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Foreword

In 2014, the book “Simulations, Serious Games and their Applications” by Yiyu
Cai and Sui Lin Goei was published. That same year Windesheim University of
Applied Sciences (The Netherlands) in cooperation with Nanyang Technological
University (Singapore) organized the second “Asia-Europe Symposium on
Simulations and Serious Games” in Zwolle, The Netherlands. A rich variety of
seminars and workshops from Singapore, China, The Netherlands, and other
European countries provided an excellent overview of new developments in the
educational use of Serious Games and Simulations.

Every two years an Asia-Europe Symposium will be held with seminars and
workshops designed to showcase the newest achievements in Serious Games and
Simulation for educational purposes. It will be organized, alternating between Asia
and Europe. This coming December month, the third Asia-Europe Symposium on
Simulations and Serious Games will be held in Zhuhai, China in conjunction with
the 2016 ACM SIGGRAPH International Conference on Virtual-Reality
Continuum and Applications in Industries (VRCAI 2016), more information
of the conference can be found at http://www.vrcai.org

All over the world in the field of education we see that pedagogical and
didactical approaches of personalized learning are changing very fast. Simulations,
Serious Games, Robotics, and Virtual Reality will inevitably be used more and
more in our classrooms, to support the learning and teaching process.

I expect that this second book by Yiyu Cai, Sui Lin Goei and Wim Trooster will
tell or show educators and researchers which new ideas, insights, information and
experiments there are in the field of Serious Games and Simulation. I am also sure
that it will inspire us to use these new educational methods that will enable us to
improve education.

Harry Frantzen
Windesheim University of Applied Sciences

The Netherlands
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Preface

This new book is a continuous effort in promoting simulations and serious games
with a focus on educational application. The major part of this book is selected from
the work presented at the 2014 Asia–Europe Symposium on Simulation and Serious
Gaming held in Windesheim University of Applied Sciences, The Netherlands (Oct
1–2, 2014). All chapters in this book went through a peer-review process.

Three major domains of education using simulation and serious games are
covered in the book including (1) Science, Technology, Engineering, and
Mathematics (STEM) Education; (2) Humanity and Social Science Education; and
(3) Special Needs Education.

For STEM Education, Wouter van Joolingen discusses science education in
Chapter “A Germ for Young European Scientists: Drawing-Based Modelling”;
Panpan Cai et al. address vocational training in Chapter “Simulation-Enabled
Vocational Training for Heavy Crane Operations”; Hester Stubbé et al. present game
based mathematic education in Chapter “Formative Evaluation of a Mathematics
Game for Out-of-School Children in Sudan”; Diana Zwart et al. share vocational
math teachers training in Chapter “Empowering Vocational Math Teachers by Using
Digital Learning Material (DLM) with Workplace Assignments”.

For Humanity and Social Science Education, Jaap van der Molen et al. present
their game based learning in Chapter “The Odyssey Game”; and Wim Trooster
et al. share game based English pronunciation learning in Chapter “The
Effectiveness of the Game LINGO Online: A Serious Game for English
Pronunciation”.

For Special Needs Education, Yiyu Cai et al. discuss their research project in
Chapter “The Virtual Pink Dolphins Project: An International Effort for Children
with ASD in Special Needs Education”; Lennard Chua et al. share their emotional
learning project in Chapter “ICT-Enabled Emotional Learning for Special Needs
Education”. Zengguo Ge and Li Fan present their social development project in
Chapter “Social Development for Children with Autism Using Kinect Gesture
Games: A Case Study in Suzhou Industrial Park Renai School”; and Yeli Feng and
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Yiyu Cai describe a project for children with autism spectrum disorders in Chapter
“A Gaze Tracking System for Children with Autism Spectrum Disorders”.

Researchers and developers in simulation and serious games for educational uses
will benefit from this book. Training professionals and educators can also benefit
from this book to learn the possible application of simulation and serious games in
various areas.

Singapore Yiyu Cai
Zwolle, The Netherlands Sui Lin Goei
Zwolle, The Netherlands Wim Trooster
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The Virtual Pink Dolphins Project:
An International Effort for Children
with ASD in Special Needs Education

Yiyu Cai, Ruby Chiew, Li Fan, Meng Kiam Kwek and Sui Lin Goei

Abstract The number of reported cases of Autism Spectrum Disorders (ASD) has
increased rapidly in the recent years. Virtual Reality (VR) as a technology has been
studied as an augmented intervention for children with ASD in special needs
education and neuro-rehabilitation. This chapter will report an international effort
by researchers, developers, and educators from Singapore, The Netherlands, and
China to help children with ASD in their learning. VR technology is developed
with an aim to create immersive learning environments for special needs schools.
Educators and developers work closely to design learning content for children with
ASD in their learning through interactive gaming. The partnership enables col-
laboration at different levels including research and development, sharing and
exchanges, and so on. International symposia are organized under this international
partnership to share knowledge and experience in special needs education.
Exchange programs are also developed for school teachers and students through
this international collaboration.

Keywords Special needs education � Simulation � Serious games � Virtual reality
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1 Introduction

Children with Autism Spectrum Disorder (ASD) have impairments in social
interaction and communication. They often have sensory processing difficulties and
attention abnormalities predisposing them to process information differently and
respond in unusual ways. Many people have conducted research regarding the ASD
learning difficulties and behavioral challenges [1–4].

Virtual Reality (VR) technology has received good interest from the ASD
research community for improving the learning of children with ASD. Austin et al.
[5] investigated the feasibility of the use of VR hypnosis with two cases of ASD.
Cai et al. [6] reported their design and development of a virtual dolphinarium for
children with ASD.

This chapter will present an international effort to do research and development
on VR technology for the purpose to improve children with ASD in their learning.
Researchers, developers, and educators from Singapore, The Netherlands, and
China tie up through this international collaboration. VR technology is developed
with an aim to create immersive learning environments for special needs schools
participating in the project. Educators and developers work closely to design
learning content for children with ASD in their learning through interactive gaming.
The partnership enables collaboration at different levels including joint research,
visiting, sharing, and exchanges. International symposia are organized under this
international partnership to share knowledge and experience in special needs
education. Exchange programs are also developed for school teachers and students
as part of the benefits from this international collaboration.

2 Participating Parties

Supported by The Temasek Trust Funded Singapore Millennium Foundation, the
Virtual Pink Dolphins project is hosted by Nanyang Technological University
(NTU) with various participating parties from Singapore, The Netherlands, and
China.

2.1 Nanyang Technological University, Singapore

NTU is a young and research-intensive university in Singapore. In 2010, the
Institute for Media Innovation at NTU funded a seed grant project to investigate the
use of VR technology for children with ASD. In this pilot research, a 3D immersive
room was set up and Virtual Pink Dolphins were prototyped (Fig. 1). As a
multi-disciplinary research in NTU, the project attracted The Institute for Media
Innovation, School of Mechanical and Aerospace Engineering, National Institute of
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Education, School of Computer Engineering, and School of Art, Media and Design
contributed in this initial phase. In 2013, the Virtual Pink Dolphins project received
funding support from Singapore Millennium Foundation.

2.2 AWWA Special School, Singapore

Asia Women’s Welfare Association (AWWA) School is a partner with this Virtual
Pink Dolphins project. A simplified version of the Immersive Room was set up in
the school (Fig. 2). AWWA School is the first special school in Singapore
embarking VR technology to help children with ASD in their learning. Working
closely with NTU’s Institute for Media Innovation, AWWA School is the 2014
winner of the SPED Innovation Award by Singapore’s Ministry of Education and
National Council of Social Service.

2.3 RENAI School, China

Located in China–Singapore Suzhou Industrial Park, RENAI Special School is a
partner school from China with the Virtual Pink Dolphins project. A simplified
version of the Immersive Room was set up with RENAI (Fig. 3) providing a VR
platform for children with ASD in their learning through gaming.

Fig. 1 The virtual dolphinarium with the immersive room at the Institute for Media Innovation, NTU

The Virtual Pink Dolphins Project: An International Effort … 3



Fig. 2 Children with ASD at AWWA School play with Virtual Pink Dolphins in their own
immersive classroom

Fig. 3 Children with ASD at RENAI School play with Virtual Pink Dolphins in their own
immersive classroom

4 Y. Cai et al.



2.4 Windesheim University of Applied Sciences,
The Netherlands

The Virtual Pink Dolphins project also has a partner in Europe. Windesheim
University of Applied Sciences from The Netherlands has developed a
cross-continental collaboration with Nanyang Technological University and
AWWA School in Singapore, and RENAI School in China. An Immersive Learning
Corner was set up in their Lab 21 at the University allowing researchers and edu-
cators to do research in SPED using VR technology (Fig. 4).

2.5 Underwater World Singapore

Underwater World Singapore (UWS) is located in the Sentosa Island. UWS has a
tourism attraction with their pink dolphins, also known as Indo-pacific humpback
dolphins. These dolphins provide visitors a unique entertaining experience through
the popular dolphin show (Fig. 5a). UWS hosted the Pink Dolphin Encounter
program (Fig. 5b) designed for children with ASD to interact with these very
intelligent marine creatures. This program helped boost the self-confidence of these
children when they physically encounter the pink dolphins in the lagoon [7].

The research team with the Virtual Pink Dolphins project works closely with the
professional dolphin trainers from the Underwater World Singapore to understand
the behaviors of the pink dolphins before the dolphin game is designed. They also
had many communications during the game development.

Fig. 4 An Immersive Learning Corner was set up in the Lab 21 with the Windesheim University
of Applied Sciences, The Netherlands

The Virtual Pink Dolphins Project: An International Effort … 5



3 International Collaboration

Several activities have been initiated with the Virtual Pink Dolphins project as
international collaboration. This includes international conference organization,
school visits and exchanges, joint publications, and research collaboration.

3.1 Asia–Europe Symposium on Simulations and Serious
Games

On May 9, 2012, The First Asia–European Symposium on Simulations and Serious
Games was held in Nanyang Technological University as part of the 25th
International Conference of Computer Animation and Social Agents (CASA 2012).
Selected presentations at the Symposium were invited as book chapters after nec-
essary enhancements made and a book titled Simulations, Serious Games and Their
Applications (Fig. 6a) was published by Springer in 2014 [8].

The Second Asia–Europe Symposium on Simulations and Serious Games was
organized by The Windesheim University of Applied Sciences in Zwolle, the
Netherlands from Oct 1–2, 2014. Partners with the Virtual Pink Dolphins project
made presentations at the symposium (Fig. 6b). Nanyang Technological University,
Windesheim University of Applied Sciences, AWWA School, and RENAI School
made book chapter contributions in this current book published again by Springer.

Fig. 5 a Dolphin shows at UWS’s new dolphin lagoon; b a child with ASD swimming with pink
dolphins at UWS’s old dolphin lagoon
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3.2 Schools Visits, Sharing, and Exchanges

Partners with the Virtual Pink Dolphins project have been actively involved in
sharing and exchanges through various visiting and meeting arrangements.

On September 30, 2014, delegates from AWWA School and RENAI School
visited De Ambelt, a Dutch SPED school, in Zwolle, the Netherlands. Three special
schools exchanged their experiences during the meeting (Fig. 7a). Professors from
Windesheim University of Applied Sciences visited AWWA School in Singapore
on November 13, 2014 (Fig. 7b) and RENAI School in Suzhou, China on
November 18, 2014 (Fig. 7c).

3.3 Students Internet Meetings

Apart from the visitings and meetings by researchers and educators under the
partnership program, students from the partner schools have also been connected
via Internet. Figure 8 shows the online chat between students from RENAI School
in China and AWWA School in Singapore.

Fig. 6 a The book—simulations, serious games and their applications published by Springer;
b Presentation by RENAI School at the second Asia–Europe symposium on simulations and
serious games
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Fig. 7 Visitings and meetings under the partnership program. a Delegates from AWWA School
and RENAI School visited De Ambelt in the Netherlands. b Professors from Windesheim
University of Applied Sciences visited AWWA School in Singapore. c Professors from
Windesheim University of Applied Sciences visited RENAI School in China
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Fig. 8 Internet chat using SKYPE between RENAI students and AWWA students

Fig. 9 Signing of an MOU between Windesheim University of Applied Sciences and RENAI
School

The Virtual Pink Dolphins Project: An International Effort … 9



3.4 Memorandum of Understanding (MOU)

The Department of Teacher Education at Windesheim University of Applied
Sciences, and the RENAI School with the China–Singapore Suzhou Industrial Park
have entered an MOU for the partnership between the two parties (Fig. 9).

AWWA School and RENAI School have also signed an MOU for bilateral
collaboration. The two schools will have more exchanges and visiting in the years
to come.

4 Conclusion

The Virtual Pink Dolphins is a project initiated by the Institute for Media
Innovation with the Nanyang Technological University, Singapore. Today, through
international collaboration, researchers, developers, and educators are working
closely in the project to design and develop SPED learning technology and learning
contents. Also under the international partnership program, professors, principals,
teachers, and students from different countries cross-continents are sharing and
exchanging knowledge and experience of their common interests.
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Dr Indhumathi Chandrasekran, Mr Lihui Huang, Mr Nay Zin Tun, Miss Sandra Chan,
Mr Zhengguo Ge, Ms Pauline Cheng, and Mr Norman Kee for their helps in one way or another.

References

1. Bloom, B.S., Engelhart, B.S., Purst, E.J., Hill, W.H., Krathwohl, D.R.: Taxonomy of
Educational Objectives: the Classification of Educational Goals. Handbook I: Cognitive
Domain. David McKay, New York, NY (1956)

2. Riggs, E.G., Gholar, C.R.: Strategies that Promote Student Engagement: Unleashing the Desire
to Learn, 2nd edn. Corwin, Thousand Oaks, CA (2009)

3. Krathwohl, D.R., Bloom, B.S., Masia, B.B.: Taxonomy of Educational Objectives: The
Classification of Educational Goals. Handbook II: Affective Domain. David McKay, New
York, NY (1964)

4. Goldstein, E.B.: Sensation and Perception, 9th edn. Wadsworth, Belmont, CA (2013)
5. Austin, D.W., Abbott, J.M., Carbis, C.: The use of virtual reality hypnosis with two cases of

autism spectrum disorder: A feasibility study. Contemp. Hypnosis 25(2), 102–109 (2008)
6. Cai, Y., Chia, K., Thalmann, D., Kee, N., Zheng, J., Thalmann, N.: Design and development of

a virtual dolphinarium for children with autism. IEEE Trans. Neural Syst. Rehabil. Eng. 21(2),
208–217 (2013)

10 Y. Cai et al.



7. Watanabe, K., Lee, J.: Dolphin Encounter for Special Children (DESC): Proposal for Standard
Procedures: Special Dolphin Program for Children with Autism, Down Syndrome, and
Physically Disability. Underwater World Singapore, Singapore (2004)

8. Cai, Y., Goei, S.L.: Simulations, Serious Games and Their Applications. Springer, Berlin
(2014)

The Virtual Pink Dolphins Project: An International Effort … 11



A Germ for Young European Scientists:
Drawing-Based Modelling

Wouter van Joolingen

Abstract An important movement in European science education is that learning
should be inquiry-based and represents realistic scientific practice. The
inquiry-based nature of science education is essential to interest more young people
for a career in science and technology. Creating models is broadly seen as an
essential part of those scientific practices. Dynamic models play a central role in
science as a main vehicle to express and evaluate our understanding of complex
systems. Therefore, the ability to reason with and about models and to create
models of dynamic systems is an important higher order thinking skill and as a
means to foster the development of scientific attitudes. In teaching children how to
model, the choice for model representation is important. Representations can vary
from mathematical formula, programming languages and diagrammatic represen-
tations. This chapter will present modelling based on drawings, and the SimSketch
software with which children can create dynamic, multi-agent models. By repre-
senting systems in drawings, assigning behaviour to elements of the drawing and
simulate the resulting model, children can express and test their ideas about natural
and artificial systems. The chapter discusses conceptual and technical issues related
to SimSketch as well as studies in which children have used SimSketch to represent
systems such as the solar system, traffic and the spreading of diseases. The role of
this approach will be discussed in the context of developments in European edu-
cational research.
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1 Introduction: The Image of Science in Science
Education

In Europe, there is an increasing need for students choosing studies and careers in
science and technology. Over the years, interest in science has decreased and
numbers of students enrolling in scientific and technological studies have been
going down. Although in recent years this downfall seems to have come to an end,
it is important that the educational system raises interest, skill and motivation for
science and technology.

Apart from the need for well-trained scientists, science education also needs to
educate for the role in science as part of citizenship education. People need a basic
level of knowledge about science in order to function in society, for instance to
make choices regarding socio-scientific issues such as vaccination and genetic
testing. According to Boerwinkel et al. [1], the scientific knowledge and skills that
young people should acquire are

• knowledge and skills regarding concepts in science and mathematics;
• knowledge about the nature of science and mathematics, which includes

methodology and foundations; and
• insights into norms and values, both personal and societal.

Together these concepts constitute a basis for empowering citizens in a
knowledge society [2]. For instance, for deciding on whether or not to vaccinate
their children, people need to know what vaccination is (concept knowledge), know
about the value of the claims in favour of and against vaccination (nature of
science), have insight into the consequences for themselves and others and asso-
ciated personal and societal norms and values. Scientific citizenship relates
knowledge and insights to a perspective on action that is related to function as a
citizen. In this case, the action is making a decision about vaccination. We can
therefore define scientific citizenship as the set of knowledge, skills, attitudes and
values that contribute to a person’s actions as a citizen.

For education in science this means a focus broader than teaching and learning
the scientific concepts, by studying not only questions such as what do we know?
but also how do we know that? and why is it important to know?

According to leading experts, science education in Europe fails both in making
science attractive to young people and in educating science for citizenship. A crucial
problem is that science is often taught as a collection of facts and skills to solve
problems. For instance, Osborne and Dillon stated in 2008 [3]

In the past two decades, a consensus has emerged that science should be a compulsory
school subject. However, whilst there is agreement that an education in science is important
for all school students, there has been little debate about its nature and structure. Rather,
curricula have simply evolved from pre-existing forms. Predominantly these curricula have
been determined by scientists who perceive school science as a basic preparation for a
science degree – in short a route into science. Such curricula focus on the foundational
knowledge of the three sciences – biology, chemistry and physics. However, our contention
is that such an education does not meet the needs of the majority of students who require a

14 W. van Joolingen



broad overview of the major ideas that science offers, how it produces reliable knowledge
and the limits to certainty. Second, both the content and pedagogy associated with such
curricula are increasingly failing to engage young people with the further study of science.
Indeed, there is a strong negative correlation between students’ interest in science and their
achievement in science tests.

The negative correlation reported by Osborne and Dillon is worrying.
Apparently science education is incapable of providing an image of science that
is representative of actual scientific practice. Images of scientists as either nerdy,
unworldly, or even “evil scientists” are prevailing in popular literature. Bonner
[4] states that popular understanding of science suggests that scientific work
does not grip the emotions, that it is coldly logical, and that it is not as creative
as the actions of the artist. Yet, Bonner argues that much of scientific work is a
combination of logical thinking and creative actions such as choosing a subject,
finding questions, going against common beliefs, finding solutions, including
unorthodox ones, etc. The problem with the “cold, logical” view of science is
that it implies to many children that a scientific career is out of their reach, that it
is uncreative and perhaps just plain “boring”. As a result, talented girls and boys
may be diverted from a route toward a career in science.

In the current chapter, an approach to science education for young children will
be presented and explored in which young students engage in authentic scientific
practice by creating scientific models and simulations. As such this approach is not
new. The approach of modelling in education goes back to the 1980s in which time
Jon Ogborn pioneered with this approach [5]. Recently, Louca and Zacharia [6]
have reviewed the various approaches to modelling in education. We will introduce
the basic principles of modelling in science and science education here and argue
for the introduction of a more visual and qualitative way of modelling to address
younger children. This will be followed by an introduction of SimSketch, our
drawing-based modelling tool. The tool will be described as well as some experi-
ences with the tool in educational practice.

2 Models in Science and Science Education

In introducing scientific practice to the practice of teaching science, much attention
is given to the inquiry cycle [7, 8]. Whereas the inquiry cycle represents relevant
processes in scientific inquiry, according to Windschitl and colleagues, a strict
interpretation of this cycle may lead to the conception of inquiry as mechanically
performing a fixed sequence of steps to test hypothesis, instead of a creative search
for models and theories that allow us to form a coherent picture of the natural world
[9]. In other words, there is not a single scientific method, but a range of activities
that lead to the construction of scientific models.

The philosopher Giere [10] investigated the concept of models as objects that are
created by scientists and form a central point in scientific discourse. In this line of
reasoning, models are not meant to be a one-to-one representation of reality, but the
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relation between the model and reality serves a particular purpose in understanding
particular features of reality. This has profound consequences for how we see the
development of scientific knowledge. The purpose of science is not to discover “laws”
that exist in some independent reality, but instead to create models to understand the
things we observe. The same models can then help us to predict new observations and
be used in the development of new solutions to societal problems. So, instead of being
a discipline in which reality is “uncovered” using a fixed method of inductive and
deductive steps, science is a constructive activity in which models of phenomena are
constructed for particular purposes. This also means that multiple models can exist of
the same phenomenon, each serving its own particular purpose. In modern science,
models are often realised computationally. Astronomers, biologists, chemists and
physicists alike use powerful computing techniques to simulate the models they create
and use the computational results for predicting states of the world based on their
models. For instance, astronomers use advanced simulation models to study the for-
mation of stars and galaxies and to understand the structure of the universe as a whole
and biochemists study the working of enzymes in cells using simulations. In science
education also, computational modelling using systems such as STELLA [11],
NetLogo [12, 13] and StageCast [14] have been designed so that students in secondary
education can create models and become acquainted with the principles of scientific
computational modelling.

In creating and understanding scientific models, visual representations play a key
role in almost all areas of science [15, 16]. Visual representations are used to
organize and constrain thought, relate concepts, visualize processes, abstract data
and more [17]. In model building, these representations play a role both in con-
structing the model and evaluating it, using external data or other means. Especially
in the constructive and creative phase, drawing is a very useful means of con-
structing visual representations: drawings allow the construction of representations
without a priori constraints and rules of symbolic expression. This helps scientists
and students alike to embed creative ideas into their models.

3 SimSketch: Creating Drawing-Based Models

This section introduces SimSketch. A more elaborate introduction is given else-
where [18, 19], therefore only the main features will be highlighted.

3.1 Basic Design and Principles

A model in SimSketch always starts with a drawing of a system or process. For
instance a drawing can depict the way energy flows between the sun and the earth
[18] or the objects that compose of a mechanical system. The key idea behind
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SimSketch is to combine such drawings with a modelling engine, so that the
drawings can not only be used to show static structures in the learners’ models, but
can also become animations visualizing dynamic properties of the model.

In order to do so, the drawing is split into separate objects and each of the objects
is assigned a behaviour. A clustering agent supports users in performing this
splitting into objects. By guessing which drawing strokes belong together, based on
spatial distribution and order of drawing, the clustering agents suggest a division in
objects. Users can overrule this division if needed by drawing a grouping stroke
around strokes that belong together.

The next step in SimSketch modelling is assigning behaviour to the objects. This
behaviour can be an object’s independent motion or an interaction with another
object. For example, the GO behaviour specifies an object’s independent motion in
a specified direction, whereas the CIRCLE behaviour specifies that the object
moves in a circular orbit around another object. Behaviours can be combined and
can interact. For instance, if an object is assigned the CIRCLE behaviour and the
object it is to circle around is moving, the circling object will move along too.

Interactive behaviours specify how objects respond to each other. Such beha-
viours include attractive and repulsive relations between objects. Also objects can
“kill” or “eat” other objects. Finally, SimSketch offers behaviours for reproduction
and cloning of objects.

After specifying behaviours, users can run the model, which creates an animated
copy of their drawing in which the objects move according to the behaviours
specified. Learners can zoom, speed up, or slow down the simulation and can have
the simulation draw traces of the moving objects.

The design of SimSketch is aimed to support essential reasoning processes such
as identifying model components, their properties and behaviour in an intuitive
way. The object-based nature of the models allows learners to specify one object at
a time in a relatively simple way, whereas complex behaviour may result from the
combination of object and behaviours. SimSketch focuses on domains in which
modelling results are best represented through animations, displaying qualitative
aspects of complex behaviour. Two of these domains are elaborated below.

3.2 Modelling the Solar System

The first model investigated using SimSketch is that of the solar system. This model
represents the movements of the planets around the sun. The drawing that forms the
basis of the model displays the sun, some planets and, at least, the moon. Each of the
objects, planets, moon and sun is labelled, as displayed in Fig. 1a. All planets receive
the CIRCLE behaviour that instructs them to move around the sun. The moon also
gets the CIRCLE behaviour with the instruction to move around the earth.

In this way, a phenomenological model of the solar system is created. The fact
that the planetary orbits are in fact ellipses is neglected and no cause or explanation
for the circular movement is given in this model. Also, no collision detection occurs
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in this model—planets follow their orbits as specified. Still the model can be used to
reveal several interesting properties of the solar system.

The first is the shape of the trajectories of satellites such as the moon. As is
visible from Fig. 1b, the moon displays a cycloid orbit as seen from the sun.
Moreover, by centering one of the planets, it can be made clear that the relative
motion of the earth and the other planets may give rise to certain phenomena on the
earthly sky. For instance, outer planets (those outside earth’s orbit) display retro-
grade movement. If the position of—for instance—Mars on the sky is followed
over the year, one notices that it will move from right to left most of the time, but in
certain periods it will move in the opposite direction, the so-called retrograde
movement. During retrograde, Mars also shines brighter at the evening sky. By
fixing the position of the earth in the simulation and displaying Mars’ orbit one can
see the loops in Mars’ orbit relative to the earth that explain this phenomenon as can
be seen from Fig. 1c.

Fig. 1 Modelling the solar system in SimSketch. a Top left drawing the model. The “stickers” on
the drawn elements specify the behaviour of each of the elements. b Top right simulating the
model. Each of the moving planets leaves a trace as they move over the screen. c Bottom left by
centering the earth instead of the sun the loops in the trajectory of Mars can be used to understand
its retrograde movement. d Bottom right SimSketch allows indicating elements as light sources
and light blockers, allowing to show the occurrence of eclipses
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By adding light rays and shadows to the simulation, SimSketch can also explain
the occurrence of solar and lunar eclipses (Fig. 1d). Here a limitation of the 2D
nature of the model becomes apparent: explaining solar eclipses in this way should
lead to an eclipse every month. In order to explain that this is not the case, a 3D
perspective is necessary. Nevertheless, these examples show that the phenomeno-
logical model of the solar system that can be constructed in SimSketch has the
power to explain relatively complex phenomena.

3.3 Modelling Multi-agent Systems: Traffic

As an illustration of multi-agent modelling we introduce traffic, and more specifi-
cally the spontaneous formation of congestions without an apparent cause. In cases
of high traffic density, sometimes congestions occur spontaneously, without the
presence of a clear cause, such as an accident or crossing.

In modelling such a system, two aspects are important in the model. One is that,
even if all drivers intend to drive at the same speed, it is impossible to maintain
exactly the same speed for all. The second is that drivers brake to avoid collisions
with the car in front of them.

In SimSketch a traffic system can be constructed by drawing objects representing
cars and an object that represents a circular road. Cars receive the behaviour to drive
along the road with a give speed. In order to avoid having to draw many cars, a
factory behaviour is associated to a single car object. This factory turns the car into
a prototype of car objects that will be produced by the simulation. Apart from
saving on drawing time, this also allows for experimentation with traffic density, by
adjusting the number of cars that should be produced.

Figure 2 displays the model. Figure 2a displays the model as drawn, Fig. 2b
shows the resulting simulation. Without extra measures, the simulation would result

Fig. 2 Modelling traffic and congestions in SimSketch. a Left the drawn model, with as special
element the factory that produces a specific number of cars. b Right the simulation with the cars
moving around the drawn road displaying the spontaneous appearance of congestions
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in cars moving around the road without any congestion, all with exactly the same
speed. In order to display realistic behaviour, the factory can be adapted in such a
way that a small randomization on the parameters (in this case speed) is applied to
the objects produced. This has as result that the cars have slightly different speeds,
and hence will collide. A second measure, making the cars adjust their speed to
objects in front of them provides the observed behaviour.

Again, this model is phenomenological. There is no explanation of why the cars
behave the way they do. This is both a limitation and strength of the model. The
limitation relates to the explanatory power of the model, the strength is that it shows
that with only a small number of assumptions, a rather complex phenomenon can be
understood using the model. In designing learning activities around this model,
such strengths and weaknesses should be addressed.

4 Experiences with SimSketch

SimSketch has been used in educational practice, within and outside school con-
texts. In this section, three practical uses of SimSketch are presented to display the
range of application of the drawing-based modelling approach.

4.1 Master Classes

Many schools in the Netherlands nowadays sustain honours programs for their
successful students. Within the context of these honours programs, the University
of Twente offered master classes for eighth grade honours students. Six male eighth
grade students aged 14 participated in a master class on modelling. The topic of the
master class was scientific modelling and consisted of three 3-h sessions. In the first
session the concept of modelling was introduced using two examples: weather
models and models of the economy. Also a system dynamics [20, 21] model was
created collaboratively of income and spending in the context of saving money for
an iPad. Finally SimSketch was introduced. Participants received a homework
assignment to practice with SimSketch and think of a topic for a modelling project.
In the second session (one week later), participants presented their modelling plan
that was discussed in the whole group. Chosen topics were traffic (two times), the
spreading of the plague in medieval Europe, the python population in the ever-
glades, the influence of alcohol on the brain and the management of large crowds.
Most plans were elaborations of suggestions given in the homework assignment.
Plans were discussed, resulting in more elaborated plans as well as requirements for
new features in the software. For instance, the two students that chose traffic
requested a behaviour that generated multiple instances of drawn objects that
resulted in the factory behaviour (see Sect. 3.3). These new features were imple-
mented in the days following the session. In the final session, students completed
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their models using the new features, and presented them to the group. In the
presentations they were asked to justify the way the model had been built and why
it could be a good model of reality.

Prior to the first session and at the end of the third session, participants filled in a
questionnaire on the nature of models and their own stance toward science. The
nature of models questionnaire consisted of open questions, for instance on how
models should be tested. The opinion about science was measured using 4-point
Likert scale questions, such as “I like to discover new things”. The final ques-
tionnaire also contained questions for evaluating the software using a 5-point Likert
scale, containing questions such as: “I would like to work with SimSketch again”
and “SimSketch is easy to learn”. Moreover the models created by the learners were
collected in their increasing versions. During all three session observational notes
were taken.

All participants created models that could be simulated and for which they
indicated that they represented their ideas. These simulations showed behaviour that
expressed at least one core idea, for instance the way populations fluctuate in a
predator-prey system. One participant decided not to use SimSketch but instead
used a demo version of a professional traffic simulator to show the effect of road
works on traffic flow. As the teachers of the master class found it more important
that students caught the purpose of modelling than to promote SimSketch they
allowed this student to use this software that he had downloaded from the Internet.

On the questionnaire that evaluated SimSketch, participants evaluated SimSketch
positively (mean value 3.81 on a five point scale, with 3 as neutral value).

In participants’ views on science a remarkable change occurred. In the pretest the
main view on models was that of scale models, which was mentioned by five of the
six participants. Also five participants stressed that models should be as precise as
possible to be a representation of reality and that not everything could be modelled.
No participant mentioned models for reasoning or simulation. In the post-test,
participants all mentioned reasoning and simulation, and stressed that almost
everything can be subject of modelling. Also, they mentioned modelling of ideas,
and that there can be multiple models of reality depending on the purpose of the
model.

Despite the fact that the number of participants was small, and these honours
students were certainly not average students, the study does reveal interesting
aspects of model-based reasoning in teaching. The first was the ability of students to
develop their own topic and a coherent model of that topic. They could do this
without programming experience. SimSketch proved to be easy to learn, which was
confirmed by the evaluation questions. Although the students initially did follow
suggestions, after that all students had gathered documentation and related that to
model elements. All students placed their model in a context—that was not given.
For instance the predator-prey system was placed in the context of the python
plague in the everglades and crowd management was placed in the context of a
recent item in the news on panic in a big crowd.

Due to the small group, we had the opportunity to adapt the system to the needs
in their individual model proposals. This contributed to the development of the

A Germ for Young European Scientists … 21



SimSketch system in such a way that the new features were developed on demand
in the models created by the learners. Although not scalable, this method proves
valuable for the development of advanced educational software and contributed to
the engagement of the participants—as they could and did suggest elements of the
new version of the program.

4.2 Solar and Lunar Eclipses

In a study to investigate whether young children (from age 7) are able to use
SimSketch we designed a modelling task on the solar system. The main goal was to
understand and explain the occurrence of solar and lunar eclipses. This task was
offered to children visiting the NEMO science center in Amsterdam. They used
SimSketch to create models of the solar system and were specifically asked to create
situations in which solar and lunar eclipses occur.

247 participants (127 girls and 121 boys) in the age range of 7–15 participated.
Participants filled in an 8-item multiple-choice test on their knowledge of the solar
system that was specifically designed for this task. Questions included “What
composes the solar system?” and “What happens at a solar eclipse?”. They then
received a short SimSketch tutorial. After that they created a model drawing of the
solar system.

In the instruction they were asked to create an animated view of the solar system,
including the light and shadow behaviours as depicted in Fig. 1d, and to stop and
save the simulation at the moment a solar or lunar eclipse would occur. Participants
filled in the domain knowledge post-test. Drawings were scored on the presence of
essential elements in the representation of the solar system and relations between
them. Data were analyzed to search for relations between age, gender and prior
knowledge score, drawing score and post-test score. The main question was whe-
ther students would gain knowledge from this short modelling activity, whether the
quality of the drawing contributed to their knowledge gain, and whether such
results were dependent on age and gender.

Detailed results of this study are published elsewhere [22]. Here we summarize
the main outcomes. On average, students worked on the task for approximately
40 min, including pre- and post-tests. This was the maximum that is realistic in the
museum context. For instance, the parents of 15 of the children wanted to move on
before completion of the task by their children. For these children the dataset was
incomplete. These data were excluded from analysis.

Because no explicit instruction about the domain was given in this study, any
knowledge gain between pre- and post-test should be attributed to the activity on
the task performed by the children. Therefore, a large knowledge gain was not to be
expected. The main scores on pretest and post-test are depicted in Fig. 3. Analysis
of the pre- and post-test data revealed that there was a small but significant increase
in score, from pre- to post-test. Detailed analysis showed that this increase could
mainly be ascribed to the young students, between 7 and 9 years old. Older students
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scored higher on both pre- and post-test, but gained less than the youngest group,
probably due to a ceiling effect. Also it was found that girls gained significantly
between pre- and post-test whereas boys did not. To investigate whether the
drawing contributes to knowledge acquisition, we computed a partial correlation
between post-test score and model score with pretest score partialled out. This
correlation turned out to be significant (r (222) = 0.186, p = 0.005), indicating an
influence of the drawing process on knowledge acquisition by the participants.
Better drawings were associated with higher gains on the post-test. Further analysis
of the data, using structural equation modelling showed that models with and
without the quality of the drawing included fitted almost equally well on the data.
Therefore we should see the relation between the quality of the model, as expressed
in the number of elements included, with the learning gain as undecided and an
issue for further study.

The results from the motivational scales and the participants’ responses on the
open question indicate the potential of the approach to motivate children to learn by
engaging them into drawing-based modelling. Scores on how participants evaluated
SimSketch, the perceived competence (the amount to which participants thought
they could use SimSketch for the task) and valuing (the extent to which they
thought that the task as a whole was interesting and attractive) were above average.
Competency scored 2.98 and valuing scored 2.91, both on a scale from 1 to 4 with
2.5 as neutral value.

These results show that young children are capable of creating drawing-based
models. Their model scores—in the range of 6.5–8.5 (max. 14)—indicate that they
have included the major essential elements in the drawing, but omitted relatively
unimportant details. Children from 12 years old and above display enough
understanding of the solar system to create accurate models. Knowledge gains can
be seen in younger groups, especially for girls. Summarizing, we see that
drawing-based modelling is a feasible approach to learning scientific topics, within
reach of even young children, and that it potentially contributes to the resolution of
misconceptions in astronomy [23].

Fig. 3 Pretest and post-test
scores, split for age groups
and gender, indicated by ♂
and ♀. Maximum score is 8
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4.3 Lesson Design for Drawing-Based Modelling

In this section, we describe a first implementation of SimSketch in regular lessons
in primary education as an example of how a modelling lesson may be designed.
The lesson as described has been performed multiple times in sixth grade of a
primary school in the Netherlands.

The lesson focuses on the principle of modelling and builds on the traffic model
as described in the previous section. After a short introduction on the basic ideas of
modelling and the role models play in science (using weather models as an
example) students were asked if they knew situations where congestions seem to
appear without apparent cause, for instance when driving with their parents. After a
brief discussion, a short movie was shown in which cars drive on a circular road and
in which spontaneous congestions occur.

Students were asked to think of possible causes of such traffic jams. As part of
this process, they were asked to walk in a circle through the classroom while
maintaining a constant speed (see Fig. 4). This experience was discussed. The main
question in the discussion was whether students felt they could move freely and if
not what caused any hindrance. Many students mentioned causes such as reaction
time, inattentive drivers, etc. as causes of the traffic jam. In further and deeper
discussion of these causes the teacher tries to reach consensus on two factors: cars

Fig. 4 Children playing out the traffic situation by walking around and assuming the role of cars
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never drive at exactly the same speed and drivers want to avoid collision. Factors
such as reaction time and braking are related to the variables speed and the tendency
to avoid collisions.

The teacher then developed the model by drawing on an interactive whiteboard,
asking students about what the model elements should be. After doing this, the
teacher drew the elements on the board and explored the influence of the various
behaviours assigned, such as the variation in speed.

When the model showed the behaviour that was observed in the movie, a class
discussion followed in which the essential properties of the model were discussed.
Three questions are central in this discussion: “Does the model explain the phe-
nomenon?”, “How does the model explain the phenomenon?” and “What are the
limitations of the model?”.

These three questions are essential in understanding the functions of this par-
ticular model and the role models play in understanding scientific phenomena.
Therefore these three questions should be part of any lesson plan that involves
drawing-based modelling, regardless whether the models are created class-wise
(such as in the case described) or individually by the students.

Only informal observations are available from the lessons that were performed
with this lesson plan. In all lessons, the class came up with the essential elements
for the model after walking through the class. Also in the final discussion, the
students were able to indicate the limitations and possible extensions of the model.
This shows the value of the final class discussion in which students are stimulated
to reflect on the role of the model in understanding the modelled system.

5 Conclusions

The drawing-based modelling approach as introduced in this chapter aims to engage
students in genuine scientific activities in which models are created. The approach
shows that scientific activities can be challenging and creative. Compared with
other approaches to modelling such as those based on coding such as NetLogo [13],
or writing equations [11], drawing-based modelling aims at making modelling
available for younger children. The development of the SimSketch software is still a
work in progress and therefore the results presented here must be considered to be
tentative.

Comparing the three cases that were discussed in the previous section, we see
that the contexts in which SimSketch was applied vary. The master class students
received quite intensive support on their modelling processes, which took place in
the context of a really open task. This way of working with students lead to deep
thinking about the models that were created and the co-creation of new behaviours
in SimSketch. In the new version of SimSketch it will be possible to create new
behaviours by writing code, an option that will be available in an “advanced” mode.
Adding this option would lead to the possibility of real open-ended modelling, not
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restricted by the set of available behaviours. In order to make it possible, a library of
functions is under construction that would serve as the basis for coding behaviour.

The other two examples are less open ended. Learners were asked to model a
specific, given phenomenon. From these examples we can glean that learners are
capable of creating models based on a relatively simple instructions and a limited
set of behaviours. The collaborative creation of a SimSketch model on traffic is a
proof of concept of modelling lessons in which the role of models is introduced and
discussed. The main difference between the two situations with respect to the
learning goal is the role of the model and phenomenon. In the NEMO study the goal
focussed on understanding the domain, the solar system, whereas in the traffic
study, modelling itself was in focus. In both cases, drawing-based modelling has a
role, but the goals are essentially different. This explains the focus on discussing the
role of the model in the traffic study.

On the motivational side, all students indicated they liked working with
SimSketch. Whereas this is by no means an indication that they developed a more
positive attitude toward science, at least it is a start. The shift in thinking about
models by the students in the master class toward a different view on the meaning of
models and their function shows that it is possible to reach such a change through
working on a modelling task. This makes the master class a proof of concept of the
basic ideas of drawing-based modelling as driving force behind the development of
scientific attitudes. Of course a single intervention such as the master class or even
the single lessons on traffic is not enough to have permanent effect. Science cur-
ricula for upper primary and lower secondary grades should include multiple
modelling experiences to result in a lasting effect. In order to accomplish this,
studies into the conceptualization and actual levels of scientific understanding and
attitudes in young students, as well as teacher training programs for school teachers,
are necessary [24].

5.1 Future Developments: Creating Scientific Practices
on Drawing-Based Modelling

Apart from including more encounters with drawing-based modelling, also
improvements in the lesson design are needed, as well as further development of the
software. Lesson designs should aim at creating genuine scientific practice within
science lessons, with a goal that children see a role for themselves within science.
Engaging students this way can turn around the image of science as only deductive
and uncreative. Genuine scientific practice includes connection to actual scientific
research. In order to achieve this, we are currently developing lessons in collabo-
ration with university researchers. For instance, in collaboration with Naturalis, a
museum on natural history, we develop an application for the simulation of evo-
lutionary processes, in which students can create models to explain the evolution of
the colours of garden snails. They use data sets made available by a Naturalis
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researcher to investigate the distribution of the different-coloured snails and then
create models simulating the evolution of snails under the selection pressure of
birds predating on the snails.

Another development is the introduction of the third dimension in the software.
Although drawing is easiest done in two dimensions, some systems to be modelled
are intrinsically 3D. For instance in the case of the planetary system, the third
dimension is needed to understand that eclipses do not occur every month. Another
example is 3D-interaction of molecules based on the spatial distribution of atoms in
the molecule. For this, the idea is for students to create the drawing-based model on
a 2D canvas and then simulate the model in three dimensions by linking it to a 3D
virtual environment. This will allow students to explore more complex systems in a
more realistic way.

In conclusion, the results from the present studies show that drawing-based
modelling provides a promising approach to engaging young students in science,
and to turn around their opinion to see science as a creative enterprise.
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ICT-Enabled Emotional Learning
for Special Needs Education

Lennard Chua, Jeremy Goh, Zin Tun Nay, Lihui Huang, Yiyu Cai
and Ruby Seah

Abstract Autism Spectrum Disorders (ASD) is a neuro-developmental disability.
Children with ASD often find it difficult to express and recognize emotions which
make it hard for them to interact socially. Conventional emotional learning for
children with ASD often uses medicinal means, and behavioural analysis that could
be costly and less effective. There is a significant need to develop Infocomm
Technology (ICT) based methods for effective emotional learning. We are inter-
ested to develop an iPAD-based game approach for children with ASD to learn
emotion through interactive gaming. This chapter reports our project on Social
Emotional Learning (SEL) for children with ASDs using an iPAD app.

Keywords Emotional learning � Serious games � Special needs education �
Autism spectrum disorders � Facial expression

1 Introduction

Autism Spectrum Disorders (ASD) is a neuro-developmental disability and a life-
long disorder that robs many of the affected individuals of independent living,
satisfying work and social communication. It can severely stunt their emotional and
cognitive development. While the exact cause of ASD is largely unknown, the
social gaze disruption theory traces many features of the disorder to a child’s
inability for processing facial information normally. For instance, children with
ASD have difficulty perceiving emotions of other people and processing non-verbal
communication. Typically, they appear unaware to gain communication informa-
tion by attending to others’ facial expressions. Often, they exhibit impaired ability
to shift attention between objects and faces. These disruptions eventually result in
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difficulties socially interacting with others [1, 2]. Early intervention through psy-
chiatric medications and therapies, and behavioural analysis is employed for
treatment. These conventional methods are seen not effective in many cases [3] and
are usually very expensive [4]. There is a significant need to develop
technology-enabled ways for early intervention that can help children with ASD in
learning how to express themselves and understand others emotionally.

Game-based learning takes advantages through the use of multi-sensory and
engaging approaches. In a controlled game-based learning environment, learners
can be guided in their explorations of the unknown by accomplishing learning
objectives while entertaining [5]. Due to the portability and touchscreen-enabled
interactions, tablet personal computers, particularly iPADs, are now popular [6] and
are commonly available in special schools in Singapore to assist learning.

This chapter reports a game-based approach for social emotional learning (SEL).
Through the use of actors, mascot and scenes programming, a simple iPAD
application is designed for children with ASD to learn emotion. Specifically, the
emotions portrayed by local Asian are incorporated in the game for children with
ASD to recognize. They can play the game using their iPAD to do emotion
learning. Hopefully they can eventually better manage their feelings, and also
communicate better with others which are important parts of SEL.

2 Literature Review

Social deficits are a major feature of ASD according to American Psychiatric
Association [7]. There is evidence suggesting that individuals with ASD have diffi-
culty recognizing facial expressions of emotion [8, 9]. Many studies indicate that
under the broad category of socialization deficits, individuals with ASD struggle with
emotions. Back et al. [10], Baron-Cohen et al. [11] and Wallace et al. [12] found that
individuals with ASD performed significantly worse than their typically developing
peers in: (a) determining affect information as shown in the eyes versus the whole
face; (b) labelling complex emotions when displayed through the eyes only; and
(c) recognizing the emotion ‘fear’ from the eyes and ‘disgust’ from the mouth when
presented with partial faces, respectively. On the contrary, Boraston et al. [13] and
Humphreys et al. [14] reported that individuals with ASD scored no difference with
the control group when the emotions being depicted were ‘scared’ and ‘disgust,’ but
they did significantly worse on all other emotions; participants with ASD did as well
as controls on recognizing emotions, except for the emotion of ‘fear’ which was often
confused with ‘surprise’ [15]. According to Baron-Cohen et al. [16] and Kaland et al.
[17] in the Theory of Mind (ToM) high-functioning autism (HFA) and Asperger
syndrome (AS) are characterized by impairment in social interaction, such as diffi-
culty in developing friendships and a lack of understanding of emotions and minds of
others. Klucharev and Sams [18] highlighted that understanding emotions usually
requires multi-sensory processing. Emotions and the feelings of others are interpreted
from speech prosody as well as from body and facial gestures. The ability to
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recognize other people’s emotional state requires the ability to divide attention and
focus gaze on relevant information. This processing is mostly subconscious [19].
A deficit in understanding private events has been linked with impairments in social
behaviours [20]. Durand [21], however, found that the inability to label private events
was linked to inappropriate behaviours. Thus, developing training procedures to
remediate these difficulties is a clear priority. Harris et al. [22] showed children with
ASD have a limited ability to label emotions provoked by particular situations.
Several studies have found that children with ASD were less able than their
age-matched, typically developing counterparts to recognize emotional reactions in
certain situations [23]. To increase the likelihood that each child would learn a
generalized repertoire of emotion understanding, multiple exemplars of emotion
identification were trained using a multi-component procedure [24]. Self-regulation
[25] is also a problem for many children with special needs. Children with devel-
opmental conditions, such as attention-deficit hyperactivity disorder (ADHD), or
physical conditions, such as cerebral palsy, have limited power to will their beha-
viours and consequent self-appraisals may be negative or overtly defensive.
Motivation [26, 27] is important for all children, especially for children with special
needs. In nearly all cultures, there are six commonly recognized basic expressions of
facial affect: happiness, sadness, anger, fear, surprise and disgust [28, 29] which
typically developing children can accurately identify and label by age 3 [30].
Children with ASD [31–36] are less accurate compared to the typically developing
children in their ability to identify these basic facial expressions of emotion from
photographs, cartoons and video clips. Involuntary facial expression processing has
been investigated by Dahl [37] in which participants were required to categorize
words as positive or negative, while ignoring the positive or negative expression upon
which these words were superimposed. Beall and Herbert [38] recently showed larger
interference effects for word targets with face distractors than word distractors with
face targets, concluding that emotional faces are processed more ‘automatically’ than
emotional words [39]. In reality, facial expressions are rarely displayed at their
maximum intensity. Few studies took emotion intensity into account focusing on
emotion-processing abnormalities (i.e. bias or insensitivity) in clinical populations
such as autism adults [40], children with psychopathic tendencies [41] and with social
phobia [42] or schizophrenia [43]. Except Philippot and Douilliez [40], these studies
suggested that certain emotions (i.e. fear) may require a higher intensity of expression
before they are correctly recognized by the clinical group examined. An under-
standing of the normal development of the ability to recognize more subtle displays
(i.e. lower intensity) of facial expression remains extremely limited, yet may prove
valuable in detecting early aberrant patterns in emotion processing [44]. The ability to
quickly assess one’s social environment, taking into account of another’s identity and
emotional cues, is crucial for successful social communication and development [45].
Developmental studies of emotion processing indicated that preschool children’s
explicit recognition of emotional expressions emerges over development, with hap-
piness recognized earliest and most accurately, followed by sad or angry expressions,
then by surprise or fear [46].
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Traditional teaching for children with ASD and their difficulties was discussed
by Sharmin et al. [44], Baskett [47], Kanner [48] and Rahman et al. [49]. Kerr et al.
[50] and Tartaro [51] explored the effect of technological environments on the
process of assisting children with autism. Lim et al. [52] discussed role-play for
education. Games allow players to escape into fantasy worlds, encourage explo-
ration of excitements of things, people and places that are otherwise inaccessible in
the real world, inducing a ‘suspension of disbelief’ in players. Learning often takes
place during the game play, with immediate feedback. Crawford [53] found that the
subject to be learned is directly related to the game environment where constant
cycles of hypothesis formulation, testing and revision are evoked as the gamer
experiences continuous cycles of cognitive disequilibrium and resolution.
Shukla-Mehta et al. [54] showed that children with ASD learn better through
interactive visual means. Ramdoss et al. [55] provided a systematic analysis for the
use of Computer-based Intervention (CBI) in enhancing communication skills in
autistic children. Recently, there was significant effort in the direction of using
modern technology to develop computer-based systems which can be used to teach
children with ASD various social and communication skills. Tanaka et al. [56]
designed a program known as ‘Let’s Face It’—which uses computerized games in
order to teach basic face processing skills to children suffering from ASD. One
component of their system used facial expressions of the children as an input to the
game which involves solving a maze [57]. Kerstin [58] and Jain et al. [59]
described their work using the robot and several facial expressions (smile, frown,
laugh, etc.) for children with ASD. Virtual environments, interactive technology
and virtual peers are discussed by Rahman et al. [60], Sharmin et al. [44], Anwar
et al. [61], Alqahtani et al. [62], Cai et al. [63], Simpson [64], and Mary and
Thormann [65] for children with autism. Lehman [66], Michaud and
Théberge-Turmel [67], Pars et al. [68], Cai and Goei [69] and Kerr et al. [50]
discussed learning through playing or serious gaming in special needs education.
Play incorporates some of the most important behaviours for a full cognitive
development of children in different areas [70, 71]. Children with cognitive and
social disabilities are often unable to engage in play activities with their peers,
because it is difficult for them to establish relationships and to explore their social
environment [72]. They prefer to play alone or in limited dyadic interactions. In
everyday social life the ability to engage in activities requiring shared attention is
the key to understand the interaction partner as an intentional agent and to form
cooperative strategies based on this understanding. Spitzer [73] and Lehmann et al.
[74] looked into the function of play for children with autism, to develop and
improve this ability. Virtual Reality (VR) is an emerging technology for learning
and teaching including special needs education [75, 76, 77]. In the form of simu-
lated environment it helps the children to create a coherent organization of certain
important everyday activities [78]. Dautenhahn [79] hoped that such virtual
learning environments will aid the rehabilitation process, and through refinement
for each individual patient provide an enjoyable ‘toy’ and increase quality of life.
Moore et al. [80] used a collaborative virtual environment (CVE) to analyze the
ability of children with autism to understand basic emotions represented by a

32 L. Chua et al.



humanoid avatar. They carried out two empirical studies, whose results suggest that
children with autism maybe able to accurately recognize emotions in virtual
representations.

3 iPAD App Design for Emotional Learning

Children with ASD often lack the ability to relate to people in usual ways. They
encounter difficulty communicating with people using non-verbal cues leading to
failure in building peer relationships partially due to their lack of ability to rec-
ognize emotions. They are incapable of expressing or reciprocating to people
socially being not able to understand or predict the emotions of people around.
Their ability in recognizing and showing their feelings through facial expressions is
also very limited. As Joseph and Tanaka [81] described, in processing information
about the human face, they may overemphasize one part of the face such as the
mouth rather than attending to its overall shape or focusing on the eyes as most
children do. They tend also to avoid eye-to-eye gaze and not play with others.

Children’s emotional states interweave with the cognitive dynamics of the
learning process. The emotional state is linked to children’s learning outcome.
When children with ASD have positive emotion, they are often happy, satisfied and
even curious in their learning that can help them become active learners with
hopeful and interesting ideas to explore. Negative emotion, however, can lead
children with ASD disappointed, confused and disturbed in their learning frustrated
with discarding and misconceptions.

Emotional learning therefore is particularly important to children with ASD.
Motivating children with ASD to learn positively and actively can accumulate skills
to achieve a task in the next levels of the learning [82]. This incites and encourages
them to learn the necessary elements of education. In the work of Malone and
Lepper [83] on the characteristic motivating factors of games, recognition is
highlighted as a source of motivation. More specifically, it involves making the
results of activities performed by players visible to others.

CAT Kit developed by Tony Attwood is widely used as a training kit [84] in
special needs education. Figure 1 shows the CAT Kit used in special needs edu-
cation to ‘check in’ the mood of children with ASD. With the kit, children will be
invited to choose the description of the emotion that they are feeling, accompanied
by a sticker of how their face would look like when experiencing that particular
emotion. The range of emotions available in the CAT Kit includes joy, sorrow,
safety, fear, affection, anger, pride, shame and surprise.

There are several shortcomings on using this CAT Kit. First, children with ASD
may have difficulty to relate to the emotions portrayed by the drawings with the kit
as they are not life-like enough. Second, the kit is designed for manual work
therefore with limited function of interaction. Third, the kit (USD 199.95) can only
be accessed by one child at a time. This motivates us to design an iPAD application
with features such as life-like, easy duplicate, and, more importantly, good
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interaction to assist children with ASD for better emotional learning. iPADs (Fig. 2)
are useful for children with disabilities because some of the applications available
for them replace bulky, more expensive forms of assistive technology [6].

The structure of the iPAD game is designed such that it will provide a flow to all
the different levels of emotional learning. Each world will have six levels for
players to complete before proceeding to the next. Likewise for the levels, players
are only allowed to proceed when they get the correct answer. Figure 3 is a
schematic diagram of the structure of the iPAD app. World selection is needed for
easy navigation by players as the number of levels increases. A different theme will
be designed for each world to enhance their visual acceptance. The level design and
the layout design will be simple and concise as children with ASD may have a short
attention span. When the game starts, players will be greeted by a friendly
mascot/avatar (Fig. 4).

Role-play is an ideal tool for helping children with ASD to develop and practice
communication and social skills. The game provides a safe and structured alter-
native of role-plays using videos of different situations to express the different kinds
of emotions involved. For example, a child fell down and got hurt (Fig. 5) is
experiencing pain and sadness. These videos are staged and can be replayed without
injuring any parties and actors involved. It can also act as a teaching tool for

Fig. 1 Mood check in for
CAT kit
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teachers, caregivers, parents or peers to re-enact scenarios that the child has
experienced before and be relate to the emotions embedded. Currently, as most of
the existing games and teaching tools for children with ASD are usually non-Asian,
this makes it not straightforward for local children to relate their emotions to
unfamiliar faces. Using an Asian actor in the videos and the same actor in the
pictures will provide better perspectives to how the actor is feeling.

Colour is a powerful design element that produces profound psychological and
physiological reactions. Some children with ASD may be more sensitive to colour
in the learning environment due to heightened sensory responses and strong visual

Fig. 3 Schematic diagram of game structure

Fig. 2 iPAD for ASD children
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Fig. 4 The iPAD game interface with a friendly mascot

Fig. 5 An Asian girl acting a scenario
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processing abilities [85]. Therefore colours used in this game should be able to
relate to the particular emotion and seek the user’s attention and prolonging his or
her attention span. For instance, the game designed uses ‘grey’ to portray the
negative emotions involved [86], and ‘green’ regarded as the most restful and
pleasing for the eye [87]. Figure 6 is a snapshot of the game on “I feel SAD”.

4 Experiment

The purpose of conducting this experiment was to see the effectiveness of the game
play of the iPAD app as a tool for emotional learning of children with ASD. The
experiment carried out actual test on children with ASD to see their reaction and
behaviour before, during and after playing the game. Their reaction and behaviour
would be crucial to improve the game design and development.

The experimental was conducted in AWWA School at the ICT room. Six
children with ASD participated in the experiment. The experiment would be
assessed by one psychologist and two class teachers from AWWA. Each experi-
ment session had one child at a time and the child was first allowed to work his/her
way to the iPAD app (free interaction game play). This is to see if the game was
intuitive and allowed the child to play without any external help (Fig. 7a). Next,

Fig. 6 I feel SAD
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help was gradually induced (Fig. 7b) to make sure that the child stays within the
app and at the same time, teaching the emotions embedded within the videos. Major
emphasis was placed on the attention span on the app. Throughout the experiment,
the ICT teacher, along with a psychologist, assessed the participating children with
ASD according to the assessment sheet provided in Fig. 8, while a class teacher
assisted them in handling the child.

The following criteria were formulated to assess the effectiveness of the game:

– Attention: whether the game was able to grab attention of the player
– Intuitiveness: whether the player was able to perform tasks on their own without

supervision
– Effort: whether the player was making effort to answer
– Body Language: whether the player was able to identify the expressions
– Interest: whether the player showed signs of anticipation
– Tolerance: whether the player was able to wait in between levels
– Comparison: whether the player was able to differentiate expressions

The outcome of the experiment was of mixed results, as the group of participants
with ASD is of different autistic levels. Some were of high function ASD and a few
of intermediate ASD level, hence, those with high function ASD were able to

Fig. 7 Children with ASD playing the iPAD game: a without any help; b with assistance

Fig. 8 Assessment criteria and scoring
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complete the experiment without much trouble but those with intermediate level
ASD had some difficulty with the experiment. The troubles encountered by the
intermediate level ASD, ranging from the inability to concentrate for long period of
time to the inability to follow proper instructions. However, given proper guidance
by the psychologist and the attention they needed, they were able to complete the
experiment. They were also more willing to follow instructions given by the psy-
chologist and they were able to express their feelings about the game when asked
by the psychologist. Figure 9 shows the assessment results of two tests on
Attention, Intuitiveness, Effort, Tolerance, Comparison and Self-esteem.

Fig. 9 Assessment results for two tests: a attention, b intuitiveness, c effort, d tolerance,
e comparison, and f self-esteem
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In this experiment, each participant only has 6–10 mins to play and results were
gathered from these observations. The experimental results were used to improve
the game design making it more user friendly. For instance, blinking buttons were
added to direct players what to press. Also from this experiment, feedbacks from
both teachers and psychologist suggested the game to come in both iPAD as well as
iPhone. As iPhones usually comes with the 4G capabilities, it solves the problem of
having to stream videos from the Internet. By building a game for iPhones, it will
open itself to a greater audience and allow emotional learning to be taught
on-the-go.

5 Conclusion

In this project, an iPAD application was developed for special needs education. It
aims to assist teachers and psychologists to educate children with ASD emotional
learning through playing. The initial feedback from the psychologists and teachers
assessing the participants shows the game-based approach is promising. This
iPAD-enabled game provides an easy and interactive way for children with ASD to
learn emotion with localized context. The solution has a good scalability.

As children with ASD usually have a short attention span, a mini style game
design strategy is recommended for future work. Better reward systems should be
integrated when a correct answer is given. Narration of the game should be con-
sidered for literacy of children with ASD.

Due to the constraints of the availability of the participants and psychologist and
teachers involved, the experiment was unable to be conducted as originally
scheduled with sufficient time slots. The results could be more apparent if larger
number of children with ASD was able to participate over a longer period of time.
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Simulation-Enabled Vocational Training
for Heavy Crane Operations

Panpan Cai, Indhumathi Chandrasekaran, Yiyu Cai, Yong Chen
and Xiaoqun Wu

Abstract A simulation system for vocational training of crane operation is pre-
sented in this chapter aiming to improve the lifting personnel’s operational skills
and safety awareness. The system utilizes various types of ICT such as CAD
modeling, Smart Plants, and Point Cloud. The stereographic rendering technique
and multiple types of interactions supported by the system improve the level of
realism for crane operation training. Interactive operation designed with the sim-
ulation system helps trainees to gain operation skills which hopefully will be
translated to productivity in their work.

Keywords Vocational training � Crane � Lifting � Simulation

1 Introduction

Vocational training is important for industries like transportation, aviation, con-
struction, health care, and so on. These industries require skilled workers to conduct
highly experienced and knowledge-based operations. Vocational training, which is
usually conducted by vocational training centers, technical schools, or community
colleges, develops expertise in the industries through a combination of school-based
and workplace training. In particular, the lifting business requires a large number of
skilled workers to perform crane driving, crane lifting, rigging, and other tasks. The
complex and hazardous nature of these operations makes the lifting training an
intensive and critical process. Professional and continuing training can help the
lifting workforce keep upgrading of their knowledge and skills thus improving
safety and productivity.
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1.1 Heavy Lifting

Heavy lifting operations are common in petrochemical, pharmaceutical, and con-
struction industries. Heavy cranes with capacities from a few hundreds to thousand
tons are used to lift boilers, heaters, construction materials, and so on in industry
sites. Heavy lifting often has high safety risks because of the large weight of the
loads involved, complexity of the environments, and complicated operation pro-
cedures. Thus, it requires a big group of professional managers and workers
cooperating with each other to finish a heavy lifting job.

A typical heavy lifting project contains three phases: investigation, planning, and
execution. At the very beginning of the project, a group of people investigate the
work site or plant by analyzing its environment and ground conditions. For old
plants who do not have digital versions, the group will use estimated CAD draw-
ings referring pictures taken from the site. Other plants may have digital models in
CAD, Smart Plants, or PDMS (Plant Design Management System) formats. These
digital data would be much more detailed and accurate which can help the lifting
team to learn about the environment. The planning process is conducted by a team
consisting of a lifting supervisor and one or more lifting managers. The investi-
gation data and results are used to decide the best cranes, schedules, paths to
conduct the heavy lifting. Details like equipment transportation and crane setup are
also planned in this process. Finally, the execution team comprising drivers, signal
men, riggers, and other workers execute the lifting job following the lifting plan
decided in the planning phase.

The crane operations are highly dependent on knowledge and experiences.
Among the lifting personnel, the signal men are responsible for giving operation
signals such as swing, luffing, hoisting, and speed controls according to the plan. The
signal men are also responsible for observing possible hazards during the lifting
process such as collisions, overloading, and bad weather conditions. Crane operators
have to manage the detailed operation of the cranes. Meanwhile, they are also
required to learn about conventions of how to conduct safe and effective lifting jobs.
These conventions are mostly based on the safety code as well as the experience of
the crane operators. For example, the operators need to understand the load chart of
the cranes and estimation of the pressures applied on the ground from the belts or
outriggers in order to prevent the crane from crashing or tiling. On the other hand,
cooperation within the lifting team involves a lot complex tasks such as plans
reading, signals communication, decision-making, and problem troubleshooting.

Crane accidents may happen due to various reasons. Inadequate planning, lack
of knowledge, bad communication, as well as machine errors and human errors may
all lead to severe accidents causing unpredictable financial loss, equipment damage,
time delay, and even death [9, 19]. Many accidents reported in OSAH are caused by
misconduct due to lack of knowledge on safe codes, load charts, ground pressure
calculations, or communication errors. Vocational training for heavy crane opera-
tors is of great importance to significantly reduce the safety risks and hence improve
the productivity of heavy lifting.
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1.2 Computer Simulation for Vocational Training

Crane lifting training usually has theory part and practice part. It is ideal to use
actual cranes in practical training. However, most of the crane training centers often
have only selected real cranes of representative models which are a small portion of
a very large number of crane products in the market. Trainees typical will have
several hands-on sessions once they pass their theory examinations. Due to the
limited timeslots and also limited number of real cranes available, trainees will have
to wait through a long queue before they can have their practical sessions. While
training with actual cranes is necessary, just like in flight training,
computer-simulated training can play a complimentary role in providing lifting
training with several advantages. Virtual cranes of various models can be built in
the simulation. Computer simulations also provide safe and cost-effective training
for crane operations. With the virtual reality (VR) technologies, trainees are able to
develop realistic experiences in computer-simulated training systems.

Computer simulation is widely used in vocational training. In the astronomy
domain, NASA Ames Research Center launched the Vertical Motion Simulator
[14] for astronaut training to reduce the risks in the space shuttle program. In
transportation industry, Strayer and Drews [18] evaluated the benefits of simulator
training on CDL truck drivers using the TranSimVS Truck driving simulator [10].
They designed a 2-hour training course for optimizing fuel efficiency through
minimizing shifting and conducted on a group of drivers. The results which are
measured in the following 6 months reported over 7 % improvements on unskilled
drivers. In the domain of crane operations, a crane simulator using PC clusters was
developed by Huang and Gau [7]. The simulator relies on local area network to
communicate between independent modules. The system considers dynamics of the
crane such as oscillations, collisions, and terrain following. Rouvinen et al. [17]
presented a container gantry crane simulator for operator training based on the
dynamic model, electric driving model, and collision detection. In 2014, Liebherr
presented the LiSIM simulator for deep foundation machinery and crawler cranes.
The LR 1300 crawler crane is modeled and used in the system to train the crawler
crane operators in virtual environments [12].

Existing crane simulation systems are mostly designed for crane operational
training of operators, signalmen, rigger, etc. Often, simplified plants or sites are
pre-modeled for the training use. While general training is useful, functional
training is getting more and more important especially when dealing with complex
plants or sites, and complicated lift tasks. For this, traditional training methods are
not sufficient when intelligence is highly desired to handle complex lift tasks. We
are interested to design a simulation system for the training purpose combining
general operation and complex operation. Evaluation will also be developed with
the system. Hopefully, the system will offer an innovative solution for trainees to
develop their vocational skills and build their confidence for crane operations.
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2 Training System Architecture

To tackle the above-mentioned challenges in lifting work, we propose a vocational
training system for heavy crane operations (Fig. 1). The system is built on digital
crane and plant data with enabling technologies like VR, computer visualization,
and artificial intelligence. On top of the data and technologies, the system also has
customized design for vocational training of heavy crane operations. Three modules
are designed for three different types of trainees (Fig. 2). The system accepts
multiple types of digital plant data. They can be either in CAD or smart plant (e.g.
PDMS) formats. For complex plants and those who have dynamic features, the
system would rely on the point cloud data acquired from high definition laser
scanning.

Modeling

Plants

Cranes

Interaction

Lifting

Collision

Visualization

Normal

Stereoscopic

User Interface

Graphical Tactile Audio

AI Engine

Deep Learning

Point Cloud

Hardware

CPU

GPU

Software

Driver/Library
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Fig. 1 Major components supporting the proposed vocational training system
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Outrigger/Lifting
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Signaling

Safety

Rigger Module

Rigging
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Trainees & Training Modules

Operators Signalmen Rigger

Fig. 2 Modules of the proposed crane lifting training system
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Modeling technologies provide digital data of the cranes, plants, and crane
accessories like hooks, rigs, and shackles. We have developed real-time rendering
techniques to visualize the data on supporting various types of displays [1].
Realistic stereographics visualization is implemented with the training system.
Users can interact with the system in several ways. Other than traditional keyboard–
mouse inputs, trainees can learn lifting via touch screen, tactile devices, and voice
navigation to interact with the training system. There are three types of interactions
considered in the system: (1) the human–crane interaction for crane operating;
(2) the crane–plant interaction mostly for the proximity and collision detection
between the crane and plant, (3) the human–human interactions for communica-
tions, synchronizations, and cooperation between supervisors, drivers, operators,
riggers, and signal men. Intelligence incorporated in the training system is enabled
by the motion planning and VR technology [11]. Lifting path planning provides
safe and optimized suggestions for the crane operators [2, 3]. Driving trajectory
planning [20] suggests the crane driver with optimized turning trajectories. As the
system is required to be real time, the Graphic Processing Units (GPUs) [16] are
used to speedup the computation, especially for the collision detection and path
planning modules.

3 Enabling Technologies for Simulation-Based Lifting
Training

3.1 Modeling

The modeling process includes designing, reconstructing, or extracting data of the
cranes, plants, and accessories. There are a large number of different designs of
cranes existing. It would take enormous time to design the whole fleet of cranes. Our
approach is to utilize the idea of product family modeling (Fig. 3). Cranes produced
by companies like Liebherr and Terex have categorized into product families or
series. Cranes in the same series share similar types of components. During the
modeling process for cranes, standard components of the product family can be
designed uniformly and adjusted in detail when assembled to a specific model.

Many modern plants have its digital version in PDMS format (Fig. 4a) which
keeps all the parametric geometries of the plant structures. The training system is
also able to accept Smart Plant format which is similar to PDMS. Beside, our
system is able to accept CAD modeled plants.

To deal with old plants without any digital version, we propose to use the laser
scanning technology (Fig. 4b) to capture the geometric objects in point cloud data.
This is to create a discrete version of the plants using information including
coordinate, normal vector, and color of each vertex captured. To capture the entire
plant, multiple scans are often required. As the multiple scans may have their own
coordinate systems, a stitching process is desired to fuse the scans forming a
complete point cloud. The data after stitching can be very large leading subsequent
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jobs such as storing, retrieving, and processing to become difficult if not impossible.
We have been developing several postprocessing techniques for data compression
including downsampling [13] and resampling. Another promising technique is
intelligent feature recognition [6] which can be used to reduce the size of scanned
data by merging points in a same plane structure or a same pipe structure. This
feature extraction process can be used to reconstruct 3D plant models. Particularly,
we are interested to extract the road features from point cloud data for the purpose
of mobile driving training. Figure. 5a shows scanned data and Fig. 5b is the
extracted road feature from the point cloud.

3.2 Interaction

In this work, the proposed training system for heavy crane operators includes three
types of interactions: human–crane, human–human, and crane–plant interactions. In
the human–crane interaction mode, trainee operates on the virtual crane via a touch

Fig. 3 The product family concept for modeling digital cranes

Fig. 4 Plant model inputs used in the proposed vocational training system. a PDMS plant. b Point
cloud plant
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Fig. 5 a Multiple scans fused. b Road feature extracted

Fig. 6 The touch screen GUI for a trainee to operate a virtual crane
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screen GUI (Fig. 6), or tactile steering wheel. The GUI is designed in relation to the
actual graphics panel available with the crane control cab. Real-time rendering is
implemented to give visual response for the trainee to obtain a realistic experience
of crane operation. Figure 7 shows the tactile interface for a trainee to learn driving
of a mobile crane using a steering wheel, brakes, and joysticks.

3.3 Visualization

Visualization plays an important role in simulated training. Trainees can opt for normal
3D or stereoscopic 3D during the training. To mimic the crane operation in the control
room, the touch screen-based GUI is designed in normal 3D. However, trainees can
choose to use the stereoscopic 3D visualization for the better depth perceptionwhich is
important especially when dealing with heavy lifting in a highly complex plant.

4 Crane Operation Training

Our simulation system has several modules developed. In this section, wewill discuss
crane drive training, crane operator training, signalman training, and rigger training.

4.1 Crane Driving Training

Cranes as long vehicles are not easy to drive. Using the simulation system devel-
oped, trainees will be able to learn long vehicle driving in plants which can be
modeled in PDMS or captured in point cloud form. Figure 7 shows that the trainee

Fig. 7 Driving a virtual mobile crane in a point cloud plant using a tactile user interface
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can use tactile devices such as steering wheel and joystick to mimic the driving in a
3D plant environment. In particular, our simulation system is able to detect collision
which is important for safety driving [4].

4.2 Crane Operator Training

Figure 8 shows a crane control cab with a touch screen panel and front display. The
front display produces synthesized view of the plant and the trainee can do the
crane lifting control using the touch screen control panel. The lifting operation
implemented includes boom extending, luffing, and rotating, as well as load
hoisting. For safety training, trainee operators will receive proximity warnings
when the crane and/or the lifting load are too close to the surrounding.

4.3 Crane Signalman and Rigger Training

The crane training system designed can be used for signalmen and riggers in
addition to crane operators. Lifting is actually a collaborative job involving the
whole lifting team. Lifting supervisors manage the lifting jobs. When mobile cranes
are deployed in plants, crane operators will control the cranes from the control cab.

Fig. 8 Lifting training in a crane control cab with a touch screen panel and the trainee can view
the plant from display panel
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Riggers will attach the load with slings and hooks before the lifting, and detach the
load when reaching the destination. Riggers will help to keep the load in a safe
distance from the surrounding by applying suitable ropes connected to the load in
operation. Signalmen, however, send information regarding the load such as pos-
sible operation (hoisting, luffing, swing, and load rotating) based on its current
location and collision avoidance. Figure 9 shows the different views designed for
signalmen, riggers, and operators. The signalmen will be alerted when the cranes
and/or the lifting loads are within certain distance causing potential collision.
Similarly, the riggers will be prompted to assist the moving of the loads at the
beginning or at the end of the lifting task. These features are provided by the
simulation system for safety training purpose.

4.4 Intelligent Crane Operation Training

Crane lifting especially in highly complex plants is a challenging task requiring a
lot of trainings and retraining. The simulation system is able to provide optimal
trajectory for crane driving (Fig. 10). This is extremely useful for large cranes to
move in narrow roads.

The lifting path planning is a challenging problem. We have developed an
innovative and real-time solution [2, 3] based on the Master–Slave Parallel Genetic
Algorithms (MSPGAs) [5, 8, 15] (Fig. 11). The proposed system uses a fitness
function to measure the energy cost, time cost, and safety cost of candidate paths
initially generated by the initialization process. The algorithm relies on a fixed size
population to evolve in the reproductive iterations which undergoes reproductive
operators such as selection, crossover, and mutation during each round. Our
algorithm MSPGAs use reproductive operators parallelized in GPU. GPUs have

Fig. 9 Different views designed for different trainees
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Fig. 10 Turning trajectory for intelligent driving training

(f)(e)

Fig. 11 Lifting path (blue—hoisting, green—luffing, yellow—swing, and brown—load rotating)
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hundreds of streaming processors which allow a massive number of threads to run
simultaneously.

5 Conclusion

The chapter presents a simulation system for vocational training of crane lifting
team to improve their operational skills, safety awareness, and cooperation abilities.
The system utilizes various types of digital models such as CAD, Smart Plant, and
Point Cloud. Techniques supporting modeling, visualization, and interaction are
described which can be used to help the lifting team improving their skills. Both
general and intelligent operation training are available for the trainees taking the
advantage of system for effective and efficient training. The system is user-friendly
for training with touch screen, tactile devices, and voice navigations incorporated.
A pilot training session was conducted in a lifting company on May 2015 which
showed promising result (Fig. 12).

Future work includes a possible integration with existing training curriculum
currently implemented in crane training centers or vocational schools. More safety
codes on crane lifting will also be investigated for a possible integration with the
simulation system for both training and assessment.
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Fig. 12 A pilot training session with the simulation system
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Formative Evaluation of a Mathematics
Game for Out-of-School Children
in Sudan

Hester Stubbé, Aiman Badri, Rebecca Telford, Stefan Oosterbeek
and Anja van der Hulst

Abstract Education for children in the developing world is in crisis, and children
growing up in war are already at the sharp end of global development challenges: of
the 57 million primary-age children who are out of school, almost half live in
conflict zones (http://www.unicef.org/media/media_75652.html). This research is
grounded in the issues of educating children living in these zones, with a particular
focus on innovative approaches to access via online and distance learning using
ICT. Within this approach, a mathematics game was developed in close cooperation
with the Ministry of Education in Sudan, the Ahfad University for Women in
Khartoum and children from target communities. The intention was to develop a
game that enables children from those communities to autonomously learn math-
ematics covering a curriculum of 3 years. The objective of this research is to
describe the design of this game in relation to its requirements—educational,
contextual, cultural, and from a game design perspective. An additional goal is to
find out if children can play the game, want to play it, and will play it again. For
pragmatic reasons this evaluation has been carried out in the Netherlands, with a
total of 15 Arabic-speaking children. Their backgrounds were Egyptian, Moroccan,
and Sudanese. The ages varied between 5 and 9, and the group was made up of
seven girls and eight boys. The game was played on three consecutive Saturdays;
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most children (8) played the game three times, some children played the game once
(2) or twice (5). Using observation forms, semi-structured interviews—with the
children and with their parents—and questionnaires, data about motivation,
enjoyment, perceived difficulty and cooperation between children were collected.
The game met most of the requirements. Educationally, the game taught the
mathematical concepts in a way that was understood by the children. This means it
fits the context as well: children can learn autonomously. Culturally, we received
anecdotal evidence that the Sudanese context was portrayed in a correct way. From
a game design perspective, there should have been more learner control, though.
The results of the evaluation show that average enjoyment increased slightly over
the 3 weeks: from 3.5 on a 5-point Likert scale in week 1 to 3.9 in week 3. The
average perceived difficulty was low: starting at 2.6 in week 1 and decreasing in
week 2 and 3 to 1.7. Average motivation was high: 4.5 on a 5-point Likert scale,
and stayed almost the same during the evaluation. Average cooperation was high:
around 4.5 on a 5-point Likert scale. The setting of this evaluation did not com-
pletely reflect the situation in Sudan; the children lived in the Netherlands and knew
their mathematics. Still, it has provided worthwhile feedback to improve the game
further.

Keywords Game-based learning �Mathematics � Primary education � Developing
countries � Out-of-school children � Game design

1 Introduction

Education for children in the developing world is in crisis. Children growing up in
complex emergencies are at the sharp end of global development challenges: of the
58 million out-of-school children globally, 36 % live in countries scarred by war
and violence. More than one-third of refugee children globally are missing out on
primary education [34] and the safety and education of girls are disproportionately
affected [17]. Reaching those without access to school is a pressing issue, partic-
ularly girls and children in the rural areas in Africa and South Asia [4, 9, 19].
Complex and mutually reinforcing patterns of disadvantage—poverty, gender
inequity, disability, conflict, and displacement—raise barriers to schooling and
erode educational opportunities for children.

In recent years, global policy frameworks on education reflect the “shift in the
global conversation on education from a focus on access to access plus learning”
[32]. The proposed Sustainable Development Goal (SDG) on education along with
the Incheon Declaration adopted at the World Education Forum in 2015, outline a
vision for sustainable and equitable education spanning preprimary education
through to at least lower secondary education. There is also recognition of the need
to focus on quality as well as on access, and to support the most disadvantaged
children, not least those living in emergencies. There are not enough qualified
teachers, or support for teacher professional development; class sizes are large and
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underresourced; and classroom methods are teacher-centered. This leads to high
dropout levels, up to 50 % [29].

As other sub-Saharan countries, Sudan struggles with the same issues [30].
Enrollment in basic education has increased to 80 %, especially since 2005, as a
result of peace. This still means that approximately 1 million children have never
been to school. Dropout rates are also relatively high: whilst there is a fairly high
intake of 80 % into grade 1, completion rate is only 54 %. Suggested reasons for
this are the costs of schooling in relation to perceived benefits: ‘…the quality of
schooling is too low to justify the student’s time and the direct costs in terms of
parental financial contributions or the opportunities of a child who could otherwise
be contributing to the household income or helping with chores’ [30, p. 4]. Other
factors involve the students’ travel time to school; when schools do not offer all
grades of basic education—as is the case for village schools and for children from
pastoralist communities—children need to change schools to continue their edu-
cation which may lead to their dropping out. There are significant disparities with
respect to region, rural–urban location, gender, and income. “Children in rural
areas, those from poorer households and girls are at a disadvantage. The strongest
predictor of access to schooling is whether a child lives in an urban or rural area,
with urban children being 17 % more likely to have access to education” [30, p. 8].
In addition to this, vulnerable populations like nomads and internally displaced
persons (IDP) have little access to education. Among these vulnerable groups, the
share of girls in basic education is even smaller than that in regular schools (38 %
girls in nomadic schools compared to 44 % in IDP schools and 47 % in regular
government schools). Lack of safety on the road to school and in the school itself is
mentioned as one of the reasons [30, p. 9].

At present, it is not realistic to believe that issues around access to quality
education for all will be solved through traditional means. Due to the cultural,
geographic, and socioeconomic background of children, more flexible, empower-
ing, and affordable approaches, outside formal schools are required. Online and
distance learning with ICT are seen as possible solutions. The focus of this
approach should be on rural areas, communities affected by conflict—including
reaching IDPs—and specifically include girls and minority groups. Consequently,
the overall question that needs to be answered is: how can we support children to
learn autonomously for a longer period of time in the rural, sub-Saharan
post-conflict context? Because children will need to learn without a teacher, for a
longer period of time, we chose to develop an educational game in order to teach
and motivate children to learn at the same time. This chapter will focus on the
requirements for successful learning for out-of-school children in Sudan and how
these requirements can be translated into a working game design. Although the
children will need to learn how to read and write as well, for pragmatic reasons we
chose to start with mathematics.

The first part of this chapter describes the requirements for successful learning
for out-of-school children in the rural areas in Sudan. The second part is a
description of the design of the game. The last part of this chapter is a formative
evaluation of the game with 15 Arabic-speaking children in the Netherlands, in
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which we investigated whether children can play the game, like to play it, and want
to play it again. Results from this formative evaluation will be used to improve the
game further.

2 e-Learning in Developing Countries

To allow children to learn autonomously, the use of e-Learning was perceived to be
the most likely option to enhance access to education. Although e-Learning in
developing countries is a field of interest and scrutiny both by researchers and
educators, evaluation has focused on provision of hardware (e.g., number of laptops
distributed) and anecdotal evidence of specific ‘successes’—often self-reported
[14, 15, 39]. It is generally accepted that educational technology in itself cannot
enhance learning in developing countries [24]. To date there is some evidence from
developing countries on how educational technology can support learning.
However, there are indications that findings in developed countries may not be
applied to developing countries [35].

There are many well-known examples of unsuccessful e-Learning schemes in
Africa [2]. Unwin [36] outlines significant acknowledged challenges of successfully
implementing an e-Learning program, or any technology for development program,
within a developing country context. Nonetheless, there are a few notable examples of
open access and distance learning for early literacy, basic and primary education as
useful tools in bridging the gaps of access due to conflict, gender, and geography
[33, 38]. The UNICEF report, looking specifically into the effectiveness of the
learning materials, and less into the cost-effectiveness and scalability, cited three key
factors to reaching children who were currently excluded from formal education:
(1) location, (2) flexibility, and (3) continuity. Specific needs identified were (1) an
appropriate location for accessing learning materials and supplementary face-to-face
contact, (2) flexibility in learning alongside other demands of the family, which might
interrupt a traditional school schedule, and (3) the opportunity for progression into the
mainstream educational system if desired by the learner and their family. This is in line
with a more general conclusion of Clarke [6, p. 1] ‘in order for technology to improve
learning, it must “fit” into students’ lives… not the other way around’.

3 e-Learning and Games

Although the effectiveness of e-Learning and games in developed countries may
differ from the effectiveness in developing countries, the existing evidence on the
effectiveness of e-Learning and games within the context of developed countries
formed the basis of this research. In their meta-review on the effect of e-Learning
and educational games, Vogel et al. [37] found an overall positive effect: significant
higher cognitive gains were observed in subjects utilizing interactive simulations or
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games versus traditional teaching methods. Subjects using educational technology
also had a more positive attitude toward learning than those in the more traditional
educational settings. This seems to be the case for boys as well as girls, although the
low number of studies gives reason to consider these results with caution. All age
groups showed significant positive results for the use of educational technology.
The type of activity did not appear to be influential; neither did realism of the
pictures in the game. Both individual users as well as groups showed significant
positive results. Programs that were designed to automatically navigate students
through the system seemed to be less effective than traditional classroom education,
but the sample size made it impossible to draw this conclusion with confidence.

Effective use of educational technology is characterized by a clear focus on
curriculum, teacher development, and evaluation [24]. As children in remote areas
will have to learn without a teacher, this automatically places the curriculum and the
learners at the center of attention, with technology as an enabler to achieve learning
[26]. The pedagogic framework around this is based on active learners, and stresses
the activities and interaction of learners, instead of content in the sense of
preprepared learning materials [8, 16]. The activities themselves are central in this
pedagogical vision.

4 Requirements

It is the intention to develop an educational game that supports children to master the
first 3 years of the Sudanese mathematics curriculum for out-of-school children,
autonomously. After 3 years of primary education, there is an official mid-basic edu-
cation exam in Sudan. The educational game will prepare children to take this exam.

Identifying the requirements for an educational game in a developing country is
complex: not only does it require the input from different domains of expertise—
development context, education, learning with ICTs and the subject domain—it also
needs an integration of all these different types of input. In this paragraph, these domains
of expertisewill be related to the context in Sudan. This leads to a set of requirements for
the game per domain of expertise. The final set of requirements may not be the best for
each of these domains separately, but will be the optimal set in this specific context.

4.1 Development Context

Context:

Research [2, 33, 36] shows that educational programs with or without the use of
ICT have not always been successful in developing countries. The three most
important factors for an educational program to be successful in developing
countries are: (1) location, (2) flexibility, and (3) continuity. In addition to this, the
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target population of game is rather specific: children between the ages of 6–11,
boys, and girls. These children have never been to school and can be assumed to be
illiterate. Their parents are probably functionally illiterate as well. Finally, Sudan is
an Islamic country. The narrative, graphics, and examples used should not be
offensive in this respect (e.g., showing the soles of shoes).

Requirements:

• Location: The children will learn in their own communities. As a result they will
have to learn without a teacher, because teachers are not available in the vil-
lages. This means instruction will have to be embedded in the game. Facilitators
need to be present to motivate learning and help with technical problems.

• Flexibility: Learning will take 2 hours a day at the most. The official curriculum
for out-of-school children in Sudan comprises three subjects: mathematics,
reading and writing and religious studies, a combination of history, biology, and
religion. Forty-five minutes will be spent on mathematics, 45 min on reading
and writing, and 30 min spent on religious studies. The most important rationale
behind this is that these hours can be fitted around additional responsibilities
such as caring for family members or doing chores. In addition, hospital edu-
cation is based on similar amounts of time spent on basic learning (mathematics,
reading, and writing).

• Continuity: The official Sudanese curriculum should be used. Children should
be able to pass the official exam taken after 3 years of primary education. In the
meantime, progress of individual children must be logged and stored in a
management system. In addition to that, the Ministry of Education in Sudan and
the National Councils for Adult Education and Illiteracy and for Mathematics
should be involved in the development of the game.

• Age: The game must be appropriate, appealing, and motivating for children
between the ages of 6 and 11.

• Gender: The game must be appropriate, appealing, and motivating for both boys
and girls.

• Illiteracy: The game should not require the children to be able to read to
understand instruction.

• Culturally appropriate: The game concepts, graphics, and examples of mathe-
matical problems must be culturally appropriate.

4.2 Education

Context:

As the children are illiterate and will have little learning support from parents and
teachers, we have to assume they have little to no informal mathematical knowledge
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(e.g., numbers or quantities). In addition, we will make use of known effective
methods of teaching.

Requirements:

Conditional knowledge: Because the children will probably lack informal mathe-
matical knowledge, it is best to use the approach for ‘struggling learners’ [13]. The
level of informal knowledge influences the capacity to understand instruction,
which means that instruction must be very clear for children to be able to under-
stand. This means that the game offers direct instruction [23, 31]: new concepts are
introduced using short and clear explanations. This should be done in the mother
tongue, to make sure that children do understand the instruction. Children should be
allowed to repeat instruction as many times as wanted or necessary.
Prior knowledge: The curriculum of the game should start from the very beginning,
with numeracy and oral counting. Some children will be able to progress faster
through the initial stages of the game, but no child will be frustrated because it does
not understand what to do.
Mastery learning: All children can learn to do mathematics, but some need more
time than others. The game should only allow children to continue with new
concepts of mathematics once they have mastered the previous one. This can be
measured on the basis of the number of mistakes within a certain time frame.
Children that master a concept should be able to progress more quickly.
Time on task: Time on task is a strong predictor of learning results [20]. Children
should be actively involved in many different minigames. This increases the
number of exercises they do, and contributes to the time spent on learning. In this
way, children can repeat and practice new concepts many times, without having the
feeling that it is repetitive [18].
Reproduction and production: For children to master a new concept, they will have
to be able to do reproductive and productive exercises. The minigames should
provide several types of activities ranging from a ‘multiple choice’ activity where
children choose the right answer, to ‘matching’ and ‘arranging’ numbers and
amount and finally ‘writing’ the correct answers to problems on the tablet.
Acquisition of concepts and skills: the minigames should not only provide
opportunity to improve skills (e.g., proficiency in calculations), but also focus on
the acquisition of mathematical concepts, which is based on problem solving [10].

4.3 Learning with ICTs

Context:

Research has shown that ICT has a positive effect on learning mathematics,
especially for younger children [7, 28]. Three important characteristics of learning
with technology for young children are (1) interactivity; the active participating of
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the child, and freedom to influence the order and pace. (2) Functionality; the right
balance between content and presentation (neither too dull because of the abun-
dance of content, nor too playful or with an overly ‘flashy’ presentation).
(3) adaptive feedback; feedback on results as well as on process [21, 27]. In
addition, the use of technology provides the opportunity to motivate children to
learn for a longer period of time.

Requirements:

• Interactivity: The game should invite children to actively engage with the
content. They should be allowed to do many different minigames, and choose—
to a certain degree—what they do first.

• Functionality: The game should be rather simple and intuitive. The graphics
should appeal, but not attract too much attention. There is no need for extra
sound, apart from instruction and feedback.

• Adaptive feedback: There should be feedback on right and wrong answers and
on progress.

• Support: If a child does not interact with the game for 1 min, there should be an
audio fragment asking if the child needs any help. At all times, children should
be allowed to ask for help on where to go next, or to repeat the instruction of the
exercise.

• Motivating elements: The game should have motivational elements that engage
children and create flow (children want to finish the next level). It should use
several types of motivational aspects, like competition, competence, and
cooperation.

4.4 The Subject Domain

Context:

As mentioned before, the curriculum used in the game is to be the official
Sudanese curriculum for out-of-school children. This curriculum is very similar to
other curricula for the first years of mathematics all over the world [3]. Still, it is too
often assumed that mathematics is a universal language and that mathematics
curricula are easily adapted [12]. Akkari [1] argues that the differences in the Arabic
mathematics education are significant enough to warrant special caution, because
like language it may contain sensitive issues imbued with symbolic political and
cultural value. To avoid a psychological blockade, examples should be based on
everyday life. Moreover, mathematics should not be used to implicitly teach
political values, by denying the national character or imposing, e.g., colonial values.
This would reinforce patterns of disadvantage and inequality. In addition, we will
make use of known effective methods of teaching mathematics.
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Requirements:

• Topics: The topics to be covered in the first 3 years math curriculum are: oral
counting fluency, one-to-one correspondence (counting objects while pointing at
each object that is counted), number identification, quantity discrimination,
missing number, addition word problems, addition problems, subtraction word
problems, subtraction problems, multiplication problems, division word prob-
lems, division problems, time, weight, length, and shape recognition [25].

• Cultural aspects: In the instruction of new concepts, the examples used and the
exercises should reflect the cultural and geographical background of Sudanese
children. Furthermore, specific care should be given to neutral examples: the
example should not contain implicit discrimination or references to conflict. It is
best to use everyday examples that children will recognize, like fruit and
vegetables.

• Teaching mathematics: Effective teaching of mathematics should involve
instruction on concrete examples, instruction on a model of reality and on
abstract problems. Preferably, the concrete examples and the abstract problems
are introduced and used at more or less the same time, in both instruction and
practice. Therefore, all instructions should show concrete examples, the asso-
ciated model, and the abstract problem, and the various exercises should also
provide these three different types of practice.

Design of the Game
The three sets of requirements listed above, were integrated into a final set of
requirements. Mostly, the requirements dealt with separate aspects of the game,
which meant they could all be included. There was a conflict between the
requirements ‘interactivity’ and ‘mastery learning’. Where interactivity implies
children have a certain level of control over order and pace, mastery learning states
that new subjects should only be introduced when the previous one is mastered.
This leaves the children with less control over their activities. In this first version of
the game we have chosen to guide learning according to mastery learning princi-
ples, and allow children only limited control over their actions. This choice was
supported by the fact that the Sudanese Ministry of Education preferred the cur-
riculum to have a specific order.

In March 2012, during a week of meetings with the Ministry of Education in
Sudan and the relevant National Councils, the curriculum for the game was agreed
upon. During the development of the game, they approved and endorsed the ver-
sions of the game.

The educational game for mathematics was developed in three phases. The first
version allowed for 6 weeks of learning and was tested in a small pilot in the period
December 2012–February 2013. Based on the findings in this pilot, the second
version was developed that allowed for 6 months of learning. This version is being
tested in a large pilot in the period October 2014–March 2015. Based on the results
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of this pilot, the final version of the game was delivered in June 2016, covering
3 years of learning. Following the ‘fastest route to failure’, we first tried out if
children could learn from an educational game, without teachers (proof of concept).
Only then did we develop the 3-year curriculum. The resulting game incorporates
two distinct levels, each with a different pedagogy. The first level is that of Game
Worlds which provide the connecting narratives for the second level, that of sep-
arate minigames (44 different minigames, 160 variations of minigames). Game
World 1 (see Fig. 1) is about helping other children to achieve goals in their lives;
by doing minigames, children help other children to become, e.g., a goat herder or
doctor. Half of the jobs are familiar roles within the target communities, such as a
cook, tractor owner, or brick maker. The other half are known to the children, but
belong to the outside world, like a teacher, nurse, doctor, and engineer. In a playful
way this helps the children to broaden their future perspective. Game World 2 (see
Fig. 2) is a shop where children can buy and sell products. By playing the mini-
games, children can increase the number of products they can sell and enhance their
shop.

In the second level, the minigames address specific mathematic concepts. Some
minigames have variations that can be used for a number of mathematic concepts.
All mathematic concepts can be practiced by a number of different minigames. This
is supposed to help the children to understand the concept and stay motivated.

Fig. 1 Screenshot
gameworld 1

Fig. 2 Screenshot
gameworld 2
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Navigating the interface is easy and intuitive. Logging-in can be done by tapping
your own photograph, and pictograms are used to navigate through the game. The
game worlds are attractive and the minigames diverse and based on repeating the
concepts without being repetitive. The graphics used are simple, but not childish.
The colors are bright, but also realistic; the game worlds reflect the real world. Both
boys and girls in remote villages in Sudan have provided input for the graphics,
colors, and game worlds of the game. The graphics are based on drawings the
children made themselves (see Fig. 3a, b), to make sure they would recognize them.
These graphics were checked in Sudan before they were used in the game, by
children and adults.

All instruction is in audio and video; the language used is formal, but easy
Arabic. Instruction on how to use the game is given by a woman’s voice. The
instruction videos about the mathematic concepts were made with children, boys as
well as girls. In this way we did not only provide simple instruction on mathematic
concepts, but also introduced role models.

Several types of motivational aspects were included: (1) competence: children
can see their progress and what they have learned already, (2) competition: there are
many levels, and children can compare their level to that of others, and (3) coop-
eration: in the setting in which the game is used, children can help each other. Thus,
we can motivate more children. Finally, there are some fun elements, like a football
that can be kicked around, but the game is not too playful.

5 Formative Evaluation in Experimental Setting

An evaluation of the effectiveness of the game can only be done in Sudan, with
out-of-school children. Still, we know that enjoyment, motivation, and perceived
difficulty are important factors that influence learning outcomes: motivated chil-
dren, who like to play the game and do not find it too difficult, will learn more than
children who do not like the game or think it is very difficult (Flow theory by

Fig. 3 a and b Children drawing their environment
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Csikszentmihalyi and Hermanson [5]). To establish whether children can play the
game, like to play it, and would like to play again, we carried out a formative
evaluation with children enrolled in the Weekend School in The Hague (the
Netherlands). Although these children are very different from the target group in
Sudan, it allowed us to supervise playtesting and test general motivation with
respect to playing the game.

5.1 Method

All children between the age of 5 and 9, enrolled in the Weekend School in The
Hague to learn Arabic, played the game for three consecutive Saturdays, for one
hour per day. They played in pairs, mostly for the pragmiatic reason that there were
not enough tablets, but also to stimulate cooperation. During and after each playing
session, data were collected on Enjoyment, Perceived difficulty, Motivation, and
Cooperation. Data were collected with four different instruments: an observation
form, a short questionnaire, a semi-structured interview for children, and a
semi-structured interview for parents, specifically designed for this evaluation.
During their play (see Fig. 4a, b), the children were observed according to the
observation form. At the end of each playing session, each child was asked a few
questions (semi-structured interview) and was asked to answer a short question-
naire. The answering categories are a 5-point scale, portrayed in five cups, ranging
from completely empty to completely filled, to facilitate answering by young
children. At the end of the third Saturday, parents were involved in a
semi-structured interview about their children’s experience and perceptions. Before
the evaluation started, parents gave oral consent for their children to participate.

To ensure that the children would be able to understand the questionnaire, it was
pretested with two children within the right age range. The children understood the
questions well, and the pretest did not provide any input for further adjustments.

Fig. 4 a and b Children in The Hague playing the game
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5.2 Population

The Weekend school started around ten years ago, and convenes every Saturday.
Children come together to learn Arabic; parents meet as well. A total of 15 children
participated in the evaluation, seven girls and eight boys, aged between 5 and 9. For
an overview of the number of boys and girls per week, see Fig. 5). Originally, they
are from different Arabic-speaking countries (Sudan, Egypt, and Morocco), but they
have all been in the Netherlands for all or most of their lives. Obviously, they are all
enrolled in formal schools in the Netherlands and know their mathematics. As
learning results were not evaluated, children were not tested for their level of
mathematical knowledge.

Not all children were present every Saturday (see Fig. 5). Still we decided to
include all data, because it provides a valuable insight in how children play the
game. We only excluded the data of a 5-year-old girl because her answers on the
questionnaire were found to be unreliable: all answers were in one category (the
highest category).

5.3 Results

The observations showed that children were motivated to play the game. They
enjoyed the minigames and experienced competition between the pairs (‘How much
have you completed? We have two stars already!’). At the same time the children
were sometimes frustrated by minigames they did not understand immediately. One
minigame was not working properly, and all children were frustrated about that. We
also observed that children passed the tablet to other children once there was a
tricky minigame. One girl quickly found out that she was allowed one mistake per
minigame. Without trying to give a correct answer, she just made the mistake, ‘so
they could be very fast in finishing the minigame’. One child asked for silence. The
children were sitting rather close to each other, and there was quite a bit of noise.
This child preferred to work in silence, and alone.
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The test version of the game still had English subtitles, to facilitate demo ses-
sions and improvement of the game; the subtitles allow non-Arabic speakers to play
and give feedback on the game as well. Although the children were advised not to
use these, of course they did read them, and sometimes found the right answers to
exercises. One of the fun features of the game was that children could kick a
football. None of the children found this feature by themselves. When they were
made aware of this, they chose not to use it: they wanted to finish their level!
Overall progress was shown in a number of stars and in reaching the next level of
the game. Boys tended to have more interest in the number of stars they had, girls
were more interested in the beauty of their hut (flowers) or an extra little baby goat
for the goat herder.

The semi-structured interviews with the children did not really provide any extra
information. Children expressed that they liked the game, wanted to play on, and
would like to play again the next week.

The results of the questionnaire were analyzed according to the constructs—
Enjoyment, Difficulty, Motivation, and Cooperation. To do this, some of the scores
on Difficulty had to be recoded because they were phrased in a positive way. Then
averages of the constructs were calculated (see Fig. 6).

Because of the small number of participants, no extra analyses were performed
for age and gender, and no statistical analyses were performed.

Enjoyment was 3.6 in week 1 and increased to 3.8 in week 2 and 3.9 in week 3.
Difficulty was 2.5 in the first week and decreased in week 2 (1.7) and slightly
increased again in week 3 (1.8). Motivation was high (4.7) in the first week and
stayed high over the weeks (4.75 in week 2 and 4.7 in week 3). Cooperation was
high in week 1 (4.8) and slightly decreased over the weeks (4.7 in week 2 and 4.5 in
week 3).

The semi-structured interviews with the parents confirmed the results of the
children’s semi-structured interviews: the children enjoyed playing the game, were
motivated to do well, and were looking forward to playing again. One of the parents
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said that the children had learned in three different ways: they had practiced their
Arabic, their mathematics, and at the same time learned about their parents’ home
country because of the graphics in the game.

6 Discussion and Conclusion

In the study reported in this chapter, we aimed to develop an educational game that
allows out-of-school children in Sudan to learn the first 3 years of mathematics of
the Sudanese curriculum, autonomously, and evaluate if children can play the
game, like to play it, and want to play it again. Although there are many e-Learning
programs that teach mathematics, the introduction of them in developing countries
has failed for various reasons [2]. The three most important conditions for suc-
cessful education in developing countries are locality, flexibility, and continuity.
This means that learning should take place in the communities where the children
live, take a maximum of 2 hours a day, and lead to an official certificate. As a result,
the children will have to learn without a teacher because there are no schools in the
communities. This leads to very specific requirements for the game regarding
instruction, feedback, and motivational elements. Most existing mathematic
applications or e-Learning programs only provide the opportunity to improve skills
and do not focus on instruction (Rekentuin; [22]). This makes them unsuitable for
learning without a teacher. Another issue with the existing materials is that the
language and examples used do not match the cultural context. Finally, motiva-
tional elements do not always support learning autonomously for a longer period of
time.

In cocreation with all project partners, children as well, we developed the game
in three phases. First proving this concept can work, then trying out with a larger
group of children, over a longer period of time, and only then developing the full 3
years of curriculum. This approach should contribute to an optimal game design,
including all important aspects from various perspectives. The Ministry of
Education and National Councils in Sudan have approved and endorsed the game
concept, the children recognize their own surroundings and from the perspective of
education the game supports learning mathematics for this target population.

The game met most of the requirements. Educationally, the game taught the
mathematical concepts in a way that was understood by the children, without extra
instruction. This means it fits the context as well: children can learn autonomously.
Culturally, we received anecdotal evidence that the Sudanese context was portrayed
in a correct way. From a game design perspective, there should have been more
learner control, though.

In general, the various instruments yielded similar results; the data of the dif-
ferent instruments support each other. This makes the results more reliable. Overall,
children liked playing the game, knew what they had to do, enjoyed playing
together and were motivated to play again. The fact that they knew what to do and
found the game not too difficult is no guarantee that the instruction is perfect. These
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children go to school every day, and know their mathematics. On the other hand,
they sometimes struggled with the Arabic, which made the game a little bit more
difficult for them. The fact that they enjoyed the game, which motivated them, is a
very positive finding. These children have access to television and entertainment
gaming. They probably use some educational technology at school as well.
Although this is a rather simple game, it does create flow and engages children,
even those that have access to much more exciting entertainment games.

Still, there are some interesting discrepancies as well: children mentioned that
they thought the game was not too difficult. The observations, however, showed
that children did get frustrated and sometimes even passed the tablet on to others
because they could not answer the exercise. This can be due to children giving
socially desirable answers. Another reason might be that the overall impression of
the game is that it is not too difficult, whereas some of the minigames may be
difficult. The other discrepancy has to do with cooperation. Children mentioned that
they enjoyed working together, but observations showed that they were more taking
turns than working together. Answers were, in the end, given by the child whose
turn it was. They did not discuss answers or strategies. Some children gave up and
passed the tablet on and some children just gave the answer, even when it was not
their turn. That created quite a bit of frustration with the child who needed a little
more time to find the right answer, but was very motivated to do well. Also, one of
the older boys asked if he could work by himself on the third Saturday; he did not
want to cooperate with anybody else. It is possible that the feeling of competition
between the pairs has had a negative effect on the element of cooperation. Children
preferred to choose for the fastest way to success, i.e., next level. This could be by
working alone, having somebody else answer, or just by shouting the right answer.

The evaluation did reveal a trade-off between direct instruction and mastery
learning on one hand and the possibility for children to influence the order and pace
of the game on the other hand. All children mentioned that they had no influence
over the order of the minigames in the game. The current version of the game
provides optimal instruction and guided learning paths, but at the same time takes
away most learner control. When children tap the screen to continue, one minigame
appears. They cannot choose. Although the children all felt the same, their moti-
vation and enjoyment did not decrease during this short experiment.

The formative evaluation as carried out in the Weekend School in the
Netherlands shows that even Arabic-speaking Dutch children enrolled in the
Weekend School in The Hague to improve their Arabic, who have access to tele-
vision and entertainment games, enjoyed the game and wanted to play again. The
evaluation lasted for 3 weeks, and in this time Enjoyment, which was high from the
start, increased slightly, Motivation stayed high, and Perceived difficulty was not
high to start with and decreased after week 1. Cooperation decreased slightly.
Because of the small number of participants a statistical analysis was not possible,
these differences may be due to chance. Observations showed that children were
frustrated from time to time, by minigames they did not understand quickly, or by a
minigame that did not function properly. This frustration did not show in their
scores on Motivation, Enjoyment, and Perceived difficulty.
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The most important findings were that children were not really cooperating when
playing in pairs, and that the game prescribes what children can do: they have no
control over the order in which they do the minigames.

During the formative evaluation, children worked in pairs. The most important
reason behind this was the number of tablets available for this evaluation: there
were not enough tablets to play individually. Cooperation, which is described as a
motivating factor in game-based learning, took the form of taking turns during the
evaluation, passing the tablet on to others and have them answer the problem, or
just shouting the right answer. The reason behind this might be the competition the
children felt between the pairs. They wanted to be better than the others, and thus
wanted to increase their speed. One boy even asked to play alone on the last
Saturday; he felt he could progress faster when playing alone. Competition stood in
the way of cooperation, and perhaps even in the way of learning for some of them.
For now, in Sudan, the situation will be different: children will play the game
individually. To assess their individual progress, they will need to do the minigames
themselves, using their unique account. They can help each other or ask for help,
because they will be playing the game in the same hut, at the same time. We expect
some competition between the children, but this cannot have the same effect as in
the evaluation. Children play individually, they cannot take turns, or pass difficult
problems on to another child. In the end, they have to answer all problems
themselves.

In the questionnaire, all children answered that they had no control over the
order in which they played the minigames. Indeed, the version of the game they
played did not give them any control over this. They were in control over the pace
in which they played the minigames, and they could watch the instruction videos as
many times as they liked. Meta-analyses on the effectiveness of gaming show that
the positive effect of educational technology is reduced by less learner control [11].
Since this game is meant to support autonomous learning for a longer period of time
(3 years), this may become an issue. Also, motivation may decreases because of
this. On the other hand, research on learner control is based on developed countries.
Because of cultural differences, in developing countries, and in Sudan specifically,
children are not used to having control. Others decide for them, and they follow.
From this perspective, the lack of learner control may have less impact in
sub-Saharan Africa, than it would in the Netherlands. Still, we will need to explore
how we can add the element of learner control, without losing the mastery learning
approach and the support that struggling learners need. This will help to improve
the game.

Overall, the research-based design and cocreation has led to the development of
a mathematics game that seems to meet most requirements and is acceptable and
accepted by all stakeholders, including children. We will include more (illusion of)
learner control, to make sure that the game stays motivating over a longer period of
time. The results of the pilots in Sudan will show how effective the game really is.
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Empowering Vocational Math Teachers
by Using Digital Learning Material
(DLM) with Workplace Assignments

Diana Zwart, Johannes E.H. Van Luit and Sui Lin Goei

Abstract Digital Learning Material (DLM) are fast becoming a key instrument in
teaching. The focus on E-learning systems with Digital Learning Material (DLM) is
mostly on the medium and resources, instead of on the role of teachers. But like
students, teachers also need to professionalize their digital competencies. And
rather than describing how the teacher should take up his/her online role, teachers
can also be trained by using online materials and experiencing DLM themselves.
Therefore the first objective of this study is to design an e-learning system with
DLM to train seven vocational math teachers. The second objective is to investigate
the aspects of the learning activities in terms of “learning engagement,” “teachers’
self learning process” and “professional learning to enhance teachers’ knowledge.”
In this research, teachers participating in this project had a 6 week online training in
an e-learning system with DLM. After this, teachers completed the questionnaires
on these aspects. Teachers were satisfied with the components “learning engage-
ment” and “teachers’ self learning process.” They specifically appreciated the
domain-specific literature and the online moderation of the expert teacher. With
regard to the component “professional learning,” teachers did not collaborate and
only three teachers abstract and detach information from its original context and
applied to it in new contexts by their questions and contributions in the forum
discussions. For other teachers the “space to act and arrange” seemed too broadly.
Future study should pay more attention to the development of assignments that
require specific tasks in collaboration between the teachers.
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Keywords Digital Learning Material (DLM) �Workplace learning � Collaborative
learning � Mathematics � Vocational education

1 Introduction

With the rapid growth of online and blended approaches to teaching and learning,
e-learning systems with Digital Learning Material (DLM) are fast becoming a key
instrument in teaching. E-learning systems can be used to create environments with
DLM in which tasks can be combined with whole-task practice that confronts
learners with all or almost all of the constituent skills important for real-life task
performance, together with their associated knowledge and attitudes [36].

With DLM, learners can discuss their ideas and conceptions from different
perspectives in order to reconstruct and co-construct (new) knowledge that can be
used for solving authentic and also complex problems, e.g., [28]. The tasks can be
presented with words and pictures through combining visual and auditory presen-
tation methods, which is called the multimedia principle [21]. This results in the
‘modality effect’, which means that more memory capacity is available when dual
modalities—visual and auditory—are used, leading to better performance than
using either the visually or auditory presentation alone [33]. Together with the
opportunities to individual training and social settings [28] teaching with DLM
provides better opportunities for training courses in education.

The role of teachers in DLM is still underexposed. The focus of e-learning
systems with DLM in education is mostly on the medium and resources themselves.
Chen [6] states that e-learning developers, academicians, and practitioners should
strive to make the e-learning system with DLM meaningfully infused with edu-
cational principles so that it has real educational capabilities to fulfill a given unique
learning expectancy. Working with DLM requires other teachers’ skills. Instead of
describing how teachers should take up their online roles, it might be better to train
teachers using online materials, by experiencing the e-learning system with DLM
themselves [29].

Despite insights into pedagogically appropriate uses, educational technology for
teachers in everyday school settings are severely limited [22]. Only a very few
studies investigated the impact of online training on teachers’ knowledge. While
training and experience increase competence and enhance teachers’ beliefs in
performance [7], the opportunities of training with DLM are that they can even train
the digital competencies in addition to professional competencies. Therefore an
objective of this study is to design an e-learning system with DLM to train teachers.

Math teachers in vocational education need to professionalize themselves,
because mathematics has become a required part of the curriculum due to political
decision-making; the math skills of the students in vocational education in the field
were too low. Using the opportunities of DLM, a question arises from the design
aspects what contributes to teachers’ learning. Therefore, more specifically the
objectives of this study are to design an e-learning system with DLM to provide
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vocational math teachers hands-on experiences, and to examine how it facilitates
teachers’ knowledge in vocational education.

1.1 Context: Professional Learning Through E-learning

In the Netherlands, vocational education is part of the formal education system,
consisting of prevocational education for youngsters aged between 14 and 16 years,
and upper secondary vocational education for youngsters aged between 16 and
20 years [3].

In vocational education, learning addresses concrete professional tasks, taking
place in the workplace or inside vocational schools [3]. Vocational education
teachers’ competencies are therefore mostly workplace related. However, in 2010,
the Dutch government introduced a reference framework1 for mathematics in
vocational education due to the insufficient math competencies of Dutch students
[25]. Mathematics became an important part of the curriculum. So all of a sudden,
vocational education teachers needed equipment for teaching mathematics because
they did not always have sufficient numeracy skills and knowledge of mathematical
didactics [26].

A critical aspect of learning to be an effective mathematics teacher for diverse
learners is developing knowledge, dispositions, and practices that support building
on student’s mathematical thinking [35]. As teaching is a social process, discussing,
collaborating, and interaction are also of great importance [17]. Collaboration is
assumed to create a learning culture that helps to build a community in which
further learning is supported and stimulated [19]. A way to structure collaborative
argumentation in online learning is to provide learners with collaboration scripts
which are defined as interventions that specify, distribute, and sequence learning
activities, e.g., [18, 28]. Though collaboration scripts can be tailored, they do not
necessarily support domain-specific knowledge acquisition [18]. This stresses the
need for the disposal of domain-specific knowledge in DLM, specifically for
mathematics so that teachers own prior knowledge and dispositions can be placed
under critical scrutiny.

DLM should engage vocational education teachers in experiences based upon
access to students that brings together imperatives of work, workplace, and learning
[5]. A great deal of previous research into teaching in vocational education has been
focused on learning through practice. DLM should therefore invite teachers by
learning to practice tasks. By doing and experimenting, teachers not only gain new
experiences but also apply new ideas, to put effort in improving their own pro-
fessional practices.

1The reference framework consists of three fundamental-levels (F-level) and three target-levels:
1F, 2F, en 3F. The levels are guidelines which describe what students should know and be able to
use during their specific school career.
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1.2 Design Aspects for DLM in Vocational Math Teacher
Training

Workplaces provide activities and interactions which are authentic in terms of the
knowledge to be learnt for work that is undertaken in those settings [5]. Their social
and physical settings offer contributions that are directly aligned with the activities
to be undertaken. The more the learning activities are connected to the world of
experience, the higher the intrinsic motivation and expectations are about teachers’
own abilities [37].

Teachers can develop competencies through experience of engaging in practice,
e.g., [23, 37]. In a study of [23] on engagement of teachers in learning activities,
five general categories of learning activities were identified, (1) doing, (2) experi-
mentation, (3) reflection on experiences, (4) learning from others without interac-
tion, and (5) learning from others with interaction. Similarly [19], concludes that
teachers themselves are key actors in directing and arranging their own learning
processes and that they have to fulfill a new role by creating stimulating learning
environments and by acting as facilitators in students’ learning processes. But she
makes a call for collaboration because feedback, new information, or ideas do not
only spring from individual learning but to a large extent from dialogue and
interaction with other people. Hargreaves [15] also found that professional learning
occurs when (1) teachers collaborate with others, (2) when teachers learn things
they are interested in, (3) when learning is connected to their school environment,
and (4) when there is such thing as long term commitment to learning. In summary,
one may suppose that teacher training includes learning activities that consist of
performing, experiencing, reflecting, collaborating, and it should be connected to
teachers’ school environment and teachers own interest. Thereby the training
should be process-based and it should come across with a world of experience. The
described categories of the learning activities have limited utility with respect to
teachers’ skills to coordinate and reinforce the face-to-face and online components
of learning [38]. They argue that teachers need to learn skills and require techno-
logical capabilities to implement flexible teaching and that learners want their
personalized learning not only in the form of online activities. Face-to-face inter-
action in the tutorials and interactive and collaborative learning activities motivate
them.

Motivation is a function of a person’s acknowledgement on the task being
performed, on the impact of the completion of the task, and one’s ability to solve
the task [9]. Similarly it is also well known that learners with higher self-efficacy are
more motivated and successful on a task. Expectations that learners have to com-
plete a mission successfully and the value of how they attach them is an important
aspect of motivation and contribute to learning performance [10, 34]. Self-efficacy
is, according to [7] a bridge between attitudes and competencies. This is critical
because learners have to believe they can perform. This requires both the training
and belief in oneself. The behavior of the teacher provides an important contri-
bution to the development of the learners and their self-efficacy [27]. Nowadays
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teaching and learning are moving from teacher-centered pedagogies and practices to
personalized learning in which learners are more actively involved in the learning
process and where learners demand more flexibility through online and blended
university courses [38].

1.3 Transfer of Knowledge and Skills for Promoting
Teachers’ Competence

Knowledge will not transfer to other contexts when it is wholly tied to the context
of its acquisition [4]. Transfer leads, for example, to questions about the correctness
of the school curriculum, that is, whether it includes the proper equipment for
students to work, and to questions about whether learners can recall and apply what
they learned at school when they are at work [2]. Without assuming extreme
contextual dependence, one could still claim that there is relatively little transfer
beyond nearly identical tasks to different physical contexts [1]. Representation and
degree of practice are critical for determining the transfer from one task to another.
Abstract instruction can therefore be ineffective if what is taught in the classroom is
not what is required on the job. Often this is an indictment of the design of the
classroom instruction rather than of the idea of abstract instruction in itself [1]
though.

It is a crucial issue to find out when and under which conditions transfer
problems occur [16]. This work describes a classification of four learning types
which provide a basis for a new understanding of the transfer problems. It starts
with cumulative learning (1) which is a form of learning characterized by being
isolated formation, something new that is not a part of anything else. Then the most
common form of learning is called assimilative learning (2) which means that the
new element is linked as an addition to an established scheme. Accommodative
learning (3) implies that one breaks down the established scheme and reconstructs
in a way that allows the new situation to be linked in. Finally it describes trans-
formative learning (4) which implies personality changes or changes of the orga-
nization of the self.

1.4 Knowledge Integration by Reflection

In their analogy to theories on transfer [3], classified three types of integration
processes to take place during the performance of different professional learning
tasks: (1) low-road integration, which is hypothesized to occur as a result of practice
toward automatic performance, (2) high-road integration which means that learners
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abstract and detach information from its original context and applies to it in new
contexts, and (3) transformative integration which is the connection between
knowledge and skills occurs by means of critical (self) reflection. This not only
refers to Illeris’ accommodative learning [16] but also approaches Schön’s
reflection-in-action [31] suggesting that practitioners reflect during experience and
make changes during action. Eraut [13] has challenged Schön’s point of view on the
grounds that it effectively ignores the important variable “time.” “When time is
extremely short, decisions have to be rapid and the scope for reflection is extremely
limited. In these circumstances, reflection is best seen as a metacognitive process in
which the practitioner is altered to a problem, continuing alertness (p. 145).”

Teachers often learn by critical individual reflection and by involving colleagues
in particular challenging or problematic situations [24]. Eraut [13] describes that
reflection is triggered by the recognition that in some respects the situation is not
normal and therefore in need of special attention. This is adjacent to Engeströms’
expansive learning [11, 12] which describes the learning when learners are involved
in constructing and implementing a radically new, wider, and more complex object
and concept for their activity. In essence, there is a contradictory pressure here.
Teachers need time to reflect critically on their professionalization. The expansive
learning is emerging today: the flexible teaching and learning provides more
experiences a teacher can handle and reflect on. There is limited institutional and
technological support to assist teachers in guiding and reflecting on the experiences
originating from the flexible learning activities and the added time is not recognized
or acknowledged, e.g., [38].

2 Exemplifying Design Aspect

2.1 E-learning and Teaching Skills

The development of the internet facilitates e-learning in the form of applications
and reduces the boundaries to learning and compliments traditional teaching
methods [20]. E-learning is superior to traditional approaches in its capability to
update, store, retrieve, and share learning information. In an online community
teachers can tell and retell ‘stories’ to develop ‘collective knowledge’ and forge a
group identity [14].

Because vocational math teachers do feel to be not equipped for teaching
mathematics and do not always have sufficient numeracy skills and knowledge of
mathematical didactics, an online training in an e-learning system with DLM was
designed. Therefore, this article exemplifies the case of a group of math teachers in
vocational education who attend an online training to investigate whether the design
aspects for e-learning activities enhanced their knowledge and how the teachers
appreciated the aspects of the e-learning activities (see Fig. 1).
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3 Context and Participants

The online training was designed with in an e-learning system with DLM in the
platform N@tschool, at Windesheim University of Applied Sciences in Zwolle.
There were seven teachers of a vocational education school in the Northern part of
the Netherlands who participated in the online training for mathematics teacher
training. The mean age of the participants was 49.2 years (SD = 12.2). The mini-
mum age was 32 year and the maximum age was 61 year. The mean years of
experience was 25.8 years (SD = 14.1) and the mean years of teaching math
education was 5.8 years (SD = 4.4). Three teachers were male and four teachers
were female. They came from different departments but all were assigned to teach
mathematics in vocational education. The teachers, who had to professionalize
themselves, were enrolled in a 6 week online training for the specific domain
content and pedagogical content knowledge for vocational mathematics level 2F1,
the level of citizenship. Teachers need to professionalize themselves because
mathematics is a required and new part of the curriculum. The goal was to gain
(new) insights about pedagogics and didactics in teaching math practice by reading
literature, discussion in the forum and performing assignments which consisted of
applying the learned knowledge in practice tasks (integrated knowledge). The
online training was introduced during a live class session, face-to-face. The teachers
were online guided by a teacher who was a subject matter expert in guiding online
training and mathematics.

teachers' own learning processes
space in directing and arranging 

space to full illa new role
space to act as facilitator in student's learning processes

learning activities connect to world of experience

learning engagement
doing

experimentation
re lection on experiences 

learning from others with(out) interaction

professional learning
collaboration between teachers learning things they are interested in connect learning to school environment long term commitment to learning 

Fig. 1 Design aspects for e-learning activities in teachers’ training
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3.1 E-learning Environment

Teachers used the platform ‘N@tschool’ to attend the online training. Teachers
were able to log in from their home. The platform comprised the same structure
each week: silverpoints, forum, and working space. Silverpoints are pages that were
filled with the required features, with the aims that teachers should be able to
achieve that week, domain-specific literature with internet links in it, and spoken
presentations (see Fig. 2). The forum was a place where teachers could discuss the
assignment of that week. Every week had an assignment for learning through
practice and comprised of the theory of that week and a learning task that teachers
had to perform in their working context. In the working space, teachers could find
the literature in the article of the week and the portfolio folders of the teachers (see
Fig. 3). The expert teacher moderated the online training three times a week, by
using references to literature, domain-specific knowledge, and subject matter
expertise in discussions. Also examples of good practices were shared. Teachers, as
peers, were also allowed to answer or discuss questions.

3.1.1 Silverpoints

The silverpoints comprised of pages with written domain-specific knowledge about
mathematics (pedagogical) content comprised with internet links, pictures, and
spoken presentations (see Figs. 2 and 3). Because of that, teachers had the possi-
bility to go more deeply into the materials (which was no obligation).

Fig. 2 Silverpoint with slides and spoken clips
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3.1.2 Forum Discussions with Assignments

The aim of the forum discussions was to discuss the assignment of the week
(learning activities with practice tasks) and the theory of the week (see Figs. 4 and
5). Furthermore teachers could discuss the problems they bumped into during
solving the assignment in practice. An example of an assignment is “analyse the test

Fig. 3 Silverpoint with slides and ‘internet links’

Fig. 4 Forum assignments
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results of your students. In which domain do you find the most positive and neg-
ative remarkable results” and “what domain-specific knowledge and skills need
attention?” And also, “how can you teach without the method to scaffold in the
zone of the next development?” or “observe a lesson from a colleague or ask a
colleague to observe your lesson. Then discuss the domain-specific content and the
didactics used. What does this mean for the choices within the domain-specific
content and the didactic approach of the teacher for the next lesson?” Teachers had
to discuss the assignment online in the forum two times a week. And of course, like
in the silverpoints, teachers had the possibility to discuss their own (practice)
interests (which was no obligation).

3.1.3 Working Space

The working space was a space where teachers could find the literature on the
addressed domain-specific content that week (Fig. 6). Every week teachers made
assignments (learning activities with practice tasks) and uploaded their assignments
in their portfolio folder in the working place. Furthermore, like in the silverpoints
and in the forum, teachers had the possibility to upload interesting background
information (see Fig. 7) related to the domain-specific content, such as opinions
from newspapers on the Dutch national mathematics test (which was no obligation).

Fig. 5 Forum discussion
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Fig. 6 Working space structure

Fig. 7 Working space week 3
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4 Procedure

4.1 Procedure Description

Prior to working with the online e-learning system with DLM, teachers were
handed information on the training and the e-learning system with DLM during a
live class session, which took 2 h. The goal of the experiment was explained and
the content was introduced. Furthermore teachers were asked to discuss online
minimal two times a week. The course lasted a total of 6 weeks. Teachers had an
assignment every week which was discussed with the online teacher and the peers
and uploaded in the working space in the portfolio folder. After 6 weeks teachers
were asked to fill out a questionnaire on the aspects of the learning categories and
their appreciation in ratings on the different aspects of learning.

4.2 Measurement and Data Analysis

The goal of the questionnaire was to analyze teachers’ learning on the aspects of the
learning activities in terms of ‘learning engagement,’ ‘teachers own learning pro-
cess’ and ‘professional learning’ (see Fig. 8). It was a five-point Likert scale; totally
agree, agree, don’t know, disagree, totally disagree. For analyzing the results of the
questionnaire the points were calculated with a maximum of 25 points, when

1.1 Doing silverpoints, forum, fascinating, inspiring, stimulant,
discussions and café line enthusiastic, curious

1.2 Social forum, discussions café line personal, social, fear
contribute two times a week time-consuming

2. Professional Learning
2.1 Collaboration with peers connection by own interests in 

the café line, forum and 
discussion line
support colleagues

connection, contact peers and 
learn from peers

support, feedback, positive

2.2 Expert teachers’ 
competence communication

discussion online and 
assignments

clear, communication, personal, 
adequate, support

3. Teachers own learning 
process
3.1 Forum discussions with 
teacher

discussion online and
assignments

domain specific knowledge, 
stimulating

3.2 Flexible silverpoints with links, working personalized, outside trails, 
space and forum learning possibilities

Categories Learning activities Items in questionnaire e.g. 

1. Learning engagement
[32]

Fig. 8 Categories and learning activities
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teachers were satisfied and a minimum of five points, when teachers were not
satisfied. Teachers also rated the e-learning aspects with a number from 1 (mini-
mum, not satisfied) to 10 (maximum, very satisfied) ( see Fig. 9). Five teachers
completed the questionnaire. Two teachers, (out of seven) did not complete the
questionnaire. The questionnaire stems partially from the questionnaire of [32].

5 Results

Teachers were overall satisfied with the aspects on “learning engagement” in the
e-learning system with DLM. They appreciated the learning activities in “doing” as
fascinating and curious. One teacher was not inspired. Four teachers were enthu-
siastic and stimulated. One did choose “neutral.” The teachers appreciated it as
personally and although the teachers felt very safe in the E-environment, three
teachers did not value the e-learning system with DLM as very social, and two
teachers choose “neutral.” The teachers did not often interact with each other. So,
not surprisingly, teachers pointed out that they were not satisfied about learning
with and from their peers. Two teachers find the online training time consuming.
“In practice, it is quite difficult to contribute actively.”

Within the aspects on “professional learning” in the e-learning system with
DLM, collaboration between peers was the least appreciated by teachers. Three
teachers were “neutral” about the connection with their peers in the e-learning
system with DLM and two teachers were not satisfied. They did appreciate the
support of the peers but the feedback of the peers was not appreciated as high; they
did not learn from their peers. “I tried to contribute so it yield knowledge for every
peer, but not all the peers did react or contribute. That’s a pity because we all are
busy and we did get professional hours to attend this online training”. The teachers
were very satisfied with the communication of the expert teacher, they found it
clear, personal, and adequate. Most teachers were stimulated by the expert teacher
and appreciated the support. “Thank you very much for your support during the
online training.” One teacher marked “don’t know” here.

Teachers were satisfied about “self learning.” The flexibility in the e-learning
system with DLM, to walk outside trials, was appreciated: Teachers liked the
possibility to upload interesting background information in the working space, to
discuss their own (practice) interests in the forum and to go more deeply into the
materials and domain-specific knowledge in the silverpoints. Teachers did learn and

aspects literature
(articles) 

theory in
silverpoints 

structure
(silverpoints) 

internet
links 

working
space 

discussion
(peers)

moderation
(teacher) 

assignment
(forum)

Module
as a 
whole 

Rating 
(1-10) 

Fig. 9 Ratings of aspects of e-learning
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appreciated the learning possibilities. “I liked to discuss the literature in the articles,
it certainly gave direction to the way I think about math education now.”

Teachers rated the different learning activities (in mean) as follows; literature
6.8, theory 7.0, structure of the content 6.6, internet links 7.4, working space 6.6,
discussion with peers 5.8, moderation expert teacher 7.2, assignments 7.0 and the
module as a whole 7.0. “I liked to read the discussions but the environment was not
very user-friendly. It required lots of clicks.”

6 Conclusion

The aim of this chapter was to design an online training in an e-learning system
with DLM to understand how it facilitates math teachers’ learning. We used the
case of a group math teachers in vocational education to exemplify the evaluation
on the design aspects of an e-learning system with DLM described in terms of
“learning engagement,” “professional learning” and “teachers own learning
process.”

Overall we can conclude that teachers seemed satisfied about the design of the
online training. They were satisfied about the components “learning engagement”
and “teachers own learning process.” They specifically appreciated the
domain-specific literature and the online moderation of the expert teacher. This is
also visible at the ratings on the aspects of the e-learning activities. The articles,
written domain-specific theory, and internet links in the silverpoints, gained
higher mean scores, than the other aspects. Although the moderation of the online
expert teacher was also an important contribution to the satisfaction on the online
training, this was in contrast to [19] who explains that teachers themselves are
key actors in directing and arranging their own learning processes. However in
this case, not all teachers acted as key actors, they did not collaborate much.
Specifically connection and mutual contact was low. Wanner and Palmer [38]
point out that “flexible learners,” as self-directed and self-regulated learners, are
not a given as not every learner is ready for, and open to, more personalized and
self-regulated learning and to the shift from passive, to active, collaborative
learning. This also counts for the teachers in this online training. They were
passive and did not collaborate mutually.

One teacher was not satisfied with the professional learning component, but she
did not contribute in the discussions at all. That is a pity because teachers can tell
and retell ‘stories’ to develop “collective knowledge” and forge a group identity in
an online community [14]. The question is whether this teacher developed com-
petence through experience of engaging in practice as [23, 37] state. But according
to [23] it is also possible that the teacher learned through “learning without inter-
action,” because this teacher stated that she did learn and that she appreciated the
literature in the articles.

Three teachers directed and arranged their own learning process. These teachers,
as key actors, collaborated and arranged feedback, new information, and ideas [19].
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They appreciated the online training as whole more positive. One teacher could not
find his way in the e-learning system because he missed the first face-to-face
meeting. He had to deal with the technology-related issues which includes teachers’
abilities to use software and hardware [8]. “Because I missed the first face-to-face
meeting, I had to sort out many things by myself, that was frustrating.” By starting a
face-to-face meeting the other teachers had to deal less with the technological issues
and technical skills might be prerequisite for the proficient teacher level, as was
visible in this research. All teachers pointed out that they had learned. For only two
teachers time for studying was an issue. The studying in addition to providing
education cost too much time. Sometimes the flexible teaching and learning pro-
vides more experiences a teacher can handle and reflect on. Though in this study
there was institutional and technological support, the added time was not recog-
nized or acknowledged, e.g., [38].

6.1 Contribution

The teachers appreciated the design aspects. One teacher was not active in dis-
cussions in the forum, but she did read the articles and also the theory in silver-
points. Though, according to [15, 19] learning appears by collaborating, it can
therefore be assumed that this teacher learned with the help of the online training
without interacting or collaborating.

This online training did not use a reflection tool which could contribute to
learning as [24] state. Teachers often learn by critical individual reflection and by
involving colleagues in particular challenging or problematic situations. According
to the integration levels mentioned in the study of [3] this online training tends to a
low-road integration level because knowledge and skills are conceptualized as a
process in which knowledge and skills are increasingly connected by means of
practice toward automatic performance. Knowledge and skills become increasingly
implicit as they are internalized by learners. In addition, three teachers required
reflection on their action [31] in the forum discussion. Those teachers were able to
abstract and detach information from its original context and apply it in new
contexts. Their connection between their knowledge and skills made them think
consciously about what they were doing. So we might state that this online training
offered a level of high-road integration, the second type of integration process
according to [3] these three teachers. They did abstract and detach information from
its original context and applied to it in new contexts by their questions and con-
tributions in the forum discussion. For some teachers however, the “space to act and
arrange” seemed too broadly. Perhaps these teachers were just “doing an activity
simply for the enjoyment of the activity itself, rather than its instrumental value”
[30] (p. 60).
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6.2 Limitations and Future Improvement

The scope of this study was limited in terms of the development of learning. The
only control visible was the logs into the system but that does not tell us much
about the learning of teachers. Thereby the e-learning system with DLM only
offered assignments that teachers could solve alone. It might be better to develop
assignments which require collaboration between teachers that can be supported by
tailored collaboration scripts which define interventions that specify, distribute, and
sequence learning [18, 28]. Thereby, it might be that the expectations to the math
teachers in vocational education were not clearly communicated in advance.

Future study on online teacher training in an e-learning system with DLM should
pay more attention to the aspects of “professional learning,” especially on the
development of assignments that require collaboration between the teachers, and on
exploring the ways in which reflection can contribute to the professional identity
that enhance professional learning.
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Abstract A case study presents an approach to the design of serious games
through intercultural collaboration between students of two different institutions of
higher education. Dutch students provided input regarding instruction about liter-
ature, and Singapore students shared knowledge of game design. The group pro-
duced multiple chapters of a game to be used in classrooms for literature
instruction. The game focuses on The Odyssey, which is an important source text
for modern literature. Then primary school, secondary school, and teacher educa-
tion students played the game; research data were obtained to determine the target
group for whom the game is suitable.
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1 Introduction

This chapter describes the collaborative development of a serious game for Dutch
literature instruction (i.e. the Odyssey game) by students and staff of two institutes
for higher education, in the Netherlands and in Singapore. Results of a pilot test of
the game’s usefulness in a Dutch educational setting are also presented.

The Dutch institute of higher education involved was Windesheim University of
Applied Sciences, specifically the Department of Secondary Teacher Training for
the Dutch language, together with the Department of Human Movement and
Education. Windesheim University is located in Zwolle, a middle-sized town in the
northeast of the Netherlands. Windesheim University focuses on high quality higher
education, research and entrepreneurship. With over 20,000 students and 2000
employees in three locations (Windesheim, Zwolle and Almere), it is one of the
largest universities of applied sciences in the Netherlands. The participating insti-
tute of higher education in Singapore was Nanyang Polytechnic (NYP), specifically
the School of Interactive & Digital Media (SIDM). SIDM is recognised by foreign
institutions and media professionals to be one of the finest schools for interactive
and digital media studies in Asia. Each year, SIDM trains about four hundred
aspiring students for the thriving digital media industry in the region. SIDM’s game
courses equip the students with a solid foundation in integrating game art and
design with rapidly changing game technologies, across different platforms such as
PCs, consoles, mobiles, and the like. NYP also manages a national incubation
centre, the Games Solution Centre (GSC), a one-stop resource centre that provides a
rapid prototyping development environment for Singapore-based small-medium
game enterprises to develop their games.

This cross-cultural project was set up with the specific aim of bringing the best
of both worlds together, in terms of validation of technology—in this case a serious
game—in an educational setting, the design of new pedagogies for the use of
technology in classroom situations, and last but not least, the making of the serious
game itself by designing and programming it.

It is helpful for future teachers to experiment with modern technology in relation
to the instruction of literature. Teacher educators and educational researchers at
Windesheim University have the pedagogical and instructional know-how, but not
the technological knowledge and means to build a serious game. The faculty at
Nanyang Polytechnic are experts in developing these types of applications, but lack
knowledge regarding the validation and deployment of a serious game in educa-
tional settings. For students at Nanyang Polytechnic, the value of this collaborative
project was that they learned to develop a serious game that met the demands of a
specific target group in a concrete educational situation, in this case, students in
literature lessons. For the Dutch students, it was a valuable experience to explain
their ideas and thoughts to collaborators from other disciplines. Both groups of
students developed general skills such as project management, intercultural col-
laboration and communication.
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The goal of this endeavour was to use mutual expertise and insights in the fields
of game development, education and research. In the first half of 2013, both
institutions started preparing for this cross-cultural project. Teacher educators at
Windesheim University were asked to send in ideas for the content for this project,
and in September 2013 the first group of students kicked off the Odyssey project
with the aim of developing a serious game for literature. What follows is a brief
explanation of the literary and educational concepts on which the game is based.

1.1 Literature Education

A modern text sometimes contains traces of an older text. This more or less
complex relationship between texts is called intertextuality. In Dutch schools, lit-
erature education usually focuses on the strategy of close reading, where students
learn to analyse poems or stories thoroughly without using information outside the
text, such as biographical, historical or cultural background. Intertextual reading
can be a valuable addition to this strategy, because it makes students aware of the
fact that these literary texts are not isolated artistic expressions, but are part of a rich
tradition. “Intertextuality is a crucial element not only in the attempt to understand
literature in general but also in our attempt as educators to enhance our students’
literary reading by locating it into a motivated and meaningful classroom context”
[1, p. 180].

Intertextuality is a topic in the curriculum of teacher education for the subject of
the Dutch language at Windesheim University of Applied Sciences in the
Netherlands. This teacher education is preparing students to become teachers in
secondary and vocational education. Students learn to analyse and interpret modern
contemporary literary texts that refer to older texts such as the Bible or ancient
myths. To do that correctly, they need to be familiar with these old stories [1].

An example of such an old and influential story is Homer’s work, The Odyssey,
a classic story that is often referred to in western prose and poetry [2]. Learning a
new domain, such as becoming familiar with The Odyssey, requires the learner to
take on a new identity, and a good video game captures players through identity [3].
Therefore a digital role-playing game was chosen: the gamer identifies with the hero
and must solve all types of problems before he can make progress and complete the
game. It could also be called a click-and-play game: one clicks on objects, persons,
spaces and texts to make progress. In this way, the gamer is able to reconstruct the
story actively. Thus, learners can familiarise themselves with The Odyssey in a
simple and attractive way. The game provides an innovative learning experience for
students: they do not begin by reading the story, but by identifying with a character
and performing actions.

A total of five chapters retelling the story of The Odyssey were conceived and
planned to be developed. To date (2015), all five chapters are nearly finished. The
focus of this text is chapter one, because it was pilot-tested within several class-
rooms. It is an adaptation of an episode from Homer’s Odyssey, namely when
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Odysseus is in the cave of the giant Cyclops and his escape. The other chapters will
be validated and evaluated in 2016.

1.2 Are Serious Games Serious Enough?

Games can be played for entertainment, but games are also linked to various forms
of learning: skill acquisition, knowledge acquisition, affective and motivational
outcomes and behaviour change outcomes [5]. The use of games for these kind of
purposes has led to the name “serious games”, games that are developed for pur-
poses other than just entertainment.

Although games seem to be suitable for educational purposes, not much research
has been done on how they are actually used in teaching [6]. In their literature
review, Connolly et al. [5] conclude that it is difficult to relate learning outcomes
directly to a game. Backlund and Hendrix [6] note that not much research has been
done on how games are actually used in teaching. There seems to be some scep-
ticism among students and teachers. Practical barriers include the difficulty of
seeing how a game can be relevant with respect to the curriculum and of persuading
stakeholders of the benefits of using games, the lack of time for teachers to learn
how to use games as teaching tools, and technology barriers related to the school’s
IT equipment. When games are used, the teaching context and the
pedagogical-instructional activities surrounding the game are important [6]. That
means the effects of a game can only be measured when the educational context is
taken into account.

1.3 Game-Based Learning

A game is a goal-directed and competitive activity within a framework of agreed
rules that constantly provides feedback to enable players to monitor their progress
towards the goal [7]. Games also “situate the meanings of words in terms of the
actions, images, and dialogues that they relate to, and show how they vary across
different actions, images, and dialogues” [3, p. 8]. Gee calls this the Text Principle:
the story is not understood verbally, but in terms of embodied experiences that
contribute to a better verbal understanding of the source text and related texts. The
Intertextual Principle is also an underlying element in game play: after achieving
embodied understandings of a text the learner understands that the text is part of a
family of related texts [4]. To make this experience successful, the game must meet
four criteria: it must be fascinating, efficient and easy to use, it must use technology
that is available everywhere and it must concern everyday problems [8].
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Gee’s two principles were important guidelines during the development of the
Odyssey game because they stress the relationship between games and language,
which is of course an interesting approach for literature-related education. In
accordance with the Text Principle, students identify with Odysseus and carry out
actions on his behalf, which makes them familiar with the story without reading it.
The Intertextual Principle is also important: together with different literary texts, the
game can be used in an educational context to stimulate intertextual reading.

Mortara et al. [9] claim that a serious game seems to be particularly suited for the
affective domain, in terms of identification with a character and understanding his
feelings, problems and behaviours. The Odyssey game could therefore be used in
different educational contexts, for example, literary education, cultural history
lessons or lessons philosophy or ethics.

2 The Making of the Odyssey Game

Here a brief overview is given on the development of the first chapter of the
Odyssey game, from September 2013 to June 2014.

2.1 Preparation

September 2013–December 2013
In September 2013, four student teachers from Windesheim University were

selected to work on this project. Their goal was to develop a serious game about
The Odyssey. To accomplish this, they needed to collaborate with three Game
Development students from Nanyang Polytechnic. A project week in January 2014
was planned, to do some serious live project work. In preparation for this project
week, both groups of students prepared by doing literature research and literature
reading, and having project meetings with their supervisors.

As the new game would revolve around The Odyssey, the Dutch student teachers
started reading Homer’s Odyssey. Simultaneously, they started to learn about
serious gaming. Because the project also focused on new pedagogies, they followed
two MOOCs (Massive Open Online Courses), “Video Games and Learning” [10]
and “Online Games: Literature, New Media, and Narrative” [11]. Students learned
about Gee’s principles and about intermediality, the way in which literature, film,
and games engage in the basic human activity of storytelling. The principles of
serious gaming proved their value immediately, because the students started
selecting parts of The Odyssey that were suitable for using in the game. The MOOC
about online games addressed The Lord of the Rings in different media, which
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served as an example, because there is also a role-playing game for this book
trilogy.

After following the MOOCs and readings of The Odyssey, literature on serious
gaming and intertextuality, the group was able to select a few episodes from The
Odyssey. They were selected based on suitability for in-game use and evidence of
their traces in modern texts. The students gathered poems containing traces of
Odysseus’ story, which helped them with this task. Meeting with their teacher and
working together via Facebook and Skype, the students started organising their
preparation for the project week. They made overviews of the selected episodes
from The Odyssey that provided useful information related to their suitability for
game development. This prepared them to meet with the students in Singapore to
really start developing the game.

The story of The Odyssey was not included in the study of literature in
Singapore. Furthermore, literature itself was somewhat foreign to the group of
Singapore students, as none of them majored in that subject. The students started to
prepare for the planned live work week with the Dutch student teachers by reading
about and getting more resources on the story of The Odyssey. The students also
started to create concepts and images for the game. They studied the character traits
and temperament of the hero, Odysseus, and proposed various designs for the
character.

2.2 Collaboration

In January 2014, a delegation of students and staff from Windesheim visited
Singapore to work on the game. Both student groups were well prepared and highly
motivated to produce a serious game. They communicated in English, which was
also the language used in the initial version of the game itself. It quickly turned out
that the initial idea of a fully playable game consisting of all selected episodes was
too much work. It would never be ready in time. Therefore, the decision was made
to make one playable chapter, consisting of one episode of The Odyssey. The game
would focusses on Odysseus in the Cyclops’s cave. Because of the preparation
done back at home, the Windesheim students were able to quickly collaborate with
the NYP students. After this chapter was completed, more chapters were created; a
total of five chapters have been developed.

At NYP, the beginning of any game development process starts by coming up
with a Game Design Document (GDD). Some call it the Game Bible or Design
Bible, while the others call it Game Overview Document; for decades, the GDD has
been used to provide a unified vision for game production to countless game
developers and artists. It is a document with all of the possible steps in the game
itself. The game programmers and designers use this to create the actual game. It
can be seen as the construction manual for the game. The Windesheim students
were able to put all of their knowledge into this GDD, while the NYP students
continued to further develop concepts and game designs for the game chapters and
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other characters. Together, all seven students finished the first version of the GDD
by the end of the project week (Fig. 1).

After the project week, the collaboration continued long-distance via video-
conferencing, email and other digital communication. The groups worked on the
next versions of the GDD by commenting on, and improving, the previous versions.
The GDD also contained all of the text in the game, which was written by the
Windesheim students. They could also make sure all the aspects of the story were
right in the game. The NYP students learned to incorporate specific story details
into the game. They also provided the overall structure, because the Windesheim
students were less experienced at producing a game. By the end of May 2014, the
first actual playable chapter was ready. It was developed on the basis of the con-
stantly improving GDD, proving that the collaboration had been productive during
the project week, as well as the weeks that followed (Fig. 2).

2.3 Other Activities

Every three months, a new batch of NYP students took over the game development
from the current batch of students. Therefore, continuous communication with the
Windesheim students remained vital for the success of the project. The NYP stu-
dents continued to build the other chapters of the game with the continued feedback
from Windesheim students and supervisors. The development of the first chapter of
the game established a crucial framework and pipeline for the production process.

Fig. 1 Collaboration during the project week
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New mini-games were designed for every new chapter, and the NYP students
continued to push their capabilities to improve on the visuals of the game.

The game was originally designed and made for the PC; however, the decision
was made to switch the target platform to mobile devices, due to the wide adoption
of mobile devices as a teaching aid in schools these days. Such a drastic decision to
change platforms would not have been possible in the past, but because the game
was developed using an up-to-date game engine that allows flexibility in switching
platforms, the students were able to deliver the game for mobile devices.

The game also supported play in two languages, English and Dutch. First, the
NYP students designed and planned the English dialogues, which were written in a
common text format and sent it over to the Windesheim students for translation.
Once the translation was completed, it was sent back to the NYP students to
integrate; after that, the game could be played immediately in the Dutch language as
well.

Apart from these activities Windesheim students also played other important
roles. They designed lessons in which they incorporated the game that had been
developed. Furthermore, they presented their progress and outcomes to their fellow
students, their teachers and others. Later on, they were able to assist with the
research on use of the game by helping out in classrooms and processing test
results. Not only did they help to build this serious game, but they also helped out

Fig. 2 Part of a game design document
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during the entire project. The game is only useful in its proper context, and the
students helped to establish that context as well.

2.4 Learning Outcomes

The students from Windesheim University learned a great deal from this project.
Future teachers need to be future-proof. This project prepared the students involved
for the future. They learned about a very promising new teaching method, serious
gaming. And because they were involved in this project, they were able to expe-
rience first-hand how new types of instruction come to be. They learned how to do
research on new pedagogical methods and actually build on this research, making
educational material that is future-proof. Furthermore, they learned how to continue
to develop themselves via MOOCs and other self-teaching methods. This is a key
skill for teachers. A teacher needs to be able to think critically about himself and
improve his methods. The students were able to grow in this respect.

Along with this, they learned about international collaboration. The world is
becoming more and more connected, which means that we can use knowledge from
all over the world. Being able to work with people from different cultures and
learning from your differences is critical to succeeding in the connected world.
Through this project, students were able to experience what it is like to work with
colleagues from across the globe. This unique opportunity was an invaluable
experience for the students. They learned how to communicate with people from
totally different cultures, worked with them and were able to learn from their skills
and know-how. This project delivered on a fully playable and usable educational
game. Additionally the students learned a lot about instructional innovation,
research and international collaboration.

3 Research

In parallel to its development, the Odyssey game was tested in various educational
settings to find out the target group for whom the game is suitable.

3.1 Methodology

Different groups of students played the game in the period from August to
November 2014: a group of 6th grade children grade in a Dutch primary school
(11–12 years old), five Dutch students at an international school in Singapore (13–
15 years old), 17 students in a Dutch secondary school (15–17 years old) and 20
Dutch teacher education students (21–23 years old). After playing the game in the
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classroom, most of the students (except those at the Dutch primary school) com-
pleted a questionnaire [12].

The goal of the research was to find out if the game is usable, meaning whether
students find the game possible, attractive and meaningful. The survey (see the
Appendix) includes eight questions about user experiences in general and 24
statements about five specific dimensions:

1. Intrinsic motivation (the extent to which a student experiences fun, pleasure and
enjoyment)

2. Self-efficacy (the extent to which the gamer thinks he has enough skills to play
the game)

3. Utility (value of the game for learning more about Odysseus)
4. Feeling of choice (the degree to which a student experiences actions as his own

choice)
5. Engagement and concentration (the degree of focus and emotional involvement)

Students indicated whether they agreed or disagreed with different statements
about the five dimensions.

3.2 Results

Students at the secondary school reported low intrinsic motivation, namely a mean
of 1.6 on a scale from 1 to 4. The teacher education students had a mean score of
2.7 and the students at the international school showed the highest mean score, 3.7.

On self-efficacy, the extent to which the gamer thinks he has enough skills to
play the game, the secondary school and teacher education students scored more or
less neutral, with means of 1.7 and 2.2, respectively. All four students at the
international school scored 4 for self-efficacy, which means they completely agreed
with the positive statements about their game competences.

The third motivational construct was utility, formed by statements about the
value and usefulness of the game for educational purposes. Students at the sec-
ondary school disagreed with these statements, with a mean score of 1.3. Students
at the international school and student teachers were more positive about this, with
mean scores of 2.8 and 2.6, respectively.

The motivational construct of feeling of choice refers to the degree to which the
gamer feels he is free to choose his actions. The mean scores varied from totally
disagree to neutral: a mean of 1.0 for students at the international school, 1.5 for
those at the secondary school, and 2.3 for student teachers.

Finally, the students answered questions about engagement and concentration,
the extent to which they could focus on playing the game and were involved in it.
The secondary school students again had a low mean score, while the mean score
for students at the international school was high and students of teacher education
had a mean score between neutral and agree.

The mean scores for all five dimensions by school are visualised in Fig. 3:
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A mean score of 2.5 or higher for each element is considered as positive and a
lower score as negative. The Dutch primary school students did not complete the
questionnaire, but the teacher inventoried their comments after playing the game in
the classroom and shared his observations. The children were positive about the fact
that you have to solve problems, search items and discover things and about the fact
that you have to collaborate with others to complete the game. Some students
judged that the game was too slow and some would like to have more clues. The
teacher observed the students and noted that a few students gave up after a while,
but that most students were determined to complete the game. In his own words: “I
never saw a group of girls work so hard. There was a smell of sweat round the
computers and they did not stop. That was wonderful to see.”

At the Dutch secondary school, the game was used in lessons on cultural history.
Students were told about the story of The Odyssey and were instructed to make a
cultural artefact about this subject. The game functioned as an introduction.
A student teacher assisted the teacher and observed the students during the game.
The reactions of the students ranged from enthusiasm to little interest. In this
setting, students also collaborated with each other: “It was fun to see that students
actually helped each other, both enthusiastic and less interested students. Could
someone not find a solution? Then someone else knew what had to be done. In this
way they were very active.” At that point, the game contained a few bugs that made
it difficult to make progress in the game.

The teacher education students played the game in a computer lab. They col-
laborated intensively during the game and formed small groups on their own ini-
tiative. Only one student played the game alone and was, in her own words, not

Fig. 3 Total score
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motivated. Because only a few students managed to complete the game, a group of
students played the game on their own time at home. Collaboration then continued
online through Facebook: they asked each other for help and gave each other
directions.

4 Conclusions, Discussion and Limitations

Students who were involved in the development of the game were positive about
both process and product, in the end. At the beginning of the process they expe-
rienced their task as open and vague, but after a while they took more initiative and
they managed to shape their ideas more and more. There was a lot of creative
energy that they could have channelled better, in hindsight. For similar future
collaboration processes, communication between students should be given atten-
tion: clear arrangements about timing and means of communication are necessary to
ensure smooth progress. What dominated was the feeling that this way of studying
is “refreshing and attractive”, as a Dutch student wrote in a reflection report.

The pilot research results show that all students were more or less motivated to
play the game. The students at the international school were positive about
engagement and concentration, the teacher education students were neutral on this
point and the secondary school students were negative. With regard to the use-
fulness of the game, the students at the international school and the teacher edu-
cation students were positive and the secondary school students disagreed. Only the
students at the international school showed strong self-efficacy. Some students
thought they were skilled enough, felt engaged and could concentrate. Students

Fig. 4 Screenshot of The
Odyssee
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lacked a feeling of choice, which is no doubt a consequence of the fact that the story
of The Odyssey is fixed (Fig. 4). Nevertheless, it is worth paying attention to this
point in the further development of new game chapters.

The data provided a lot of information, but there were also a few limitations.
First, the data reflected only the experiences of a relatively small group of students
regarding only one episode of the game. Moreover, they did not play the game in a
well thought out educational context. Games are more effective when they are
incorporated within instructional programmes that include debriefing and feedback
[13]. It is therefore also important to describe the educational context (preparation,
subject, learning objectives, and so on), because these preconditions can influence
the students’ opinions and performance.
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Social Development for Children
with Autism Using Kinect Gesture Games:
A Case Study in Suzhou Industrial Park
Renai School

Zengguo Ge and Li Fan

Abstract Suzhou Industrial Park Renai School has taken the lead in the practice of
autism education by using Kinect Gesture Game in the mainland China. This study
aims to investigate the benefits of social development for children with autism by
applying the innovative gesture-based games focusing on human–computer inter-
action, competitive cooperation, and emotional experience. Initial results show that
Kinect Gesture games have the potential to help children with autism in terms of the
development of verbal skills, communication skills, peer relationship, as well as
interests.

Keywords Children with autism � Educational practice � Kinect gesture game �
Social development

1 Introduction

Since 2002, the Horizon Report by the New Media Consortium has become an
important source world widely on information technology developments for edu-
cation. This annual report predicted and described a number of new technologies
which may play a critical role in education around the world over the next 5 years.
From the Horizon Reports (K-12 Edition) in recent years, areas with keywords such
as 3D technology and Gesture Games have been in hot spot.

Educational practice of using Gesture Games in teaching and learning has been
recognized as a new way to meet needs of children with disability worldwide [1, 2].
In recent years, a number of theoretical and practical explorations have been
conducted in mainland China. Lin et al. [3] investigated the platform of Gesture
Game in sensory integrated training, Cao et al. [4] looked into medical rehabili-
tation. Ma [5] studied parent–child interaction, and Liu and Shi [6] showed
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performance enhancement using Gesture Games. In the year of 2013, Kinect
Gesture Games were first introduced to classroom teaching in Suzhou Industrial
Park Renai School. We have attempted to apply this new technology for autism
education with positive results so far.

This chapter describes the educational practice of using Kinect Gesture Games in
a special school. By playing with this new educational product, children with
autism could improve their social developments, verbal skills, communication
skills, peer relationship, as well as positive interest and behavior.

1.1 Gesture Games and Autism Special Education

We humans use gestures to express and communicate. Gesture games take the
advantage of its easy and natural way for gamers to play. Combining visual, audio,
and proprioceptive and motion controls, gesture games are increasingly used today
in education or entertainment due to the fun element embedded. Research from
Nottingham Trent University [7] found that Gesture Games can improve students
with disabilities in their individual abilities on many aspects. In their research, after
participating in game therapy, 92 % students with disabilities expressed interest to
use such games in their future school learning. 92 % of them believed that they
could learn more efficiently through game-based instructions rather than traditional
learning ways.

Suzhou Industrial Park Renai School offers special provision for children with
development disabilities. A number of children in the school are diagnosed as
autism with various learning difficulties. For example, they may have sensory
integrative dysfunction (SID), neuropsychological dysfunction, deficits in com-
munication skills, deficits in social interaction skills, and a series of behavior issues.
As a global trend, autism is having a significant increase recent years [8]. According
to the latest figures released in March 2013, the incidence of autism amounts 2 %
that means every 50 people there will likely be one person diagnosed with autism. It
is internationally recognized that the best way to help children with autism is to
provide them appropriate education. Until now, however, there are very few edu-
cational solutions effective for treatments of autism.

Renai School believes that to educate children with autism through play or
game-based therapy would assist them to improve their social developments. The
school also is willing to learn and share prospective practice good to children with
autism. No doubt play or game-based therapy is a low cost yet high efficient way for
autism education which is easy to popularize. First, there is a good potential to
develop rich content for play or game activities which are not difficult to organize. It
might be even possible for a widespread acceptance by each and every autistic
child. Second, through game play, children with autism may become better moti-
vate to interact or communicate with others. Third, for those with severe disabilities
in speech and language, play would be an alternative way to foster their commu-
nication and interaction with other children. Teachers who play with those children
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may obtain more useful and ‘inside’ information from the play. Finally, we think
play should be part of life for children with autism, and play therapy therefore
should become a long-term strategy for autism education. In summary, we firmly
believe that play or game-based therapy would bring children with autism more
positive effects on verbal communication skills, better motion imitations from
surroundings, and better peer interactions with classmates.

2 Theories of Gesture Games for Autistic
Special Education

One of the major aims for autism education is to promote social interaction, verbal
communication, and positive behavior. For children with autism, first they are
children, and second they are children with disabilities. According to Montessori
teaching theory [9], it is highly recommended to educate these children using play
or game strategy which will help promote their social adaptabilities.

Gesture games not only have the similar functions of normal games, but also are
fun filling due to the interaction using the natural user interface. Often, game play
sessions can be conducted any places from classrooms to home. As games are
designed for computers desktop, laptop, or portable devices including iPADs or
smartphones, game-based learning is feasible anytime and anywhere. Specifically,
Gesture Games can be used to support education at school or home as well as
rehabilitation for children with autism. Gesture Games rely on high-tech video
motion capture techniques. Body action can have immediately responses in the
game system through the induction of human body movement. This real-time
interaction promotes the game play especially for learning application. Cameras are
used to capture the player body movements or gestures, after some data analysis, to
start human–computer interactions [10]. Compared with traditional role play or
video games, Gesture Games have advantage in the use of natural interaction for
learning. Such interaction is difficult to have with the traditional mouse and key-
board. Gesture Games are often designed with advanced features for man–machine
interaction, competition, and cooperation providing entertainment experience.
These functions are suitable for children with autism in effective education, and
educational rehabilitation.

2.1 Human–Computer Interaction

Interaction is a process of communication between two or more parties. Students
interact with their peers or teachers in classrooms. They can also interact with
objects such as books and footballs. In game design, players can interact with the
avatars (peer students or teachers), books, and footballs in the virtual schools. In
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Gesture Games, human–computer interaction is available where students (human)
serving as players interact with the computer through avatars or virtual objects in
the games using gesture control.

The recent basic curriculum reform in China emphasizes on the interactions
between teachers and students, interactions between students and students, as well
as interactions between human and computers under the ICT (Information and
Communication Technology) environment. Human–computer interaction is one of
the most attractive features in the game. Gesture Games open new avenues in
learning by encouraging interaction through motion tracking and recognition in
three-dimensional space and in real time. Gesture game technology is changing way
of gaming by introducing new game experience. It enables children to participate in
the game using their natural body movements. When Gesture Games are used for
learning, students can have their scorings recorded to show their interactive learning
progress. Human–computer interaction in the Gesture Games for children with
autism has the potential to motivate and assist them in learning, and eventually, to
enhance their social interaction.

2.2 Competitive Cooperation

In the process of cooperative learning, students may enhance their ability of
communication and thus develop preliminary social skills. Gesture Games not only
can engage children with autism in gameplay, but also can provide them a way to
adapt their behavior in relation to team they play with. During the competitive game
play, children with autism need to collaborate with their game partners. Team work
thus becomes naturally embedded in the play sessions. For instance, they can do
interact with each other face to face with corresponding body movement. From a
long-term perspective, through game play in the Gesture Games children with
autism may gradually change their behavior, become more positive and open
minded. As such, cooperative game play using Gesture Games has a potential as
part of educational rehabilitation to improve the learning of children with autism
and reduce their rigid, compulsive, and stereotyped behaviors.

2.3 Emotional Learning

Emotional disability is one of major problems for children with autism. Gesture
Games may be designed to have functions enabling emotion learning. For instance,
Gesture Games can provide colorful pictures, vivid sounds, and realistic scenes.
Advanced 3D technology is able to offer excellent stereo sensory experience
making the game players feel real and act real. This may help to stimulate children
with autism thus improve their emotion experience. By participating in Gesture
Gameplay, children with autism may learn to improve their compliance,
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enthusiasm, and initiatives through a fun-filling experience. As such, Gesture
Games can be used as emotion learning tool to assist these children better devel-
oping their social communication and adaptability.

3 Educational Practice of Kinect Gesture Game in Renai

Popular in western countries, Gesture games were introduced to China only
recently. Kinect with motion tracking function was launched in November 2010 by
Microsoft. It is able to capture, track, and recognize human body movements,
including gestures and voices. Players can stand in front of the Kinect device to
interact with the computer through a friendly and natural user interface.
Kinect-based Gesture Games allow players directly use their body movement plus
voice to control the games. A good feature with Kinect is that players can easily
acquire the joyful experience through simple operation with the sensor. This kind of
Gesture Games is being rapidly applied in education taking the advantages of their
interactive, interesting, and entertaining features. Accordingly, we start our Kinect
Gesture Games project in our school to explore its application on educational
rehabilitation for children with autism. Our strategy focuses on the cognitive
development [11] for autistic children with the optimally designed teaching plans
through appropriate training as well as analytics based on feedback data. We will
present the following four major parts which we are currently carrying out on our
educational practice of Gesture Games.

First, we evaluate the current Kinect Gesture Games developed by Microsoft.
Next, we will do a classification according to the Gesture Games we analyzed. We
will then design our classroom practice with selected Gesture Games identified
taking into consideration of our students’ interests and abilities. Integration of
various resources is finally done for curriculum based teaching and learning.

3.1 The Subject

Born in 2003, female student Julie has been diagnosed with autism. Her mother had
normal pregnancy before giving birth to Julie. She did not show any delay in
physical development ability except her social cognitive development including
speech and language deficit. In February 2014, she carried a social life ability
assessment combined with a development assessment. Evaluation results showed
that Julie’s independent life ability is about of 6-year-old children, athletic ability of
3.5-year-old, work skills of 6 year-old, social interaction skills of 3-year-old, ability
to participate in group activity of 2-year-old, and self-management ability of
2-year-old. And through the developmental evaluation, the psychological consul-
tant teacher found that generally Julie’s cognitive development stage is around the
age of 4. According to the above assessment results, Julie has a good performance
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in the independent living, but extremely weak in social and cognitive ability. In
addition, she prefers to play alone, and is not sensitive to the environment change
around her. At the same time, she has difficulties in communication or under-
standing, shows little interest, and often carries severely emotional problems. So
she hardly understands the rules of the game too.

This case study uses classroom observation, parents and teachers interviews. It
demonstrates four main aspects relating to our educational practice of Gesture
Games for children with autism in our school (Table 1).

3.2 Lesson Plan and Participation

Children with autism often avoid eye contact with others. But this does not nec-
essarily mean they do not have a common attention ability. Proper intervention with
the aid of sensory-based interaction using Gesture Games has the potential to
improve their joint attention through their eyes. The Kinect-based Gesture Games
provide a convenient human–computer interaction with easy changes of scenes, and
colors stimulating children with autism to keep common attention in a longer time
during a gameplay session.

Focusing on the cognitive understanding, a lesson plan was designed for Julie in
the case study.

– Gesture Games: “Fruit Ninja” and “Big Adventure”.
– Duration: 30 min each lesson.
– Lesson Comparison: Art lesson, Math lesson, and Gesture Games (GG) lesson.

Table 1 Evaluation of selected Kinect Gesture games

Game title Game evaluation Category Difficult
level

Fruit Ninja Simulations: free fruit cutting with hand gesture
Functions: attention, coordination and upper limb
movement

Casual
puzzle

★

Big
Adventure

Simulations: body center of gravity moving ships turn
around, jump over the obstacles
Functions: attention, balance coordination, partners

Action ★

Disneyland Simulations: walk, turn, and say “hello”
Functions: speech communication, social interaction

Role
play

★★★

Motion
Sports

Simulations: glide, biking, and rock climbing
Functions: exercise fitness, jumping, onset of coordination

Sport ★★★★

Just Dance
Now

Simulations: rhythm dance accompanied by music
Functions: rhythm, physical coordination

Action ★★

Your
Shape

Simulations: hands up the balance sheet, keep balance
Functions: attention, balance and emotional control

Sport ★★

Puss in
Boots

Simulations: move left to right, avoid obstacles ahead
Functions: attention, reaction, sense of direction

Action ★★
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– Teacher’s role: Facilitation and observation.
– Video Recording: Storm video software with the digital camera is used to record

Julie’s play at an interval of 10 s.
– Photographing: Remote mode with a distance 22 times the speed of the focal

length.
– Analysis: Data recorded in the computer is analyzed, and observation analysis

result is shown in Fig. 1.

From the analysis of the observation data in the graph by comparing Art, Math,
and Gesture Games lessons, we found that Julie has improved significantly in the
ability of ‘glance at teacher,’ ‘watch teacher,’ and ‘watch peers’. The number of
times of those abilities has increased obviously, and she has developed much more
joint attention in her Gesture Game lesson.

Peripherals of Kinect Gesture Game are equipped with real-time dynamic cap-
ture, image recognition, speech recognition, social interaction, and other functions.
Computer will identify, analyze, and according to a scheduled sensor model, to
feedback in the computer side accordingly with the information come from human
senses of sight, hearing, touch, and motion.

3.3 Coordination

Figure 2 shows Julie in the middle of playing the Gesture Game “Fruit Ninja”.
Importantly, to complete the game, she manages to coordinate her hands, eyes, and
body movements. She was comfortable standing in front of the digital camera, and

Fig. 1 Comparison of the gesture games versus other learnings
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other recording device yet focus on her interaction with the Kinect-enabled “Fruit
Ninja” game. Julie played the game role “Ninja” using a natural interface to trigger
the progress of the game through an interactive feedback in terms of sound, light,
electricity, and a variety of media of mutual stimulations.

The use of natural senses and auxiliary instructions tools help the coordination
during the game play via smooth and continuous human–computer interactions.
Throughout the rehabilitation process, it is also important to have some supporting
elements implemented such as realistic context scenarios, lively cheers by fellow
students, encouraging signs of success which can help children with autism gain
“immersive” feeling. This, in turn, promotes human–human interaction.

3.4 Learning by Playing

Kinect sensor can actively track players’ body movement, extraction players’ body
skeleton, and recognize the gestures within the sensor range. Kinect sensor is
suitable to promote communication between students and teachers, as well as to
enable students interacting with objects in a virtual space. These are very important
in learning. Kinect Gesture Games we chose are able to provide visual realism, and
auditory and other sensory feedback for teaching and learning.

Fig. 2 Julie performed in the Fruit Ninja gesture game
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The game ‘Your Shape’ is another example for children with autism to learn
through play. Using Kinect motion control, players can put stones into a box, the
more gem they collect, the higher they score. During the game, the computer
system would show the pose and motion image of players. Children with autism
would learn balance adjustment on their shoulders, elbows, and heads on their own
based on the feedback they have received, so as to improve their balancing ability.

3.5 Social Communication

For Kinect Gesture Games, its peripherals may be more and more comprehensive
that makes the human sensory multimodal interaction consistently improving.
Teachers and students could not only get systemic participation on ideas or body
movements, but also support many forms of interactive entertainment. During the
process of gameplay, peers can work together and share their experience via verbal
or nonverbal communication. Moreover, the Gesture Games as a media can help
promote cooperation and team work in addition to competition. In the process of the
play, students, teachers, and parents could share their emotions in a group to
improve the ability of children with autism in speech, language, and social com-
munication in a fun way.

In Julie’s case, she participated in the Kinect Gesture Games with the supports
from her parents. In May 2014, we conducted a preliminary interview with Julie’s
mother. She was briefed on the Gesture Game sessions Julie is going to attend. Her
feedback was taken into consideration to develop a modified version of the lesson
plan and other teaching practice for Julie. One month later, we carried out a formal
interview with her mother lasting about 1 h. With consent from Julie’s mother, here
are parts of reflect from the interview after the game sessions.

1. Since taking part in the Kinect Gesture Games, Julie showed a significant
change to her attention toward the surrounding world. At the same time, her
understanding of the rules of the game has been improved slightly too. She is
not much sensitive to the sound around her and develops the tolerance to the
external environment.

2. The Kinect Gesture Game largely stimulated Julie’s learning interest. Now she
can focus better and keep longer time on the game she wants to learn how to
play. It indeed inspired her learning enthusiasm.

3. When Julie began to participate in the virtual reality learning, she could
understand the scene and the rules of the game as fast as it were. She can
interact not only with the computer, but also with peers in the game. She even
showed surprisingly her initiative to help her classmates on gaming. We also
found that her language communication ability has improved. For instance,
she occasionally tried to say ‘I want to XXX’ for a demand expression. She
has decreased gradually her emotional problems such as the number of temper
tantrums and manic shouting.
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The analysis based on observation data of Julie’s gameplay and feedback from
her parents and teachers, we are delighted to see that the Kinect Gesture Game is
playing a significant role in enhancing the social development of children with
autism in the ability of verbal expression, communication skills, partnership, and
interest behavior.

4 Conclusion

Nowadays, Information and Communication Technology (ICT) has penetrated into
all aspects of the special education field. The environment of ICT-enabled educa-
tional rehabilitation for children with autism is rapidly improving. Chinese
Education Information Development Plan For Ten Years (2011–2020) encourages
‘‘to promote the information technology and teaching integration, to help all
school-age children and adolescents to use information technology with equality,
effective and healthy; to provide information terminal equipment to meet the
requirements of the learning disabled students and high-quality digital education
resources.’’

People-oriented technology is experiencing a rapid development which has a
good application in special education. Suzhou Industrial Park Renai School takes
the lead in using the Gesture Games as innovations on the educational rehabilitation
for children with autism. Some promising results have been obtained so far. In
future, we will spare our efforts along this direction by developing more appropriate
Gesture Game resources, establishing a new educational rehabilitation mode for
autistic children based on the Gesture Game, sharing related findings in the research
practice, and striving to make due contribution to the development of special
education in China and in the world.
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Online: A Serious Game for English
Pronunciation
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Abstract In this chapter an evaluation of the LINGO Online, a serious game for
English pronunciation is described. The game is applied in two primary and two
secondary schools in the Netherlands. During 8 weeks of experiment, students from
the schools either played the game or followed regular English lessons. Data were
collected on learning outcomes (pronunciation performance), student learner
characteristics, game characteristics, expectations and experiences of teachers and
their coordinators, and teaching practice. Results on the effectiveness of the game
are summarized (with clues for the working mechanism of the game). It shows that
the game has the potential to compensate for insufficient facilities for English
pronunciation education, to save teaching time, and to make the student less
dependent on the expertise of the teacher. However, implementation of the game
introduces new (technical) challenges.
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Abbreviations

I.T. Information technology
OMT One minute test
VAST Voice activated spy tech

1 Introduction

In Dutch education, more and more curriculum time is spent on English language.
Dutch students used to have their first lessons on the English language in secondary
education (starting at the age of 12). Nowadays, pupils already have English lessons
in primary schools, at the age of 10 [29]. There are primary schools offering English
lessons even for pupils at the age of 6 [6, 21]. Recently, the Dutch Ministry of
Education [5] issued legislation that offers opportunity (not obligation) for primary
education to use English language as the leading language during part of the time in
the curriculum on English language.

At this moment, focus is primarily made on communication in English language
lessons. English pronunciation is not an official curriculum topic in The Netherlands
[10, 24]. Therefore, as only in a minor part of English lessons, and English pro-
nunciation is conducted mostly in groups, in which the students are asked to
practice via verbal phrases in an interview format as prescribed by the textbook
used. Little attention is paid to pronunciation at the individual level. Once or twice a
year students give an oral presentation in English. Only on these occasions teachers
give feedback on the individual student’s English pronunciation.

While learning correct English pronunciation is important; teaching time spent
on English pronunciation remains limited due to the packed curriculum. Another
bottleneck is that teachers, especially those at the primary school level, often do not
have the skills to evaluate English pronunciation and to deliver appropriate feed-
back [19].

This study focuses on the role of e-learning in educational innovation.
Information Technology could help the use of available curriculum time more
effective and efficient [1, 9, 17, 25, 26]. E-learning using IT has the potential to
overcome the problems described above.

In fact, software for personal computers and mobile devices is already being
used in language courses [2, 3, 12, 18].

What relatively new is the use of games in education [31]. The so-called serious
games are effective in a broad domain of skills, cognition and attitudes [4, 7, 15, 16,
30]. Serious games are digital games that are developed not only for fun and
entertainment, but also for educational purposes, in which an interactive aspect can
be implemented easily [26, 27, 31]. Previous studies have shown that serious games
are effective in language courses [22] and they can be used to evaluate the per-
formance of individual students and generate feedback for each of them [27], in the
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fields of writing [23], English grammar [13], and usage and vocabulary [13, 32]. As
such serious games might be an effective tool in teaching English pronunciation in
second language education.

The scanty attention paid to the teaching of speaking skills could also be due to
the complexity of assessing and evaluating them, which is more ambiguous and
time consuming than the assessment of other skills. And teaching speaking, espe-
cially pronunciation skills, to a large classroom is normally more difficult and
time-consuming than teaching other skills. Serious games can have the potential to
overcome problems like these, because games can be played individually and
games offer instant and specific feedback [27].

In Singapore Magma Studios has developed the LINGO Online (formerly called
the VAST-game: “Voice Activated Spy Tech”), an online multiplayer serious game
for desktop/laptop. It offers 40 h of training in English pronunciation [14]. The
game was designed for students in the final grades of primary education and stu-
dents in the first grades of secondary education (ages 10–16) in Singapore. In this
game students are challenged to pronounce texts presented by the game. The game
characters speak in text and voice simultaneously. The game software evaluates the
students’ pronunciation and offers instant feedback in response (see Fig. 1).

The aim of the study presented in this chapter is to determine the effectiveness of
the game LINGO Online for development of accurate English pronunciation by
Dutch native speaking students in the Dutch educational context. To study this,
students in primary and secondary education were trained in English pronunciation

Fig. 1 Screenshot from the game LINGO Online. The game offers instant feedback on the
student’s pronunciation: text in green was pronounced correctly, text in orange was dubious, text
in purple was incorrect. The student can listen to a record of his/her pronunciation (green button)
and to pronunciation by a native speaker (button with teacher image)
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by means of LINGO Online. Their performance was compared with the perfor-
mance of students in primary and secondary schools who had lessons in English as
usual. In addition, the educational context was analyzed to determine relevant
contextual parameters that could influence the game’s effectiveness.

1.1 Research Questions

The main research question of this study reported in this chapter is as follows:

How effective is the serious game LINGO Online and how is the game used in the
Dutch educational context?

In order to study this main research question, the following three sub-questions
are addressed:

RQ 1. Does playing LINGO Online improve the learning of English pronuncia-
tion, as compared to not playing with the game?

RQ 2. Does playing LINGO Online yield higher scores on factors that positively
influence the learning process, as compared to not playing with the game?

RQ 3. Which game characteristics possibly contribute to results for RQs 1 and 2?

In addition, data regarding the conditions under which participating teachers
implemented the game were also gathered in order to better understand the context
under which learning with the game took place. This information is not gathered
systematically and is used as illustration and to interpret the results of RQs 1, 2 and 3.

2 Methods and Materials

During the period September 2013–January 2014, students and teachers from two
primary schools (each two groups; students in the final two grades, age range 9–
13 years old), and students and teachers from two secondary schools (each two
groups; students in second and third grades, age range 13–15 years old) participated
in the study.

To evaluate the effectiveness and mechanism of action of LINGO Online, a
methodology and research tools were elaborated based on the methods developed in
prior research [20]. During 8 weeks in each school, 1 group of students (n = 25,
approximately) played the game (Game condition). A parallel group followed
regular lessons (Control condition “Regular lessons” without the game). Data for
the study were collected before (pretest), during and after (posttest) this 8-week
period. Figure 2 shows the types of data collected in the pretest, posttest and during
the 8-week period.
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Performance was assessed with the standardized English One Minute Test
(OMT) [8]. It measures general fluency of word reading in English. Here the score
for each student was the number of words (from a list of frequently used English
words) read and pronounced correctly during 1 min [11]. Furthermore, each student
was asked to read aloud the Tommy text, a simple text of 228 words, containing
several words that occurred in the game that was tested in this study. In contrast to
the OMT, where words are presented in isolation (context-independent), in the
Tommy Text each word is embedded in a meaningful context. The participant’s
score was the number of words pronounced in correct Oxford English. The total
number of words read correctly per minute was also calculated. In Table 1 the other
data types are operationalized; for more detail see the technical report on the study
by Trooster et al. [28].

From the raw data on those parameters examined in both the pretest and the
posttest delta’s (difference posttest–pretest) were calculated. These delta’s and the
data on the remaining parameters were compared between the experimental and the
control conditions by using t-tests.

To explore the mechanism of action of the game LINGO Online, correlations
were analyzed between the four types of parameters (learning outcomes, learner

Fig. 2 Types of data collected in the pretest, posttest and during the 8 week period
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characteristics, game characteristics and parameters on the context of learning). In
case of a significant correlation this analysis was followed by regression analysis.

3 Results

Data have been collected from two primary schools and two secondary schools
(each school ±25 students in gaming group and ±25 students in control group).
One secondary school did not succeed in implementing the game (technical
installation on the computer network failed, in spite of external support). In this
school data were collected only from the teacher and coordinator (not from the
students).

In the remaining three schools all data on the relevant parameters were collected,
processed (calculating delta’s) and analyzed (comparisons, correlations and
regressions): data on speech performance of the students (combined with their
general characteristics), learner characteristics of the students, game characteristics,
expectations and experiences of teachers and their managers, and data on their
teaching practice. Data from the language tests are key to describe performance on
English pronunciation (and thus effectiveness of the game: learning outcomes).
Especially collection and analysis of these data on pronunciation performance
proved to be very time-consuming.

Table 1 Operationalization of the types of data

Data type Examples Instruments

General characteristics
students

Age, gender, experience with English
language, problems learning/reading,
gaming experience

Questionnaires

Performance Articulation, word stress, tone, fluency Standardized tests
questionnaires

Characteristics learning Motivation, self-efficacy, control,
engagement, concentration, value

Questionnaires

Characteristics game Challenge, human interaction,
rules/goals, feedback, control, game
world, action language

Questionnaires

Expectations/experiences
teachers and/or managers

Didactics, content, IT competence
teachers, facilitation, technique,
interface, learning outcomes, adaptivity,
conditions for use, organization,
attractiveness for students, (perceived)
success

Interviews with
semi-structured
questionnaires

Teaching practice How often
reading/writing/speaking/listening
English language during week and with
which didactics/guidance

Logs teachers
observations
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As a first impression of the potential of this serious game, teachers from the
schools where LINGO Online was running indicated that students playing the game
felt more free to speak English than students following the regular lessons.
Furthermore, these teachers indicated that the students playing the game were
highly motivated: even though these students frequently encountered (multiple)
technical problems (they sometimes had to wait for up to 15 min) these students
persisted in playing the game.

In the next sections the results are described: on the learning outcomes, learner
characteristics, game characteristics and the correlations between these parameters.

3.1 Learning Outcomes

In both the game condition and the control condition the OMT-scores were sig-
nificantly higher in the posttest than in the pretest. For the primary school students
the delta scores (difference posttest–pretest) of the OMT were significantly higher
in the game condition than in the control condition. By contrast, for the secondary
school students the delta scores of the OMT in the game condition were signifi-
cantly lower than in the control condition.

For the Tommy test the number of pronunciation errors and the time needed to
read the text were scored. For both the game condition and the control condition the
number of errors and the reading time decreased significantly from pretest to
posttest. However, the delta scores did not differ between the two conditions
(gaming vs. control).

During observations teachers mentioned that the foremost advantage of the game
was to lower the threshold to speak English aloud in the classroom. The data from
the self-assessments from primary school students show the tendency that fluency
of speaking increased from pretest to posttest in the game condition. However, a
similar increase was found in the control condition.

No significant differences between pretest and posttest were found for the
competences to use the correct articulation, tone and word stress.

3.2 Learner Characteristics

All students completed questionnaires on their learner characteristics.
For the game condition motivation increased significantly from pretest to

posttest. For the control condition there was no significant difference between
pretest and posttest. Perceived Choice was scored in the posttest, not in the pretest.
The mean score for Perceived Choice was significantly higher in the game con-
dition than in the control condition. No significant differences were found between
the game condition and the control condition for the learning characteristics
self-efficacy, value, engagement.
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Motivation and engagement correlated with the learning outcomes scored with
the OMT and Tommy Test (number of errors). No correlation was found between
self-efficacy, perceived choice or value and these learning outcomes.

3.3 Gaming Characteristics

All students completed questionnaires on the gaming characteristics they experi-
enced during the lessons. The mean scores of the gaming characteristics feedback,
challenge & control and rules & goals did not differ for the game condition and the
control condition. The game characteristics Game World and Action Language are
specific for the game condition (not relevant in regular lessons) and were not
included in the comparison here.

No significant correlations were found between Gaming Characteristics and
Learning Outcomes. All five gaming characteristics correlated with the learning
feature motivation. The gaming characteristics Feedback and Rules & Goals cor-
related with all learner characteristics.

3.4 Issues During Implementation of the Game

All schools experienced critical issues during implementation of the game. These
issues challenged the motivation of teachers and students. Before using the game,
installation of the Flash-player and Firefox-browser was necessary. Teachers had
questions where to download this software and network security prevented instal-
lation of the software downloaded by the teachers. Firewall settings needed to be
changed to enable traffic of speech produced during gaming over internet to the
server. Teachers were not able to make these changes. In the configuration settings
of the individual computers software drivers for headsets had to be selected and
software drivers for the speakers of the computers had to be deselected. Again,
teachers were not able to make these changes. Although the teachers instructed the
students how to use the game (with a manual), students still had questions on how
to use the game.

Giving extra hints and tips the teachers and fellow students helped students with
questions on gameplay. Questions on technical issues needed support from tech-
nical experts.

In one secondary school sufficient technical support was available. In this school
implementation was successful. In the other secondary school technical support
provided by network manager was inadequate, and support by the research team
was not possible. As a consequence adequate installation of the game was not
possible. In this school the pilot was cancelled. In the two primary schools no
technical support was available. Here the research team provided the necessary
support. This implementation of the game was successful.
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4 Conclusion and Discussion

In the present study we investigated the effectiveness of the serious game LINGO
Online by comparing students playing the game with students having regular
English lessons over a period of 8 weeks. In order to study this main research
question, three sub-questions were addressed:

1. Does playing LINGO Online improve the learning of English pronunciation, as
compared to not playing with the game?

2. Does playing LINGO Online yield higher scores on factors that positively
influence the learning process, as compared to not playing with the game?

3. Which game characteristics possibly contribute to results for RQ 1 and 2?

Also information was gathered regarding the conditions under which partici-
pating teachers implemented the game as to better understand the context under
which learning with the game took place.

Does playing LINGO Online improve the learning of English pronunciation, as
compared to not playing with the game?

For the two primary schools, the game had a significantly larger learning effect
than the regular lessons in terms of automatized direct word identification of
context-independent English words. For the secondary school, both groups (control
and experimental) also learned, but when looking at the gains, there is less growth
for students playing the game compared to those having the regular lessons. Also,
for pronunciation errors and reading time, as measured by reading aloud a short
text; again the primary schools showed greater progress than the secondary school.
It is concluded that playing LINGO Online improves the learning of English pro-
nunciation as compared to not playing the game, especially in primary education.

Does playing LINGO Online yield higher scores on factors that positively influence
the learning process, as compared to not playing with the game?

The most noteworthy result is for the learning characteristic ‘motivation’. The
difference between the two groups for this parameter is significant, indicating that
the game group is more motivated than the control group. Perceived choice scored
significantly higher in the game group compared to those having the regular les-
sons. In other words, the students who played the game had the feeling they had
more influence on what they did during the lessons and felt less obliged to par-
ticipate compared to the students from the control group. It can be concluded that
playing LINGO Online yields higher scores on the factors Motivation and
Perceived choice (but not Value, Engagement and Self-efficacy), as compared to
not playing the game. Looking at the correlations between the learner
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characteristics and the learning outcomes, it is suggested that motivation and
engagement, in particular, influence the learning outcomes.

Which game characteristics possibly contribute to results for RQs 1 and 2?

For the game characteristics (Feedback, Challenge & Control, Rules & Goals,
Action Language, Game world) no significant differences were found between the
game group compared to those having the regular lessons. So we cannot say that the
game is definitely better designed than regular lessons from an educational design
point-of-view. No significant correlations were found between game characteristics
and outcome measures. This shows that the game characteristics do not contribute
to the learning outcomes directly.

It is very interesting to see that all game characteristics correlated with the
learner characteristic motivation, and that the game characteristics feedback and
rules & goals correlated with all learner characteristics.

This suggests that the game characteristics contribute to the learner character-
istics. Through these learner characteristics the game characteristics may contribute
to the learning outcomes indirectly.

In conclusion, the game LINGO Online proved to be of value as a learning tool
for practicing English pronunciation, especially in primary schools. The data sug-
gest a central role for motivation in how LINGO Online operates to achieve the
learning objectives.

The game LINGO Online has the potential to compensate for insufficient
facilities (time, expertise) for English pronunciation education in schools. Using the
game the students are able to train English pronunciation individually. The students
are motivated to learning in a self-directed strategy (thus saving time); using the
learning analytics in the software or triggered by questions of students the teacher is
able to deliver specific help to the individual students (making the student less
dependent of the expertise of the teacher).

However, the game introduced new challenges menacing motivation of teachers
and students. The schools experienced critical issues during the implementation of
the game: installation of secondary software was necessary; firewall settings needed
to be changed; software drivers for headsets should be selected; after instruction and
with manual, students still had questions on how to use the game. These issues can
be solved with adequate support.
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A Gaze Tracking System for Children
with Autism Spectrum Disorders

Yeli Feng and Yiyu Cai

Abstract Individuals with autism exhibit deficits in social communication and
interaction. Researchers have been using interactive virtual reality (VR) technologies
helping children with autism to improve their communication and learning. For
example, children with autism interact with virtual dolphins using hand gesture, and
learn social skills and safety skills. In this chapter, we propose a low cost training
system aiming to enhance the visual responsiveness of children with autism. In the
proposed system, children with autism use gaze to interact with tasks that are
designed with game mechanics. The system can easily record data for analysis.

Keywords Eye tracking � Autism � Children � Game

1 Introduction

Since the early adoption of virtual reality (VR) technology in the research of autism
spectrum disorder in 1996 [1], many research activities have been channeled
towards using VR technology to understand the unique behaviors of autism; and to
develop effective intervention program to treat autism. In 2002, Parsons and
Mitchell [2] reviewed the potential usefulness of VR includes providing a safe and
nonthreatening environment, a realistic settings for role-play of desired behaviors,
can be repeatedly practiced in a consistent way. A decade later Parsons and Cobb
[3], Bellani et al. [4] reviewed the state of the art in this field. They both concluded
that children with autism can learn rule-based social skills from VR in varying
degree and a few can transfer the acquired skills to real word. Other latest
researches [5–7] suggest VR is promising in improving understanding of empathy
and social interaction in children with autism. Our work focuses on the nonverbal
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social interaction deficits in children with autism that using eye contact as a mean of
communication.

This chapter introduces a low cost training system aiming to enhance the visual
responsiveness of children with autism. Section 2 reviews the prior art. Section 3
presents the training system designed and developed for children with autism.
Section 4 discusses data analysis methodology to evaluate the effectiveness of
program. Section 5 concludes this research.

2 Literature Review

During the 1940s Leo Kanner and Hans Asperger independently reported children
who presented “a powerful desire for loneness” and “an obsessive insistence on
persistent sameness”. Since then psychiatrists and psychologists looked into the life
experience impacts for explanation and intervention for this behavior disorders in
the domains of social deficits, communication, and language deficits. From the
1970s to 1990s many behavioral treatments based on the operant conditioning
principles were developed targeting behaviors include social skills, language, daily
living skills, academic skills, and aberrant behaviors [8]. Behavioral treatments
systematically apply reinforcement, punishment, and extinction techniques or
combined to develop effective treatment strategies. The trend continued to increase
until today referred generally as applied behavior analysis (ABA) [9]. ABA and
many variations are widely practiced in the field of autism and developmental
disabilities in special education in US, UK, and many other countries.

In the 1985 article [11] “Does the autistic child have a ‘theory of mind’?” Leslie
suggested that the lack of ‘theory of mind’ is the underlying cognitive condition
attributes to the impaired social communication in autistic children. The ToM is the
ability to attribute beliefs, intentions, and other mental states to self and others in
order to understand others’ belief and intention. Later studies [2] indicate teaching
ToM to people with autism is helpful to pass ToM tasks being received teaching but
not new tasks. With the advance in nonintrusive corneal reflection eye tracking and
the functional magnetic resonance imaging (fMRI) technologies, since early 2000s
studies [12] have been carried out to search the characterization of eye movement of
individuals with autism during social processing and the connection between the
neurodevelopmental condition and behavioral dysfunctions. Evidences of atypical
gazing pattern and hypoactivation in different nodes of the brain have been found
although details varying in findings.

Over the time autism is being diagnosed more frequently. In 2010, the CDC
monitoring network reports “The global prevalence of autism has increased 20-fold
to 30-fold since the earliest epidemiologic studies were conducted in the late 1960s
and early 1970s.” Although the underlying reasons to the apparent high increasing
rate are unclear, several factors likely contributed, such as improved awareness and
services to general public, and changes in diagnostic criteria. The Diagnostic and
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Statistical Manual of Mental Disorder, Fifth Edition (DSM-V) groups all subcon-
ditions such as Asperger syndrome into two categories: impaired social commu-
nication and or interaction, and restricted and or repetitive behaviors.

Gaze plays an important role in social interaction. Typically developed infants
connect with caregivers in moments of gazing at caregivers’ face, following care-
givers’ gaze direction. Around 1 year old they are capable of establishing joint
attention. In everyday social processing typically developed adults frequently uti-
lize eye contact signaling messages, such as friendship, agreement, or anger. One of
the core symptoms of autism is the abnormality in eye contact with people and
objects during social interaction.

In the autism research literature many studies investigated such abnormality.
Using human faces as stimuli Pelphrey et al. [13] reported the scan paths of adult
males with autism seemed erratic and disorganized. They had less fixations on the
core features of the faces, and less accurate in identifying the six basic emotions
fear in particular. Klin et al. [14] used naturalistic social situations to study the
difference of fixation on social and nonsocial regions of a dynamic scene. They
found adolescents and young adults with autism fixated significantly less on eye but
more on mouth, body, and object regions when watch the videotape clips. Within
the group autism participants with higher social competence had more fixations on
mouth region. Von Hofsten et al. [15] reported children with autism had fewer
fixations and averagely shorter fixation duration on the faces of the people involved
in a conversation but no evidence of impairment on tracking moving objects.
Chawarska and Shic [16] reported toddlers with autism distributed attention
between inner and outer facial features differently than typically developed peers,
hence are less effective in facial recognition. Attention to eyes, nose and mouth
features decreased in elder toddlers with autism which suggested possible sign of
detrimental over age.

3 Gaze Training System for Children with Autism

Autism is a neurodevelopmental disorder. People with autism have different hence
less effective mechanism to gather information and communicate in the world favor
of typically developed individuals. They experience different degree of difficulties
in maintaining friendship, relationship, and employment which can lead to social
exclusion. However, the development in the neuroplasticity field [17] gives hope to
ABA intervention. The connectivity in the brain changes throughout the lifetime
and is sensitive to the patterns produced through experience. A change in behavior
signifies some change in the brain. Through ABA experience designed on repetition
and reinforcement the emerging brain of children with autism is rewired and
retrained to engage in behaviors that are socially better accepted.

ABA intervention requires expertise and long-term commitment. The accessi-
bility and affordability could be the factors preventing it reaching children with
autism in need. In this section, we propose a system that allows children with
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autism receive regular intervention without the need of ABA expertise always. The
exercise can be carried out at school, home, or community facilities such as library.
The system aims to help them enhancing visual responsiveness in the new media
environment. First the enabling technology eye tracking is introduced. Then we
describe the system framework and application development.

3.1 Eye Tracking Technology

Since eye tracking technology was first used in autism research [18] more than
10 years ago, tremendous improvements have been introduced [19]. Today most
eye tracking devices used in the field of autism study fall into four categories. See
Fig. 1 table-mounted with chin rest, head-mounted, glass-wear, and remote sys-
tems. These systems are video based, rely on the corneal-pupil reflection of infrared
or ambient lights directed to the eye to estimate the point of gaze.

The corneal reflections are known as Purkinje images. Four Purkinje images are
commonly used. The first and second Purkinje images are the reflections from the
outer and inner surface of the cornea, respectively. The third and fourth Purkinje
images are the reflections from the outer and inner surfaces of the lens respectively
see Fig. 2. Gaze location is computed by extract the pupil center and one or more of
the corneal reflections with image-processing algorithm. A calibration is required to
map the estimated gaze location onto the viewing scene coordinates, for example
x and y coordinates of the monitor [21].

We use Tobii EyeX Controller, a remote system that can be mounted on both
desktop and laptop setups. It does not need regular recalibration and user can sit,

Fig. 1 a Cambridge research systems high-speed VET. b SR research EYELINK II. c SMI eye
tracking glass. d Tobii EyeX controller
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stand, and move freely. The operating distance is between 45 and 80 cm, freedom
of head movement is 48 cm width by 39 cm height at 70 cm distance.

3.2 System Framework

The gaze training system (Fig. 3) is built on top of the EyeX engine [22] and Unity
[23] game engine. The EyeX engine filters the raw gaze data from the EyeX
controller and reports up to gaze-enabled application or interprets into meaningful
interactions which are defined at the application level as integrators. The Unity
game engine is a cross platform 3D rendering engine comes with intuitive tools
such as scene editor, scripting, and animation workflow.

As shown in Fig. 4 the gaze training system creates training tasks with the Unity
game engine. The training tasks are simple games played via eye interaction. In

Fig. 2 a Purkinje images. b Illustration of pupil and reflection extracted by image-processing
algorithm

Fig. 3 Gaze-enabled application
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each training tasks areas of interest (AOI) are defined as interactors. Fixation that is
gaze maintained on a single location for a longer time on the AOI triggers events
that reward player. In the meantime the player’s gaze data during entire session are
captured for analysis.

3.3 Application Development

The training tasks we design and develop restrict children advance their game play
with eye interaction only. In a training, task regions are defined to give reward, cue
or punishment. For example in Fig. 5, during the play if the child fixes eye on the
eyes of the dragons, he or she will be rewarded a coin. If the child fixes eye on the
distractor a flyer, a visual cue that one of the dragons plays a cheer animation is
given.

Studies [24] reveal that the gazing difference between typically developed
individuals and with autism does not generalize across static and dynamic social
and nonsocial stimuli. Therefore, two types of evaluation tasks are developed
adopting widely used methods in the autism eye tracking research field. In paired
comparison form sequence of static neutral face and scene of person-absent are

Fig. 4 Architecture of the training system

Fig. 5 Example of training task. During play mode the mask of rectangle regions and gaze and
fixation tracker (white and grey dots) are turned off by default
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flashed to viewer. Scan path, start, and end gaze points are captured for analysis, as
shown in Fig. 6. Video clip of cartoon characters having conversation are used as
dynamic stimuli, attention, and eye movement activities are captured for evaluation.

4 Data Analysis

Three types of playing data stream are captured; they are gaze points, fixation
points, and triggered events. The triggered events data forms a profile of each child,
able to win the game and how long it took. From the gaze points, we can infer
whether the child with autism pays attention to the screen, how frequently he or she
moves eye among different regions in the screen see Figs. 7 and 8. The fixation

Fig. 6 Example of evaluation task using static stimuli. Line depicts the scan path of gazing and
black squares are the start and end points

Fig. 7 Distribution of attention during training in seconds
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points reveal what features attract the player’s attention if they are not the defined
reinforcement regions. This type of information can be feedback to the design of
training tasks, for example, adjust difficulty levels.

5 Conclusion

In this chapter, we discuss our initial work on gaze tracking for the possible use of
game-based learning for children with autism. A data collection mechanism is
designed and implemented with the system for analysis. The research can be
applied to investigate the effectiveness and efficiency of using VR technology for
learning [3].

Future work of this research includes the improvement of system design and
evaluation. Object recognition, motion detection, and more general Artificial
Intelligence will be studied for the purpose to develop better gaze tracking
solutions.
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