the student’s current states. The tutoring agent
updates the student model while the tutoring progresses. The tutoring model
contains the tutoring strategies.

We cast the student model onto the POMDP states, and represent the tutor-
ing model as the POMDP policy. Currently, the student model contains infor-
mation about knowledge states only. At any point in a tutoring process, the
agent is in a POMDP state, which represents the student’s current knowledge
state. Since the state is not directly observable, the agent infers the information
from its immediate action and observation, and represents the information as
the current belief. Based on the belief, the agent uses the policy to choose the
optimal action to teach the student. In the following subsections, we discuss the
definitions of states, actions, and observations in the POMDP.

4.3 Defining States

We define the states in terms of the concepts in the instructional subject. In
software basics, the concepts are data, program, algorithm, and many others.
We use a boolean variable to represent each concept. This is a commonly used
method for defining states [4]. In our scheme, variable C; represents concept C;.
C; may take two values +/C; and —C;. +/C; indicates that the student understands
concept C;, while =C}; indicates that the student does not.

A conjunctive formula of such values may represent information about a
student knowledge state. For example, (1/C1 A /C2 A —~C3) represents that the
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student understands Cy and Cs, but not C3. When there are N concepts in
a subject, we can use formulas of NV variables to represent student knowledge
states regarding the subject. For simplicity, we omit the A operator, and thus
have formulas of the form:

(C1C5C3...CN) (11)

where C; may take /C; or —C; (1 < i < N). We call a formula of (11) a state
formula. Tt is a representation of which concepts the student understands and
which concepts the students does not.

In the POMDP, each state in S is associated with a state formula. When
the agent is in a state, from the formula of the state, it has the information
of the student’s current knowledge state. If the agent chooses tutoring actions
according to the student’s mastery of the concepts, the states have the Markov
property. Making a decision depends only upon the current state, not on other
states or the sequence of actions and observations that preceded it.

4.4 Actions and Observations

In a tutoring process, asking and answering questions are the primary actions
of the student and system. Other actions are those for greeting, confirmation,
acceptance, etc.

In an ITS for teaching concepts, student actions are mainly asking questions
about concepts. Asking “what is a query language?” is such an action. We assume
that a student action concerns only one concept. In this paper, we denote a
student action of asking about concept C' by (?C), and use (@) to denote an
acceptance action, like “I see”, “Yes”, “please continue”, or “I am done”, which
indicates that the student is satisfied with a system answer.

The system actions are mainly answering questions about concepts, like “A
query language is a high-level language for querying”. We use (!C) to denote a
system action of teaching C, and use (?) to denote a system action that does
not teach a concept, for example a greeting.

In building the ITS, we cast system actions and student actions onto POMDP
actions and observations respectively. A tutoring process can thus be an inter-
leaved sequence of actions and observations. A system action may change the
student’s knowledge state, that is, causes a state transition. The student action
(question) in the new state is seen by the agent as an observation, which may
provide information about the new state. The agent can infer information of the
new state from its previous belief, its immediate action, and the student’s new
question.

5 An Overview of the New Technique

As discussed before, in a finite horizon POMDP of length H, the number of
nodes in a policy tree is typically exponential in H, and the number of policy
trees is also exponential. The goal of our research is to minimize the number
of trees to evaluate when the agent makes a decision, and minimize the costs
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for evaluating individual trees. Our technique is based on the information of
prerequisite relationships in the instructional subject.

In most science or mathematics subjects, there are pedagogical orders for
teaching/learning contents. The relationships of content prerequisites are peda-
gogical orders. Formally, if to well understand concept C;, a student must first
understand concept C;, we call C; a prerequisite of C;. For example, in soft-
ware basics, instruction is a prerequisite of machine language, and in calculus,
function is a prerequisite of derivative. A concept may have zero, one or more
prerequisites, and a concept may be a prerequisite of zero, one or more other
concepts. In this paper, when C; is a prerequisite of C;, we call C; a successor
of Ci-

In our research, we examined real tutoring processes between human students
and teachers, in the subjects of high school pre-calculus mathematics and uni-
versity computer literacy. We observed that the concepts asked by a student in
successive questions usually had prerequisite/successor relationships with each
other. Quite often, right after asking about a concept, a student might ask about
a prerequisite of the concept. This happened when the teacher’s answer made
the student to realize that he/she needed to make up some knowledge. We also
observed, a teacher often voluntarily taught a prerequisite that he/she considered
necessary for the student to make up. Sometimes, we noticed after a teacher’s
answer about a concept, a student might ask about a successor of the concept
originally asked. This usually happened when the student had been satisfied with
the answer and wanted to learn more.

In short, in a “window” in the tutoring process, the student might just ask
about a subset of related concepts, and in answering the questions the teacher
might just need to teach concepts in the same subset. Recall we cast system
and student actions onto POMDP actions and observations, and build policy
trees out of the actions and observations, each of which concerns a concept. Our
investigation suggested that we could develop a technique to reduce computing
costs for making decisions, by grouping concepts, and building policy trees within
concept groups.

In our technique, we partition the solution space based on concept grouping.
When a tutoring session starts, the agent goes to the related subspace, and works
there until the session terminates. We define a tutoring session as a sequence of
interleaved student and system actions, which starts with a student action asking
about a concept, ends with a student question accepting the system’s answer,
and may have in-between student/system actions concerning prerequisites of
the concept asked in the first question. In Fig. 2, the sequence of questions and
answers between hl and h7 is a tutoring session, and h8 starts a new session.
If, before a session terminates, the student asks a question concerning a concept
that has no prerequisite relationships with the concepts in the current session,
the agent considers that a new session starts.

In the following, we present our technique of policy trees, which partitions
the solution space into subspaces. First, we discuss concept grouping, on which
the technique is based.
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6 Grouping the Concepts

We group concepts in the instructional subject according to prerequisite rela-
tionships between the concepts. In a grouping result, each concept and all of its
prerequisites are in the same group, or in a very small number of groups.

In the first step of grouping, we represent prerequisite relationships in a
directed acyclic graph (DAG) and perform topological sorting on the DAG.
Figure 3 illustrates a DAG representing the direct prerequisite relationships
between a subset of the concepts in software basics. When a concept is included
in the description of another, we consider it a direct prerequisite of the latter.
The DAG was automatically generated by a procedure that can identify direct
prerequisites for each concept in the concept descriptions. This set of concepts
and their descriptions (or explanations) are in the appendix. (Note that the
descriptions may not be complete and accurate. They are used in examples for
discussing our technique only.)

| query
bit byte data file language
binary digit

. \ high level

programming
language

language
word
machine assembly
language language
instruction program application
program

Fig. 3. The DAG representing direct prerequisite relationships in a subset of the con-
cepts in software basics.

A result of topological sorting is an ordered sequence of the concepts in the
DAG, in which the prerequisites of a concept are all on the left hand side of it.
The following is a sorting result from the DAG in Fig.3: (0) binary digit, (1)
instruction, (2) bit, (3) programming language, (4) byte, (5) machine language, (6)
program, (7) application program, (8) assembly language, (9) data, (10) word, (11)
file, (12) high level language, (13) query language. The numbers in the parentheses
are indices of the concepts in the sorted sequence. They will be used as indices
in matrices as well.
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In the second step, we create two matrices. The first one is the adjacency
matriz of the DAG, denoted by M, in which M;; = 1 if the ith concept is a
direct prerequisite of the jth concept. The second matrix is M’, in which MZ-/j =1
if the ith concept is a direct or indirect prerequisite of the jth concept. M’ is
calculated by applying a transitivity rule to M. In the matrices, the concepts are
indexed according to the topological sorting result. Figure 4 illustrates matrices
M and M’ for the DAG in Fig.3. Both M and M’ are important information
sources for constructing policy trees.

In the third step, we group concepts. Based on the grouping, we partition the
state space into subspaces, which the partitioning of solution space is consistent
with. In M’, if the 1s in a column are a subset of the 1s in another column, the
former is called a contained column. We eliminate the contained columns because
the prerequisite relationships in the columns are contained in other columns. The
matrix resulted from eliminating contained columns is M”. The left matrix in
Fig.5 is the M" out of the M’ in Fig.4, with the eliminated columns replaced
with “—"s.

Then, we merge the remaining columns in M” into concept groups. The
merging method is: If no less than a given percentage of the 1s in column 4

00100100000O0O0C0O0 1010110011 1111
00010110101000 01010111101011
0000100O0OO0COOOGCOO 0010100001 1100
0000011 0000010 00010111100011
0000000O0OO01TO0O0OCO 00001000CO0O1T1100
000000001 00O0OCO 00000C100100011
00000O0CO1T0O0O0OOCGOO 0000O0CO0O11000000
000O0O0OO0COOOOOOCOO 00000CO0OO0O10O0O0O0OO0OO0
000O0O0OO0COOOOOOI1ITO 00000CO0OO0OOG1TO00O01T1
00000O0COOO0O01IT100 0000O0COCOOCO1T1100
000000O0O0OO0O0OOOO 00000000O0O0C1T0O00O0
000O0O0O0COOOOOOOO 0000O0COOOGCOOO1TO00O0
00000O0COO0OO0OOOCOT1 00000COOO0COOOOT1T1
000O0O0OO0COOOOOOOO 00000CO0OO0OO0COOO0OOTIL1

Fig. 4. Left: the adjacency matrix M of the DAG in Fig.3; Right: the matrix M’
including all direct and indirect prerequisites.

——————— 0--11-1 B T T T
——————— 1--10-1 B T T T |
------- 0--11-0 s )
------- 1--00-1 e e - - - - - -0 -1
------- 0--11-0 s )
——————— 0--00-1 e - - - - - - - -0 -1
——————— 1--00-0 e - - - - - - - -0 -1
——————— 1--00-0 e - - - - - - -0 -1
——————— 0--00-1 e - - - - - - -0 -1
------- 0--11-0 s )
——————— 0--10-0 S - - - - - - -1-0
——————— 0--01-0 S e - - - - - - - -1-0
——————— 0--00-1 e - - - - - - -0 -1
——————— 0--00-1 e - - - - - - -0 -1

Fig. 5. Left: M"” in which the contained columns have been eliminated; Right: The
result of merging columns.
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match the 1s in column j, merge column ¢ into column j. The matrix on the
right hand side in Fig. 5 shows the result of merging the columns in M". The two
columns represent two concept groups, with a 1 being a concept. We can see in
the grouping result, each concept and its direct and indirect prerequisites are in
the same group. As another method for reducing computing costs, we partition
the POMDP state space into subspaces [16]. The method is based on concept
grouping. We present the whole process of concept grouping here to show that
the partitioning of solution space is on the same basis as the partitioning of state
space, although the final result of concept grouping is not directly used in policy
tree construction.

7 The New Technique of Policy Trees

7.1 Policy Trees and Tree Sets

In a previous section, we defined a tutoring session, which starts with a student
question about a concept, possibly followed by questions and answers concerning
prerequisites of the concept. Based on the definition, we categorize questions into
original questions and current questions. An original question is the one that
starts a tutoring session, and a current question is the one that the agent answers
in the current step. In the tutoring session in Fig. 2, “What is a database?” is the
original question, and “what is a high-level question?” is the current question
at t£10.

The concept in the original question is the one that the student originally
wants to learn. The student asks a current question usually for understanding
the original question. Sometimes, a current question is made by the agent when
it realizes that the student needs to make up some knowledge. At the beginning
of a session, the original question is also the current question.

In our discussion, we denote the original and current questions by (?C°) and
(7C°¢) respectively, and assume C°¢ € (pco U {C°}), where pco is the set of all
the direct and indirect prerequisites of C°.

For every possible pair of (7C?) and (?7C*¢), we construct a set of policy trees.
We denote the set by 75 . When the original question is (?C°) and current
question is (1C°), to answer (7C€) the agent evaluates all, and only, the policy
trees in Tg:, selects the optimal tree, and takes the root action of it. The agent
evaluates a policy tree to estimate the expected return that results from taking
the root action in the current step. (See Egs. (7), (8) and (9).)

In the set 75, there is one or more policy trees for each C' € (pce U {C°}).
In a policy tree for C' in TCC;O, the root action is (IC'), and every leaf is an action
for terminating the tutoring session. The terminating action is connected by an
edge of (O) to an action of (1C°). The connected (!C°) and (O) represent that
the student accepts the answer to the original question, and thus the tutoring
session could be terminated. Figure 6 illustrates a policy tree for PL, when the
original and current questions are (?ML) and (?PL) respectively, where ML
stands for machine language and PL for programming language. In this tree, a
thick horizontal line denotes a terminating action.
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(IPL)
(7IN) ©)
(IN) (IML)
(©)
(pr) (’BD)| (©)
©) ('BD)
(ML) (©)
(?BD)| (©) (L)
4 (©
(IBD) —_
(©)
(IML)
(©)

Fig.6. A policy tree for PL when the original question is (?ML). (ML — machine
language, PL — programming language, BD — binary digit, and IN — instruction.)

In a policy tree, every path from the root to a leaf is a process of tutoring.
It starts with the agent’s answer to the current question, and ends with the
student’s acceptance of the answer to the original question. A policy tree includes
all such paths.

7.2 Atomic Trees

We construct a policy tree by integrating atomic trees. In this subsection, we
discuss how to create atomic trees, and in the next subsection, how to integrate
atomic trees into policy trees. In constructing a policy tree, we take into consid-
eration the predictable student actions and the corresponding system actions in
a tutoring session. As stated, we observed that student questions in a tutoring
session concern concepts having prerequisite/successor relationships. Thus in a
tutoring session, we can predict possible student questions.

For each concept in the instructional subject, we create an atomic tree. In
the atomic tree of concept C, the root is action (IC) for teaching C, and there is
one or more edges for connecting the root to its children. The edges are labelled
with the predictable student actions after the agent takes the root action. After
(1C), the predictable student actions include an acceptance action, and questions
about the prerequisites of C'. We thus label the edges with the predictable student
actions (treated as observations).

Assume C has J direct and indirect prerequisites, and L direct successors
(J>0,L>0,Jand L are not equal to 0 at the same time). In the atomic tree
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of C, the root has J+1 edges connecting it to as many as J+1 children. The last
edge is labelled with (©). When L > 0, the edge connects the root to a subtree
in which the root action teaches one of the direct successors of C. When L = 0,
the (©) edge connects the root to an action for terminating the tutoring session.
When J > 0, the first J edges are for connecting the root to subtrees in which
the root actions teach the J prerequisites respectively. The ith edge is labelled
with (?C;), where C; is the ith prerequisite of C (1 < 4 < J). The edge is for
connecting to a subtree, in which the root is (1C;), When J = 0, the atomic tree
has only one edge labelled with (©). When creating atomic trees, we use matrix
M’ to find direct and indirect prerequisites for each concept, and use M to find
direct successors. The matrices are calculated when we group the concepts.

Figure 7 illustrates the atomic trees of ML (machine language, top), PL (pro-
gramming language, bottom left), BD (binary digit, bottom middle), and IN
(instruction, bottom right), based on the DAG in Fig.3. In an atomic tree, a
triangle labelled with a concept name is a dummy subtree, and “Suc” stands for
a successor. A dummy subtree labelled with C' is not a part of the atomic tree
but will be substituted with the atomic tree of C' or with a system action for
terminating the session, when the atomic tree is integrated into a policy tree.
The substitution will be discussed later.

The semantics of the atomic tree of C is: After the agent teaches C, if the
student asks a question about C;, which is a prerequisite of C', the agent teaches
C; (1 <i<J), but if the student accepts (IC), the agent teaches a successor of
C, or terminates the session (if C' does not have a successor).

(ML)
|
(7IN) (?BD) (?PL) (©)
IN BD PL Suc
('PL) (IBD) ('IN)
(7IN) ©) (©) ©)
IN Suc Suc Suc

Fig. 7. Atomic trees of ML, PL, BD, and IN.



Minimizing Computing Costs of Policy Trees 173

7.3 Policy Tree Construction

Now we informally discuss the algorithm for constructing a policy tree. We still
denote the original and current questions by (?C°) and (?C¢) respectively. We
assume C° is in (pco U{C°}), otherwise, we consider (7C°) starts a new tutoring
session. For each pair of (?C°) and (?C°¢), we create policy tree set 75, . For
example, for the original and current question pair (?ML) and (?PL), we create
tree set 7. When the original question is (?ML), to choose the optimal action
to answer (?PL), the agent evaluates all, and only the trees in 7L

When we create 75", for each C € (pce U {C°}), we construct one or more
policy trees. We construct a policy tree for C' in 7,5 by expanding the atomic
tree of C: Substituting the dummy subtrees with atomic trees, then expanding
the atomic trees, and so on, until all the leaf nodes become terminating actions.
Let C have L’ direct successors in (pco U {C°}). (To find the direct successors
for C, we use the adjacency matrix M.) When L' = 0 or L' = 1, we start
with one tree, in which the dummy subtree labelled with Suc is substituted with
the terminating action (L’ = 0), or the atomic tree of the only direct successor
(L' = 1). When L’ > 1, we start with L’ trees, in each of which the dummy
subtree labelled with Suc is substituted with the atomic tree of one of the direct
successors in (pco U{C®}). In all the cases, a dummy subtree for a prerequisite
in (pce U {C*}) is substituted with the atomic tree of the prerequisite.

For example, in expanding the atomic tree of PL with ML being the C°, we
substitute the dummy subtree of IN with the atomic tree of IN, and substitute
the dummy subtree of Suc with the atomic tree of ML, which is the only direct
successor of PL in (ppr, U {ML}). Then we expand the atomic trees of IN and
ML, and so on.

When expanding an atomic tree, we may need to go up to a successor, then
the successor’s successor, ... In our technique, we stop at C°. That is, we do
not go up to the successor of C°. Continue the above example of expanding the
atomic of PL. When we expanding the atomic tree of ML, we do not go up to a
successor of ML because ML is the C°.

In expanding an atomic tree, we have two rules for adding a terminating
action and for eliminating an edge:

— If the root of the atomic tree is (1C?), i.e. to answer the original question, sub-
stitute the dummy subtree connected by the edge of (@) with a terminating
action.

— If the question associated with an edge has been answered in the path from
the root of the policy tree, eliminate the edge without substituting the dummy
subtree it connects to.

The question (?C) associated with an edge has been answered, if in the path
from the root to the edge, there is a node of (!C) or (IC’) immediately followed
by an edge of (©), where C’ is a direct or indirect successor of C'.

As another example of policy tree constructed by using the above procedure,
Fig. 8 illustrates the policy tree for ML when the original question is (?ML),
which is in ZE.
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Fig. 8. A policy tree for ML when the original question is (?ML).

7.4 Choosing an Optimal Action with the Trees

All the sets of policy trees are pre-constructed and stored in a tree database.
When the agent needs the optimal action to answer a question, it retrieves the
database, gets the tree set for the original and current questions, and evaluate
the trees in the set to find the optimal. In general, when the original question
is (?C°) and the agent needs to answer the current question (?7C°), it evaluates
all the policy trees in TCCCO based on its current belief, and finds the tree that
has the highest value (optimal tree). When choosing the optimal policy tree by
using Eq. (10), we substitute 7" with 75, .

A policy tree is not a tutoring plan that the agent will follow in the future.
It is the strategy for the current step. After choosing the optimal tree, the agent
takes the root action. Then it has a new current question, or terminates the
session, depending on the student action (observation):

— If the student action is (?C'), the agent considers (?C) as the new current
question;

— If the student action is (@), and the (©) connects to (!C) in the tree, the
agent considers (?C) as the new current question;
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— If the student action is (@), and the (@) edge connects to a terminating action
in the tree, the agent terminates the tutoring session.

To answer the new current question which is determined by using the above
rules, the agent chooses an action in the same way, i.e. by evaluating a set of
policy trees, and so on. Continue the example in which (?ML) and (?7PL) are the
original and current questions. If the policy tree in Fig. 6 is the optimal, the agent
takes its root action (IPL). After (IPL), if the student action is (@), the agent
follows the edge of (©) in the tree, and has (IML) as the new current question.
It evaluates the trees in 731", and continues until it takes a terminating action.
If after (!PL) the student action is (?IN), the agent considers (?IN) as the new
current question. It evaluates the trees in 7;M", and continues until it takes a
terminating action.

8 Experiments and Analysis

We conducted the experiments by using the experimental ITS described before,
which teaches concepts in software basics. Currently, keyboard and screen are
used for system input and output. It interactively teaches a student at a time,
answering the student’s questions about the concepts. When the student asks a
question about a concept that has prerequisites, the system chooses an optimal
strategy to teach. A POMDP is the engine to make decisions based on informa-
tion (belief) about the student’s current knowledge states.

We use “rejection rate” to evaluate how the students satisfy the system’s
answers. After the system teaches a concept, if the student asks a question
about a prerequisite of the concept, or says something like “I already know this
concept”, we consider that the student rejects the system action, and thus the
action is not optimal. For a student, the rejection rate is defined as the ratio
of the number of system actions rejected by the student to the total number of
system actions for teaching him/her.

Encouraging results have been achieved. Compared with directly teaching the
concept asked by the student, or randomly choosing a prerequisite to start with,
the teaching based on students’ knowledge states has achieved better result. The
rejection rates have dropped significantly. We do not discuss the performance in
adaptive teaching here, for this paper mainly addresses the problem of solution
space.

The data set used to generate the following results includes about 90 concepts
in software basics. The concepts have zero to five direct prerequisites. Based
on the prerequisite/successor relationships, we partition the state space into
six sub-spaces [16]. Also based on the prerequisite/successor relationships, the
policy tree construction algorithm created six groups of tree sets. Table 1 lists
the numbers of concepts, numbers of tree sets, numbers of policy trees, and
maximum tree heights in the sub-spaces. The construction of policy trees does
not rely on the result of state space partitioning. Since both space partitioning
and tree construction are based on concept prerequisite/successor relationships,
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Table 1. Numbers of concepts, tree sets, trees, and tree heights in sub-spaces.

Sub-space | # of concepts | # of tree sets | # of trees | Max height
1 21 231 1,771 30
2 23 276 2,300 18
3 20 210 1,540 26
4 27 378 3,654 35
5 25 325 2,925 32
6 26 378 3,744 37

the concepts in a policy tree are in the same subspace. Thus we consider that
the solution space is split into the same number of subspaces.

In the experiments, the average number of policy trees (7s) in a tree set (7') is
less than ten. The average height of the policy trees is less than 20. The maximum
number of edges at a node is the number of concepts in a subspace plus one (the
acceptance action). The actual numbers of edges at nodes are much smaller
than the numbers of concepts in subspaces. Many edges have been eliminated
in policy tree construction (as described in the subsection of tree construction).
In a decision step, the number of policy trees to evaluate, the heights of the
trees, and the numbers of edges at nodes depend on the concept in the current
question. For a concept near the lower end (having less prerequisites) the three
numbers are small. For a concept near the higher end (having more prerequisites)
the three numbers are big. For the higher end concepts, there is room for further
improvement. We include this in our future work.

When making a decision, the agent evaluates a small number of trees. The
average is less than 10in the experiments. This does not create major efficiency
problems for a modern computer. When the experimental ITS runs on a desktop
computer with an Intel Core 15 3.2 GHz 64 bit processor and 16GB RAM, the
response time for answering a question is less than 300 milliseconds. This includes
the time for calculating a new belief, choosing a policy tree, and accessing the
database of domain model. For a tutoring system, such response time could be
considered acceptable.

9 Conclusion

Our policy tree technique can minimize the number of policy trees to evaluate
in choosing an action. When looking for a strategy to answer a question, the
agent needs to evaluate a set of pre-constructed policy trees, determined by the
original and current questions. The set includes only the policy trees for the
concepts in the current question and some of its prerequisites and successors.
They are the concepts that the student may want to learn after asking the
original question. The set does not include the policy trees that are unrelated to
the tutoring session. In addition, since the policy trees to be evaluated include
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related concepts only, and unnecessary edges are pruned when the trees are
constructed, the costs for evaluating individual trees can be minimized. The
results in our initial experiments have showed that the technique is effective in
addressing the problem of exponential solution space.

The technique is based on the nature of education processes, and thus espe-

cially suitable for building systems for education. The technique can be applied to
any tutoring tasks in which the subjects have pedagogical orders in the contents.

Acknowledgements.. This research is supported by the Natural Sciences and
Engineering Research Council of Canada (NSERC).

Appendix I: Sample Concepts and Descriptions

A binary digit is 0 or 1.

A bit is the smallest unit of information on a computer. It can hold one of
the two values of binary digits.

A byte consists of eight consecutive bits.

Data represents information, stored on a computer as sequences of bytes.

A word is a fixed-sized piece of data handled as a unit by the instruction set
or the hardware of the processor.

A file is a collection of data. It has a name.

An instruction is a coded command to the computer to perform a specified
function.

A programming language is an artificial language designed to communi-
cate instructions to a computer.

A machine language is a programming language, in which each instruction
is represented as binary digits.

An assembly language has the same structure and set of instructions as a
machine language, with the instructions represented by names.

A high-level language is a programming language independent of any par-
ticular type of computer, and is closer to human languages than assembly
languages.

A query language is a high-level language for querying.

A program is a sequence of instructions written in a programming language,
for performing a specified task with a computer.

An application program is a program developed for performing a specific
task directly for the user.
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Abstract. This developmental research study aimed to design, implement and
evaluate an online educational game to improve the quality of life for seniors aged
55 years and older. The game Live Well, Live Healthy! (cvje2.savie.ca) is a Bingo
game in which the learning content in the study is integrated into the mechanism
of the game. A “pre-test/post-test” single group methodology measured the
impact of the game on three dimensions of quality of life: psychological, physical,
and social. A total of 56 seniors played for a week in multiplayer mode involving
real-time interaction with at least two other participants. The results indicated that
the educational game improved the seniors’ perception of a majority of the vari-
ables concerning the three dimensions: physical (fatigue, sleep, eating habits);
social well-being (building ties, social connectedness, friendships) and psycho-
logical well-being (depression, difficulty doing activities, mood and feeling of
being loved). Some variables (sadness, isolation, proximity to family and physical
habits) generated a weak perception of positive benefits for these seniors.

Keywords: Online games - Seniors - Benefits - Quality of life

1 Introduction

1.1 Background

The aging population represents a serious challenge for healthcare systems and social
insurance in the 21st century. Aging seniors are facing the decline of their physical and
cognitive abilities, loss of long-term companions and social support, changes in their
familial or professional environment, changing lifestyles, and the increased likelihood
of developing chronic and disabling diseases. But what are we doing to improve the
quality of life for seniors? Can online educational games help them age better?
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1.2 Purpose of the Study

Our study aims to measure the benefits of an online educational game designed for
seniors concerning their quality of life.

1.3 Research Questions

The study investigated the following research questions:

e What is the impact of the educational game on the perception of the seniors’ physical
condition?

e What is the impact of the educational game on the perception of the seniors’ psycho-
logical state?

e What is the impact of the educational game on the perception of the seniors’ social
environment?

2 Literature Review

An investigation by CEFRIO in Quebec indicated that over a third of seniors aged 55
and over use the Internet to play digital games either alone or in groups [1]. Given this
interest, we wondered whether the use of online educational games could be beneficial
for improving seniors’ quality of life.

Quality of life is a global concept describing the daily life of people, taking into
account their emotional and social functions as well as purely physical conditions. Even
though there does not seem to be a consensus on its definition [2], the most widely used
definition comes from the World Health Organization [3], which defines Quality of Life
as ‘‘...individuals’ perception of their position in life in the context of the culture and
the value systems in which they live and in relation to their goals, expectations, standards
and concerns. It is a broad ranging concept affected in a complex way by the person’s
physical health, psychological state, level of independence, social relationships,
personal beliefs and their relationship to salient features of their environment.”’(p. 1).

This concept takes into account four dimensions: physical (autonomy and physical
abilities), psychological (isolation, depression, emotion), relational (family, social,
professional), and symptomatic (impact of a disease and its treatment). Surveys [4, 5]
have revealed that a majority of seniors consider psychological well-being, involvement
in social activities, and physical health as conditions for successfully aging. Finally,
Turcotte and Schellenberg [6, p. 51] observe that “active participation in society can
also be compromised if a person has difficulty hearing, seeing, walking, climbing stairs,
bending, learning or doing similar activities. All these difficulties, if cumulative, can
greatly impair the quality of life of a person of any age.”

Digital games are becoming increasingly popular with seniors [7, 8]. According to
the World Health Organization [9], digital games can influence both seniors’ health,
viewed through a broad, biopsychosocial perspective, and their ability to perform activ-
ities in their current environment.
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What does the literature say concerning the impact of digital games as it pertains to
the physical, psychological and social aspects of seniors’ quality of life? Some studies
on the impacts of digital games on an active lifestyle (i.e., the ability to maintain physical
and functional independence) have shown beneficial effects on the quality of life of
seniors [10-12]. Other research has examined the contribution of games using the
Nintendo Wii game console to seniors’ performance of physical and functional tasks,
with mixed results: some studies [13—15, 31] concluded that improvements were appa-
rent; however, others [16, 17] found no improvements.

Social interaction and social support are frequently identified as key aspects of
seniors’ quality of life [18—21]. Seniors are already active users of interactive technol-
ogies, and they are able to use digital games and to easily learn to do so [22]. Studies
are showing increasingly that digital games are a means of social interaction that may
improve the quality of life of seniors [1, 23—30]. Whitcomb [32] found that games
develop social relationships and a sense of well-being among seniors while providing
an enjoyable way to spend time. Astell [33] suggested that digital games and interactive
technologies (Skype, Facebook, etc.) offer social connections, especially for elderly
people suffering from dementia.

Regarding physiological aspects, Allaire et al. [34] found a significant difference
between gaming (moderate and occasional) and non-gaming seniors, concerning socio-
affective dimensions such as mood and depression. In addition, Wollersheim et al. [35]
reported that digital games break down isolation as well as decrease feelings of loneli-
ness.

Despite these findings, few studies have addressed the psychological aspects of
quality of life.

It is difficult to draw conclusions from current empirical studies because there is little
overlap in these studies. This is due to several factors:

e the variation in participants’ demographic data; for example, the number (1-1000
respondents), age (45 to 87), educational level (secondary to university);

the ratio of men to women (more women than men participate in most studies);

the diversity of research methodologies;

the use of various measuring instruments (few studies use the same instruments);
the choice of digital games, which are not always developed for seniors.

What happens if we experiment on an educational game with learning content
dealing with nutrition and prevention, in addition to the three quality of life dimensions:
physical (physical activity benefits in the development of autonomy and physical abil-
ities), psychological (actions to take to reduce anxiety, depression, emotions) and rela-
tional (the contribution of the social environment - family, social, professional - for the
well-being of seniors)? Can such a game change the perceptions of seniors towards the
benefits that educational games can bring by educating them about the actions they can
take to improve their quality of life?
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3 Game Description

The game used in this experiment is based on the game Bingo, which was the game most
frequently mentioned as played by participants in a recent survey of 932 Canadian
seniors [36]. Figure 1 shows the Live Well, Live Healthy! game interface, which is
divided into three parts: (a) the Bingo card, rules and tutorial; (b) information on the
game’s progress: the type of game, randomly drawn ball, and the Bingo button for ending
the game; and (c) information related to the players’ actions: players’ names and scores,
as well as the microphone and chat control buttons.
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Fig. 1. Live well, live healthy!

The Live Well, Live Healthy! game was developed using a generic shell for educa-
tional games (http://cvje2concepteur.savie.ca). The game’s educational objectives are
the following: to increase knowledge about nutrition and physical activities, to decrease
risk situations (or to improve prevention situations) and to identify the importance of
social interactions with friends and family members.

The game offers a mechanism to display a question every time the number of a
randomly drawn ball is on one or more of the players’ cards. If the player answers the
question correctly, a token appears in the box and the player earns points (20 points for
an easy question, 30 points for an average question and 50 points for a difficult question).
If the player does not answer the question correctly, the token will not appear in the box
and the player loses half the points allocated to the question. The 92 questions included
in the game are distributed as follows: physical state (31 questions about nutrition, 24
about physical activities), psychological aspect (18 questions) and the social environ-
ment (19 questions).

The Live Well, Live Healthy! game provides feedback to support the learning of its
preset content. Immediate feedback, related to each learning task, allows players to
identify successful activities and those they have failed.

The game incorporates mechanisms (Fig. 2) that: (1) highlight the results of each
learning activity (success or failure) through visual or audible feedback (A) such as a
smiling face or a sad one and positive or negative tone (i.e a signal that indicates whether
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the action in the game has been made correctly or not by the player) and (2) the correct
and incorrect answers through textual (B),visual or audible (C) feedback on the content
of the learning activity or provide additional information to sustain interest in the case
of positive responses; and (3) allow players to see what they have learned by providing
an overview of the results of the game’s learning activities, together with teaching
materials to review subject matter that has not been learned.
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Fig. 2. Question card.

For more details about this digital game and a good preview, see [37]. This game
(http://cvje2.savie.ca) promotes active living and healthy eating habits among seniors
while giving them opportunities to interact with others as it illustrates these themes with
good quality images and animations.

4 Methodology

Opting for a single group pre- and post-test protocol, our study measured the physical,
psychological and social dimensions of quality of life. Remembering that quality of life
is a subjective concept and the apprehension of the construct itself is complex, the
definition of quality of life adopted in the study specified the items that the study retained
to measure the impact of the game.

Likert scales were used to obtain the construct of quality of life (Table 1). To facilitate
data collection, we opted for a self-administered questionnaire, making it preferable to
limit the number of questions and minimize the time needed to fill out the questionnaire.
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Table 1. Quality of life dimensions.

Quality of life dimensions | Items measured

Physical state Sleep

Tiredness
Eating habits
Physical activity habits

Psychological aspect Depression

Isolation

Feeling loved
Mood
Sadness

Ease in doing activities

Social environment Strengthening ties

Social connectedness

Friendship

Interactions with family

Interactions with friends

4.1 Handing Out the Pre/ Post Questionnaires

A 15-item questionnaire was used for data collection. The questions were formed as a
Likert scale with five levels (5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree
and 1 = strongly disagree). The questions were designed to determine the perceptions
of the participants towards the benefits of playing online concerning physical, social and
psychological well-being. The reliability of the instrument was determined using the
Cronbach’s alpha index of internal consistency (o = 0.87). Its validity was established
by calculating the Pearson correlation coefficient between items belonging to the same
dimension. The four items in the “Physical state” dimension showed significant corre-
lations among themselves, as did the five items comprising the “Social environment”
dimension. Significant correlations between the six items belonging to the “Psycholog-
ical aspect” dimension amounted to 66%.

The pretest was completed prior to the seniors’ participation in the Live Well, Live
Healthy! game. Seniors were invited to play at least four games over a period of one
month. Following their participation, they then completed the post-test.

4.2 Sample

It is very difficult to find objective definitions of the terms “senior” or “elderly”. “The
new definitions proposed by experts are not yet getting consensual approval” [6, p.8].
For our study, we selected two sample criteria: a minimum age of 55 and that of being
retired.

Turcotte and Schellenberg [6] identified two types of seniors: those who are currently
65, the threshold that delineates the elderly according to Statistics Canada, and those
who are considered the next generation of seniors, adults aged between 55 and 64.
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Beaudoin et al. [1] also chose the age of 55 and over to designate seniors. Given this
trend, we chose to form two age groups: 55 to 64 and 64 years and older.

On the retirement aspect, Turcotte and Schellenberg [6] found that people aged 56
and over who are retired have more time to devote to their home computer. In a recent
study in Australia by Brand et al. [38], nearly one player in five was likely to be aged
51 and over. They found that the reasons and motivations why players choose to play
vary by age group, suggesting that stages of life play an important role in the act of
playing games. Following these authors’ suggestions, we focused on retired people, who
were more available and interested in participating in the experiment.

Recruiting our sample of seniors aged 55 and over was carried out through elderly
associations and retirement homes. The experiments were done on site during social
activities organized by the associations or in the residences’ living room. Computer
equipment was made available to the participants. The project was approved by the
ethics committee at each of the authors’ universities. All participants signed a consent
form and were able at any time to interrupt their participation without any prejudice. A
list of available human resources in their region was provided to them if needed.

4.3 Analysis

The analysis comprised the calculation of frequencies and percentages for each question.
The Fisher’s exact test was used to determine the significance of the differences between
the responses of the pretest and post-test. Since the variables were not normally distrib-
uted, the use of parametric tests such as the paired samples t-test was discarded.

5 Results

Of the 67 participants of the study, 56 (83%) completed the pre- and post-test question-
naires in their entirety, providing all the required information. Table 2 shows the analysis
of the 56 respondents.

Table 2. Sample characteristics (sex, age group and level of online gaming skills (n = 56)*.

Age group |Level of online gaming skills | Men | Women | TOTAL

55-64 Beginner 4 |10 14
Intermediary 2 4 6
Subtotal 6 |14 20

65 and over | Beginner 8 |18 26
Intermediary 1 9 10
Subtotal 9 |27 36

TOTAL 15 |41 56

The sample included 41 women and 15 men. 20 participants (36%) are aged 64 or
under and 36 subjects (64%) are 65 or older. 40 players have stated they are “beginners”
in relation to their level of online gaming skills, while 16 participants were considered
“intermediate” (Initially we presented three skill levels. Two respondents were
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“experts.” Given the low numbers, we decided to integrate them with the intermediate
players). Note that the initial trial period was one month and that seniors were invited
to play at least one game per week for a minimum of four games with two other partic-
ipants. However, the technological constraints of the locations for the experiment (little
or no computer equipment or connectivity) reduced the experimental period to one week.
All seniors played at least one game, 79% of them played two games and 21% of seniors
played four games.

In the following subsections we present the perceptions of participants (n = 56)
regarding the effects of playing online on their quality of life. These effects are grouped
according to the previously described dimensions: physical state, psychological aspects
and social environment. Table 3 shows the results related to these three dimensions.

Table 3. Results in connection with the three dimensions regarding quality of life (n = 56).

Item Mean

Physical state Pre Post |p
Fatigue 295 357 |0.069
Sleep 344 380 |0.031
Eating Habits 4.05 |4.20 |0.083
Physical Activity Habits 2,18 |2.53 |0.462
Social Environment

Strengthening Ties 290 |3.79 |0.001
Social Connectedness 332 [3.44 0.056
Friendship 3.03 [3.79 |0.003
Interactions with family 372 395 0.621
Interactions with Friends 3.69 [4.13 |0.064
Psychological Aspects

Depression 376 421 0.022
Ease of Doing Activities 3.55 |4.00 |0.156
Mood 3.84 (433 0011
Isolation 379 415 |0.158
Sadness 386 423 |0.167
Feeling Loved 424 437 |0.016

5.1 Perceptions About the Effects of Playing Online on Psychological Well-Being

Regarding the effects of the game on the players’ physical state, the results show an
increase in the means of the four items on this dimension, resulting in an improvement
in participants’ perceptions towards physical well-being.

Fatigue. The average of the pre-test (2.95) showed a more neutral perception of the
effects that playing online has on fatigue while the post-test average increased by 0.62
to place it in the favourable range (strongly agree or agree). The percentage of partici-
pants who thought that playing online does not tire them after a few hours of playing
went from 43% in the pretest to 63% in the post-test. These differences are significant
(Fisher’s exact test, p = 0.069).
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Sleep. The general assessment of the impact of online games on sleep also improved.
Generally, participants believe that online play does not affect their sleep. Although the
pretest average (3.44) showed an already favourable position on this, it strengthened
and increased by 0.36 in the post-test. This difference is significant (Fisher’s exact test,
p=0.031).

Eating Habits. Both before and after playing online, the widespread opinion was that
this activity does not encourage participants to skip meals. This perception was strength-
ened in participants (average rose from 4.05 to 4.20). The proportion of participants who
were of the opinion that online gaming had no effect on feeding habits has gone from
84% in the pretest to 93% in the post-test. These differences are significant (Fisher’s
exact test, p = 0.083).

Physical Activity Habits. The perception of a positive effect from the game on phys-
ical activity was rather low. Before playing, only 12% of participants were of the opinion
that online gaming encourages them to be more active. Although this proportion
increased to 27% in the post-test, the average remains in the negative range (2.18 in the
pre-test and 2.53 in the post-test). The result of Fisher’s exact test shows that these
differences are not significant (p = 0.462).

5.2 Perceptions About the Effects of Playing Online on Social Well-Being

In regard to the effects of gaming on the social environment of the participants, the
responses show an improvement in perception in this regard. Indeed, there was an
increase in the averages of the five items included in this dimension.

Strengthening Ties. With 36% in the pre-test to 75% in the post-test, the rate of partic-
ipants who agreed with the idea that the game allows them to strengthen their ties
increased significantly (p = 0.001). The average had an increase of 0.89. In other words,
the perception of the game as a means of strengthening social ties has changed favourably.

Perception of Social Connectedness. Online gaming promotes a social connected-
ness with others. The pretest average (3.32) and post-test (3.44) support this assertion.
The proportion of participants in agreement was 52% before playing and 66% thereafter.
These differences are significant (Fisher’s exact test, p = 0.056).

Friendship. In connection with the two preceding items, the rate of participants who
were of the opinion that online play allows them to have friends has increased signifi-
cantly (from 40% in the pretest to 73% in the post-test). The average increased by 0.76
and answers converged more around the average. These differences are significant
(Fisher’s exact test, p = 0.003).

Interactions with Family. The perception towards interactions with family remains
in the positive range. The average pretest was 3.72 and had an increase of 0.23. However,
the Fisher exact test does not conclude that these differences are significant (p = 0.621).
If NSP is considered (42 in the pretest and 29 in the post-test), the significance improves,
but remains slightly nonsignificant (p = 0.139 > 0.100).

Interactions with Friends. In the same vein, the results suggest that there has been a
consolidation of the perception of interactions with friends. In the pretest, 74% of partic-
ipants found this perception favourable. The percentage increased to 88% in the post-
test. These differences are significant (Fisher’s exact test, p = 0.064).
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5.3 Perceptions About the Effects of Playing Online on Psychological Well-Being

Regarding the effects of the game on psychological well-being, although three of the six
items that make up this dimension do not show significant differences, we see significant
increases in the averages.

Depression. According to participants’ responses before they used the game, 74%
of participants indicated they did not feel depressed in the current week. In contrast, 17%
said they felt depressed. These proportions changed significantly after using the game.
The percentage of participants who expressed not being depressed increased to 88%
while only one participant responded unfavourably. These differences are significant
(Fisher’s exact test, p = 0.022).

Ease of Doing Activities. The day after the experiment, participants did not think that
their daily activities required an effort, and this was found both in the pre-test (average
of 3.55) and in the post-test (4.00). Although there was an increase of 0.45 in the average,
the Fisher exact test does not confirm significant differences (p = 0.15683). Yet it should
be noted that the NSP increased from 7 in the pretest to 15 in the post-test, which had
an impact on the significance of the differences (If NSP is included, the Fisher exact test
p = 0.069 is less than 0.100, then the differences may be considered significant).

Mood. The responses suggest that the game had a positive effect on the moods of
participants. The rate of participants who expressed feeling in a good mood had a
significant increase (0.012). It rose from 77% to 88%. These differences are significant
(Fisher’s exact test, p = 0.012).

Isolation. The percentage of participants who indicated they do not feel alone rose
from 74% in the pretest to 90% in the post-test. In the same vein, the average was 3.79
and increased to 4.15. Nevertheless, these differences cannot be considered significant
(p =0.158 > 0.100).

Sadness. Similar to the previous item, the percentage of participants who said they
did not feel sadness has gone from 81% in the pretest to 88% in the post-test. Similarly,
the average was 3.86 and went up to 4.23 for an increase 0.37. However, the Fisher exact
test showed no significant difference (p = 0.167.).

Feeling Loved. Participants in the study felt loved. The answers show that this
perception was positive both before and after the use of the game. This is confirmed by
the averages of the pretest (4.24) and the post-test (4.37) and by the participant’s rate of
agreement (95% in the pretest and 90% in the post-test). These differences are significant
(Fisher’s exact test, p = 0.016).

6 Discussion

We recall that the content of the Live Well, Live Healthy! game addresses three dimen-
sions of the quality of life (physical state, psychological aspect, and social environment)
in the form of closed questions.

Overall, the results showed significant differences in a majority of the variables that
were analyzed. Playing the Live Well, Live Healthy! game online resulted in the partic-
ipants’ improved perception of their quality of life along these dimensions. Our hypoth-
esis that digital games improve seniors’ quality of life was therefore confirmed regarding
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its physical, social and psychological aspects. Digital game development aimed at
seniors is promising. However, certain items seem questionable. What about the non-
significant variables?

Our respondents reported that the playing online gave them no incentive to be more
active. It is true that most online games, whether for individual or group play, are not
combined with physical devices such as Nintendo Wii and Microsoft Kinect Xbox 360
which, according to Daniel [17] and Singh et al. [15], promote improvement in physical
conditioning. Game interactions in Live Well, Live Healthy! are done using a touch-
screen or mouse. The game content covers how to adopt good physical habits. It seems
that this way of educating seniors, that is, by offering models of good physical habits
without putting them into action from within the game, maintains their perceptions that
online games do not encourage them to be more active.

As for their psychological state, playing online for a limited period does not seem
to change the perception of seniors who feel isolated and sad. It is interesting to note
that participants who reported feeling in a better mood after playing an educational game,
which Rosenberg et al. [39] linked to enjoyment in playing the game, should have
normally felt less sad as well, but this was not the case. We would hypothesize that the
source of their sadness is more due to their social isolation caused by lack of contact
with friends and/or family [35] and that their gameplay did not change this situation
during the period of our intervention.

Despite the interaction of respondents with others who were not family members
during the game, it seems that those who had this perception before the game did not
change it as a result of their participation in the Live Well, Live Healthy! game. These
results lead us to question the time allowed to seniors for playing. Given technological
constraints (participants had little or no computer equipment nor sufficient connectivity
at their disposal, particularly in their seniors residences), we limited the playing time to
one week in order to move the equipment to the different locations. This may explain the
results that were obtained. Most studies done with seniors that have obtained positive
results on the cognitive, social, psychological or physical level [40] experimented on the
games for a period of at least three weeks. Only the study done by Secer and Satyen [41]
obtained no significant difference when they experimented on their game over a period
of two to three weeks.

In terms of the social environment, playing online maintained their perception towards
the proximity of family but nothing more. However, during the testing of the game, few
seniors played with their families; they mostly experimented with friends and people
around them at the residence. Can the context of the experiment explain the participants’
unchanging perception of this aspect? This is a question for further research.

7 Conclusions

The results of our study indicate that educational games among seniors can lead to an
improved perception of their quality of life that encompasses the following aspects:
physical state (fatigue, sleep, eating habits); social well-being (strengthening ties, social
connectedness, friendship and interaction with friends) and psychological well-being
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(depression, ease of doing activities, mood and feeling loved). As for sadness, isolation,
interactions with family and physical habits, the perception of a positive effect remains
weak among seniors.

While showing very positive results regarding the three dimensions of the study,
several limitations have nuanced our findings: the small number of respondents (n =
56), the experimental time (one week), the limited number of games in which respond-
ents participated (between one and four games). Similarly, the use of a board game
designed with learning objectives and offered online limits the generalizability of our
results for the same type of games.

Further studies should be made to overcome these limitations and consider the impact
of online educational games on seniors.
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Abstract. Computing has recently been introduced as a core subject
in British schools, meaning that children need to learn computer pro-
gramming. Teachers have to be prepared to deliver the new curriculum
and children need the correct environment and support to succeed. This
paper discusses Turinglab, a challenge-based learning system for the
Python programming language and proposes Skramble, an embeddable
Python programming environment for use within existing learning sys-
tems. TuringLab has been used to teach children how to programme at a
number of volunteer-led coding clubs. Children engaged well with the sys-
tem, and the volunteers, who acted as teachers in these sessions, found
it an extremely valuable educational tool. Skramble is an open source
environment and is designed to abstract functionality such as code exe-
cution, error handling, syntax analysis, code testing, output capture and
package management: allowing this feature-rich environment to be easily
integrated into existing learning systems.

Keywords: Computer programming - Information technology - Open
source *+ Online learning + Python programming

1 Introduction

Technology is transforming the world in which we live and children of the future
need to be provided with the knowledge and skills to keep up with this change.
The ability to understand the underlying functionality of technology has become
a required skill of the modern world [1]. This growing importance of computing
knowledge is reflected in the British Curriculum, as computing has recently
been introduced as a core subject in both primary and secondary education [2].
Children from the age of 5 need to learn to programme [3] and beyond the age
of 11, children are required to learn a syntax-based programming language [4].

Teachers have to deliver the new computing curriculum, which is a daunting
prospect as many teachers do not have a formal background in computer sci-
ence. Students must be taught both the fundamentals of computer science and
computer programming: the practical element of computing [5]. A recent study
found that although teachers are very enthused by the new curriculum, many
do not feel confident in teaching it [6].
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To support teachers in delivering the new computing curriculum, there are a
number of resources available for teaching the fundamental concepts of comput-
ing [7]. In addition the Computing at School (CAS) group provides support for
the delivery of computer science content in the classroom through a community
of educators who share resources and best practices [8].

Many websites are available to help children learn to programme; they are
well-developed, interactive and initially engaging. The tutorials provided on such
sites incrementally build skills to develop programming concepts [9]. Fully online
courses have been found to achieve positive results [10], however they are limited
in how effectively they maintain the engagement of children, as is shown by high
attrition rates [11].

Current systems seldom offer collaboration or interaction, with the result
that each child operates as a discrete unit. Furthermore, their highly structured
tutorials provide very little ability for teachers to influence the content which
the children consume. As a result, current tools are not always applicable to
a classroom environment and cannot be used for bespoke or cross-curricular
projects.

Although the current offerings for learning to programme do not always fit
into the classroom, many teachers are making use of Virtual Learning Environ-
ments (VLEs) to assist teaching and curriculum delivery [12]. These tools allow
teachers to manage a virtual classroom, provide many collaborative features and
have been well received by students, teachers and parents. External tools which
provide assessment or rich media can be incorporated through the Learning Tool
Interoperability (LTT) standard [13].

The learning environment provided by existing VLEs give classrooms the
intersection between the interactivity of online courses and the adaptability
and engagement of physical teaching. VLEs already reduce the work required
for teachers to set and assess work, which makes them an attractive proposi-
tion for teachers. However, they currently do not provide the tools necessary to
help teachers in delivering the practical elements of the new computing curricu-
lum (teaching programming) while maintaining teacher involvement and control.
There is a need for a programming environment that could be integrated into
existing learning systems and could be used alongside ordinary teaching.

This paper outlines TuringlLab, a system for learning Python programming
and proposes Skramble, an adaptable and embeddable Python programming
environment. TuringlLab was used at a number of volunteer-led programming
sessions, children not only returned week on week to the session, but they also
continued to use the system outside of structured sessions. Iterative feedback
from the children testing and using this software has enabled the current version
to be fine-tuned to the needs of real classroom situations. Where the limita-
tions of TuringLab lie in its inability to integrate with existing learning systems,
Skramble provides an advanced programming environment which can be inte-
grated with existing systems. Skramble abstracts complex functionality such as
syntax analysis, code execution, error handling, and output capture for any host
system to easily make use of.
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2 Background

The merits of Skramble are dependent on how well it can integrate with current
learning systems and teaching practices. To devise an adaptive programming
environment which has the features to create an educational learning environ-
ment, a number of learning theories from existing literature are discussed first
(Sect. 2.1) after which existing systems which are used to teach children to pro-
gramme are reviewed (Sect. 2.2).

2.1 Existing Literature

The Skramble editor is a tool designed for use when teaching computing to
students. Literature on learning theory and learning to programme was reviewed
to consider how children could learn computing most effectively using Skramble.
In this section, existing literature relevant to Skramble is discussed.

Learning Theory. The three most common learning theories (behaviourism,
cognitivism and constructivism) can be used as a basis for understanding the
practices that are applicable to e-learning. The implications of these theories on
e-learning is reported from a number of sources in [14]. The findings from each
of the common learning theories is presented throughout this section.

From a behaviourist approach the material to be learnt needs to be carefully
broken down. Additionally, learners need to be told the outcomes of learning
and assessed to check that they have met their required outcomes [15].

Formative assessment which is outlined in [16], as a means of tailoring learn-
ing activities based on the completion of previous outcomes of learning, allows
learning to be tailored to students based on their individual progress and dif-
ficulties. Strategies to facilitate assessment for learning are outlined in [17-19]
and include providing explicit learning objectives to pupils, making use of peer
assessment and providing immediate feedback to pupils.

The cognitive school of learning suggests that learning material should be
received in the form of sensations before perception and processing. The location
and display of information is key to the learning outcomes while the difficulty of
the material should match the cognitive ability of the learner [20].

Maintaining the difficulty of the material at the correct cognitive level for
a learner is referred to as the zone of proximal development, where children
are identified as needing the correct scaffolding through challenge completion
[21,22]. This is further developed in [23,24] where the two zones of proximal
development are outlined: the cognitive and motivation zones, which suggests
the need for children’s motivation to be maintained. A student’s motivation is
broken down into attention, relevance, confidence and satisfaction [25].

Constructivists see learners as active agents in the discovery of knowledge
where learners should be in control of their learning. Instructors have to provide
good interactive instructions and learning needs to be meaningful and illustrative
for the learners [14].
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Active learning is identified in [26] as a type of learning where the student is
the agent of discovery which corresponds closely to the constructivist school of
learning. Strategies and environments which most befit active learning are out-
lined in [27,28]; all advocate authentic, meaningful, collaborative and achievable
tasks which call upon higher order cognition, cross-curricular knowledge and a
focus on the task at hand as opposed to assessment.

The role of technology in learning is discussed in [29-31], where the authors
describe how technology has immense capacity to create quality learners who are
well placed to solve real-world problems and in doing so develop deeper knowl-
edge. This is achieved through the interactive and resourceful use of technology
and by seeking out knowledge relating to the problem at hand. The flexibility of
remote learning in higher education was found to benefit students as it created
a better learning philosophy [32-34].

Learning to Programme. Learning to programme is a complicated task which
requires the learner to configure a programming environment, comprehend the
syntax and additionally consider how to approach the problem at hand.

Learning to programme can be made more accessible through the use of a
visual programming language. Scratch is a popular block-based programming
environment [35]. Students using Scratch have showed sustained engagement
with programming and independently discovered programming concepts [36,37].

The successes of the Scratch system could be due to motivation, simplifica-
tion and support, which are identified in [38] as key to making programming
more accessible. These findings relate closely to the cognitive school of learning
where students are identified as needing to remain within the zone of proximal
development.

Learning to programme is considered from different psychological perspec-
tives in [39,40] who concur that successful learning is the result of feedback from
practicing in an environment which assists in the identification and recovery
from errors.

From a behaviourist approach, programming can also be simplified by
tutorial-style interactions that allow students to learn to programme syntax
languages. This can help students who are not familiar with the syntax of a
language, however it can be found to provide too much assistance to students
completing problems [41].

Learning to programme is considered from a constructivist approach in [42]
where constructive and collaborative learning were seen to increase attainment.
The findings in [43] support this and outline a number of practical approaches to
achieving constructivist learning. A guide in [44] outlines advice for programming
in schools and suggests that much learning of programming happens through
guided exploration.

Summary. The existing literature on learning theory and learning to pro-
gramme provide many requirements for the ideal learning system when
learning to programme, many of these requirements were integrated within
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TuringLab. Skramble however needs to provide the optimal programming envi-
ronment within any learning system, in this section the features which Skramble
must expose to a host learning system are discussed.

The behaviourist school of learning defines that the hosting system needs to
clearly define learning outcomes and assess their completion of these learning
outcomes. This means that Skramble must allow test cases to be defined by the
hosting system so that the correctness of the task can be easily verified to affirm
that students have completed their learning outcomes.

To correspond with recommendations from the cognitivist perspectives, the
hosting system needs to again display learning outcomes but additionally suggest
challenge difficulty. To enable the challenge difficulty to be inferred over time
Skramble needs to provide feedback to the hosting system as to how challenging
users found the task at hand. Having clearly defined difficulty allows students to
select challenges of appropriate difficulty and for which they have already been
introduced to the concepts.

A key requirement identified both from cognitive learning theory and prag-
matic experience of learning to programme is the need to make programming
accessible. With reference to syntax programming, this outlines the need to assist
students in recovering from errors. Additionally, this indicates that challenges
need to create meaningful outputs. Therefore Skramble needs to provide error
support and graphical output.

From the perspective of the constructivist theory of learning the requirement
to create an active learning environment is presented. This means that Skramble
should be able to provide reference materials which are relevant to the task at
hand, to allow this the hosting system must be able to define which technologies
or external packages are needed to solve the problem so that Skramble can
provide the relevant documentation.

The requirements identified from the existing literature define some of the
overall specifications of Skramble. These requirements along with the aim of
Skramble to be integrated into an existing learning system and used alongside
ordinary teaching provide the basis for reviewing and understand existing sys-
tems.

2.2 Existing Systems

In this section, existing systems are critically assessed to determine how best
to achieve the requirements identified for Skramble in Sect.2.1. The systems
considered generally provide online environments where users can write and run
code within their browser, however they are often stand-alone environments
which do not interface with existing learning systems.

Figure 1 shows a broad overview of the existing systems. The dashed circles
depict the four major functionalities identified in the existing systems. These
systems are arranged in a Venn diagram to display each system’s relation to a
functionality. The labels applied to the functionalities are explained below.
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Learning environment relates to any system which includes teaching mate-
rial, be that predefined or teacher-created. These systems in general have a large
amount of content and are intended for learners to remain within the infrastruc-
ture for learning, exercises and testing. Given the aim of Skramble to integrate
with existing learning systems it is essential to review them.

Programming environment encompasses systems which have the facility
to write and run code. Most systems with this feature also have the ability to
test code against predefined or user-specified test cases. Systems with advanced
programming environments are important to review in order to consider how to
create meaningful and complex challenges while still supporting the students.

Pedagogy dashboard defines any system which has a dashboard through
which teachers can view metrics on their pupils. These metrics relate to how
a user is interacting with programming tasks and what learning progressions
are being made through these interactions. To allow teachers to formatively
assess their students, a feature-rich pedagogy dashboard is important. Allowing
teachers to differentiate students means they can be kept at the correct cognitive
level.

Configurable challenges specifies systems which give users the ability
to add customised problem definitions. Problem definitions contain a rich text
description of the problem and, more often than not, testing criteria to define
when a problem is complete. Reviewing approaches to defining and assessing
challenges means that Skramble can make use of elegant challenge specifications
which are not too time-consuming for teachers to create.

The aim of Skramble is to create a programming environment which can be
used with existing learning systems. The interface through which Skramble is
integrated in existing learning systems will have to allow teachers to configure
programming tasks or challenges and make it possible for the programming
environment to provide feedback on how well the given programming task has
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been completed. The shaded circles indicate systems which are of interest to
the development of Skramble. These systems include Trinket, Thimble, Grok
Learning and Codio. A brief analysis of the beneficial features of each of these
systems is outlined below.

Trinket' is an embeddable code editor and programming environment which
allows students to programme using either Python or web technologies. Trinket
can be integrated with any website through an iframe, making it incredibly
versatile, however it does not provide any feedback on a student’s completion of
a given task. Trinket executes all code on the browser, making it responsive and
able to provide graphical output from executing code.

Thimble? is an open source platform for students to create and share
projects using web technologies. Thimble uses the Bramble® editor which pro-
vides a very advanced editing environment for website creation. Thimble is a
self-standing website and is designed as a playground with no specific tasks,
which makes it very similar to the Scratch system.

Grok Learning® is a stand-alone web-based learning platform for Python
programming. It includes courses and assignments with assessed programming
tasks and a dashboard is available for teachers to monitor student progress. The
code is executed on a server using websockets, therefore there is no graphical
output, however the full Python programming language can be used.

Codio® is a web-based integrated development environment for students
to learn and practice programming. Students can enroll in courses tailored to
teach different programming languages. Teachers can create custom program-
ming environments and challenges. Student progress and engagement can be
analysed through a teacher dashboard. Codio has limited ability to be embed-
ded in existing learning systems, however the adaptability of the programming
environment and inclusion of a teacher dashboard make this a very versatile
stand-alone system.

Summary. Existing systems were reviewed to understand how other systems
have implemented requirements for a programming environment. In general the
existing systems provide advanced programming environments which are engag-
ing for children to use, however they either provide their own learning system
complete with feedback on student progress or the feedback (if at all) they pro-
vide is not appropriate. Skramble must provide an equally advanced program-
ming environment which allows students to discover computing concepts through
challenge and exploration. However, Skramble must also allow integration with
existing learning systems, thus making it easy for teachers to adopt it in their
current classroom practices.

! https://trinket.io/.

2 https://thimble.mozilla.org/.

3 http://blog.humphd.org/thimble-and-bramble//.
* https://groklearning.com.

5 https://codio.com/.
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3 Design

This section details the design process which TuringLab, the case study system
went through to fulfil requirements and features identified in Sect.2. A partici-
patory design process was used during development.

The design process began with requirement gathering from children at
volunteer-run programming clubs before development was commenced and this
feedback continued throughout the software development life-cycle.

The current design of the TuringLab system is the result of a number of
iterations using the lessons from previous stages of the design process to improve
the system and features. Feedback collected from children during the design
process was in the form of open ended questions to achieve the greatest insight
into how children used the software.

1. Functional Mockup
A functional mockup was created as early as possible. This allowed children
to access a number of programming challenges and view the solutions. This
functionality was provided on a single page, with the specification of the
challenge included in the comments section of the code. Children got confused
by the cluttered interface and did not naturally read the comments contained
within the code to understand what was required in the challenge.

2. Alpha Design
The alpha design split the selection of challenges and completion of challenges
onto separate pages and displayed the challenge specification separately to the
code. This version allowed children to write code on their browser and run
or test the code on the server. The system was not suitably responsive for
children who often ran the challenges many times during completion; both
the lack of graphical output and inclusion of code testing made the children
lose engagement very quickly. The benefits of testing from an educator’s per-
spective did not outweigh the lack of engagement from children.

3. Beta Design
The beta design moved code execution from the server to the client. This
meant the system was far more responsive for the users and outputs to running
code could be displayed graphically. In previous trials only a selection of
children used the system and they quickly lost engagement. In this version all
the children learning Python used the system and maintained engagement and
enjoyed the outputs they produced. The graphical outputs seemed to assist
children in gaining familiarity with the concepts of iteration and selection.
Running code on the client meant challenges were of reduced complexity and
were not tested; however, this was worthwhile to maintain child engagement.

4. Current Design
The current design takes much the same form as the beta design; however,
provides an interface for teachers to overview the progress which children were
making when completing challenges. This means that teachers can see errors
and solutions in real time. The volunteers assisting with the coding sessions
found these features very beneficial in order to provide the proper scaffolding;
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however, the greatest benefit was to encourage discussion following a session.
Children were asked to run their favorite solutions and then took it in turns
to explain how they had achieved the output which was displayed on the large
screen.

Every stage of the design process which the TuringLab system went through
informed the implementation of the features within the system. Many proposed
features for Skramble were added as a result of feedback from students using
the TuringLab system. By approaching the design of Skramble from the point
of view of its application and benefit to a learning system, has helped formalise
feature requirements by what is needed from the perspective of an end user.

Figure 2 shows the current student interface looks in the TuringlLab system
and how the different screens are linked to one another. This interface is com-
prised of three main screens: selecting a group, selecting a challenge within a
group and completing a challenge. When completing a challenge, children are
able to access a help page, run the challenge code and access different versions
of the code. Important features to note for Skramble is the ability to access help
relating to the challenge at hand.

Show
Versions

A
Show Group Show Help
i

View

Run “ 'v"
Challenge -1

Code

ooooooooogg

Fig. 2. Student interface user interaction flow.
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Fig. 3. Student running code screen.
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Figure3 shows the screen when a child has run a challenge. The interface
contained within the central section of the screen (including the code editor,
graphical output and terminal) shown is similar to what will be provided by
Skramble. The code editor is to the left and provides full syntax highlighting.
The output of the code is on the right and provides a graphical output in the
form of the Python Turtle® graphics and a terminal output which displays print
messages and allows children to provide standard input.

4 Implementation

This section outlines the proposed implementation of Skramble. The require-
ments for Skramble were heavily informed from the implementation of the Tur-
ingLab system which was completed incrementally alongside the design process.
This allowed the Turinglab system to transform quickly based on the require-
ments identified at different stages of the design process without having to modify
the interface through which the programming environment is integrated within
the system. The design process from Sect. 3 serves as further requirements gath-
ering and design specification for Skramble.

Skramble is heavily based on Bramble’, an editor adapted by Mozilla from
Brackets®, an open source editor created by Adobe. To allow Python code to
be executed, Scramble makes use of the Skulpt® library which is a JavaScript
library used to compile Python code to JavaScipt; thus allowing Python code to
be executed on the client side.

The overall architecture of Skramble can be seen in Fig.4. This diagram
shows the central core of Skramble and the different interfaces which are available
to a learning system when interacting with Skramble. As with the Bramble

] Skramble
Define Packages 3 S Code Output
: Plugins [
Define Builtins k ‘ Package Manager ‘ Code Tester ‘ Syntax Analysis ‘ Test Results
Run Code : I3 Code Analysis
Test Code 3 ’ Skulpt + Bramble ‘ :—-{ Learner Analysis
‘ File System ‘

Fig. 4. System architecture.

5 https://docs.python.org/3.4/library /turtle.html.
7 https://github.com/mozilla/brackets.

8 https://github.com/adobe/brackets.

9 http://www.skulpt.org/.
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editor, Skramble is designed to be hosted within an environment through use
of an iframe. To allow communication between the host environment and the
editor, post messages are used to communicate with the iframe.

The Bramble editor is integrated with a host environment in a very similar
way, however, Skramble adds further functionality to that interface making it
suitable for both running and testing Python code. Additionally the interface
through which plugins are integrated with Bramble provide the perfect abil-
ity to create isolated additions to the code editor which can perform advanced
functionality or analysis of the code.

Any learning system which hosts Skramble is provided with full control of
the file system. This means that Skramble does not store any data on users or
programming tasks, therefore, there is no requirement for a separate database or
storage system. Though this leaves complexity to the learning system it ensures
a very clean interface with the code editor.

The learning system which hosts Skramble is able to configure which package
dependencies are required or define Python built-in functions using either Python
or JavaScript. The built-in functions provided to Skramble are available globally
when executing the Python code and these could overwrite existing Python
functionality or provide an interface to external APIs.

There are a number of interfaces through which Skramble can be requested
to perform an action. Code can be run using Skramble and when the code has
finished executing both the graphical output and terminal output are returned
to the learning system. Code can be tested using Skramble based on test cases
defined in the file system when tests are completed test results are returned to
the learning system, as appropriate.

Through use of a syntax analysis plugin Skramble can provide static code
analysis on the code base contained within the editor. This static analysis is used
internally within Skramble to advise the user when there is an error with their
code. Additionally, the results of this analysis are sent to the learning system
which hosts Skramble through emitting an event. The Bramble editor provides an
event emitter interface which informs the hosting environment when code has
been changed or ran. Skramble provides the same events alongside additional
events for when code has finished running, errors have occurred or code analysis
has been completed.

Whenever the host system modifies packages or built-in functions using the
Skramble interfaces the file system is updated to reflect these changes. As a
result the programming environment is persisted entirely through the file sys-
tem. This is a very important system design decision as it allows the code in
any Skramble editor to be shared with any system using the Skramble editor.
Therefore teachers using different learning systems to deliver content are easily
able to share resources with other teachers.

Potential mechanisms to integrate the Skramble editor with learning systems
are shown in Fig. 5. Skramble can be directly embedded within a host learning
system, embedded using the LTI 2.0 standard using a wrapper or embedded
using an iframe wrapper.
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Fig. 5. System integration.

In the first example, the Skramble environment is being used in a bespoke
learning system where the host manages the data which Skramble uses. The host
learning system can interact with any of the interfaces provided by Skramble
giving precise control of the embedded editor.

In the second example the Skramble environment is being integrated through
the LTT 2.0 standard. Here the LTI wrapper system otherwise known as the
tool provider manages the Skramble editor data, interacts with the Skramble
interfaces and also provides authorisation. When the tool is launched by the LTI
compliant learning system it provides user details so as the tool provider can
expose the correct editor environment.

The final example is in many ways similar to the LTI integration, the wrapper
system manages interaction with Skramble and provide user authorisation. In
this example however the learning system or generic website cannot provide
details of the student using the system therefore a user would have to login to
the wrapper system to access, edit and run their stored code.

5 Evaluation

Turinglab was used to assess the required features and potential integration for
Skramble. This approach was taken to ensure that development of Skramble is
effective and to the most part the features are known a priori. In this section,
TuringLab is evaluated to reflect on the beneficial pedagogical features of the
Python programming environment. This analysis is discussed in relation to the
future development of Skramble.
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TuringLab was designed from a user centered approach; children attended
volunteer-led programming clubs and made use of the system to learn Python. At
a number of the programing clubs, children also learnt Scratch'®. When learning
Scratch, an interface was provided to give the children well-scaffolded projects
to work on, which recorded their progress in a similar way to the TuringLab
system.

From discussions with children during the process of developing TuringLab,
it was clear that having a graphical output for their programmes in the form
of Python Turtle graphics was very important. This meant children could easily
detect errors in their solution through visual comparison and the output to their
code was something that they could be proud of. Furthermore, the visual output
allowed non technical volunteers to both reason about issues in a child’s code
and see merit in complex creations. This observation supports the requirement
identified in Sect. 2 to have meaningful output from code execution.

Feedback on the TuringLab system was collected over the course of 8 pro-
gramming clubs. These programming clubs were funded by the Department of
Computing at Imperial College London and therefore were free to attend and did
not require attendees to bring any computer equipment. The first 3 sessions were
Python only mixed sessions which had a largely male demographic, the following
5 sessions allowed children to select between Scratch and Python programming
but was for girls only.

Over the 5 sessions a total of 122 responses were collected from attendees.
Given that a number of individuals were repeat attendees this equated to 70
unique respondents completing feedback on the programming clubs; 21 of these
unique respondents reviewed the Scratch system and 49 reviewed the Python
system.

Age Distribution of Session Attendees
20

15
| I
11 12 13 14

Frequency
]

0

6 7 8 9 10
Age
Scratch [l Python

Fig. 6. Comparison of programming language choice for attendees of different ages.

9 https://scratch.mit.edu/.
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Fig. 7. Comparison of agreement with statement ‘I found this session fun’.

Figure 6 shows the number of children learning Python using TuringLab and
the number of children learning Scratch. It can be seen that generally older chil-
dren chose to learn Python whereas younger children favoured Scratch. However,
children of all ages learnt both Python and Scratch suggesting both languages
are appealing to children between the ages of 7 to 13.

Throughout the project a focus of the system has been to create an environ-
ment which children enjoy using and which maintains their engagement. To find
out the level of enjoyment and therefore potential long term engagement, children
were questioned on how enjoyable the session was. Figure 7 shows that children
found the session slightly more enjoyable when using Scratch than Python but
overall enjoyed learning both.

In Fig.7, it can be seen that the programing clubs facilitate a high level
of engagement from children; however, as the children were not found to enjoy
using the Python system as much as the Scratch system it shows that there
are potential areas of improvement. The issues with Turingl.ab may be due to
not having the correct amount of scaffolding to support children through the
challenges or that younger children find syntax programming more challenging
than block programming. This presents a potential plugin for Skramble, which
could be realised through a block-based editor for the Python Turtle library,
similar to the Trinket block code editor!!.

Figure 8 shows the extent to which children agree that the error messages
were easy to understand. From this figure it can be seen that there are a number
of respondents that did not find the error messages easy to understand. This
presents the need for Skramble to provide more readable error messages. This
improvement would not necessarily reduce the error rate but it would allow
children to recover from errors more easily through having the correct scaffolding
available. Reducing the need to seek help from a teacher is vital to encourage

Y https://trinket.io/blocks.
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Error messages were easy to understand
Strongly Disagree
Disagree
Neither Agree or Disagree
Agree

Strongly Agree

0% 25% 50% 75% 100%
Percentage of Question Responses

Fig. 8. Children agreement with statement ‘Error messages were easy to understand’.

an active learning environment, where children can work at their own pace on
challenges of their choice.

Figure9 shows the number of children using the system who clicked on an
error message for more information. Clicking on the error message provides fur-
ther syntax analysis of the error message, while currently syntax analysis only
checks correct parenthesis matching. The large number of children that clicked
on error messages shows the importance of providing further assistance to the
children to recover from errors within Skramble. Furthermore, this shows the
importance of allowing plugins to be added to the Skramble editor, which can
easily provide further functionality, be that created by senior teachers, academics
or other children.

Did you click on an error message to find more information?

| don't know
7.4%

Yes
40.7%

Fig. 9. Pie chart showing the proportion of children who clicked on error messages.
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Fig. 10. Comparison of agreement with statement ‘I am proud of what I have created’.

It can be seen in Fig. 10 that in general children are equally proud of what
they have created in both Scratch and Python. This result is surprising, since
children are able to create games and animation using Scratch whereas with
Python they create far less appealing projects (in the time available during the
programming clubs), but which are also more challenging. This result suggests
that children are proud of completing challenging projects which feel more dif-
ficult or meaningful.

Figure 11 depicts the proportion of respondents who made use of the help
button within the TuringLab system. The help button brings up resources related
to the current challenge. Given that a third of children used the help button it
suggests that the system nurtures an active learning environment for some of
the children. This feedback does not, however suggest if the help resources were
useful in resolving the issues faced. Given the number of children using the help
feature and the desired adaptability of the Skramble editor, this affirms the need
to have reference material available from within the programming environment
which does not need to be added by the teacher.

Figure 12 shows a spiral created by a child during one of the sessions. The
child was very proud of the work completed which could be seen from the passion
with which they explained the spiral at the end of the class. The teacher display
mode facilitates children discussing their favorite creations during the session.
This requirement for teachers and children to be able to showcase work is a
feature that needs to be present in Skramble.

Figure 13 shows the open ended responses when children who programmed
using Python were are asked ‘What do you like best about coding?’. There are a
number of statements related to the end product, including one response which
states 'YOU CAN DO ANYTHING’. This is a key point about providing a child
friendly Python programing environment, in that children are supported but
not limited in what they can create. This also shows the need to allow external
built-in functionality to be defined, which will mean that there truly is no limit
to the possible output from the children.
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Did you make use of the help button?

| don't know
7.4%
Yes
33.3%
No
59.3%

Fig. 11. Pie chart showing the proportion of children who made use of the help inter-
face.

Fig. 12. Example of children work created on TuringLab.

wher you learn more stuff ]
itis interesting You can make anything
itis fun!

Itis very fun __ thework
You have to use"'mur_ brain being right
everything Writing the code everything

learning new things
The copy and pasting

Fig. 13. Word cloud of student responses to question ‘What do you like best about
coding?’.
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6 Conclusions

This paper outlined TuringLab, a system for learning Python programming and
proposed Skramble, an adaptable and embeddable Python programming envi-
ronment.

TuringLab was used to assist teachers as part of their standard teaching in
delivering the practical elements of the computing curriculum through the setting
and assessing of programming exercises. TuringLab was designed as a pedagog-
ical system for children to complete programming exercises in a challenge-based
programming environment which provides support and assistance during their
completion of challenges.

Overall the feedback for TuringlLab was positive. It is clear from the sessions
(and the ensuing feedback) that children enjoyed using TuringLab and a number
of children have returned both to TuringLab outside of the programming sessions
and to the sessions the following weeks. Given that the children are proud of their
final results it is clear that the system is providing children with interesting and
hard challenges. This is likely to have been afforded by the ability of TuringLab
to display a graphical output from the code execution.

TuringLab showcases the need for a Python programming environment which
can be used in learning systems. Turinglab is a system which children have
engaged with and enjoyed using over the course of a number of programming
clubs. There are however, a number of enhancements to the Python programming
environment which will be provided by Skramble and these advancements are
detailed in Sect.7. These extensions will allow TuringLab to provide greater
assistance to children when they are seen to struggle and hence facilitate more
complex challenges.

Skramble is based on existing open source projects and provides a feature-rich
programming environment that abstracts functionality such as syntax analysis,
code execution, error handling, and output capture. The features identified for
inclusion within the Skramble programming environment are those which have
been seen to provide the greatest educational benefit to users of the TuringLab
system. The system architectural decisions made in the conceptualisation of
Skramble were made with a mind for usability, adaptability and expansivity.

The Skramble editor can be used and integrated into many learning envi-
ronments (through the use of the Learning Tool Interoperability standard or
through the use of an iframe wrapper), while allowing for resources to be shared
across these environments. This gives great power to educators by allowing them
to not only create resources but also to share them. By building upon an open
source editor which has a standardised interface for plugins, we open up the
potential for Skramble to be extended by allowing for the addition of many
beneficial packages, as necessary.

7 Future Work

In this Section the road-map for improving Python code execution using Skulpt
and the development of Skramble is discussed. Having completed and evaluated
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TuringLab, there are a number of improvements to be made particularly in how
the Skulpt library is used to execute Python code and these improvements will
be integrated during the development of Skramble.

First and foremost, Skramble must develop on the Bramble editor to include
the ability to execute Python code. This fundamental requirement means that
the Skulpt library is integrated into Bramble to give both terminal interaction
and show graphical output from executing code. Following this, external inter-
faces will be added to Skramble to allow its basic integration with a learning
system. This will bring Skramble to the level that the Turingl.ab Python pro-
gramming environment currently resides.

Following basic integration with a learning system the Skulpt library will be
modified to allow more than a single source file to be included in the project.
This functionality is built into the Bramble editor, however this will need to
be integrated with the Skulpt library. Allowing multiple files will mean the pro-
gramming environment can provide advanced helper functions without confusing
or distracting children.

Having extended Skramble to allow for more than a single source file, the
next step is to extend it further in order for it to provide more advanced error
messages than those shown from the Skulpt library. These improvements will
mainly be to reduce the occurrence of ‘Bad Input’ as an error message as this is
not understandable (or useful) to novice programmers. Once the error messages
have been improved, a basic plugin will be created to provide the syntax analysis
which is found in Turinglab. The purpose of this plugin is to give the foundations
to more advanced syntax analysis plugins without the need to modify the entire
Skramble source code.

The next stage of the Skramble development timeline is to allow Skulpt to
import external libraries for use by children, but these have to be individually
configured for use with Skulpt. This is the approach taken by the Trinket!?
team to allow components of numpy'® and matplotlib'* to be accessible through
Skulpt. This is the approach that will be taken to allow external packages using
Skramble.

Finally, when Skramble provides the proposed Python programming envi-
ronment, its features will need to be tested and iterated upon. To give students
the ability to use and interact with Skramble, the open source project Thimble
(See footnote 2) will be modified to use Skramble as opposed to Bramble. This
provides a quick approach to creating a system which children can interact with.
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Abstract. E-Learning platforms comparison helps users select the most
suitable platform according to their individual pedagogical needs and
objectives. However, from decision support perspective, selecting the
optimal platform in terms of tools and services that meet user’s require-
ments still remain difficult to achieve. Thus, we investigate in this paper
an e-Learning evaluation method based on a symbolic approach using
preference operators and Qualitative Weight and Sum method (QWS) [1]
providing a total order among the considered e-Learning systems. How-
ever, even the totality ensured by the preference operators we developed,
they are still not sufficient from decision making perspective, since they
can return a ranking in which several alternatives are all equally and
indistinguishably (un)satisfactory. Therefore, we combine our symbolic
approach with a flexible ranking method based on linguistic quantifiers
and fuzzy quantified propositions along with two new parameters for
quality assessment refinement, called least satisfactory proportion and
greatest satisfactory proportion, denoted by lsp and gsp respectively,
to be able to discriminate among alternatives evaluated as equal. The
hybrid method obtained can significantly refine the ranking providing
users with valuable information to help them make decisions.

1 Introduction and Motivation

The past decade has seen many changes in educational and industrial train-
ing methods along with the increasing of the number of users having diverse
needs and objectives, and the large adoption of communication and information
technologies. Thus, a large number of free and commercial e-Learning systems
have been developed in different areas such as education [2], language learning
[3], business training [4,5], medicine [6,7] and public administrations [8], etc.
which provide on/off-line and remote training making user training more flex-
ible and easier. The multitude of e-learning platforms developed for a single
domain (such as in language learning, for instance, we can distinguish tens of
e-Learning applications and on-line platforms like babel, busuu, duolingo, ef, tell
me more, Pimsleur, etc.) makes it difficult to objectively select the more suitable
one according to one’s pedagogical needs and objectives.

The choice of a suitable system based on criteria describing the considered
e-Learning platforms is of great help for users. Standards and norms such as
© Springer International Publishing AG 2017
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SCORM', QTI?, IMS?, etc. define e-Learning quality properties, such as adapt-
ability, sustainability, interoperability and reusability. We refer the reader to [9]
for an e-Learning platform evaluation based on the SCORM specification. In
addition, many other evaluation approaches have been proposed such as [10],
in which the framework considers two models: one addresses the different ways
to produce learning processes in an e-Learning system, which has been reused
in [11], and the other characterizes the different evaluation criteria of learning
models as introduced in [12].

Qualitative methods have also been considered for e-Learning systems eval-
uation. The most commonly used approach is Qualitative Weight and Sum,
denoted by QWS [1]. It relies on a list of weighted criteria [13,14] for the evalua-
tion of e-Learning systems. In practice, it is based on qualitative weight symbols
expressing six levels of importance, namely: F for essential, * for extremely valu-
able, # for very valuable, + for valuable, | for marginally valuable, and 0 for not
valuable. Hence, e-Learning system performance is measured by symbolic weights
attached to some criteria [13], such that low-weighted criteria cannot overpower
high-weighted ones. For instance, if a criterion weighted #, the platform can
only be judged # or lesser (4, | or 0) but not * or higher. To obtain a global
evaluation for a platform, QWS approach aggregates the symbols attached to
criteria through a simple counting, which is finally used to rank the considered
e-Learning systems. Because of the naive aggregation function used by the app-
roach, the result may be counterintuitive and not clear to explain and justify.
For example, let us suppose three e-Learning systems, denoted by e, es, e3
respectively, for which the aggregation function delivers the results as summa-
rized in Table 1. It is easy to conclude that ey is better than ey, since e; is better
than es on symbol * and both tied the score for the other symbols. But, it is
not that easy to say whether e; is better than es or not, because even though
e1 performs well on symbol *, e3 is much more better than el on symbols #
and +. Therefore, further analysis has to be conducted to conclude. As some
e-Learning systems are not comparable, then the approach delivers a pre-order
over the evaluated platforms.

Table 1. Example of e-Learning system aggregation results.

€1 |-

|
4 2
4 - |2/-
8 2

(o)
[
1
NN W *x

es | -

To deal with this issue, one can consider the Analytic Hierarchy Process
(AHP) method [14]. AHP is used to deal with complex decision-making

! SCORM: Sharable Content Object Reference Model, http://scorm.com.
2 QTI: Question and Test Interoperability, http: //www.imsglobal.org.
3 IMS: Instructional Management Systems, http://www.imsglobal.org.
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processes. It translates the symbols defined in QWS into values as detailed in
Table 2, borrowed from [1]. Thus, AHP captures both subjective and objective
values, checks their consistency and reduces bias decision making in evaluat-
ing e-Learning systems [15]. The criteria are gathered up by category and sub-
category. Results of feature category or subcategory evaluation computed by the
weighted calculation functions are percentages of the form of a real number as
described in [14]. For example, let us say that the percentage returned for the
feature Chat is 14%; then, according to Table2, the judgment of this result is
between “marginally valuable” and “valuable”, but which the user should con-
sider. The percentages returned can be difficult to interpret for the comparison
of e-Learning platforms when several attributes have to be dealt with.

Table 2. QWS symbols translated into AHP weights.

QWS | Weight in AHP

=

Essential

Extremely valuable

*

Very valuable #

Valuable +
|
0

Marginally valuable

O | N|W| k| ot

Not valuable

These above methods return results which can be less expressive and non-
intuitive enough from a user standpoint for system quality assessment and rank-
ing. Therefore, we investigate in this paper methods for e-Learning systems
assessment and ranking combining QWS values, symbolic preference relations
and comparison operators, which have been proved to be total orders allowing to
rank a set of e-Learning platforms from the most to the least optimal, helping the
end user to make a decision. Notwithstanding, the practical application of app-
roach we proposed revealed a limitation from decision making standpoint, in the
sense that a large set of alternatives can be evaluated as equally (un)satisfactory
owing to its purely qualitative nature. A need for an hybrid approach mixing
both qualitative and quantitative behaviors is then underlined and a flexible
solution is also developed based on fuzzy set theory [16] as a first attempt to
provide a possible feasible solution.

Indeed, fuzzy sets approach is considered here as a formal theoretical basis
since fuzzy sets are simultaneously quantitative and qualitative, and provide a
general model for user preference expression and interpretation based on fuzzy
predicates such as high, expensive, young, etc. Particular kind of fuzzy condi-
tions, called quantified propositions, involving linguistic quantifiers have also
been defined. A quantified proposition is based on a linguistic quantifier, which
expresses a compromise between the universal quantifier (V) and the existen-
tial quantifier (3). A linguistic quantifier refers to expressions such as most,
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almost all, around /4, etc. For instance, the sentence “find colleges that have
most of their alumni are professionally successful” involves a quantified proposi-
tion defined by the linguistic quantifier most of, and expresses both quantity and
quality in terms of what extent the expression is evaluated as true. The closer
to 1 the evaluation is, the better. We consider the criteria describing e-Learning
platforms as a fuzzy set of important criteria (from the user perspective) then
we compute for each platform the truth value of the following fuzzy quantified
proposition: “almost_all the criteria are important”. This truth value expresses
a quantitative evaluation of the alternatives in the sense that it corresponds to
the extend platform’s criteria are evaluated as important by the user. After that,
we define two new parameters to assess the quality of the subsets of criteria sat-
isfying the truth value of the quantified proposition. They are denoted lsp and
gsp and stand for the least satisfactory proportion and the greatest satisfactory
proportion respectively. These parameters are used to break ties among equally
evaluated alternatives (based on the truth value of the considered fuzzy quanti-
fied proposition) from qualitative point of view. The hybrid approach obtained
shows a significant refinement of the final ranking which can greatly help users
make decision for e-Learning platform selection.

It is note worthy that this paper is an extended version of our previous
research paper [17].

The remainder of the paper is structured as follows. Section 2 details our
symbolic-based approach for e-Learning systems evaluation. Section 3 presents
an illustrative example of our approach to evaluate and to rank a set of open-
source e-Learning systems. In Sect.4, a reminder of linguistic quantifiers and
the interpretation of fuzzy quantified propositions for preference expression and
modeling are introduced. Section 5 details the application of the fuzzy quantifica-
tion based approach to our application context (ranking e-Learning platforms),
while introducing the new parameters for ranking refinement. Finally, Sect.6
concludes the paper and introduces some future work.

2 Hybrid E-Learning System Evaluation Approach

In this section, we detail our approach for e-Learning platform evaluation and
ranking relying on symbols borrowed from QWS method and qualitative prefer-
ence relation and comparison operators. In Subsect. 2.1, we introduce our evalua-
tion approach and in Subsect. 2.2, we show the use of our approach for e-learning
platform ranking.

2.1 Symbolic Approach for E-Learning Platforms Evaluation
We define the evaluation symbols as follows.

Definition 1 (Evaluation Symbols). The evaluation symbols as defined in
QWS approach are: E = essential, * = extremely valuable, # = very valuable,
+ = waluable, | = marginally valuable and 0 = not valuable. We denote by
S ={E,*,#,+,|,0} an ordered set of evaluation symbols.
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We define a preference relations more preferred than or equal to, denoted by >,
and less preferred than or equal to, denoted by =<, over the evaluation symbol
set S as follows.

Definition 2 (Preference Relations = and =<). Let S = {E, x, #,+,]|,0} be
an ordered set of evaluation symbols such that: poss(E) = 1, poss(x) = 2,
poss(#) = 3, poss(+) = 4, poss(|) = 5, poss(0) = 6, where poss(.) stands for
the position of symbol . in set S.

We define the preference relation more preferred than or equal to, denoted by
>, over S as:

V(a,b) € S? : a = b iff poss(a) < poss(b) (1)
The preference relation less preferred than or equal to, denoted =<, is defined as:
V(a,b) € S? : a < b iff poss(a) > poss(b) (2)

We can easily prove both preference relations = and < are total orders.

Property 1 (Total Order Properties). The preference relations > and < are total
orders.

Proof. The proof of property 1 is detailed in Appendix A.

Based on the above defined preference relations, we define two comparison
operators named prefMin and prefMazx, so that it will be possible to compare
systems on each criterion describing them. These operators will serve as means
to aggregate the evaluations obtained for system criteria.

Definition 3 (prefMax and prefMin Comparison Operators). pref Max and
prefMin operators are defined by formulas (3) and (4) respectively.
The function prefMaz is defined by the following formula (3).
SxS8§—-S8
; =b
(a,b) — mazx(a,b) = a if (a -, )
b otherwise.
The function prefMin is defined by the following formula (4).
SxS§—S
i =<b
(a,b) — min(a,b) = a if (a . )
b otherwise.

(4)

When we apply the comparison operators prefMax and prefMin over our
symbolic set S, we obtain Table 3.

Property 2 (prefMaz properties). prefMazx is associative, commutative, idem-
potent, it has F as absorbent element and 0 as neutral element.

Proof. Proofs of prefMax properties are detailed in Appendix A.

Property 3 (prefMin properties). prefMin is associative, commutative, idem-
potent, it has 0 as absorbent element and E as neutral element.

Proof. Proofs of prefMin properties are detailed in Appendix A.
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Table 3. The operators prefMax and prefMin table.

pref- E | = | # | + | 0 pref- | E | x + | 0
Maz Min

E EF|FE|FEF | FE|FE|FE E E * # | + | 0
* E | % * * * * * * x | # | + | 0
# E | « | # | # | # | # # #|# | # |+ 1|0
+ E|x |# |+ |+ ]+ + [+ [+ |+ [+[T]0
| El x| #1+ 1111 \ L1l rro
0 E * # | + | 0 0 0 0 0 0 0 0

2.2 Using Our Comparison Operators to Rank E-Learning Systems

The evaluation of e-Learning platforms is based on categories, each of which
defines some criteria as defined in [18], for example the category Communica-
tion tools, and their criterion such as Chat. Categories and their criteria are
summarized in Table4. The five categories considered in platform evaluation
are:

Communication tools

— Software and installation
Administrative tools and security
— Hardware presentation tools

— Management features

To evaluate each category, we use the comparison operators prefMaxz and
prefMin. But to evaluate a considered e-Learning system, we need the evalua-
tion of the five categories. For that purpose, we define two aggregation operators,
called pref MinMax and prefMaxMin, which are based on our comparison
operators.

Definition 4 (prefMinMazx). Let A be a matriz of n lines and m columns of
evaluation symbols of S. We define the minimum guaranteed satisfaction value
as follows.

We denote a matriz from A as:

A= (aij)1§i§m and aij € S

125<n
We define pref MinMazx of A as:
S — 8
A prefMinMax(A) =
prefMini<i<m(prefMazi<j<n(ai;)) (5)
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Definition 5 (prefMaxMin). We define the mazimum possible satisfaction
value of S™*"™ as pref MaxMin:

A prefMaxzMin(A) =
prefMazi<icm(pref Mini<;<n(ai;)) (6)

The pref MinM ax operator computes the least optimistic value amongst the
criteria, whereas pre f M axMin operator computes the greatest pessimistic value
amongst the criteria.

3 Illustrative Example

We apply our e-Learning systems evaluation approach to a set of nine open-
source e-Learning platforms below, and which have been tested and compared
[19-22].

Claroline: version 1.9.2, http://www.claroline.net
Dokeos: version 2.1.1, http://www.dokeos.com/fr
eFront: version 3.6.11, http://www.efrontlearning.net
ILIAS: version 4.1.3, http://www.ilias.de

Open ELMS: version 7, http://www.openelms.org
Ganesha: version 4.5, http://www.ganesha.fr

Olat: version 7.2.1, http://www.olat.org

AnaXagora: version 3.5, http://www.anaxagora.tudor.lu
Sakai: version 10.4, https://sakaiproject.org

© XN WD

Each criterion takes a symbolic value from the set S based on users opinions
community. To obtain the evaluation of each criterion, we have carried out sur-
veys in our university involving under-graduated students (small group of 10 stu-
dents), who have tested each e-learning platform during a training session (2h).

Table 4. Overview of the hierarchy categories and their criteria.

Category | Communica- || Software Administrative Hardware || Management
& tools and Security Presenta- features
tion tools Installation tion
tools
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We are aware that the process is subjective and a different panel of students or
users can express different opinions about the e-Learning platforms. We recall
that this data collection aims at illustrating the use of our approach. The values
obtained for each criterion in its category are summarized in Table 7. The appli-
cation of our approach on the set of considered systems is performed as follows.

Table 5. prefMin and prefMax results for Communication Tools category.

Communication tools g 3
> L £
8 SH S

s | 3

.| Bl = | €| E
Claroline # # + # + + #*
Dokeos * + + * * + *
eFront | # # + + | #
ILIAS # + + 0 + 0 #
Open ELMS 0 0 * 0 0 0 *
Ganesha # # + 0 0 0 #
Olat * * * 0 * 0 *
AnaXagora # # # 0 + 0 #
Sakai * # * * # # *

1. for each category in Table4 we compute values of prefMin and prefMazx
for all functionalities based on Definition 3. In Table 5, we display the results
obtained by applying our approach on the category “Communication Tools”
for our considered set of e-learning platforms.

2. for each category in Table7 we compute values of prefMaxMin and
prefMinMax. Results of both operators are displayed in Table 6.

According to Table 6,

— we obtain the following ranking if we consider prefMaxMin operator:

(Claroline ~ Dokeos ~ eFront ~ Ganesha ~ Sakai) >

(Ilias ~ Open ELMS ~ Olat ~ AnaXagora)
such that Claroline, Dokeos, eFront, Ganesha, Sakai equally ranked at the
top and outperform Ilias, Open ELMS, Olat, AnaXagora systems, which are
ranked at the second position.

— we obtain the following ranking if we consider prefMinMax operator:
Sakai > (Claroline ~ Dokeos ~ Olat) > (eFront ~ ILIAS ~ Open ELMS ~
Ganesha ~ AnaXagora)
such that Sakai is the best e-learning system and ranked at the top; then
Claroline, Dokeos and Olat are equally ranked at the second position, and
also better ranked that eFront, ILIAS, Open ELMS, Ganesha and AnaXagora
systems, ranked at the third position.
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Table 6. Results of prefMaxMin and pref MinM ax computation over the considered
set of e-Learning platforms.

£
Sl
=
g 2
< g
i%) S g E 3
g E % g 5
- < S = =
g Z o 2 & R
= [l E 2 ~— S 3
: 2 2 s : 2 R
£ ® z £ £ S |5
s = 2 s g
£ g £ E R
g g £ & s T [T
O % < = = 8 |&
prefMin||\pref Min||pref Min||prefMin||prefMin
Claroline + + + # + # |#
Dokeos + | | # + # |#
Front | 7 | | % =+
ILIAS 0 | | 0 | e
Open ELMS 0 | [ 0 0 \ +
Ganesha 0 | + 0 # # +
Olat 0 | | 0 | \ #
AnaXagora 0 | [ 0 | \ +
Sakai # | | 0 | # *

Furthermore, users can make a choice based on either prefMaxMin or
prefMinMax operators or can combine the results returned by both operators.
For instance, in our illustrative example, Claroline, Dokeos, eFront, Ganesha
and Sakai are equally optimal platforms according to prefMaxzMin operator,
whereas Sakai is the optimal one according to prefMinMaxz operator. If we
consider both operators, we notice that Sakai performs better since it is ranked
at the top according to both operators.

For decision making support point a view, it would be interesting to have
the possibility to distinguish between the similar or equally ranked options
(e-learning systems in our case). The symbolic preference relations used in our
case divide a set of items into classes of equivalent items (having the same rank-
ing position). But, what if we combine to the approach a flexible quantitative
dimension which refines the ranking in each class of equivalence and permits
distinguishing among systems belonging to the same class.

We explore in what follows the opportunity to make use of a fuzzy approach
for e-Learning platform ranking. Fuzzy sets theory and fuzzy logics have been
widely proved to be powerful theoretical basis to model flexibility and to compute
user preferences [23].
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4 Fuzzy Quantifier Based Ranking Method

In this section we briefly recall the basis concepts upon which our approach
is built. Subsection4.1 reminds the main definitions related to fuzzy sets.
Subsection 4.2 recalls the definitions of linguistic quantifiers. Subsection 4.3 sum-
marizes concepts about fuzzy quantified propositions. Finally, Subsect. 4.4 details
the decomposition-based approach as our main tool for the evaluation of fuzzy
quantified propositions of the form “Q) X are A”.

4.1 Fuzzy Set Theory

Fuzzy set theory introduced by Zadeh [16] to express the gradual membership
of an element to a set.

Formally, a fuzzy set F' is defined on a referential U by a membership function
purp U [0,1] such that up(x) denotes the membership grade of z in F. In
particular, pp(z) = 1 denotes the full membership of  in F', pp(x) = 0 expresses
the absolute non-membership and when 0 < pp(z) < 1, it reflects a partial
membership (the closer to 1 pp(x), the more x belongs to F).

The core of F is Core(F) = {z € F : up(zr) = 1} and its support is
Support(F) = {x € F : pup(z) > 0}. If a fuzzy set is a discrete set then it
is denoted F' = {(z1, pr(x1)), ..y (@n, pr(zn))}, otherwise, it is characterized by
its membership function, in practice often a trapezoidal function.

The union U and the intersection N operators are defined by a couple of a t-
norm and a t-conorm, such as (min, max). Let ', G be two fuzzy sets, upug(z) =
maz(pr(x), pa(x)), prac(x) = min(pr(z), pe(x)), and the complement of F,
denoted F°, is ppe(z) =1 — pup(x).

The logical counterparts of N, U and the complement are respectively A,V
and —. Other operators have also been defined such as fuzzy implications [24].

4.2 Fuzzy Linguistic Quantifiers

Linguistic quantifiers express fuzzy quantities such as most, almost all, around 4,
several, much, not many, few, etc. They express a flexible quantification between
the existential quantifier (3) and the universal quantifier (V). A linguistic quan-
tifier Q can be absolute or relative:

— Absolute quantifiers such as “at least 3”7, “at most 5”7 and “around 4” express
a number and their interpretation do not depend on the cardinality of the set
X. Such quantifiers are defined as follows:

pg : RIN — [0, 1]
z = po(w)
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— Relative quantifiers such as “few”, “almost all” and “around half” express a
proportion and their interpretation depend on the cardinality of the set X.
Their generic definition is as follows:

po :10,1] — [0,1]
v ig(®)

where pq is the truth-value of the quantifier () applied on = elements;  can
refer to either a quantity or a proportion.

A linguistic quantifier can also be increasing or decreasing. @) is an increasing
quantifier if the truth-value of the quantified proposition in which it is involved
does not decrease if the satisfaction to fuzzy predicate A by elements of X
increases. “at least 3”7, “almost all” and “most of” are examples of increasing
quantifiers. A quantifier () is a decreasing quantifier if the truth-value of the
quantified proposition in which it is involved does not increase if the satisfaction
to fuzzy predicate A by elements of X increases. “at most 3”7, “few” and “at
most half” are examples of decreasing quantifiers. A quantifier is monotonic if it
is either increasing or decreasing. Non-monotonic or unimodal quantifiers could
also be pointed out. They refer to quantities such as “around 5”, “around a
quarter”, etc.

The evaluation of a quantified statement amounts to determine its gradual
truth-value (in the unit interval [0, 1]). Propositions of the form “Q B X are
A” raise an interpretation issue when the fuzzy set B tends to the empty set.
Therefore, we only detail hereinafter the evaluation of quantified propositions of
the form “Q X are A”.

4.3 Fuzzy Quantified Propositions

Linguistic quantifiers allow the definition of fuzzy quantified propositions by
combining fuzzy predicates and quantifications. Let @, X, A and B be respec-
tively a linguistic quantifier, a set of elements and two fuzzy predicates. A fuzzy
quantified proposition can have one of following forms “Q) X are A” or “Q B X
are A”. The former means that among elements of X, there are () elements that
satisfy the fuzzy predicate A, as in the proposition “most of e-learning platforms
are well-designed”, and the latter means that among elements of X that satis-
fying B, there are @) elements that satisfy A, as in the proposition “at least 5 of
big e-learning platforms are expensive”.

Many approaches have been proposed to evaluate statements of type “Q X
are A”, but any evaluation of fuzzy quantified propositions should verify some
properties to express user preferences. The following four properties are the most
important ones to be satisfied by any interpretation and evaluation approach (see
[25] for more details about properties).
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Property 4 (Ezistential Quantifier Definition). The interpretation of fuzzy quan-
tified propositions should be able to derive the interpretation of the existential
quantifier-based proposition: “3X are A”, such that “J” is an absolute quantifier
that is defined as follows:

i) = {0 =0 (7)

1 otherwise

The evaluation of a proposition of the form “IX are A” is sup,expa(x).

Property 5 (Universal Quantifier Definition). The interpretation of fuzzy quan-
tified propositions should be able to derive the interpretation of the universal
quantifier-based proposition: “vX are A”. “V” is a relative quantifier that is
defined as follows:

o) = {1 e ®)

0 otherwise

The evaluation of a proposition of the form “vX are A” is infrexpa(x).

The other properties are related to monotony. A quantified proposition eval-
uation should be monotone along with both linguistic quantifiers and fuzzy pred-
icates involved.

The following interpretations of fuzzy quantified propositions are suitable for
user preference expression and evaluation, since they verify the regular properties
introduced in [25]:

— the decomposition based approach [26],

— OWA-based approach [27],

— fuzzy integral (Choquet/Sugeno) based approach [25]. It has been shown in
[25] that the Choquet (resp. Sugeno) fuzzy integral-based approach is equiv-
alent to the decomposition-based approach (resp. OWA-based approach).

In the following subsection, we introduce the decomposition-based approach
because it is the basis of our flexible ranking methods. The interpretation based
on OWA approach is left for future works.

4.4 The Decomposition-Based Approach

The decomposition-based approach has been proposed by Yager in [26] for the
evaluation of fuzzy quantified propositions of the forms “Q) X are A”, in which
Q is an increasing quantifier. Let “P : @ X are A” be a fuzzy quantified proposi-
tion such that @ is an increasing linguistic quantifier. The decomposition-based
approach computes its truth-value, denoted by 6p, based on the best regular
(crisp) subset E C X which contains @) elements that satisfy the condition A.
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Therefore, we obtain the following formula (1) if @ is an absolute quantifier and
formula (2) if @ is a relative one:

ep = maxiG{l,‘..,n}min(MA(mi)a nQ (Z)) (9)
. 7
Op = maxie{l,...,n}mzn(UA(xi)aMQ(E)) (10)

where pa(x1) > pa(xe) > ... > pa(zy).

Remark 1. The decomposition-based approach considers only increasing quanti-
fiers. When @ is decreasing, the evaluation of a proposition of the form “Q X are
A” could be deduced from the evaluation of the derived proposition “Q’ X are
not A”, where ' is the antonym of Q; such as the proposition “At most 3 plat-
forms are expensive”, which could be evaluated using the equivalent proposition
“At least 4 platforms are not expensive”.

5 Application to e-Learning System Ranking

We apply our linguistic quantifier based ranking method to our context of
e-learning platforms ranking.

Let us model an e-Learning platform p; as a set of couples of (criterion,
value) as follows p; = {(cj1,v51), (¢j2,v52), ..., (Cjn, Vjn)} where ¢j; with i €
{1,...,n} is a criterion and v;; its value given by a user to express the importance
of platform functionalities. Therefore, we define a platform satisfaction degree,
denoted by 0(p;) as the truth value of the following fuzzy quantified proposition:

“Almost all criteria are important’

Its evaluation is given by using the decomposition-based approach through
the formula (11) as follows:

. )
H(p]) = maxi:l,...,n(mln(ﬂimp(cgj)7 ,U/allmost,all(g))) (11)

Mimp(Cij) is the degree of importance of criterion ¢ of platform j, and ftimp(clq) >
Wimp(Cia) > ... > pp(ch,) are the ascending raking of the criteria according to
their evaluation fiimp(cij)-

The ranking rule is as “the closer to 1 0 is the top ranked the platform will
be”. The underlying preference relation is defined as follows:

Definition 6 (lz’reference Relation >). Let p; and p;j are two e-learning plat-
forms. Then, p;>p; if and only if 0(p;) > 6(p;).
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Remark 2. Tt is easy to prove that the preference relation > is a total order.

To apply our fuzzy quantifier based ranking method on the set of con-
sidered platforms, we need to map the evaluation symbols of Table7 to
the unit interval [0,1]; for instance, we can consider the following map-
ping: (E,1),(%,0.8), (#,0.6), (+,0.4),(],0.2),(0,0). The second requirement is
to define the linguistic quantifier “almost_all” by its membership function. For
instance, Fig. 1 illustrates an example of membership function of the considered
quantifier. It represents the following function defined on [0, 1]:

if € 0,0.5]
(—1) ifze05,09
if x €[0.9,1]

Malmost_all (.1?) -

= ool O

Ezxample 1. We evaluate the considered criterion for the platform “Sakai”
according to its symbolic evaluation of Table 7 based on the linguistic quantifier
almost_all of Fig. 1. Let F be a fuzzy set of “Sakai” criteria such that:

S = {(c1,0.8), (c2,0.6),0.8/C5,0.8/C4,0.6/Cs,0.8/Cg,0.2/C7,0.8/Cs,0.2/C,
1/010, 0.8/011, 0.2/012, 1/013, 0.8/014, 0.8/6'157 0.8/6'167 0.2/6'177 0.8/018,
0.6/0197 0/020, 0.6/6'217 0.2/022, 0.6/023, 1/6'247 0.8/025}

ﬂ\ Halmost_all(q)

[y

ualmost_all(q) = S/Z(q - 1/2)

0.5 09 1
Fig. 1. Example of definition of the quantifier almost_all.
The ascendant ranking of important criteria is:

Cip>Ci3>C0>C1 >2C3>20C>C4>Cs>Crp >Ciy>Cis > Cis >
Cig 2 Cs > Cy>Cs5 > Crg > Coy 2 Ca3 > Cr > Cy > Cra > Cr7 > Cog > Co
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Formula (11) is then applied as follows:
0(Sakai) = max(
in(Urmp(€10)s Malmost_alr (0-04)), Min(firmp(€13), Batmost_a11(0.08)),
in(prmp(C24)s Hatmost_al1 (0-12)), min(firmp(c1), Hatmost_at1(0-16)),
(rmp(€3);s Matmost-a11(0-2)), Min(pirmp(ca), Hatmost_a1(0.24)),
(11mp(C6); Hatmost_ait (0-28)), Min(prmp(cs), Hatmost a1 (0.32)),
(Urmp(C11), Batmost-a11(0.36) ), min(prmp(c1a), fatmost a11(0-4)),
(rmp(c15), Baimost_at1 (0.44)), min(firmp(c16), Hatmost_at1 (0.48)),
(rmp(€18), Batmost_a11 (0.52)), min(prmp(c25), Hatmost a1 (0.56)),
(1rmp( )
(1rmp(
(1rmp(
(1 (
(Krmp(
mp(

3

3

3

n

3

n

3
s

7]

3

in

3
S

73

3

8
m HImp 02) Malmost,all(0-6)) min(/’blmp((jS)vMalmost,all(0~64) )

Himp(€19), Baimost_at1 (0-68)), (trmp(c21)s tatmost_a1(0.72)),
Hrmp(€23); aimost_atl (0.76)), min(firmp(€7), tatmost_al1 (0.8)),
)
)

3
s

7]

3

in

32

mn HImp 09) ,Ualmost,all(o-84) mzn(ufmp(CIQ) Malmost,all(0-88))

min Himp(C17 ) //falrrwst,all(0-92 ) min MImp(CQZ) Malmost,all(0-96));

min(frmp(€20), Hatmost_at (1)))

= max(

min(1,0), min(1,0), min(1,0), min(0.8,0), min(0.8,0), min(0.8,0),
min(0.8,0), min(0.8,0), min(0.8,0), min(0.8,0), min(0.8,0),
min(0.8,0), min(0.8,0.05), min(0.8,0.15), min(0.6,0.25),
min(0.6,0.35), min(0.6,0.45), min(0.6,0.55), min(0.6, 0.65),
min(0.2,0.75), min(0.2,0.85), min(0.2,1), min(0.2,1), min(0.2,1),
min(0,1) = max(0,0,0,0,0,0,0,0,0,0,0,0,0.05,0.15,0.25, 0.35,
0.45,0.55,0.6,0.2,0.2,0.2,0.2,0.2,0) = 0.6

By using the same membership function as in Example 1, we compute truth-
value (0(P)) for each considered platform of our set of e-Learning systems.
Results are displayed in Table 8.

According to these results, we obtain the following ranking for:

Sakai = (Claroline = Dokeos = eFront =~ Olat = Ganesha = AnaXagora) =
(ILIAS = Open ELMS).

We notice that according to the quantification, we also obtain none dis-
tinguishable platforms (Claroline =~ Dokeos ~ eFront =~ Olat =~ Ganesha ~
AnaXagora) and (ILTAS = Open ELMS). But, in this case, we can make use of
additional information to refine our ranking. Indeed, the result returned by the
decomposition based approach can be interpreted also as the supremum satis-
faction degree we can obtain for an element x (a platform in our example), along
with the minimum subset of criteria which satisfy the fuzzy condition considered
in the quantified proposition and its corresponding proportion to the entire set
of criteria.
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For instance, in Example 1, the degree returned is 0.6 from the 19" greatest
criteria, and the minimum set of criteria satisfying the quantified proposition is:
C" = {Ch,C13,0,C1,C3,C4,Cg,Cg,Ch1, C1a, C15, C16, C1s, Cas, Co, Cs,
C19, Ca1,Ca3}, which corresponds to 76% of the criteria. We also notice that it is
the maximum set of criteria which maximises the satisfaction degree. That means
that the addition of any other criterion does not improve the satisfaction degree at
all. Then, we define the least satisfaction proportion and greatest satisfaction pro-
portion parameters (denoted by lsp and gsp respectively). Let us first define the
following concepts:

— “P:Q Cis A” is a fuzzy quantified proposition with @ is a linguistic quan-
tifier, C' is a crisp set of m elements, and A a fuzzy predicate,

~ 02z =[Cy,...,Cy) such that pa(C1) > pa(Cs) > ... > pa(Cp) is ascendantly
ordered vector of elements of C regarding the fuzzy predicate A,

Definition 7 (Least Satisfaction Proportion Ilsp). The least satisfaction

proportion is lsp = %, where J = min{k : k = 1l,..m A 0p =

min(uA(Ckz),Q(%))}'

Definition 8 (Greatest Satisfaction Proportion gsp). The greatest sat-
isfaction proportion is gsp = %, where J = max{k : k = 1,..,mAfp =

min(uA(CkZ),Q(%))}'

Once these parameters are defined, we can make use of them for element
ranking as stated by the following proposition.

Proposition 1. Let ¢; and cx two elements of C of fuzzy quantified proposition
of the form “P:Q C is A”.

(a) If lsp(c;) < lsp(ek) then cx = ¢;
(b) If Isp(ci) = Isp(ck) A gsp(ci) > gsp(er) than ¢; = ck
(c) If lsp(c;) = lsp(ck) A gsp(ei) = gsp(cy) than ¢; ~ ¢

Proof. The proof of Proposition 1 can be easily obtained based on the monotony
(increasing) property of the quantifier Q.

Ezxample 2. We apply Proposition 1 on the set of similar platforms of Table8
obtained in the previous example. The results are displayed in Table 9.

The sub-ranking is then: Claroline = Dokeos = eFront = Ganesha >~
(Olat =~ AnaXagora) = ILIAS > Open ELMS.

The obtained ranking is more refined and allow selecting top k e-learning
platforms by combining both qualitative and quantitative measures.
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Table 9. lsp and gsp for similar platforms.

Platform lsp | gsp
Claroline 0.68 1

Dokeos 0.68]0.88
eFront 0.680.80
Ganesha 0.680.76
Olat 0.68|0.72
AnaXagora |0.68|0.72
ILIAS 0.60 | 0.88
Open ELMS | 0.60 | 0.68

6 Conclusion and Future Work

In this paper, we have investigated two approaches for alternative ranking
applied on e-Learning platform selection: a preference relation-based approach
and flexible approach based on fuzzy quantification. We have illustrated the idea
of their combination for ranking refinement which significantly help users make
decision according to their needs and objectives. Practically, we have considered
categories to describe each e-Learning system; each of which defines some criteria
over well-known properties of these systems. We applied our approach on a set of
open source e-Learning systems for which we have gathered through short sur-
veys their evaluation on the considered criteria. The first approach assesses the
quality of an e-Learning system by considering its maximum possible satisfac-
tion and/or its minimum guaranteed satisfaction. These values are finally used
to rank the alternatives from the most to the least satisfactory, and to deliver to
the user one or several optimal systems. In the case of several alternatives are
delivered as equally satisfactory, we consider the second approach, more flexible
from computation point of view, to refine the ranking. The approach makes use
of linguistic quantifiers and fuzzy quantified propositions to compute for each
alternative an aggregated value corresponding to what extend its criteria are
evaluated as important by the user. In addition, we defined two new parameters
for ranking refinement called least satisfactory proportion and greatest satisfac-
tory proportion, denoted by lsp and gsp respectively, to assess the quality of the
subset of criteria evaluated as important by the user for each alternative.

For future directions, it is still to undertake a larger survey to evaluate the
platforms as accurate as possible. It is also worthy to consider user profiles when
performing surveys in such a way that we obtain different values for different
profiles. A profile can be defined over a population of users based on their inter-
ests and training objectives. From theoretical point of the view, the study of
the properties of Isp and gsp such as monotony and their relationship with the
definition of the linguistic quantifier involved in the fuzzy quantified proposition
can reveal the potential of these parameters for proportion quality evaluation in
fuzzy quantified propositions.
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A Appendix

Proof of Property 1 Total Order

We only prove hereinafter the property for the preference relation >. The proof
of the property for the preference relation < is similar to the one of >.

Proof 1 (> is Total Order). The preference relation > is a total order iff:

1.
2.
3.

> is reflexive
is antisymmetric

=
> is transitive

. Relation > is reflexive iff Ya € S : a = a. Therefore, a > a iff poss(a) <

poss(a) which is verified for the comparison operator < since < is reflexive.
Then > is reflexive.

Relation > is antisymmetric iff Va,b € S : a = b. Then:

a>=bAb»aiff poss(a) < poss(b) A poss(b) < poss(a) which is verified
for < since < is antisymmetric.

Then > is antisymmetric.

. = is transitive iff Va,b,c € S:a > bAb=c=a>c. Asa> b Ab > c then

poss(a) < poss(b) A poss(b) < poss(c). Therefore, poss(a) < poss(c) since
< is transitive. That means that a = ¢ and > is transitive.

Proof of pref M ax Properties

Proof 2 (prefMax Properties)

1.

prefMaz is associative on S:

Va,b,c € S, then: prefMax(prefMaxz(a,b),c) = prefMax(a,prefMaz
(b,c)). We denote by I the left term PrefMax(PrefMax(a,b),c) and by
IT the right term PrefMax(a, PrefMax(b,c)).

Table 10 shows results of evaluation of the left and the right terms, which are
identical. Therefore prefMax is associative.

prefMazx is commutative iff Va,b € S : pref Max(a,b) = pref Maxz(b, a).
From Table 3, the pre f Maxr matrix is symmetric so pref Maz is commutative.
prefMaz is idempotent iff Va € S:

prefMax(a,a) = a.

From the main diagonal of Table 3, we conclude that prefMax is idempotent.
prefMaz has 0 as neutral element iff Va € S :

prefMax(a,0) = a.

Table 3 shows that prefMax has 0 as neutral element.

prefMax has E as absorbent element iff Va € S : prefMaz(a, E) = E.
Table 3 also shows that prefMax has E as absorbent element.



234 S. Chachoua and N. Tamani

Table 10. Formula results for the property of associativity of prefMax operator.

1|11
arxbANarcla|=arprefMaz(bc)=Il=a

arbAcralc|=cx b (transivity) prefMaxz(b,c) = c= I = csince c = a
b=aANb=c|b|prefMax(b,c)=b= II =bsince b > a
b-aAcxb|c|prefMax(b,c)=cAcr a (transitivity) = I =¢

Proof of pref Min Properties

Proof 3 (prefMin Properties)

1.

prefMin is associative on S:

Ya,b,c € S: pref Min(pref Min(a,b),c) = prefMin(a,prefMin(b,c)). We
denote by I the left term PrefMin(PrefMin(a,b),c) and by I1 the right
term PrefMin(a, PrefMin(b,c)).

Table 11 shows results of evaluation of the left and the right terms, which are
identical. Therefore prefMin is associative.

. prefMin is commutative iff Va,b € S : prefMin(a,b) = pref Min(b,a).

From Table 3, the pref M ax matrix is symmetric so pre f Min is commutative.

. prefMin is idempotent iff Va € S : prefMin(a,a) = a.

From the main diagonal of Table 3, we conclude that prefMin is idempotent.

. prefMin has E as neutral element iff Va € S :

prefMin(a,0) = a.
Table 3 shows that prefMin has E as neutral element.

. prefMin has 0 as absorbent element iff Va € S :

prefMin(a,E) = E.
Table 3 also shows that prefMin has 0 as absorbent element.

Table 11. Formula results for the property of associativity of prefMin operator.

111

a>bAb=c|c|=a*xprefMin(b,c)= Il =c since a > ¢
a>bAc=b|b|=a=prefMin(b,c) = I =b since a = b
b>aAarc|c|=br c (transivity) prefMin(b,c) = c= II = csince a = ¢

b>a A c>ala|a is the smallest symbol between a, b and ¢, so I =a
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Abstract. In recent years, presentation tools such as Apple’s Keynote
or Microsoft PowerPoint play an important role in knowledge transfer.
Despite the fact that over the last decade we have witnessed various tech-
nological advances and new media types, existing presentation tools still
mainly support the presenter-driven delivery of static content. On the
other hand, research in information visualisation illustrates that inter-
active data exploration and storytelling can significantly improve the
extraction and transfer of knowledge from raw data sets. Our goal is to
improve data-driven knowledge transfer in presentation tools by applying
existing information visualisation concepts. Therefore, we derived a set
of general requirements for interactive information visualisation in pre-
sentation tools. A prototype of a presentation tool which addresses these
requirements has been developed based on the MindXpres presentation
platform. Ultimately, the presented requirements might serve third-party
slideware vendors as input for improving support for data-driven knowl-
edge transfer in existing presentation tools.

Keywords: Presentations - Slideware - Narrative visualisation + Inter-
active visualisation - Data exploration

1 Introduction

The field of information visualisation investigates graphical data representations
that reinforce human cognition and help us in detecting causal relationships
between data. Recent technological advances led to more dynamic and inter-
active information visualisations. Current development therefore emphasises on
providing users more control over the visualisation process in order to enable
the interactive exploration and discovery of meaningful relations between data
points.

Storytelling has shown to be an effective approach for sharing insights gained
by studying specific data sets [1]. Facts that have been tied together as part of
a story are easier to present as well as more memorable by the audience. There-
fore, we have seen the rise of so-called narrative visualisations or visualisations
that help us to tell stories with data [2]. For example, educational textbooks
often contain various charts and diagrams in order to support the message that

© Springer International Publishing AG 2017
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the text is trying to convey. These narrative visualisations have been adapted
for recent media and are becoming more dynamic. For instance, news on the
television might use animated graphs to show changes in oil prices or election
results whereas online news articles might be complemented by user-controllable
interactive visualisations.

A common medium used for narrative visualisations are the slide decks cre-
ated with presentation tools such as PowerPoint. With more than 30 million
PowerPoint presentations produced every day [3], we cannot deny the role that
presentation tools play in knowledge transfer. These tools allow us to display
content such as text, images or charts. Nevertheless, unlike other digital media,
presentation tools do not exploit recent techniques for interactive information
visualisation to their full potential. We have seen little evolution in the core
ideologies of presentation tools which were originally designed for the produc-
tion of physical photographic slides. For example, most slide decks are still linear
sequences of spatially restricted slides with static content. However, from a tech-
nological point of view, there is no reason why some of these limitations should
still apply. Visualisation techniques such as zoomable user interfaces allow us
to get rid of spatial boundaries. Furthermore, hardware such as tablets, smart-
phones or digital pens support the non-linear presentation of content and enable
various forms of real-time interactions with a presentation’s content. Neverthe-
less, existing workarounds for implementing this functionality either require too
much time and effort or force the presenter to use some third-party tools during
presentation time which interrupts the flow of the narrative.

We address some of the discussed shortcomings of current presentation tools
and introduce an interactive data visualisation solution for the MindXpres pre-
sentation tool. By applying well-established concepts from information visualisa-
tion and visual storytelling, we aim to provide more effective narrative visualisa-
tions in presentations. Our interactive data visualisation solution for MindXpres
supports the predefinition of a series of views for a given data set as well as
transitions between these views in order to support the narrative. In contrast
to existing presentation tools, the visualised data and visualisation parameters
can be changed between each step of the narrative. For instance, the chart type
(e.g. bar chart or pie chart) can be changed, filters can be applied on the data
or the focus might be adjusted. Furthermore, the same functionality remains
available at presentation time, allowing the presenter to break free from any
predefined visualisation series in order to explore and discuss the data without
restrictions. By applying established information visualisation guidelines and
techniques, the resulting presentation helps the audience to strengthen their
mental model and enhances the effectiveness of knowledge transfer. In addition,
our proposed approach does not only reduce the time needed to create com-
pelling narratives based on a raw data set, but also results in a shift towards
audience-driven narratives.

In Sect. 2 we discuss information visualisation and narrative visualisation con-
cepts in more detail, relate them to existing presentation tools and discuss short-
comings of existing presentation tools. We then propose enhancements for some
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of these shortcomings in Sect. 3 and derive a number of general requirements for
interactive narrative information visualisation in presentation tools. Section 4
provides some details about our prototype implementation for the MindXpres
presentation tool, which is followed by a use case in Sect. 5 in order to illustrate
some of our prototype’s functionality. We conclude with a discussion and outline
of future work.

2 Background

The advent of modern media such as television and computers have enabled
more dynamic and interactive visualisations. Similar to these visualisations we
see on television also major newspapers have adopted the concept of graphi-
cal storytelling and sometimes allow users to interact with the visualisation.
For instance, the BBC!, The Telegraph? and The New York Times® accompany
some of their articles with interactive visualisations. An article in The Econo-
mist calls it “melding the skills of computer science, statistics, artistic design
and storytelling” [4]. In this section we take a look at existing information visu-
alisation and narrative visualisation concepts and explain why they work well.
After presenting some related tools, we outline their limitations in the context
of presentation-based knowledge transfer.

2.1 Interactive Visualisation

An important goal of information visualisation is to strengthen a viewer’s under-
standing of the underlying data, which might be hard to interpret in its raw
form. Abstract data representations can offer a high-level overview and help us
to reinforce our mental model [5]. Such graphical representations make use of our
highly developed ability to process the continuous stream of information-rich sig-
nals captured by our eyes [6]. Concepts such as shape, colour, size or distance are
intuitive to us and the interpretation of some of these concepts comes naturally.
Research in this domain led to Gestalt psychology, a research field that identi-
fied a series of laws helping us to understand these natural interpretations [7].
For instance, when comparing objects in a visualisation, it is clear that a larger
object represents a larger quantity or something of higher importance. Similarly,
objects that are spatially close to each other are likely to be more related than
objects with a larger distance in between them. The field of information visuali-
sation tries to exploit these findings in order to facilitate knowledge transfer. Few
[8] proposed a classification of eight messages that one might want to show using
quantitative data, together with the type of visualisation that is suitable for each
message. The messages include time series, rankings, part-to-whole, deviation,
distribution, correlation, geospatial messages and nominal comparison.

! http://www.bbc.com/news/11628973.
2 http://www.telegraph.co.uk/news/interactive-graphics/.
3 http://www.nytimes.com /interactive/2015 /us/year-in-interactive-storytelling. html.
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The formation of a mental model can further be augmented by allowing the
user to interact with the data [6]. The significance of interaction while processing
information was illustrated in Gibson’s cookie cutter experiment [9] and is often
used as a classic example to prove the relevance of interaction in information visu-
alisation. Gibson concluded that our brain performs better as active explorer,
even if the act of exploring requires additional coordination and processing. Inter-
action techniques in information visualisation can be seen as the features that
provide users with the ability to directly or indirectly manipulate and interpret
representations. Note that this also includes menu interfaces that allow users to
manipulate the representation and, for instance, switch to another chart type
or sort a bar chart in descending order [10]. Furthermore, Dix and Ellis [11]
emphasise two important principles in interacting with visualisations. The first
principle “same representation, changing parameters” states that users should
be able to interactively change parameters of the presentation. The second prin-
ciple “same data, changing representation” implies that a user should be able
to switch between conceptually different data visualisations. Various represen-
tations can be appropriate for different types of data and each representation
needs to be tuned for its purpose.

There are various academic studies about different interaction techniques
such as zooming or filtering which resulted in the categorisation of frequently
used techniques in information visualisation. One of the widely accepted clas-
sifications was independently proposed by both Siirtola [12] and Yi [10]. Even
though the authors did not collaborate, the proposed interaction categories are
very similar:

Select: mark something as interesting

— FEzxplore: show something else

Reconfigure: show a different arrangement

— FEncode: show a different representation
Abstract/FElaborate: show more or less details
— Filter: show something conditionally
Connect: show related items

2.2 Narrative Visualisation

Interactive visualisation techniques cover the exploration and analysis of data
but there is also a need for presenting and communicating data effectively. As
stated by Kosara, “tying facts together into a story is one of the most effective
ways of presenting them and making a point” [1]. The main reason for using sto-
ries is the fact that they are known to be a popular way of conserving information
and passing it on. Not only do narratives preserve and advertise information,
they also act as an adhesive between facts to make them memorable [13]. Segel
and Heer [2] further provide a classification of the different approaches and design
techniques used in news media to visually tell stories.

In the context of presentations, narrative visualisations are mainly author
driven. The scenes and scenarios are linear and predefined by the presenter,
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messages and conclusions are explicitly mentioned and the audience has little
to no influence on the story. This contrasts with reader-driven narratives found
in other contexts where there is no prescribed ordering, the free interaction and
exploration is central and possible interpretations are left to the reader. Segel
and Heer state that ideally, visual narrative genres must balance a narrative—
intended by the author—with story discovery by the reader [2]. Kosara confirms
that this also holds true for collaborative settings where stories can not only be
used to support discussion and decision making, but also during the analysis
process. Hence, stories can serve as a source for drawing conclusions, similar to
the narrated history of an event [1].

Note that narrative visualisations can be manipulated to emphasise specific
messages during free exploration. For instance, Hullman and Diakopoulos [14]
identified a number of approaches and design techniques for prioritising particu-
lar interpretations in visualisations. These findings imply that narrative visuali-
sations can be designed to deliver a predefined message without explicitly giving
the message away.

2.3 Existing Visualisation Tools

Even though the visualisation of information in graphs is an important feature of
current presentation tools, existing presentation solutions clearly lack the inter-
active or narrative aspects discussed earlier in this section. PowerPoint makes it
easy to visualise numbers stored in a spreadsheet and provides a lot of freedom
in terms of chart types and styling options. Nevertheless, the final result of this
process is always a static graph. Of course, as with any content in PowerPoint,
it is possible to apply transitions (e.g. fade in or slide out) and motion path
animation effects. These effects can either be applied to the complete chart or,
depending on the type of chart, to smaller parts within the chart. By using these
transitions and motion path animations as a workaround, authors can compose
basic narratives by, for example, making parts of a pie chart appear one by one.
However, this approach has several shortcomings. First of all, it requires a major
authoring effort since animations have to be manually applied to the different
parts in order to achieve the desired effect. Furthermore, things might get even
more complicated when changes have to be made at a later stage. In order to
switch to another chart type, it might further be necessary to define multiple
versions of the graph with the corresponding transitions between them. Sec-
ond, if we depend on these transition effects, the result consists of a predefined
sequence of states and there is no way to deviate from this fixed path. While
it can be desirable to predefine a path through the data, it might also be ben-
eficiary to have the flexibility to show alternative unprepared variations when
answering unexpected questions. Last but not least, it is important to note that
a chart is rendered only when the underlying data or configuration is changed at
authoring time, but from then on the chart has to be considered a collection of
static images. This implies that any effects only operate on the graphical level
but cannot do anything that would require the components of the chart to adapt
between steps. We can make the bars of a bar chart appear one by one but it
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is impossible to apply modifiers to the information or configuration that defines
the graph. For example, we cannot just switch to another chart type, change the
scale of a graph or filter out specific values as a step in the animation. There are
third-party plug-ins such as oomfo* or think-cell® which add even more options
for creating charts, but one has to be aware that these third-party plug-ins typ-
ically only add additional authoring and styling features for designing what will
ultimately result in a static chart with the same limitations. So far we have only
discussed charts in PowerPoint but we came to similar conclusions for alternative
presentation tools such as Apple’s KeynoteS or Prezi”.

In terms of academic work, there are a number of tools based on the interac-
tive visualisation principles discussed earlier. Notable examples are VICKI [15],
Spotfire [16] and GGobi [17]. While these are promising tools founded on the
principles of proven concepts, they also show a number of shortcomings which
make them less suited for use in presentations. First of all, these solutions were
built as standalone applications and their interfaces are not optimised for use
during a presentation. The presenter has to leave the presentation and switch
to another application which interrupts the flow. These tools also consist of
multiple windows and have complex menus that do not translate well to the lim-
ited resolution offered by most projectors. In addition, significant interaction is
needed to operate the tools, requiring the presenter to focus on the software and
use the keyboard or mouse to go through a series of actions to switch between
desired visualisations. It is evident that these solutions focus on the interactive
exploration part, but the ability to use them as narrative visualisation tools
is rather limited. Commercial solutions with similar restrictions include IBM’s
Many Eyes [18] and Tableau®. Note that the previously mentioned GGobi also
provides an Application Programming Interface (API) that allows programmers
to embed and pragmatically interact with visualisations. There are other devel-
opment frameworks such as UC Berkeley’s prefuse visualization toolkit? for the
Java programming language or the popular D3!° JavaScript library. While these
frameworks offer a broad range of features for modern data visualisation, they
are usually used for building standalone applications. More importantly, they
require the programming of the desired visualisation which is not suitable for
the majority of presenters.

Hans Rosling’s 2006 TED talk entitled ‘The Best Stats You've Ever Seen’
[19] is an excellent example of the fact that it is possible to build a presenta-
tion around dynamic and interactive data visualisation. During his talk, Rosling
made the point that there is so much data related to human development trends
but it is difficult to educate people and transfer knowledge about current issues

* http://oomfo.com.
5 http://www.think-cell.com/en/products/.
5 http://www.apple.com/mac/keynote/.
" https://prezi.com.
8 http://www.tableau.com.
9 https://github.com/prefuse/Prefuse.
10 http://d3js.org.
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if we cannot present these statistics in an accessible way. For his presentation,
he used a proprietary tool (now forming part of the Gapminder!! suite) that
allowed him to animate and visualise data over time, switch between chart types
or highlight areas of interest and annotate them. The success of the talk can
partly be attributed to Rosling’s energetic personality and compelling argu-
ments, but also his novel approach to presenting data gained a lot of attention
[1] and has been explored in great detail. Robertson later showed that animated
transitions can have a negative effect on a viewer’s ability to follow trends [20],
but because these animated transitions are entertaining and capture the atten-
tion, they work well in front of a live audience. While Rosling’s 2006 TED talk
was definitely a major step in the right direction, the Gapminder series of tools
also has some shortcomings. First of all, once more they are standalone appli-
cations and require a presenter to switch between presentation and tool. More
importantly, these tools were specifically built for educating people about cer-
tain topics related to human development. This implies that the data sets are
fixed and the functionality and visualisations are tweaked for drawing conclu-
sions from geographic and demographic data over time. Other tools have been
built for specific use cases, including the MediaViz [21] platform for visualising
data relevant to online media studies. Similarly, ArtVis [22] is a tool for exploring
European art over time on a map-based visualisation. GeoTime [23] represents
another geography-based visualisation tool focussing on creating a visual story
out of geo-temporal events. While GeoTime is one of the few tools where the
creation of a narrative out of a raw data set lies in its core, its use is limited due
to the focus on geo-temporal data only.

The discussed related work highlights the added value of interactive and nar-
rative visualisations even if we have to conclude that existing presentation tools
do not offer the necessary support for applying such narrative visualisations in
practice. There are some workarounds such as creating multiple static charts
with manually-defined transitions between them, but often presenters are not
willing to make this effort and rather opt for a less dynamic narrative. Alterna-
tively, it is possible to use stand-alone tools which were not designed to be used
in the context of live presentations and can therefore not easily be applied as
tools for narrative visualisations.

3 Requirements

Research in the field of information visualisation and narrative visualisation shows
that the use of specific visualisation techniques can lead to improved knowledge
transfer. However, as discussed earlier we see that existing presentation tools do
not exploit these visualisation techniques to their full potential. Our goal is to close
this gap and to apply lessons learned from interactive information visualisation as
well as narrative visualisation in order to improve presentation-based knowledge
transfer. Based on the presented related work and the shortcomings of existing

1 http://www.gapminder.org/downloads//.
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presentation solutions discussed in Sect. 2, we derived a set of requirements for
interactive information visualisation in presentation tools:

R1: Integration in Presentation Tools. As slide decks are one of the most
frequently used media for transferring knowledge in education and business set-
tings, it is preferable to directly integrate interactive visualisations into a pre-
sentation rather than relying on third-party applications. If an interactive visu-
alisation is not integrated into the presentation tool, the presenter is forced to
switch between applications which takes time and interrupts the presentation
flow.

R2: Focus on Proven Techniques and Guidelines. Popular presentation
tools put their main focus on aesthetics and looks but the offered features are not
always beneficial in terms of knowledge transfer. For instance, the ability to show
three-dimensional bar charts or pie charts has been proven to cause longer inter-
pretation times and may even be interpreted incorrectly [24,25]. Similarly, Tufte
[26] argues that most graphical bells and whistles (what he calls “chartjunk”)
increase the signal-to-noise ratio and dilute the message one wants to deliver.
Presentation tools should not only create visually appealing visualisations but
also support the presenter in creating visualisations that focus on strengthening
the viewer’s mental modal and transferring knowledge more efficiently. There-
fore, a presentation tool should offer features based on the message that the
presenter is trying to pass on, for instance based on Few’s classifications intro-
duced earlier [8]. Note that this is not only relevant for static visualisations
but should also apply to the currently non-existent interactive features by, for
example, basing ourselves on Siirtola’s classification of relevant tasks for data
exploration [12].

R3: Interactive Visualisations as Support for Oral Narratives. When
using interactive and dynamic visualisations as support for an oral narrative,
it is desirable to be able to predefine a sequence of views for a given data set
and to step through these views during the presentation. In addition to simple
enter and exit animations offered by existing tools, it is important to be able
to apply the two interaction principles by Dix and Ellis [11] introduced earlier.
This implies that it should be possible to modify parameters in between the
steps of a presentation (e.g. change the scale or apply a filter on the data) and
to change the data representation (e.g. by switching to another chart type). By
allowing the presenter to define such a sequence of states, they can synchronise
the visualisation state with the oral narrative at preparation time and ensure
that limited interaction with the computer is needed during the presentation.

R4: Unscripted Data Exploration. In addition to stepping through the pre-
defined states of a visualisation, the presenter should also be able to change
the representation or parameters at any time during a presentation. Segel and
Heer [2] pointed out the importance of balancing the narrative intended by the
author with story discovery by the reader. This also applies to certain presen-
tation styles where questions or discussions with the audience can drive the
presentation. Therefore, a presentation tool should also allow the presenter to
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interact with the visualisation during the presentation with the same set of inter-
actions offered at authoring time. Since the resolution (screen real estate) and
interaction is limited during a presentation, special care needs to be taken to
offer the available interactions in a way that does not clutter the visualisation
and can be controlled without intensive user input.

R5: Interactivity after the Presentation. As mentioned earlier, readers or
audience members should not be excluded from the interaction. This does not
only apply during a presentation but should be valid for a slide deck’s entire
lifetime. For example, in higher education slide decks are often offered as part
of the study material. A student reviewing the slides at home should at least be
able to play back the visualisation as it was defined by the presenter. Ideally,
students should also have the option to freely navigate the data in order to clarify
any doubts they may have and to strengthen their mental model by exploring
the data set. Another use case is the inverted or flipped classroom setting where
activities that are typically considered homework become central during class
and the teacher merely guides the completion of these activities [27]. By offering
students the interactive slide decks that were used in the pre-recorded lectures,
they are not only able to replicate situations from the videos, but they also have
a tool for further data exploration in order to come to their own conclusions.

4 Implementation

In this section we discuss the technical details of the interactive and narrative
visualisation extension for the MindXpres presentation tool by revisiting the
requirements presented in Sect. 3 and showing how our prototype addresses these
requirements.

Requirement R1 states that the visualisation should be integrated in the
presentation tool in order that the presenter does not have to switch between
external third-party applications. Our interactive data visualisation prototype
has been implemented as a plug-in for the MindXpres presentation tool [28,29].
MindXpres was developed to overcome the limited extensibility of well-known
slideware tools such as PowerPoint or Keynote and to offer a rapid prototyping
platform for novel presentation ideas. While PowerPoint offers an Application
Programming Interface (API), it enforces the usage of a linear sequence of slides
with relatively static content which makes it difficult to experiment with radically
new ideas for next generation presentation tools. In contrast, the highly modular
MindXpres architecture allows any component to be replaced and new compo-
nents and functionality can easily be added. For instance, users may choose to
use a plug-in that visualises content using a zoomable user interface (ZUI) or
they can use a plug-in that visualises the same content in a classic linear fashion
as in existing slideware.

As shown in Fig. 1, the core MindXpres engine provides various abstractions
that allow plug-in creators to focus on their ideas instead of having to reimplement
the basic functionality. The graphics engine, for example, provides functionality
related to the visualisation of content which drive features such as the ZUI and
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Fig. 1. MindXpres architecture.

interactive rich media visualisation plug-ins. The communication engine allows
instances of a MindXpres presentation to form networks which enables plug-ins
to communicate across devices and supports audience-driven functionality such as
polls, quizzes or screen mirroring [30]. MindXpres uses HTML5 and related tech-
nologies for enhanced portability and plug-ins are written entirely in JavaScript.
Although a graphical editor is under development, MindXpres presentations are
currently defined in an XML-based declarative language similar to the IATEX lan-
guage that is used for the authoring of text documents. Listing 1.1 shows an exam-
ple of a presentation in the XML authoring language. The goal is that a user can
focus on the authoring of the content whereas the presentation tool deals with the
layout and styling. While MindXpres comes with a default set of plug-ins for basic
components such as images, bullet lists, videos or slides, it is easy to add plug-ins
for new content types. Note that these plug-ins also extend the vocabulary used in
the MindXpres document format. More specifically, a plug-in can add new XML
tags to be used in the document format and the plug-in then takes responsibility
for visualising content placed within these tags.

1 | <presentation>

2 <slide title="Vannevar Bush">

3 <bulletlist>

4 <item>March 1890 - June 1974</item>

5 <item>Founder of Raytheon</item>

6 </bulletlist>

7 <image file="bush. jpg"/>

8 <quote source="As We May Think (1945)">

9 A record, if it is to be useful to science, must be continuously
10 extended, it must be stored, and above all it must be consulted.
11 </quote>

12 </slide>

13 | </presentation>

Listing 1.1. MindXpres presentation in XML.
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In the past, MindXpres has been used for implementing new presentation
components such as for the interactive visualisation of source code [31]. For the
presented interactive data visualisation, we have taken a similar approach by
implementing a data visualisation plug-in for MindXpres. Since MindXpres is
based on client-side web technology, we did not have to start from scratch but
could make use of existing visualisation libraries. As a starting point, we used
Bostock’s Data-Driven Documents (D3) JavaScript library [32] which supports
complex data-driven visualisations through code. The library uses the widely
supported SVG, HTML and CSS standards to generate the desired visualisation.
D3 is a powerful solution offering control over every possible aspect, but it is
also quite complex to use since even a simple static bar chart requires tens,
if not hundreds of lines of code [33]. For this reason, we also use the C3.js
JavaScript library!'?, a D3-based reusable chart library that provides abstractions
for most of the common chart types out of the box. Based on C3’s API, one
can control the state of a chart such as focusing on a data series, selecting
data points, showing or hiding the data series or updating the data. With these
features it is possible to change the chart in response to events such as user
input or temporal triggers. Since MindXpres makes it possible to create highly
dynamic and interactive plug-ins to integrate content directly in the slides (or
other containers), Requirement R1 is easily met.

Requirement R2 is the driving force behind the set of features and function-
ality that is offered to end users. We have already described how techniques and
guidelines that contribute to the transfer of knowledge should be prioritised and
this is reflected in what a user can do and sees as an end result. First of all,
the default representations of the various charts and graphs are styled according
to existing guidelines such as those by Tufte [26]. These guidelines include, for
instance, the use of plain backgrounds or colour schemes that are composed of
contrasting colours. We further made sure that enough graph and chart types
are supported in order to represent all types of data characteristics a presenter
might want to show to their audience. Therefore, we based ourselves on Few’s
classification [8] which defines the following ways for showing specific data char-
acteristics:

— Nominal Comparison: compare categorised data in no particular order
— Time Series: visualise series of data over time

— Ranking: compare categorised data ordered by size

— Part-to- Whole: display categorised data as a ratio of the total

— Deviation: compare categorised data to a specific reference measure

— Frequency Distribution: show the count of occurrence in specific ranges
— Correlation: show statistical relationship between pairs of variables

Bar charts enable nominal comparisons, rankings, frequency distributions
(histograms) and deviation (since bars can also go below the horizontal axis).
Line charts further allow us to visualise time series, and the area under each
line can optionally be filled with a colour. As an addition to bar charts, box

12 http://c3js.org.
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plots can also be used for showing deviation. Pie charts, regular bar charts
and stacked bar charts allow the user to visualise how categories relate to the
total amount of data. Finally, scatter plots are provided for showing correlation.
Related work such as zGapMinder, ArtVis [22], GeoTime [23] and MediaViz [21]
further highlights that geographical data should not be ignored. Our visualisa-
tion plug-in therefore supports different map-based visualisations such as bubble
maps, choropleth maps as well as maps with pie chart overlays.

Requirement R3 demands that the visualisation and parameters should be
changeable so that different views of the same data can be presented efficiently.
The data to be used in a visualisation can be specified in two ways. It can either
be directly defined in the MindXpres XML language or an external file can
be provided. By default, D3 supports the loading of data in plain text, JSON,
XML, HTML, CSV and TSV format. We have extended this list of formats
with support for Excel spreadsheets by implementing a compile-time trigger in
the MindXpres plug-in. The compiler converts any referenced spreadsheet data
to JSON and bundles it with the presentation, which makes it easier for the
JavaScript plug-in to process the data at runtime.

After providing a data set, the author can define the visualisation’s starting
state. This includes the setting a chart type, specifying the parts of the data to
be shown initially as well as configuring specific chart components such as the
zoom level, axes or legends. Subsequently, the author can define additional visu-
alisation states to match their narrative. During the presentation, the presenter
will be able to step through these states and the plug-in automatically applies
the settings specified for each state. Note that any part of the configuration can

Table 1. Implemented abstractions for manipulating a visualisation.

Parameters Description and abstractions

Highlighting Highlighting and fading out specific elements[focus, defocus]

Visibility Showing and hiding specific elements [show, hide]

Data sources Load and unload data sets [load, unload, unload_all]

Data display Data or group display settings [show, hide, set_name, set_colour]

Axis settings Assign data group and display settings to axes [group, label, min, max, range]
Filtering Apply or remove filter to data [apply_filter, remove_filter]

Selecting Selecting or unselecting data [select, unselect]

Representation | Transform visualisation to a specified chart or map type [set_chart_type]

Grouping Combine columns or groups into a new group [make_group]

Sorting Sort data based on specified group [sort]

Gridlines Settings for horizontal or vertical grid lines [set_spacing, enable, disable]
Regions Select intervals on an axis for side by side display [add, remove]

Legend Legend visibility and groups to be included [show, hide, set_groups]|
Tooltip Turn tooltip on or off [show, hide]

View area View manipulation (zooming or panning) [set_zoom, set_x, set_y]|

Chart size Resize the chart to a given height and width [resize]

Chart rendering | Request a refresh or clear everything [redraw, clear]
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change between states. This includes the data set, chart type as well as other
parameters that cannot be changed in conventional presentation tools. In order
to hide the complexity of the used D3 and C3 libraries, we provide abstractions
for useful configuration changes in accordance to the interaction techniques pro-
vided by Yi et al. [10]. Table 1 highlights a list of abstractions implemented by
our prototype, which make it easier for a presenter to define the transformations
needed to bring the visualisation to the next desired state. Further, Listing 1.3,
which is discussed in more detail later, shows an example of how a visualisa-
tion and its states are defined in the XML language. In this example the data
is retrieved from an external file but the visualisation states are defined in the
XML language. Note that the data could also be defined in the XML document
itself and on the other hand the configuration could be defined in an external
file.

While quantitative data can all be treated in the same way for operations such
as averaging, grouping, filtering and visualising, additional work was required to
support data representing geographical locations. When an abstraction related
to geographical data is invoked, the relevant subset of data is automatically
examined. If the data is numerical and within a certain range, it is assumed that
the data represents coordinates and nothing further needs to be done. In the
case that the data is in textual form, reverse geocoding is applied. This implies
that the text is converted into coordinates in order that strings that represent a
location (e.g. “Belgium” or “Fifth Avenue New York”) can be used in the visu-
alisation. In the current implementation the reverse geocoding is performed via
the Google Maps Geocoding API'® which requires a connection to the Internet.
However, in future implementations we could also provide a local database for
offline lookups. The result of the reverse geocoding process is a set of coordinates
that can be used in the visualisation. The map-based visualisations are also based
on D3.js. Our plug-in includes a file that contains the topological data needed
for visualising countries and continents. These boundaries can also be used by
the plug-in to classify coordinates by region. An extension called D3 Geo Pro-
jection'* allows us to easily map geographic coordinates to pixel coordinates in
the map viewport while taking the map’s current projection method, scale and
rotation into account. It was further necessary to define some operations specif-
ically for coordinates, such as operations for calculating the distance between
coordinates or finding the centre of a list of coordinates (the centroid).

In order to fulfil Requirement R/, the presenter is free to apply unscheduled
abstractions at any time during a presentation. Some of the abstractions are
triggered via the mouse. For example, by hovering over an element, the element
is highlighted and the corresponding tooltip is shown. Similarly, data groups can
be hidden or shown by clicking on the relevant group in the legend. However,
note that not all interactions can be offered via non-intrusive mouse actions. For
this reason we have integrated an interaction menu that allows the presenter to

13 https://developers.google.com/maps/documentation /geocoding /start.
' https://github.com/d3/d3-3.x-api-reference/blob/master/Geo- Projections.md.
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Fig. 2. Interaction menu at presentation time.

perform any of the offered interaction abstractions during the presentation as
illustrated in Fig. 2.

Last but not least, Requirement R5 has been addressed by allowing the audi-
ence to play back the visualisation at home and freely explore it. Since MindX-
pres is based on web technologies, a MindXpres presentation bundle can easily
be made accessible online and accessed by any device running a web browser.
A viewers can iterate through the predefined states as set up by the presenter,
but they also have access to the menu for manually applying any of the provided
abstractions. This helps a viewer to strengthen their mental model as they are
free to examine the data from different angles in case something is not clear.

5 Use Case

In order to demonstrate the benefits of our interactive data visualisation plug-
in, we present a short scenario that demonstrates how one can use the plug-
in to create a narrative visualisation. In contrast to existing presentation tools,
a presenter only needs to create one visualisation with one data set for which
they define a sequence of views that support their oral narrative. This not only
requires much less time and effort than existing workarounds, but it also makes
it easier to apply changes at a later point in time. In the presented scenario,
the goal is to compare the tax and social burdens of salaried employees in the
27 member states of the European Union. As a starting point, a JSON file that
contains the relevant data for the year 2014 is used [34]. A small snippet of the
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JSON content is shown in Listing 1.2. A dynamic and interactive visualisation is
then used to illustrate the extra money an employer has to pay in order that an
employee will receive exactly one euro after taxes. Since the presentation is going
to be delivered to a Belgian audience, the presenter starts with an explanation
of the tax situation in Belgium. At first, a simple chart is shown in Fig. 3(a) with
a blue bar representing the one euro the employee receives.

L
["Austria",1,0.5,0.32,0.29],
["Belgium" ,1,0.62,0.5,0.22],
["Bulgaria",1,0.22,0.11,0.16],

["Spain",1,0.39,0.21,0.08],
["Sweden" ,1,0.42,0.33,0],
["United Kingdom" ,1,0.14,0.2,0.12]

OO~k W~

Listing 1.2. A snippet of the JSON data used in the scenario.

In a next step, the presenter introduces the concept of employer social security
and adds it to the chart in the form of the orange extension to the original blue
bar in Fig.3(b), in order to provide an idea of the proportions. Note that the
scale of the horizontal axis automatically adjusts and now shows a linear scale
from 0 to the total costs of 1.6 euro so far. The same procedure is repeated for the
income tax (green) and the employee social security (red), introducing one item
at a time in order to keep the audience focussed on the explanations (Fig. 3(c)).
The exact values of the different parts that make up the bar are shown in a
small table when the mouse cursor is hovered over the bar. In a next step, the
presenter transforms the visualisation into a pie chart which shows the ratio of
each part as a percentage, revealing that an employee only receives 42.7% of
what the employer pays as shown in Fig. 3(d).

In order to get a better understanding of what these values mean, the pre-
senter switches back to a bar chart and compares the Belgian with the average
EU employer costs as illustrated in Fig.3(e). In order to show the variation
in employer costs across Europe, the presenter can zoom out and show all the
countries in the data set side by side as highlighted in Fig. 3(f). By default the
countries are ordered alphabetically and if the list is too long to fit on the screen,
the presenter can drag up and down to scroll in the list. Note that at any point
the presenter can zoom back to a single country, for instance Cyprus, in order
to explain why it is the country with the lowest employer costs as shown in
Fig. 3(g). Finally, the presenter decides to show the full list again, but this time
sorted by total employer costs in order to point out the cheapest and most expen-
sive countries from the perspective of an employer as highlighted in Fig. 3(h).

So far the presenter has only used graphs to explore the data and spatial
properties have not been taken into account. For instance, it might be interesting
to see whether the location plays a role and if countries that are close to Belgium
have similar high taxes. Figure4 shows an alternative map-based visualisation
with Belgium and its neighbouring countries. For each country the centroid is
calculated and a pie chart containing the different tax ratios is shown in the
centre of the country’s boundaries. Note that the presenter never had to deal
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Employer Cost of €1 net

Employer Cost of €1 net

(a) One Euro received by employee

(b) Add employer social security

Employer Cost of €1 net

come B EnporSocui Seconly Mincame Tox W Eplpee S Sty

Employer Cost of €1 net

(c) Add income tax and employee social secu-
rity

(d) Switch to pie chart

Employer Cost of €1 net

Employer Cost of €1 net

(e) Compare with EU average

(f) All countries (alphabetically)

Employer Cost of €1 net

Employer Cost of €1 net
=

(g) Zoom in

Fig. 3. Various graph-based phases of a visualisation for EU employer costs. (Color

figure online)

(h) All countries (sorted by value)
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Fig. 4. A map-based visualisation of the EU employer costs.

with any coordinates as the tool automatically applied reverse geocoding based
on the country names contained in the country column of the data set and
deduced that the granularity of the categorisation was at the level of countries.

Note that even without the narrative, a viewer might still derive the implicit
messages that the presenter would normally present orally (e.g. “Belgium
employees receive less than half of what the employer pays”, or “employer costs
in Belgium are very high compared to the rest of Furope”). This is in line with the
findings of Hullman and Diakopoulos who state that narrative visualisations can
be designed to deliver predefined implicit messages [14]. It further demonstrates
the potential value of our interactive data visualisation plug-in for audience
members who review the slides after the delivery of a presentation (e.g. students
using the slides as study material) as they can play back the sequence and come
to the intended conclusions without the oral narrative.

Listing 1.3 shows how the discussed scenario has been defined in the XML-
based MindXpres authoring language. The illustrated XML snippet forms part of
a larger XML document defining the entire presentation. The infovis tag on the
first line tells the MindXpres compiler and runtime engine that our information
visualisation plug-in has to be invoked in order to process the child tags and
render the relevant content. The data tag then specifies the data file to be used
by the plug-in. Finally, a list of visualisation states or views are provided.
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1 | <infovis>

2 <data file="tax_eu.csv"></data>

3 <config>

4 <view>

5 <chart type="bar"variant="stacked"/>

6 <axis dim="x"group="socialtax"/>

7 <axis dim="y"group="countries"/>

8 <filter group="countries"value="Belgium"/>
9 <show group="socialtax"sub="income"/>

10 </view>

11 <view>

12 <show group="socialtax"sub="security1"/>
13 </view>

14 oo

15 <view>

16 <show group="socialtax"sub="security2"/>
17 </view>

18 <view>

19 <chart type="pie" />

20 </view>

21 000

22 </config>

23 | </infovis>

Listing 1.3. XML definition of visualisation states.

By default the first view in the list will be used as an initial state, resulting
in the chart shown in Fig.3(a). The succeeding views contain instructions on
how to adapt the visualisation for subsequent visualisation states. In this case,
subgroups of data are made visible and since the chart type is a stacked bar
chart, they will be added to the relevant bars. When the author wants to switch
to a pie chart, the chart tag is used to set a new chart type. Note that any
settings from previous views, such as the filter put in place to select only data
from Belgium, are still valid. In this case, axis settings are also kept but are
ignored as they are not relevant for a pie chart. Nevertheless, when we switch
back to a bar chart in a later view, the earlier axis settings still apply. The rest
of the states shown in the scenario are achieved in a similar manner and are
mainly the result of applying filter and sorting instructions.

6 Discussion and Conclusion

Information visualisation has become more dynamic and interactive by adapting
to recent media for content delivery. We started by discussing the benefits of
dynamic and interactive visualisations and have presented the relevant concepts
that contribute to their success. In particular we have shown how narratives
can be used to make data more memorable and how a viewer’s mental model
can be strengthened by allowing them to interact with the data. However, we
identified that the benefits of such interactive visualisations are currently not
applied to their full potential in the context of presentation tools. This can
partially be attributed to a lack of technical support. For instance, in a popular
presentation tool such as PowerPoint there are many different chart types, but
the result is always a static view which is unsuitable for data exploration or
narrative visualisation. There are a number of workarounds including the use of
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basic enter and exit animations but unfortunately one cannot make changes to
the underlying data or visualisation parameters during these animations.

Related work shows many interesting tools for the exploration of data but
hardly any of them have been adapted for usage in a presentation. In particular,
these tools are often specialised stand-alone applications with a complex user
interface and have little to no support for creating visualisations that support
a narrative. Based on the investigated related work and established interactive
and narrative visualisation techniques, we derived a set of five requirements for
interactive data visualisation in the context of presentations. We have further
presented the implementation of an interactive and narrative visualisation pro-
totype that meets these requirements and has been realised as a generic data
visualisation plug-in for the MindXpres presentation tool. The discussed plug-in
allows presenters to directly embed interactive and narrative visualisations into
their presentation. In order to support a variety of different data sets and visu-
alisation styles, we have defined a number of generic abstractions for changing
specific aspects of a visualisation. The presenter can use these abstractions to
predefine a series of visualisation states supporting their story but they can also
be applied freely during the delivery of a presentation. Note that the provided
abstractions are not restricted to the data representation (e.g. chart type or zoom
level) but also allow the underlying data to be manipulated. For instance, data
can be filtered, sorted or added in order to better fit the message the presenter is
trying to deliver. Thereby, interactive visualisations as support for an oral nar-
rative can be created with minimal effort, in contrast to existing slideware such
as PowerPoint where a new graph would have to be created for each state. Our
approach also shows benefits when changes have to be made to the narrative and
when the visualisations need to be adapted. Since nowadays slide decks form an
important part of the reference material that is provided to students, the plug-in
not only allows them to play back the visualisation at home but further enables
them to freely explore the data in order to clarify any questions they might have
and to strengthen their mental model.

The features that our solution offers to end users are based on well-established
techniques and guidelines for information visualisation. For example, we ensured
to provide support for all the message types that can be visualised using quanti-
tative data, as defined by Few [8]. This has been achieved by supporting a wide
range of common chart types (and their variations) such as line, bar or pie charts
as well as scatter plots. Furthermore, we support map-based visualisations such
as bubble charts and choropleth maps to illustrate spatial date relations. Our
current solutions also supports all the interaction techniques defined by Yi [10]
except for techniques related to the connect principle, which would allow viewers
to show items which are related to a selected one. The support of this principle
has proven to be non-trivial as there is no similarity metrics that works for all
data and contexts. Further investigation is needed to see how we might abstract
this particular interaction technique in the future.
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In correspondence with the declarative content authoring approach of the
MindXpres presentation platform, the presented plug-in extends the XML-based
MindXpres authoring language in order to define interactive and narrative visu-
alisations based on raw data sets. However, in the near future we foresee a
graphical authoring component. The interaction menu for real-time modifica-
tions shown earlier in Fig.2 has potential for being used at authoring time.
A visualisation sequence could, for instance, be defined as a sequence of snap-
shots created by using the menu to specify the desired visualisation states.

In conclusion, the presented MindXpres extension represents a major step
towards applying the benefits of interactive data exploration and storytelling
to the domain of presentation tools. The benefits of applying interactive and
narrative visualisations in presentations has been illustrated in a use case where
we also highlighted the flexibility of our approach. Even if our current prototype
has been developed as a plug-in for the MindXpres presentation platform, we are
convinced that our findings and proposed abstractions for data exploration are
general enough and can also be applied to other presentation tools. Furthermore,
the requirements that we have defined for interactive information visualisation in
presentation tools might serve third-party slideware vendors as input for improv-
ing their existing products in order to improve the oral knowledge transfer when
presenting specific data sets.
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Abstract. This paper presents AuthELO an authoring environment
that can be used for the configuration of logging and authoring of auto-
mated feedback for exploratory learning objects (ELOs). ELOs are web
components (widgets) that can be integrated with learning platforms to
synthesise highly interactive learning environments. AuthELO has been
developed in the context of the MCSquared project that is developing
a platform for authoring interactive educational e-books. This platform
comprises an extendable set of diverse widgets that can be used to gen-
erate instances of exploratory activities that can be employed in various
learning scenarios. AuthELO was designed and developed to provide a
simple, common and efficient authoring interface that can normalise the
diversity of these widgets and give the ability to non-experts to easily
develop or customise the feedback that is provided to students using a
data-driven approach. In this paper we describe the architecture and
design characteristics of AuthELO and a small-scale evaluation with
activities in a logo-based 3D microworld called Malt4. We reflect on
both the challenges of the authoring process and the pedagogical poten-
tial of the feedback when these activities are used by students.

Keywords: Feedback authoring - Exploratory learning environments

1 Introduction

Authoring educational interactive tasks is a challenging and time consuming
endeavour particularly if they include some form of adaptive or intelligent sup-
port to the learner. While there is an abundance of tools that allow non-expert
developers, such as educational designers or teachers, to author their preferred
activities, these are limited to static content or to pre-defined question-answer
activities. As we review in Sect. 2, researchers in the field of Intelligent Tutor-
ing Systems are looking into the development of tools that ease the authoring
process for ITS but have largely remained in the realm of structured interaction.
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We are interested in highly interactive, exploratory activities that take place
within open learning environments including microworlds [1,2]. Although such
environments can be effective in supporting learners’ development of conceptual
knowledge, they require significant amount of human or computer support [3].
Despite the fact that research in the area has demonstrated that it is possible
to delegate part of this support to intelligent components (e.g. [4,5]), there have
been little attempts to reduce the entry threshold for both programmers and
end-users [6].

This paper presents AuthELO, a tool for authoring exploratory learning
objects (ELOs), configuring the logging and programming the automated feed-
back they provide. This tool has been developed in the context of the Mathemat-
ical Creativity Squared (MCSquared) EU-funded project (http://mc2-project.
eu/) that is developing a platform for authoring interactive educational e-books.
This platform comprises an extendable set of diverse widgets that can be used
to generate instances of exploratory learning activities that can be employed in
various learning scenarios. In this project we designed and developed a tool that
is able to provide a simple, common and efficient authoring interface that can
normalise the heterogeneity of these widgets and reduces the time it takes and
the skills required to program the feedback that can be provided to students
based on their interaction.

Section 3 presents the development methodology that underpins the design
of AuthELO. Sections4 and 5 present the architecture and the tool in detail.
Section 6 presents an evaluation of the current prototype with a logo-based
microworld (Malt+) and Sect.7 concludes the paper and briefly discusses our
next steps.

2 Related Work

The development of learning material that is interactive and provides auto-
mated intelligent feedback to the students falls naturally into the category of
ITS authoring systems. There have been many such systems developed in the
past. Database-related tutors like SQL-Tutor, EER-Tutor and Normit [7] are
cases that follow the constraint-based modelling approach. To author web- and
constraint-based tutors [8] developed ASPIRE. The use of simulation-based
authoring is presented in [9]. An approach that is used for the development
of adaptive hypermedia is presented in [10]. An attempt to lower significantly
the skill threshold required is the model-tracing approach [6]. Most of these
approaches, although different, they converge in that they all presuppose the
use of low level technical expertise for the authoring. Systems that require no
programming include the ASSISTment Builder [11] and Redeem[12]. The latter
is an approach that combines existing material with teaching expertise to develop
simple intelligent ITSs. A mixed system that supports the development of two
types of ITSs is CTAT [13,14]. It supports the development of cognitive tutors
and example-tracing tutors. The latter case requires no programming at all.
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All of these systems are typically domain-specific solutions that may require
low level technical expertise and usually offer fairly limited and not easily gener-
alisable output. That seriously limits the applicability of these tools to a wider
range of learning scenarios. One of the most recent developments in the field
is the Generalized Intelligent Framework for Tutoring (GIFT) [15] that pro-
vides tools to support various elements of the authoring process. Although GIFT
targets domain experts with little or no knowledge of computer programming
or instructional design, at the moment it mostly enables rapid development of
expert models and other domain knowledge. This results in a fully-fledged ITS
that depends on the services provided by GIFT. That may limit the re-usability
of the authoring tool with other learning platforms or may be beyond what is
needed or what is possible with limited resources (e.g. of a teacher wanting to
adapt a simple activity). At a conceptual and architectural level our system
resembles SEPIA [16]. SEPIA is designed so that automated support can be
added in the form of an epiphytic application that is external to the learning
environment. Integration does not require changes in the target environment and
interoperation is not based on domain specific models and tools.

From an end-user pespective, the most relevant solution to our approach, and
the one that seems to require the least amount of cognitive load for the author,
is the example-tracing approach [13]. The author develops feedback by executing
the activity like a student. This provides the author with a tree-like view that is
representative of the current state of the student. The author can then annotate
the diagram and determine the behaviour of the tutor. The disadvantage of this
approach is that it is domain-specific and not generalisable beyond structured
tasks that have a relatively limited range of possible alternative paths. In an
exploratory learning environment these paths are potentially infinite.

In our system we follow the example-tracing approach but we are not using
the visualisation part simply because it is impossible to represent visually all the
possible states in such diverse domains and open environments. Our tool must be
generic enough so that it can be used with exploratory learning environments.
Support is expected to be task-dependent but tasks may not be structured.
Authoring must be based on data that becomes available as the student interacts
with the environment. The author generates data and utilises this information in
order to form sensible rules for the generation of feedback. These rules are cur-
rently expressed through programming but our intention is to provide a service
that can be accessible through different levels of specificity. That will make the
system usable by authors with different levels of expertise without compromising
the ability to intervene at the lowest level if necessary. A high level language that
is specialised in feedback authoring and a visual programming shell will be the
high level constructs that will make it easily accessible to non-technical users.

3 Methodology

In this project the main objective is to design and develop an authoring tool for
the engineering of automated (intelligent) support for online learning activities.
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Intelligent Support for Exploratory Learning Environments

Data
(Iogs)_ . Evidence . ) . Feedback
from Detection Reasoning Presentation PFeedback
ELE
what is the which aspect how should
current situation? or concept support be
needs support? presented?

Fig. 1. Conceptual data flow of support for exploratory learning. From [5].

As mentioned, we are interested in highly interactive ‘widgets’ that can either
be standalone activities or live in the context of an e-book. Such widgets offer
learning opportunities through exploration and discovery of knowledge in an
unstructured manner (Fig. 1).

The methodology we have followed for the design and development of Auth-
ELO is based on previous work presented in [5]. This approach is based on the
premise that the complexity of the task can be reduced and made manageable
through the compartmentalisation of different concerns regarding the different
aspects of the problem. In practice this can be done by focusing on the three
most important questions related to support:

— What is the situation now? (evidence)
— Which aspect needs support? (reasoning)
— How should the support be presented for maximum efficacy? (presentation)

Each one of these questions corresponds to different aspects of the problem and
thus may require different approaches and expertise. Considering these aspects
separately reduces the skill threshold required to deal with the problem in its
entirety. Typically, in this scheme, the development of support moves towards the
opposite direction of the data flow. Designers would start from the presentation
and the process would gradually move towards the development of components
that produce evidence. In this project the presentation is designed based on
the assumption that an exploratory learning system should not intervene in the
process in an intrusive manner [3]. Support should not be provided in order
to manipulate the students and control their behaviour. The system should be
discreet and inform the users for potential issues but not interrupt the learn-
ing process. On the other hand support should always be available on demand.
Students may not be able to exploit the full potential of such learning environ-
ments if there is not enough support available to direct them [17,18]. In this tool
support is provided after the student initiates the process. We also provide the
learning platform the ability to use the same functionality in order to display
informative messages to the users regarding the current state of the activity.
The focus of this work is on reasoning and the acquisition of evidence that can
support it. For the former we collected a number of use cases of specific learning
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activities developed in GeoGebra', Malt+2 and FractionsLab®. Expert designers
and educators provided us with complete usage scenarios for each activity that
include potential student misconceptions, landmarks that can indicate impor-
tant states of the constructions and the respective feedback that the system is
expected to provide to students. This information helped us form the initial
requirements for the reasoning part and they have also been transformed into
batteries of tests for the technical evaluation of the software.

The data acquisition part comes after because it depends on the reasoning
part. Having all the information about the needs of the reasoning part enables us
to identify the requirements for the evidence part. The challenges we identified
for that part follow:

— need for methods to make the widgets generate the required data

— need for methods to transfer this data between tiers

— need for methods to efficiently store that data in the tool and make it process-
able so that it can be used for answering queries to the reasoning part

4 Architecture

The tool is a native HTML5 application with no external dependencies and
is physically decoupled from learning platforms. It does not implement any
platform-specific or proprietary functionality and therefore its service is not lim-
ited to an existing platform. It has been designed in a way so that its functionality
can be provided in a service oriented approach using standardised communica-
tion protocols and data formats. After the tool is virtually integrated with a
learning platform from the users’ perspective the whole system looks unified
and homogeneous. Integration is seamless and requires nothing more that set-
ting up a url along with the parameters that provide information on how to
instantiate the learning object to be configured and where to store the config-
uration data. This information is stored in the learning platform and is used
whenever an author wants to configure logging and automated feedback for a
learning object.

The author initiates this process in the learning platform and implicitly gets
redirected to AuthELO. From that point on the tool takes over. It creates an
instance of the widget that lives in its own private and secure space (sandbox).
The two software components operate as independent applications in parallel
(asynchronously) within the same browser instance. The glue between them
is another component that is called Web Integration & Interoperability Layer
(WIIL). WIIL as the name suggests, is a web component that can be used to
integrate other web components with a platform. It can also provide a simple
yet efficient communication mechanism so that the integrated components can

! https://www.geogebra.org/.
2 http://etl.ppp.uoa.gr/malt2/.
3 http://fractionslab.lkl.ac.uk/.
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be interoperable. This is described in [19]. An earlier version of the WIIL and
its potential usage was presented in [20].

Upon instantiation, the widget sends to AuthELO its widget-specific meta-
data. That is information about the types of elements that can exist in the
widget environment and the types of events that these elements can generate.
This data is maintained in local in-memory databases* at the AuthELO side of
the browser. AuthELO uses this information to construct dynamically a graph-
ical user interface for the configuration of logging. Something that needs to be
noted here is the dynamic nature of this process. There are no presumptions
about the information that is received from the widgets. Different widgets may
provide different metadata and that, in turn, may result in the formation of
different interfaces.

This GUI is immediately usable by the author. The author can set up data
logging rules that have immediate effect on how the instance behaves. The rules
are stored in local databases in AuthELO and they are also sent to the widget
so that the respective event handlers can be registered. After registration, the
widget is able to generate data according to what the author prescribed in the
configuration interface. This data becomes directly available to the author for
inspection through the WIIL (see activity log in Fig.2). The author uses this
information to make decisions about what feedback needs to be provided to the
students (Fig. 8). This part of the configuration is also stored in local databases.

The logging and feedback configuration is then passed by the tool to the
learning platform, so that these settings can become available to the actual
widget instances that are going to be used by students. The learning platform

= 5
BSlgge

@BH
Oe®

Fig. 2. AuthELO’s architecture.

* We used TaffyDB (http://www.taffydb.com/) — an open source, lightweight and
efficient NoSQL database.
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sends these settings as part of the initialisation parameters during the widget
launch process.

5 The AuthELO Tool

AuthELO is designed to provide a generic interface between web-based learn-
ing objects, learning platforms and authors that want to synthesise exploratory
learning activities with them. The design is based on the following five main
requirements:

— Authors must be able to dynamically configure what data will be logged by
a learning object during a session with a user. This can be data generated
from interactions between the user and the widget and derivative data that
gets generated by the widget itself as a result of some event.

— Authors must be able to specify rules about real-time feedback that should
be provided to the students. These rules should be based on log data that is
dynamically generated as the student engages with the activity.

— It should be possible for authors to configure all the available widgets through
a common interface. This interface should be able to hide the diversity of
potentially heterogeneous learning components that might be offered in the
system.

— The tool must not impose barriers in terms of skills and technological exper-
tise. Teachers with a certain degree of IT literacy should be able to use it for
authoring of interactive learning material.
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Fig. 3. The authoring interface provides a live instance of the activity along with a
toolset for testing and debugging.
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— The tool must be able to offer opportunities for exploratory authoring of
feedback reducing the cognitive load that is expected for non-structured tasks
of exploratory activities.

The general aim of this project is to provide a tool that offers the following:

— It is simple to use

— It can be used with diverse learning components

— It can be used effectively to configure feedback for non-structured tasks in
exploratory learning environments

5.1 The Authoring Interface

When the tool gets instantiated it looks like Fig.3. The authoring interface is
provided as a triplet of tabs named ‘widget’, ‘logging’ and ‘feedback’. The first
page (widget) provides a visual of the activity along with a basic toolset that
can be used for testing and debugging. In the middle of the page there is a live
instance of the widget that represents the activity that is going to be presented
to the student through the learning platform. The author can interact with it in
the same way that a student would and experiment with different configurations
until the result satisfies the learning objectives that have been set. During this
interaction the author can see what data gets generated and display messages
useful for debugging.

5.2 Authoring Logging

Configuration options for logging are given in the homonymous tab-page. This
page is dynamically constructed by the application using information retrieved
from the live widget instance that represents the activity (Fig.4).

Widget  Logging = Feedback
Event Types Logging Rules Element Name (optional)

ad ©  vector  update * [name]

remove
insert+)  removeG»  clear @

update
) element ~ event ' [name]

Element Types Active Rules

text Element Event Name

point
point update 3
polygon
vector ada
segment
vector update

vector

Fig. 4. Logging Configuration.
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That means that this part of the tool dynamically changes for different widgets
or widgets that contain different constructions. The aim is to for the tool to
work with different widget ‘instances’ i.e. different configurations of the same
widget but for different activities. The challenge is that these instances contain
different types of elements able to generate different types of events. The tool
is able to dynamically query the instance and obtain all the information that
is necessary to reconstruct itself and adapt to the individual characteristics and
needs of the activity. But how can that be possible? Widgets may be third
party components that do not provide standard communication interfaces and
data formats. So how do we deal with diversity? There is no magic behind this
wonderful feature. Communication and interoperability between the tool and
widget instances go through WIIL [19]. In that layer we can reshape APIs and
semantically enhance the metadata that is received from instances whenever that
is deemed necessary. That takes care of diversity but what happens if the initial
construction that is given for the activity does not contain all the necessary
elements and events? The assumption is that the tool queries the live instance
and retrieves information about what is currently present in the construction.
For that part there is no easy answer. You either get the widget implementers
to expose a method that provides information about all the possible elements
and events for that particular widget or you get the activity author to create
extra elements that may need to be recorded in the log files and hide them from
the user. In this particular implementation we followed the second approach
simply because it would be impossible to force widget vendors to change their
implementations and it would be impractical to visualise endless lists of element
and event types that would not be used in the activity. Cluttering the authoring
interface with unnecessary information would compromise the usability of the
tool.

In this page the author can see a list of the element types that are supported
by the widget along with the types of events that these elements can generate.
These lists are presented as sequences of buttons. The author can press a button
and select an element or an event type. When that happens the name of the
selected entity appears in the ‘logging rules’ section next to the plus sign.

The rules have immediate effect on how the instance behaves. They are stored
in local databases in AuthELO and they are also sent to the widget so that the
respective event handlers can be registered. WIIL takes care of the underly-
ing operations for that. After registration, the widget is able to generate data
according to what the author prescribed. In Fig.5 we can see where new rules
are formed. A combination of an element type with an event type gives us a
valid rule. The author can optionally provide a name for a specific element if
needed. If the rule is ready, it can be inserted by pressing the button ‘insert’.
The rule in Fig. 5 instructs the system to generate events when the value of the
point element ‘A’ changes.

If we want to generate update events for any element of a point type then
we can omit the name. If we attempt to insert a more generic rule than one that



268 S. Karkalas et al.

Logging Rules
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Fig. 5. Rule insertion.
Information

There are 1 more special rules already in the system. Consider removing them.

Close

Fig. 6. More general rule.

already exists then the system will give us a warning message but it will allow
the operation (Fig.6).

The opposite is not true. If we attempt to insert a more specific rule than
one that already exists then the system will not perform the operation because
it will not have any effect at all (Fig. 7).

Information

A more general rule exists in the system. This rule is useless.

Close

Fig. 7. More special rule.

If the rule is exactly the same as an already existing one the system will reject it.
If a rule needs to be removed then the author can select it by clicking on the list
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Logging Rules
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Fig. 8. Rule removal.

in the ‘Active Rules’ section. The selected rule will then appear in the ‘Logging
Rules’ section next to the minus sign. The rule can be deleted by pressing the
‘remove’ button.

When a rule is inserted it gets immediately activated. That means that the
author can go back to the ‘Widget’ tab and start generating data by interacting
with the widget. The data appears at the bottom of the page.

5.3 Authoring Feedback

The configuration or authoring of feedback can be done through the editor that
is provided in the ‘Feedback’ tab-page (see Fig.9). In this part the author can
utilise the data generated and displayed in the ‘Widget’ tab-page and specify
rules that state what needs to be done if certain conditions are satisfied. In this
version of the tool these rules must be expressed in JavaScript. This is done
through a specialised editor that provides support to the author and basic error
checking®. This way the author can dynamically inject new functionality into
the system.

Feedback is presented either through an area under the widget instance or
through an intelligent assistant that looks like an owl and displays the message
in a bubble (see Fig. 10). Authors simply have to change a parameter when they
call the function to display the message in order to select one or the other.

After the implementation of feedback rules, the author can go back to the
‘Widget’ tab and test the feedback. If the author makes a mistake the system

5 We incorporated the ace editor (http://ace.c9.io) which is a high performance web-
based JavaScript tool. The tool is parameterized to process JavaScript code and
display it accordingly. It is equipped with syntax highlighters, automatic code inden-
tation, and code quality control and syntax checking that is based on the well-known
tool JSHint (http://jshint.com/).
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displays an error notification under the column named ‘System Log’ indicating
the problem. In this case the changes are not saved and the new functionality is
not applied.

Something that needs to be noted here is that this part of the tool is work
in progress. We are working towards an intuitive and simple user interface that
would not require high-level of programming expertise from an author (partic-
ularly a teacher). In the meantime, both in order to test the system but also to
ensure that it can be immediately used in the context of the project, we exposed
a part of the actual JavaScript code that is used to provide the feedback. This
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does not affect the usability of the system at this stage, only requires a level of
expertise from the author that should be able to at least understand JavaScript
syntax.

6 Prototype Evaluation

AuthELO is currently being used as the standard tool in the MCSquared plat-
form for the development of automated feedback. MCSquared is an active project
and that means that AuthELO is continuously being used and evaluated in
practice by a large community of learning designers. The people involved in
this process form Communities of Interest (Cols) and continuously utilise the
MCSquared platform to produce new learning material and evaluate it in the
classroom. Different Cols may have a different orientation, specialise in a cer-
tain domain and utilise a certain set of ELOs for their productions. In this
paper we present the work that has been done by the Greek COI that specialises
in constructionist activities with narrative and utilises the ELO Malt+ for the
development of learning materials.

6.1 Malt+

Malt+ is an exploratory learning environment that utilises programming to
design 3D dynamic graphic models. It consists of a programming editor, a 3D
scene and a dynamic variation tool. Learning designers can build domain spe-
cific Malt+ widgets (e.g. in mathematics, informatics etc.) that offer students
opportunities to explore, redesign and test their own assumptions in order to
approach a solution. An avatar on the 3D scene moves and draws shapes and
models based on programming code that is executed in the editor. The variation
tool can dynamically change the resulting model by changing the programming
parameters providing a way to explore modifications in a continual and direct
way. As there is a camera available that can change the perspective, activities
may exploit the 3D space from the beginning or may start in 2D space and
switch to 3D space dynamically. Depending on the activity goals, the presented
problem may have more than one solution, it may be solved with multiple alter-
native programming strategies and as a consequence of those multiple different
learning paths may be followed.

A large number of Malt+ widgets have already been produced and stud-
ies have examined the functionalities and prospects this environment provides.
In [21], the study identifies the role of logo programming in meaning generation
in mathematical thinking and points out how reconstruction of a program and
its 3D result could affect generalization. Another study [22] has evidenced that
the ability to explore and symbolically represent movements and shapes with
Logo, engage students in notions of the conceptual field of curvature in space.
The role of dynamic manipulation of a 3D shape the environment offers, has also
been studied when students exploring the dynamic aspects of an angle [23].
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6.2 The Activities

A typical scenario with Malt+ is to present a ‘half-baked’ microworld to the
students and ask them to amend and /or augment it in order to derive a complete
construction or fix problems with the existing one. A ‘half-baked’ microworld [24]
is incomplete by design, provoking students to build a new artifact that has more
meaning for them. Through this process the students engage with the material,
the concepts and the techniques involved in an experiential way and discover
knowledge themselves. For this evaluation the Greek Col developed two such
activity scenarios named Staircases and Chand Baori.

Staircases. The e-book Staircases puts the student in the position of an archi-
tect who designs different types of staircases. This activity is offered in an e-book
that provides a series of activities starting from indentifying the characteristics
of a stairs and ending with building complex stair types.

This activity comprises two tasks that are interrelated. The beginning of the
second part presupposes the completion of the first part. Both tasks have been
implemented in the same Malt+ instance. The first part presents a semi-defined
(broken) staircase and asks students to explore the staircase parameters, inden-
tify their role in the shape and amend them to build a well-defined staircase. The
second part asks the students to find a way to generalise the previous solution so
that it can be used for the construction of well-defined staircase with any number
of steps. Students use a predefined program to do their experimentations and
modify it to provide a solution (Fig.11).
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Fig. 11. The staircases activity in Malt+.
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Chand Baori. The activity Chand Baori asks students to build a 7-step dou-
ble staircase as Chand Baori stairs looks like. The activity starts with a small
program that draws 2 steps on the 3D space. Students have to indentify the
programming code that draws each step, replicate it to draw more steps and
find a solution to change direction and move down after the top of the stairs.
In this activity depending on the students programming skills or the target
group, totally different strategies can be followed. Thus, a solution may contain
only simple repeated commands or loop structures or subroutines or combination
of them (Fig. 12).
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Fig. 12. The chand baori activity in Malt+.

6.3 Challenges

The challenges we were faced with during this process were multifaceted. A tech-
nical challenge was to inform AuthELO about the particular set of element types
and their respective event types that may be found in a Malt+ environment.
Despite the fact that Malt+ is a very sophisticated ELO it does not natively
support an API through which this information can be acquired. The solution
was to semantically enhance it in AuthELO through WIIL [19]. For this, a for-
mal description of nine element and four event types was formulated after using
Malt+ in various scenarios without any logging rules applied.

Another challenge was to address the requirement of providing feedback for
two distinct and interrelated subtasks implemented in the same Malt+ instance.
The Staircases activity poses such a requirement. The learner is presented with
two questions that have to be followed in succession. The automated feedback
component must be able to distinguish between the two and suppress feedback
if the first part is not complete. In this case it is expected to direct the learner
to finish the first subtask.
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6.4 The Evaluation Study

Methodology and Material. In order to design the essential guidelines and
find any possible weak points of the feedback system, we conducted two studies
in real world conditions: A pilot study and an evaluation study. In both studies
we exploited four activities that were designed as exploratory activities with
Malt+ widgets. The theme of those activities was 3D staircase design using logo
programming code. In the first activity students have to identify the correlation
between the different geometrical characteristics of a staircase and modify the
logo code to build a generic staircase program. In the second activity they have
to modify a logo program to extend a two-step stair to a seven-step staircase.
In the third activity the goal is to design a seven-step double staircase (Chand
Baori). In the final activity students modify the two-step staircase program in
order to draw any double staircase with a given number of stairs. Both studies
took place in after school math clubs at a Greek secondary school.

Design and Pilot Phase. In this phase, based on the main learning designer’s
experience and feedback from the Col, we designed an initial set of feedback
messages with the goal of getting first an initial understanding of its effective-
ness from a pilot study with students. The implementation was first done by a
relatively experienced JavaScript developer without previous AuthELO experi-
ence. After a preparatory tutorial of twenty minutes he was able to fully develop
feedback for the first phase of the evaluation within a working day. Observing the
developer using AuthELO we confirmed that, despite the short familiarisation
session, he was able to select the items of interest and check directly whether the
widget generates the data required. Reflecting on the usage he mostly commented
on the ease of authoring thanks to fact that data gets displayed dynamically as
he interacted with the widget. As there was no need to consult the widget doc-
umentation for anything or to switch context and qu