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Abstract

Nowadays, interactive technology is becoming more embedded in the world of sports. Whereas much
is available for the regular athlete, little is tailored specially to the needs of athletes with intellectual
disabilities. This is unfortunate for this user group since they can profit a lot from the benefits of
interactive technology, such as improving motor skills, social skills, and self-esteem. Via literature
research, interviews, and observations, it has been shown that special athletes experience difficulties
with verbally explained exercises. Many of them experience some sort of language comprehension,
memory deficit, short attention span, impulsive behavior, and/or hearing deficit, which makes it hard
for them to comprehend verbal information. This causes the children to not understand and not be
engaged in the exercise and the training. Therefore, the aim of this study is to explore the use of
alternative media to facilitate the instruction of motor movement for special athletes.

The creative technology design process is used as a base to address this gap in research, which
consists of the ideation, specification, realization, and evaluation phase. This has eventually led to a
prototype, which is an add-on instruction system for athletics equipment, that will guide athletes with
intellectual disabilities through exercises. This prototype has come forth out of (non-)functional
system requirements and is afterward tested with three user tests. In these tests, it became clear that
with the prototype; fewer mistakes are made, exercises are completed faster, less time is needed for
verbal explanation and more children understand the exercises at once. The special athletes express
their preference for the system and the trainer reveals positive feelings towards the prototype. The
prototype has achieved its goal, which is to improve understanding and engagement in exercises for
children with intellectual disabilities. Certain limitations, such as the number of test participants and
the number of obstacles have to be further researched before a general claim for all special athletes can
be made.
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Abbreviations and symbols / Glossary

ID = intellectual disability

ASD = Autism spectrum Disorder

ADHD = Attention deficit hyperactivity disorder
DS = Down Syndrome

PA = Physical Activity

AT = assistive technology



CHAPTER 1: Introduction

In this introductory chapter of the thesis, multiple topics will be discussed. First, an introduction is
given to the problem identification, accompanied by the necessity thereof within a broad societal
perspective. Then, the causes of the problem are given, alongside the current state of research on this
topic. In the second section, the research questions are discussed, followed by the methodology of the
study and an outline of the thesis in the final section.

1.1 Problem statement

In the Netherlands, between 62 and 74 thousand children have an intellectual disability (2015), which
is about 2% of the children between 0 and 17 years old [1]. Children with intellectual disabilities (ID)
have difficulties in both intellectual functioning and adaptive behavior, which makes it harder for them
to function in daily life as well as to participate in sports. Sports participation rates among children
with an intellectual disability are low [2], which consequently makes them miss out on positive health
benefits that sports participation provides. Sport provides social interaction with peers, self-efficacy,
and motoric skills [3], and it can boost performance, engagement and promotes learning. Additionally,
it provides a platform of voice and a way of letting go of intense emotions [4]. Therefore, it is
important to engage children with intellectual disabilities in sports.

Children with mental disabilities experience a number of barriers that relate to the low rate of sports
participation. One of the difficulties children experience during sports is verbally explained exercises
during training. This is difficult due to a combination of language comprehension deficit, memory
deficit, short attention span, impulsive behavior, and hearing deficit. Since all types of disabilities
differ from each other, the main focus will be on the most common intellectual disabilities, such as
Autism Spectrum Disorder (ASD), Attention Deficit Hyperactivity Disorder (ADHD), and Down
Syndrome (DS). All causes will be shortly described.

First of all, various groups of intellectual disabilities have difficulties with language comprehension.
This is important in sports since it makes it hard for them to comprehend and process the
verbal/written information that is given, such as explanations of sports exercises. Individuals with
mental retardation show significant impairment across different components of language
comprehension [5], one being a weakness in understanding and using vocabulary [6]. It has been
shown that children with ADHD ask for clarification more often, use more tangible and unrelated
information when it comes to procedural spoken text [7], and have difficulties with the speed of
language comprehension [8]. Similar results were found in individuals with ASD, where specific
“atypical responses on the auditory word comprehension task and functional brain differences” [9]
were found. Finally, it has been established that boys with down syndrome show lower language
comprehension than boys that are typically developing [10].

Besides difficulties in language comprehension, people with intellectual disabilities also experience
memory problems. This can be very difficult during a practice or game when they need to remember
instructions, rules, or exercises. It has been proven that semantic memory plays the biggest role in
language comprehension [11], which means that language comprehension and memory are
intertwined. This can be seen in figure 1.1, indicated with the double-sided arrow. Furthermore, it has
been illustrated that people with ID show relative preservation of implicit memory [12]. For instance,
an experiment showed that people with ASD were less able to recall recent activities than their
normally developing peers [13]. Athletes with an intellectual disability need more practice/experience
with the material before they demonstrate the same as their peers, or instructions should be cut into
pieces.

Some individuals with intellectual disabilities experience a short attention span and impulsive
behavior. This is difficult in sports since children have to be able to focus on the explanation of an
exercise instead of doing other things. Research has shown that children with ASD and ADHD score



poorly on motor skills, with an underlying factor inattention [14]. Children with ADHD experience
behavioral problems (e.g., hyperactivity, impulsiveness, and attention problems), grounding the need
to focus on strategies to control impulsive behavior and improve attention to tasks [15].

Finally, a hearing deficit has been discovered in people with intellectual disabilities. It has been shown
that hearing problems are a barrier to physical activity (PA) engagement for children with down
syndrome [16]. Since it takes more energy for some children to hear the exercises properly, explaining
exercises to them verbally might not be the best medium of instruction.

The five aspects that contribute to difficulties in the instruction of exercises are illustrated in figure 1.1
below. As was discovered in research, language comprehension and memory deficit are intertwined
[11], as well as short attention span and impulsive behavior [15]. One can argue that the lack of
attention span contributes to not understanding instructions, while it can also be argued that improving
the instruction type of exercises contributes to a bigger attention span.

Language

: Memory Short attention span <> Impulsive behaviour Hearing deficit
comprehension

Figure 1.1: the relationship between the main problem and its causes (subproblems)

Alternative modes of instruction and demonstration can be done via interactive technology. However,
interactive technology has not been developed for special athletes to the same extent that it has for
regular athletes [17]. While there are many sports installations that provide alternative ways of
instructions for regular athletes, little is specifically tailored to the needs of athletes with intellectual
disabilities. Some rare examples can be found, such as the futureGym [18], which is an interactive
floor projection for people with cognitive impairments. The installation consists of visual cues
projected on the floor, that facilitate group running and game exercises. Nevertheless, this installation
focuses on the interaction between the children, rather than improving the type of instruction and
therefore engagement in sports.

All in all, special athletes experience some form of language comprehension deficit, memory deficit,
hearing deficit, short attention span, and impulsive behavior. Demonstration and (verbal) instruction of
exercises are all reliant on these barriers, and therefore an illustrative case to explore and improve.
Demonstration and instruction are crucial to sports participation and thereby positive health benefits as
described earlier. Therefore, this thesis aims to investigate alternative modes of instruction through
technology.



1.2 Research questions and contribution

To get a more detailed description of problems and difficulties, an athletics sports team has been
assigned to this project. The special athletes team of the sports association MPM Hengelo has
provided a trainer and special athletes that helped carry out the research. The group consists of
children with various types of intellectual disabilities, including the ones discussed above (ASD,
ADHD, DS).

To facilitate the coaches and trainers in providing easy instruction and demonstration to children with
intellectual disabilities, other ways of instruction are investigated (visual, auditive, haptic). By this
means, it becomes easier for the children to participate, as well as lowering the barriers to teaching. A
research question has been constructed, which is as follows:

How to support the trainer in instruction and demonstration of physical exercises through alternative
media for children with intellectual disabilities?

To help answer this research question, the question is supported by various sub-questions:
SQ1: What discipline in athletics would benefit from support in instruction?

SQ2: What are the opportunities and challenges of the discipline of athletics defined in sub-
question 1?

SQ3: What are related systems for instruction/demonstration in sports interaction
technology for (special) athletes, using alternative media?

SQ4: How can the already available athletics equipment be used/changed to support the
demonstration/instruction of exercises?

SQ5:  How do children with intellectual disabilities respond to instruction/demonstration
systems that use alternative media?

There are several contributions a paper can give in the area of human-computer-interaction [19]. The
goal of this thesis is an artifact contribution, by prototyping a system that consists of interactive
technology facilitating the instruction and demonstration of sport. Besides that, it also contains a
survey contribution, by addressing this gap in research. The aim of the thesis is to provide an analysis
of a system that provides instruction on exercises for special athletes, by delivering a proof of concept
(prototype) accompanied by multiple analyses.



1.3 Report structure

In the previous sections, it has become clear that this thesis aims to support the demonstration of
exercises for special athletes in sports. Before discovering this gap in research, literature research,
interviews and observations have been done. This can be found at the beginning of chapter 2, state-of-
the-art. Since improving demonstration and instruction for athletics is a broad term, it is necessary to
narrow it down to a specific discipline within athletics. This answers RQ1: “What discipline in
athletics would benefit from support in instruction?” and RQ2: What are the opportunities and
challenges of the discipline of athletics defined in research requestion 1?” and can be found in section
2.3. Finally, section 2 looks at related systems that provide demonstration via alternative media, which
answers RQ3: “What are related systems for instruction/demonstration in sports interaction
technology for (special) athletes, using alternative media? .

In the third chapter, the methods and techniques that have been used to conduct this thesis have been
described, as this thesis is conducted according to the ‘creative technology design process. In chapter
4, ideation, stakeholders and their needs are identified and an initial product idea is developed. This
chapter aims to answer the fourth research question: "How can the already available athletics
equipment be used/changed to support the demonstration/instruction of exercises?”.

In chapter 5, specification, the concept is further specified by doing various analyses, such as
component analysis, user analysis, and a low fidelity user test. System requirements are made and
translated into components choices. In chapter 6, realization, software and hardware are put together
into a working prototype, and interaction possibilities are mapped out. In chapter 7, the prototype is
evaluated via various user tests, whereafter the results are analyzed. This chapter aims to answer the
fifth research question: "How do children with intellectual disabilities respond to instruction/feedback
systems that use alternative media?”.

In chapter 8, the conclusion, the results are discussed and the initial research questions are touched
upon. Finally, in chapter 9 (discussion), limitations and further research are discussed, as well as
ethical considerations of the project.



CHAPTER 2: State-of-the-art

2.1 Introduction

This thesis aims to support the instruction/demonstration of physical exercise through alternative
media, since this has not been addressed in research yet and is shown to be a barrier for children to
participate in sports. Before having discovered this gap in research, literature research, interviews and
observations have been done. This can be found in section 2.2, ending with a preliminary conclusion
confirming this gap.

To be able to approach this broad research question, the field of research needs to be narrowed down
to a single discipline within athletics. This is done via observations and expert interviews with the
trainer of the MPM athletics team, Aiko Staudt. This process is described in section 2.3, accompanied
by possibilities and challenges of the chosen discipline.

Finally, in the third part of this chapter, related systems that also include alternative media have been
discussed. This can be divided into two parts, where the first part looks at systems that facilitate
instruction and demonstration via alternative media for regular athletes, and the second part systems
that focus on special athletes. It is both included since the second part is very scarce.

In the conclusion, the first three research questions are answered. After reading this section, it is

clear how this barrier to sports for special athletes has been discovered, which discipline within
athletics is chosen and which related systems that use alternative media are relevant to the project.
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2.2 Background research

As stated before, literature research has been done to discover the difficulties and barriers to
participating in sports for special athletes. The literature research, interviews, and observations serve
as a base for the rest of the thesis. After reading this section, it has become clear how the gap in
research has been discovered, accompanied by chosen research directions.

2.2.1 Literature review

Nowadays, technology is indispensable in the world of sports. Many people use it for the purpose of
entertainment, safety, education, assessment, management, or training [20]. However, even though
there is much available for the regular athlete, technology for psychosocial disabilities has been
understudied [17]. It has been proven that people with mental health disabilities or with most types of
cognitive impairments are also less likely to use technology than others [21]. This is really
unfortunate, especially for this user group, since it can help them enhance their social and motor skills.
For example, people with DS have a desire for more procedures, communication, and external
motivation, which can be solved with the help of technology [22].

In order to develop an interactive tool and help these children, it is important to understand the
problems that special athletes experience. Therefore, this literature review aims to get an overview of
the problems and barriers athletes with intellectual disabilities experience during sports, that can be
solved with technology.

This literature research consists of four parts. The first and second part are dedicated to finding
barriers and motivators special athletes have before participating in sports. The third part aims to find
problems these athletes experience while they are performing the sport. Finally, existing (sports)
technology for special users is evaluated in order to find what problems have not been addressed yet.
To offer a more targeted overview, researched papers are purposely more focused on children, since
this is the experiment group later in the design phase.

Motivators for participating in sports for special athletes

There are three main motivators for participating in sports for athletes with an intellectual disability
(ID). The first motivator that is mentioned a couple of times in the reviewed literature is social
interaction. Bowers et al. [23] show evidence that participating in sports has an impact on athletes as
well as on the family. The athletes feel socially connected and they get a sense of belonging. Everett et
al. [4] support these findings for social interaction as a motivator and add that it gives the athletes a
platform of voice and a way for them to show intense emotions. Similar results were found by Yu et
al. [3], who mapped facilitators and barriers of physical activity participation among children and
adolescents with intellectual disabilities. They reported social interaction with peers as one of the most
commonly reported facilitators, next to self-efficacy, enjoyment, parental support, and adapted
physical activity (PA) programs.

A second motivator that has been found is positive family influence. Yu et al. [3] claim that sufficient
parental support is a significant facilitator in participating in sports for special athletes. Sufficient
parental support consists of a positive role model of the parents, parental company, and logistic
support. Additionally, a positive role of siblings was also identified as a facilitator of participating in
PA among children and adolescents with ID. Similar results were found by Memari et al. [24], who
discovered that family income and household structure are associated with PA participation. High-
income and co-parent families lead to higher participation, potentially due to more access to
recreational services, transportation ways, and solutions to health problems.

The last important motivator which is documented by various research is “cognitive and psychological

factors”, particularly self-efficacy. Self-efficacy can be described as “a person’s belief in his or her
capability to successfully perform a particular task” [25]. Yu et al. [3] claim that self-efficacy,
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enjoyment of PA, and personality traits are facilitators of participating in PA. The more the athletes
train, the more confidence they gain, which in term contributes to the physical skills and motivation to
participate. Everett et al. [4] also address this matter, saying that competing successfully supports the
athletes’ decision to continue with the sport. Additionally, they state that negative emotions can be
managed during the training.

Barriers to participating in sports for special athletes

Besides the three main motivators, there are also three main groups of barriers to participating in PA
among people with an intellectual disability. Family influence, previously indicated as the main
facilitator, can additionally be identified as one of the main barriers to participating in PA. Yu et al. [3]
have found that lack of parental support is of influence, which includes lack of parents’ company,
financial support, and lack of transport support. Additionally, parents who do not know how to
conduct home-based activities, overprotect their children, and are vigilant, are considered constraints
for participating. Botelho [26] reported a lack of financial support also as a barrier. Special athletes
often need a lot of support, which is expensive to find, get and maintain over time. Moreover, children
grow, so adjustments and replacements are needed on a regular basis. Bowers et al. [23] similarly
point out financial constraints, reporting on participation costs for special athletes being a financial
burden on some families, resulting in some athletes not being able to take part.

The second group of barriers to participating in PA that is mentioned a lot are environmental barriers.
Often, there is a special program for people with an intellectual disability, but this is far away from
where a person might live. Lack of available community transport was found to be a barrier by
Bowers et al. [23]. Njelesani et al. [27] recognize this by putting inadequate or inaccessible facilities
as a social-environmental barrier to PA participation. A third and final important barrier that has been
reported frequently, is the lack of appropriate programs. Yu et al. [3] examined teacher and classroom-
related factors and it was found that lesson contexts organized by PE teachers and teaching behaviors
were not suitable for people with ID and therefore identified as a barrier. Similarly, Shields et al. [28]
recognize suitable programs as a barrier, specifying the need for someone to exercise with. This
provides social interaction and makes exercising meaningful.

All in all, the three main motivators for participating in sports are social interaction, family influence
and self-efficacy. The three main barriers to participating in sports are environmental barriers, family
influences, and a lack of suitable programs. It has to be noted that not all papers deal with the same
kind of intellectual disability. Similarly, not all papers focus on the same user group, since some are
focused mainly on children and others on adolescents. Further research could exclude adolescents
entirely from the research to make it more practical for the actual design.

Problems while performing sports for special athletes

Getting a person with an intellectual disability to participate in sports is the first step, but there are also
four main problems that arise when the athletes execute the sport itself. First of all, the athletes
experience a delay in gross motor skills and performance when executing the movements. Quinzi et al.
[29] assessed motor competence for individuals with down syndrome (IDS) while kicking and
discovered a lower motor competence and lower angular velocities. Similarly, Pan et al. [14]
compared the movement skills of children with autism spectrum disorders (ASD) and attention deficit
hyperactivity disorder (ADHD) with children that do not have these intellectual disabilities. They
distinguished locomotor skills (e.g., run, gallop, hop and leap) and object control skills (e.g., catch,
kick and dribble) and discovered significant statistical differences between the two groups. Even
though not all children diagnosed with ASD or ADHD had motor difficulties, statistical difference has
been found to state that children with ASD or ADHD have more difficulties in motor skills compared
to typically developing children. Moreover, a study performed by Liu et al. [30], has matching results
in showing delays in gross motor skill performance in children in the autism spectrum compared to
regular children. The children across the autism spectrum showed significant delays in gross motor
skill performance when looking at locomotion and object control skills.
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Furthermore, inattention and impulsive behavior during training have been reported frequently as a
problem while performing sports. Pila-Nemutandani et al. [15] demonstrate in their study that there
are motor difficulties related to ADHD but instead of focusing on this, one should look at strategies to
control impulsive behavior and improve attention to tasks. Instead of addressing the physical problem,
address the behavioral problem that children with ADHD experience, namely problems with sustained
attention, impulsiveness, and hyperactivity. This has also been observed by Pan et al. [14], who argues
about the possible explanations on a neurological level of ADHD and ASD, namely inattention and
hyperactivity.

Next to distraction and impulsive behaviour, a lot of research discovered social problems during
practice. Pila-Nemutandani et al. [15] state that special athletes experience low self-esteem, higher
levels of anxiety, and poor social functioning, which relates to poor motor performance. Additionally,
Mabher & Haegele [31] argue that disabled children often get inappropriate support and instruction, and
receive restricted access to activities by getting passive, unimportant, or tokenistic roles in games. One
might argue that there is a correlation between these two, namely low self-esteem being further
developed when getting unimportant roles in games.

Finally, there has also been research on verbal instruction being a problem for people with intellectual
disabilities in sports. Bittner et al. [32] indicate that it is difficult for people with Autism Spectrum
Disorder to get instruction during physical activity which relies on verbal communication and social
interaction. They argue that more effective instructional methods have to be developed to retain the
attention of the children.

In short, the four main problems that arise for people with intellectual disabilities in sport are; motor
competence problems, distraction and impulsive behavior, social problems (e.g., low self-esteem and
anxiety), and the medium through which instruction is given. Again, it has to be noted that the
reviewed studies do not all relate in the type of intellectual disability (e.g., ADHD, DS, etc), and the
user group is not everywhere similar (adolescents compared to children). With this knowledge, the
current state of the art in technological interventions needs to be researched in order to discover the

gaps.

Sports technology for special athletes

The (sports) technology that already exists for athletes with an intellectual disability can be divided
into two categories. The first category is inventions that are specifically made for people with an
intellectual disability which include little technology. In this case, an intervention with little
technology is defined as a service or set of guidelines, rather than a tangible product. Mobile phone
applications, shared screens, and games are examples of this category. Ryan et al. [33] show an
example of this by designing a mobile app for bipolar disorder. This application is a self-management
intervention that helps individuals with BD, by aligning coping strategies with personal goals.
Additionally, Bittner et al. [32] demonstrate an example of mobile phone applications with their
exercise buddy application, a visual exercise system to tackle the problem of verbal instruction.
Besides applications, Andriolo et al. [22] establish guidelines on how to change the method in exercise
programs to optimize training for individuals with an intellectual disability. They stress the importance
of external motivation offered by instructors, and familiarization with the environment and procedures.

The second category can be defined as technological inventions specific for special athletes. As an
example, Takahashi et al. [18] tackled the problem of interpersonal interaction in sports education for
children with special needs, by creating a ‘futuregym’. This is an interactive floor projection, that
allows group running and a group exercise game to support the development of social interaction.
Visual aids to help the children to be aware of social cues are important in this process. Additionally,
an example that uses visuals is described by Hanrahan [34], who stresses the importance of imagery
and communication with working with athletes with intellectual disabilities. Imagery has been shown
to enhance performance in cognitive tasks and motor tasks, and audio recordings might come in handy
to convey messages. Furthermore, Takashani et al. [18] describe other forms of tangible interventions,
such as robotics, virtual reality, tabletops, tablets, speech output, and computer-mediated
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communications. Even though there are some examples, they are rare to find and mostly only focussed
on interpersonal interaction.

Conclusion and discussion

The goal of this literature review was to get an overview of the problems and barriers athletes with
intellectual disabilities experience during sports, that can be solved with technology. From research, it
is shown that motor competence problems (category of physical problems) are already well tackled
and intervened. However, mental problems like distraction, impulsive behavior, social problems, and
the channel of instruction have not been tackled to a similar extent. Studies like the futuregym [18],
have looked at visual aids to solve social problems, whereas other research looked at other forms of
communication. However, these interventions were mainly focused on supporting interpersonal
interaction, and not on making sure the instruction is conveyed properly. By creating a new way of
conveying the instruction of the training, indirect distraction and impulsive behaviour are tackled as
well. Therefore, it can be concluded that insufficient instruction and demonstration is a problem for
athletes with an intellectual disability, which has not been assessed by technology or any intervention
yet.

A limitation to this literature review, as briefly mentioned, is the variability of mental disabilities and
age ranges. Not all research focuses on the same type of mental disability. For example, individuals
with Down Syndrome cannot be compared to individuals with Autism Spectrum Disorder that easily.
Additionally, some papers focus on children (between 7 and 15, which is the aim of the research), but
others also take adolescents into account. Besides variability, the amount of reviewed material can be
extended, and the search range could be put to these last five years to only include up-to-date
interventions. Alongside, there are some limitations to the topic itself as well. For example, Ryan et al.
[33] rightfully mention that it has to be considered that technological solutions are not applicable to
everyone. Technological interventions are most applicable to individuals who are more technology-
oriented and motivated, so it is important that discrimination bias is avoided. Additionally, some
problems mentioned like distraction and impulsive behavior cannot be directly credited to be a
problem specifically in sport, but more of a general problem. The athletes experience this in their daily
life, and therefore it is too broad to tackle in sports interaction technology.

An interesting future research direction is looking into different ways of communicating instructions
for intellectually disabled athletes. Narrowing down to the factors that determine good instruction for
this user group can lead to more targeted and successful information transfer. When knowing the
specific factors that lead to successful information transfer, it can be combined with research on
various communication channels to find the most effective one.
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2.2.2 Interviews

The result of the literature research was to investigate other ways of instruction and demonstration,
since this is a problem the athletes experience while performing in sports and had not been acted upon
yet.

For a more specific approach, the trainer of the special athletes children team MPM Hengelo has been
interviewed, as well as one of the legal guardians. The purpose was to discover difficulties and
problems children experience during the training and around the sport. Additionally, the previously
found problems in the literature review were presented to the trainer and legal guardian and they were
asked to what extent they agree/recognize them. The interview can be found in appendices A and B.
The results are summarized in the section below.

Trainer: Aiko Staudt

Aiko Staudt is the trainer of the special athletes’ children’s athletic team in Hengelo. Aiko has been a
trainer for four years of this team and has no specific background or experience in training this special
user group. He has been a discus thrower himself, studied sports management in Zwolle, and from
there started to give training in discus throwing in the area.

The problems Aiko recognizes on the playing field are mainly getting the children to focus and
listen. Sometimes it is more important to get them to focus than other times, for example with
‘dangerous’ sports like discus throwing. The trainer cannot just offer anything he likes, because the
discus is quite heavy (3kg), and if this lands on the neck of the children in the wrong way it can cause
serious injuries. Additionally, losing attention is also one of the biggest problems. He feels like he
needs personal contact to get attention, which is almost impossible if there are ten children to pay
attention to. Other things he notices are; copying of bad behavior of others, playfully fighting between
family members, overstimulation of senses, needing clear boundaries, and getting mad over little
things.

Based on the literature review, Aiko was asked to what extent he recognized/agrees with the
previously found problems.

There were various problems Aiko did agree with, which were; problems with motivation to finish
an exercise, problems with verbal instruction, problems with communication, impulsive behavior, and
short attention span. In his opinion, having practices with less structure keeps the motivation higher.
He also argued that emotions are closely related to being able to express themselves during training.
The children can say what they want, but sometimes you have to pull relevant information out of
them. Finally, he feels that a short attention span is the result of the way training is given and that it is
intertwined with impulsive behaviour.

Issues he did not completely agree with were: motivation to show up, having not enough information
during a training, personalized training, and unstructured training. If the children need more
information, then the activity is too difficult for this user group. The goal of the training should be to
play, not to think about difficult aspects of a game. He also indicated that the need for personalized
training was more present in the beginning since everyone wanted to do something else. Now they
have a structure that all aspects come across every once in a while, and all children are fine with that.
It is important to keep in mind that the children have to release energy and have fun, so this is
contradictory to explaining them something detailed (this is already done in PE lessons at school).
Aiko is sure the children come to train mainly to play, not to improve themselves.

Legal guardian

Besides the interview with Aiko, an interview is held with a legal guardian, the mother of two players
on the team. She was asked almost the same questions as the trainer, with the goal to discover
problems the children might have on/around the playing field. Her oldest son has the intellectual
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disability of mental retardation, meaning he is 15 years old but behaves like a child between 4 and 7
years old. Her youngest son has Autism Spectrum Disorder (ASD) and epilepsy.

The main issue that she recognized is distraction during the training. She explained that the trainer
would explain exercises, while the children would already be playing with each other. However, once
the trainer called them out, they would listen afterward. During practice, her two children interact a lot
with each other (usually friendly fighting), which can distract other kids as well.

Similar to Aiko, several issues out of literature research are presented and asked to what extent she
recognizes this in her children.

Issues she agrees with are short attention span and distraction. Especially at the beginning of a
practice, the children need external stimulation to stay focused. She partly recognizes difficulties with
verbal explanation and difficulties expressing themselves. She stated that she thinks if they would not
understand or like the exercise, they would just ask it. Additionally, when the children do not like
something, they will let Aiko know or walk away. She does not recognize low motivation to go to
training (they really enjoy it), insufficient information for an exercise, or communication problems.
Furthermore, the way the training is structured does not matter in her opinion. However, she does
notice that Aiko must have hard and specific rules to keep the children in line, otherwise, it will
become a mess.

1t is important to keep in mind that the interview is conducted with one of the parents of the children,
thus making it potentially biased. Additionally, she is talking about her children who have a specific
type of disability, so this might not be generalizable for the whole group.

The trainer and the legal guardian have been asked to rank the found problems from literature to the
extent they recognize them, on a Likert scale from 1 to 10. Respectively, this goes from not
recognizing it at all, to fully recognizing the issue. The result can be seen in figure 2.1.

Issues/problems while participating in sport for children with ID from literature
research
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Figure 2.1: Recognized challenges for children with ID by trainer/legal guardian in relation to
problems found in literature research
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2.2.3 Observations

Finally, after literature research and interviews, observations have been made to discover first-hand
experience on challenges special athletes might experience during training. A general training has
been attended, which lasts from 18:30 till 19:30 on Tuesday evenings. The observed challenges can be
seen in table 2.1.

Table 2.1: observed challenges special athletes have while participating in sports
Challenge Observation Likert scale
extend (1-
10)
Fast distraction = From the beginning on, the trainer had to scream for attention. 9
/ short attention = However, once he did this, the children listened instantly.
span During the exercises, the children do other things with the

material than supposed to. If the children do the same exercise for
a too long time, they get distracted.
Impulsive Some children randomly scream, possibly to let the energy go. 7
behaviour Some children randomly sit down. One child had a small anger
attack when he saw another child sitting down, potentially
because he felt injustice.
Lack of For the warming up, the children had to run with small weights in | 5
motivation their hands around the field. Some children already stopped after
10 meters because they thought they could not do it anymore,
possibly too heavy weights or cold hands. At the final exercise,
the children were losing motivation and were asking “when are

we done”?
Copying of One of the children did not want to run the full circle, but when 7
behaviour he saw someone run past him, it motivated him again. He ran past

the person that just passed him, which in turn made that person
go faster again.

Lack of self- One of the children got mad at herself because she could not
efficacy throw the discuss that far. The said frustrated: “why did my arm

get less strong?.
Tailored Not all children understand an exercise the same way. Some 7
trainings needed an additional explanation, while others didn’t.
Verbal One of the children didn’t understand that he had to push the ball, @ 7
instruction and therefore the trainer used an analogy (he took his fist instead

of a ball), which resulted in the child putting his hand around the

ball and push. With this analogy, he was able to understand it.
Communication | One of the children didn’t do the movement correctly (he 5

knocked over the hurdle), which resulted in him being slightly

mad and distracted. In turn, he took the hurdle and started

throwing with this. All the children really like to talk, either to no

one or to each other.
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2.2.4 Pre-liminary conclusion

Based on the literature research, interviews and observations, a decision has been made on what to
focus on in this thesis. The problems from the literature research have been mapped out, presented to
the trainer and legal guardian, at put next to each other. Additionally, observations have been made
and ranked in the same way. The result can be seen in figure 2.2, where the intensity of the problems
decreases from left to right. Figure 2.2 is an extension of figure 2.1, where now the observations are
added as well. It has to be noted that the results are objective, as they are two interviews and one
observation, subjectively graded. However, the discussed topics come from literature research, and the
relatively graded issues are graded by the test/user group, therefore still valuable for this research.

Issues/problems while participating in sport for children with ID from literature research
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Figure 2.2: issues while participating in sports for children with an intellectual disability

Based on these results, it can be seen that short attention span, impulsive behavior, and verbal
instruction are the main three problems athletes experience during sport. As discussed in the
introduction, this thesis focuses on facilitating instruction and demonstration of exercises. It is known
that people with intellectual disabilities have language comprehension problems, memory deficit
problems, hearing deficits, short attention span, and impulsive behavior. Taking all of this together,
there is a need for another form of instruction, which makes this thesis direction relevant for our user

group.

Additionally, the focus of instruction/demonstration of exercises is chosen because it is a visible
relevant problem and feasible enough to tackle with the knowledge of creative technology. It is a
narrowed down and tangible problem, as observations of the trainer and field research can be done
once the prototype is created. Furthermore, this direction has been chosen since it is linked with a lot
of other things, such as language comprehension, memory, attention, attention span, and hearing
problems.

Even though this is already a narrowed-down problem, it needs to be narrowed down even more to a

single discipline within athletics. This is further discussed in section 2.3: instruction and
demonstration in PA.
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2.3 Specification of discipline within athletics

In this section, a specific discipline of athletics is chosen to further examine. The aim of this thesis is
to work towards a better understanding of how difficulties in instruction and demonstration of
exercises can be addressed through alternative and interactive media. The focus is not on solving the
problem but on getting a way of better understanding the problem via a specific example. This is done
by observations, where current practices are analyzed on structure and execution (section 2.2.1).
Additionally, an interview is held with the trainer to ask for his opinion (section 2.2.2). After choosing
a discipline, the opportunities and challenges of this discipline are mapped out in section 2.2.3. After
reading this section, it has become clear what discipline of athletics is chosen to focus on.

2.3.1 Common practices

To be able to focus on a single discipline within athletics, it is important to know how instruction and
demonstration are done right now, specifically within this children’s athletics team of MPM Hengelo.
Every practice has the same structure: children start with warming up, do the first aspect of athletics,
have a break, do the second aspect of athletics, and then finish. This way, in every training 2 elements
of athletics are executed.

There are three main categories/elements of athletics: sprint, jumping, and throwing. From the expert
interview with Aiko (trainer), it became known that there are several aspects within these three
elements that they train for, as shown in figure 2.4.

eTechnique eShot put eHigh jump
eStarting block eJaveling throwing eLong jump
*Relay eDiscus throwing eHurdle jumping

eDiscus swing

Figure 2.3: the three categories within athletics

Throughout the season the three elements are rotated, and in every training one aspect of two
categories will be executed. This way, they try to ensure that every aspect of athletics occurs equally.
However, training never builds onto each other, like extended training. According to the trainer and
legal guardians, children come for fun and not to improve themselves and need a variety of exercises
to stay motivated. Nevertheless, the trainer does think it could be beneficial to include extended
training sessions but needs time and effort to implement this in a good way.

At the moment, most attributes that are used are non-technological. Think about lighter balls for
throwing, rubber rings for the discus swing, soft javelins for throwing, and low hurdles to jump over.
However, there is one technological installation on the track, which is a series of lights all around the
track (WaveLigh). This can be set at a certain pace, and the children (anyone on the field) can run
along with this light to run a certain pace. Unfortunately, it has been proven that this does not really
work for these children. The children will run one round with the light but then get distracted and stop
running along. The trainer thinks this is because the light is not interactive enough and the attention
span/motivation to follow the light is not high enough for this user group. Additionally, MPM Hengelo
has a speed meter that can measure how fast someone is going. They do use this sometimes in training
and it is perceived as really fun, but not really valuable or necessary for anything.
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2.3.2 Interview and chosen discipline within athletics

By interviewing the trainer, input can be gathered on what discipline of athletics needs the most
guidance. This interview can be found in appendix C. According to the trainer, the sprint category
exercises are the easiest to teach. After the children understand how to start, the exercise mostly runs
smoothly. On the other hand, throwing and jumping need a lot more explanation and adjustments.

Athletics is a sport where athletes often have to wait until they can execute a movement. An example
of this is a long jump, where the children stand in a line waiting to jump one by one. To avoid long
waiting times, the trainer puts down an obstacle course for the children so they can still make a lot of
jumps in the meantime. However, since the trainer is busy guiding the other children who are actually
doing the long jump, he cannot focus on the obstacle course. Some children will stop doing the circuit
training once they forget what to do, fail in doing it or see other people stop (copying behavior). The
trainer indicates that extra management in this would be an added value to the practice.

The situation where children have to wait for a long time occurs a lot of times in a lot of situations
since athletics is simply a sport where you cannot all participate at the same time. Therefore, he claims
that obstacle parkours are used a lot of times. Additionally, he uses these same obstacles in a circuit
practice, where the children have to do a certain exercise at one spot, then another exercise at another
spot. Since this is used a lot of time and specifically indicated by the trainer as valuable, the focus of
this thesis is on guiding the explanation of the obstacle course and keeping the children engaged.

Al in all, the chosen case study for this thesis is obstacle courses/circuit form training. This can, as
described above, be used to guide jumping over things for the purpose of long/high jumps. It can also
be in the form of little stations. An example of this would be three stations with different exercises that
all contribute to some discipline (e.g., shot put). The design/installation should help them guide
through the exercises when a trainer has to divide attention. Additionally, the proposed design
direction might also be valuable for other teams outside the special athletes.

2.3.3 Opportunities and challenges of the discipline

The discipline of athletics that is focused on is obstacle course running and using the obstacles in
additional circuits. The idea is that participants follow a track through the exercises, either at a certain
time at each station or through all stations as fast as possible (more obstacle course-wise). Obstacle
courses are often used to train or assess certain qualities. For example, there is an obstacle course
(with 12 tasks) created to assess the functional balance and mobility of elderly [35]. Other functions of
obstacle courses are to improve fitness, agility, and confidence, and to supplement other types of
training. While many obstacle courses focus mainly on improving muscular condition, circulatory and
respiratory responses [36], the focus of this thesis is on experience improvement (mental practice), in
an attempt to get the children more involved in the sport.

There are several opportunities and challenges that come with making an obstacle course/circuit
training. Mullins [37] discusses what effective training should entail and what characterizes well-
designed obstacle courses for regular athletes. He states that obstacle courses are highly effective, in
the sense that you train multiple fitness components and skills. It is an opportunity to have a variety of
traditional training that engages participants. In our case, it is an opportunity to let the children play
with something else than the traditional (long waiting time) exercises. Additionally, it is shown that
circuit training reduces the time devoted to traditional strength training, allowing a training volume to
be achieved.
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When it comes to challenges, psychological challenges and design challenges can be divided.
Psychological challenges are self-discipline, perseverance, courage, resourcefulness, and self-reliance.
Design challenges come in creating a suitable obstacle course for the user group. Mullins describes
that it is important to think carefully about the obstacles and order in the course. For instance,
obstacles in a row should not all attack the same muscle group after each other, and the last few
obstacles should not be the highest or most difficult.

There are several aspects an effective circuit training/obstacle run should entail. To start off, the
obstacles in a course/circuit should be in line with the main exercise (in our case of the athletics
children). For example, if the main exercise is a long jump, the circuit training should entail exercises
that build up to this. Secondly, the training should be a mixture of random and variable training. As
described by Mullins, there are 4 types of practice: blocked practice (long time one skill, then long
time the next), random practice (rotating), constant practice (one skill), and varied practice (different
versions of the same skill). In the case of obstacle courses/circuit training, random and varied
schedules work the best since they promote learning and retention in the motor stage of learning. This
should be applied in our circuit training as well.

Other ways that instruction and demonstration can be implemented in circuit form/obstacle form, are
manners of pedagogy. In the taxonomy provided by Postma et al [20], it is stated that there are several
ways of pedagogy and didactics. Model-based practices such as teaching games for understanding
(TGfU), sports education, and student-designed games can be of interest to this thesis. These
techniques have a student-centered pedagogical model, which is useful in the case of the special
athletes. An example of TGfU is digital video tagging. In this game, player behavior is recorded, and
small sides games are interacted with in real-time. Using games in this obstacle course/circuit training
is valuable since this thesis deals with children who are more engaged when gamification is applied,
which was also mentioned by the trainer. According to him, adding a game element will highly
increase the engagement and motivation of the children. Other things to consider are practical
pedagogical questions, such as when, why, who, where, and what. These questions should be
answered as an analysis of the students’ learning phase. Learning is done through three stages of
sports teaching and learning [38]. The movement learning stages go from the cognitive stage (new
material is presented to the brain) to the association stage (first movements are produced) to the
autonomous stage (no need of thinking about an exercise anymore). It is important to know at which
stage the children are when teaching them exercises. Finally, there are multiple ways of
modelling/giving feedback, such as self-modelling, peer-modelling, and expert modelling. However,
these are mostly focused on improving the technique of the players, while our user group comes to
practice for fun, not to improve themselves. The instruction/demonstration of circuit training here has
the goal of engagement and attention, hence modelling types are not included in this thesis.

Concluding, it is important to realize a system with short waiting times in line with opportunities of
obstacle courses. When looking at challenges, a system should be made that has a random and varied
schedule of obstacles. Additionally, the theories described above, such as manners of pedagogy and
state of learning, can be implemented in the design.
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2.4 Related systems

In this section, related systems that include alternative media for the purpose of explanation and
demonstration are discussed. It is divided into three parts, where the first part focuses on installations
for regular athletes, the second part focuses on installations specifically for athletes with intellectual
disabilities, and the third part analyses these systems. After reading this section, it is clear what other
installations are already existing and how this installation is going to differ from that.

2.4.1 Systems in facilitating movement instruction for the regular athlete

The first category consists of systems facilitating instruction for the regular athlete, so not been
narrowed down to special athletes yet. Eight systems were found, divided into different types of
instruction/feedback. Most systems focus on visual feedback, these are the first five systems that are
discussed. Additionally, there is one system that uses audio instruction and finally, there are two
systems that use haptic instruction.

Visual instruction

ClimbVis [39]

Demonstration and instruction in climbing can be difficult due to the time between the instruction of
the trainer and the execution of the trainee. It can be hard for a trainee to remember detailed
movements and the next steps of the climb, and he/she cannot mimic the movements of the
experienced climber as it cannot be done at the same time. As a solution, climbVis provides a video
recording of the experienced climber and displays this on the wall in-situ. There are 2 presentations,
one is a third-person view of the climber, and the other one is a life-sized projection. It has been found
that a life-sized projection is easier to follow. This installation is shown in figure 2.4 on the next page.

Super mirror [40] [41]

In ballet, there are already systems that show a step-by-step illustration of movements. However, it is
hard to know if an athlete is doing the movement right. There are already a lot of studio mirrors in
ballet rooms that can solve this problem. Super mirror combines these studio mirrors with prescriptive
images to give real-time instructional feedback. They show the ballet movements, capture the live
motion of the athlete, and show the difference. A Kinect system is used, which is visible in figure 2.4
as well.

Lightguide [42]

When executing movements that require a certain accuracy or a proper technique, it is necessary to
provide a type of feedback or instruction that does not hinder the person’s body. For instance, when
doing physical therapy or exercises that have a great deal of technique. An instructor can provide this
feedback, but when instruction is not there, another type of guidance is necessary. Therefore,
lightGuide projects guidance hints directly on a user’s body, to steer these into the desired motion.
This alternative approach to movement guidance can be done in for example following a spot,
changing colors, showing an arrow, or showing the path ahead. The installation is visible in figure 2.4.

Slackliner [43]:

The correct way of training can prevent injuries and can lead to a faster build-up of skills. Therefore,
real-time feedback is been provided in this system, the slackliner. Participants see themselves in front
of a projected display, and a Kinect system tracks the user movements. Real-time feedback will guide
the trainee during the exercises. Important things to mention here are that participants felt motivated
due to the gamified approach and that the training has a significantly improving effect. However, a
trainer is more helpful when giving specific advice on aspects which the Kinect could not detect.

IGym [44]:

In this final example of visual instruction and demonstration, a gym is developed where people with
and without physical disabilities can play together. This co-located play is in the form of a ping-pong
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game, made possible via visual targets on the floor. The system contains both circle interaction and
adjustable game mechanics. This is shown in figure 2.4 below.

Figure 2.4: Installations with visual instructions, with on the left top corner ClimbVis, right top corner
1Gym, left bottom corner Lightguide and left right bottom Super Mirror

Audio instruction

Urban musical game [45]:

Besides visual instruction and feedback, there are also forms of audio instruction and feedback in the
sport. In this example, augmented sports balls to create an interactive music environment are used.
Based on several motions (e.g., roll, spin, shake, tribble, throw, hit), several types of audio feedback
(music) are given. This way, the participants can focus on the relationship between movements and
sound.

Haptic Instruction

Haptic directional instruction system [46]:

While visual and audio feedback can be useful in some cases, it is not always possible. Indicating
which direction you need to run is often done by voice, but in some cases, the athlete cannot watch or
listen to the instructor or simply does not understand it. In that case, the haptic directional instructed
system is developed. This consist of a joystick for the controller and a unit around the waist with
vibrations on it. The instructor can in this way provide the player with instructed directions.

Tactile motion instructions in snowboarding [47]:

While it is not always possible to rely on auditive/visual feedback and demonstration, it is sometimes
also not practical. In this experiment, they provided the athlete with a set of full-body vibrotactile
patterns, that were used to correct the wrong posture during physical activity. It has been shown that
users respond quicker to vibrotactile instructions than to auditive instructions.

2.4.2 Systems facilitating instruction for special athletes

While there are many examples of systems that use alternative media for regular athletes, little is
found for special athletes when applying the same search strategies. it is difficult to find systems
facilitating instruction for special athletes, which indicates the gap in research on this topic. However,
four systems have been found that can be divided into the same categories as above, namely two
visual systems, one audio, and one haptic instruction system.
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Visual:

FutureGym [18]:

Individuals with ASD or ID often have difficulties creating interpersonal interactions with other
children, which is highly valuable for the inclusion of these children in the group. To increase
opportunities for interpersonal interactions, the future gym is providing a large-scale interactive floor
projection. Visual aids help the children to be aware of social cues, and exercises like group running or
group games can be executed here. It has been found that visual instruction is easier than verbal, and a
large screen is more effective than a small screen. Additionally, animated cues are better than static
visual aids. It has to be noted that the main focus of this project is the interaction between children,
whereas this thesis aims to look at facilitating instruction and demonstration.

SpaceHunters [18] [48]:

Another example of visual demonstration and instruction is the SpaceHunters installation. This
installation is an interactive floor that provides an exergame for the children with a visual explanation
of the exercise. An exergame is a game in which exercise is promoted, in this case, a role-play tutorial
on astronauts in space. The system is made with a Kinect sensor. The goal is to promote eye-foot
coordination for children with ASD.

Audio:

Location-based audio messages [49]:

Individuals with visual and mental impairments (VMI) usually do physical activity with the assistance
of caretakers. However, since these caretakers might limited time, long waiting queues arise which
results in demotivation of the athletes. Therefore, a prototype is developed which provides location-
based audio messages. The prototype consists of Bluetooth beacons and speakers, which detect if a
smartphone comes close and starts playing an audio instruction of the exercise. it is important to take
into account that this user group often needs a longer time to understand a message or needs to hear it
multiple times.

Haptic:

Bendable sound [50]:

Children with autism spectrum disorder have problems with sensorimotor movements. Music therapy
is available for them that combines music and rhythm, where the idea is to keep the beat of the music
in thythm with the movements. The bendable sound system is a system that enables children to tap
and touch a fabric, thereby playing rhythmical sounds. It goes in three stages: first letting them explore
it, secondly letting them discover rhythmical sounds, and finally letting them react to instructions

given by an astronaut to play a certain song. With this system, sensorimotor movements are supported
for children with ASD.

Figure 2.5: Instruction systems for special athletes, with at the top left corner futureGym, top right
corner SpaceHunters, bottom left corner audio messages, and bottom right corner bendable sound
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2.4.5 Interpretation and analysis

What can be learned by looking at all of these systems and what categories can be uncovered? To
start, by looking at related systems that use alternative media for regular athletes, it became clear that
the instruction type can be divided into three big categories, namely visual instruction, audio
instruction, and haptic instruction. This can guide as an inspiration and starting point for the design
solution of this thesis problem.

Additionally, when looking at specific installations, much can be used as inspiration and points of
attention. Visual instruction systems have shown multiple ways of providing visual instruction, such
as in-situ wall projection, body projections, floor projections, or using the Microsoft Kinect. The
ClimbVis installation has shown that a life-sized project is easier to follow, and the super mirror has
shown the need for step-by-step movement instruction. Lightguide showed alternative ways of
instruction not to hinder a person’s body, whereas the slackliner shows the need for a gamified
approach to enhance motivation. IGym shows interaction possibilities, and the haptic systems show
vibration possibilities when visual or audio instruction is not possible. All in all, these installations
guide as inspiration and attention points, as these systems do not specifically address special athletes
but only regular athletes.

As described above, there are four installations found that are specifically made for special athletes.
However, all of these systems are not aligned with the goal of this thesis, and therefore not sufficient
for solving the problem. The futureGym focuses on interpersonal interaction, the spacehunters
installation on eye-foot coordination (motoric movements), the location-based audio messages on
making children more autonomous, and the bendable sound focuses on sensorimotor movements.
These installations are not touching the goal of this project, which is improving the medium of
instruction and thereby information comprehension and engagement in sports. Nevertheless,
inspiration and guidelines can be taken out of these installations, such as the futureGym showing that
visual instruction is easier than verbal instruction. Additionally, they show that animated
visualizations are better than static visualizations.

To conclude, installations for regular athletes are very applicable and can be used as inspiration and
attention points. However, since they don’t apply to the right user group and thereby don’t specifically
address the needs of these children, they don’t suffice for solving the problem. When looking at
systems specifically for special athletes, none of the systems is in line with the goal of this research.
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2.5 Conclusion

To conclude the state-of-the-art, the previously stated research question and the sub-research questions
are analyzed. The aim of this section was to answer the first three sub-research questions. The research
question and sub-questions were as follows:

RQ: How to support the trainer in instruction and demonstration of physical exercises through
alternative media for children with intellectual disabilities?

SQ1: What discipline in athletics would benefit from support in instruction?

SQ2: What are the opportunities and challenges of the discipline of athletics defined in
research requestion 1?

SQ3: What are related systems for instruction/demonstration in sports interaction
technology for (special) athletes, using alternative media?

The first research question has been answered by investigating the current way instruction and
demonstration are done in athletics, in particular in the children’s athlete team of MPM Hengelo. It
has been done by interviewing the trainer as well as observing the training, which led to insightful
considerations and opinions. Based on this, it became clear that (unguided) obstacle courses- and
circuit practices would benefit from alternative instruction. A lot of problems arise with this, such as
long waiting times, lack of internal motivation, misunderstanding of exercises, and copying wrong
behavior.

Opportunities and challenges of the obstacle courses/circuit practices are mapped out in section 2.2.3,
which answers research question 2. It became clear that it is important to look at opportunities and
challenges when designing the prototype. Examples of this are making sure the system does not have
long waiting times, has a varied schedule of obstacles, and applies different stages of learning.

Finally, related systems that contain different types instruction and demonstration of exercises have
been looked at, for regular athletes as well as for special athletes. It can be concluded that there are
already quite some systems for the regular athlete, but not much tailored for special athletes. Existing
systems can be used as inspiration and tailored to the needs of athletes with intellectual disabilities.
Besides this being a gap in research, this is also necessary to tackle since this user group has a lot of
benefits from playing sports. It improves their motor competence, social skills, and confidence levels,
as all described above.

In the next section, the method of how to develop such a system or prototype that can help these
children will be described. To close this chapter, a design statement is made, which will form a base

for the next chapters. The design statement goes as follows:

“Designing interactive technology that provides engaging instructions to support the trainer in the
explanation of obstacle course/circuit training for children with an intellectual disability”
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Chapter 3: Methodology

To address the research question, the creative technology design process is used [51], as illustrated in
figure 3.1 below. The design process consists of an ideation phase, specification phase, realization
phase, and finally an evaluation phase.
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user testing
functional testing

related work
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Figure 3.1: The creative technology design process

The ideation phase, as visible in the illustration above, starts with a design question. This question is
derived from the design statement given at the end of the previous chapter, which is: “How to design
an interactive technology that provides engaging instructions for the explanation of obstacle training
for children with an intellectual disability”.

According to the creative technology design process, the design question can be further explored by
looking at user needs and stakeholder requirements, looking at existing technology, and coming up
with creative ideas. Several options for identifying the user and stakeholder needs are given
(interviews, observations, sketches, etc.), as well as options for coming up with creative ideas, such as
creative thinking methods and related work. In the ideation phase of this thesis, a part of the above-
mentioned techniques are used. To identify stakeholders and user needs, the ‘CEHRES’ [52] toolkit
and the PACA analysis [53] are used, guided by interviews and observations. Thereafter, a creative
concept has been developed by using creative thinking methods such as a mindmap, tinkering,
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scenarios, and a co-design session. The related work from the previous section has been used as
inspiration for the generation of product ideas. At the end of the ideation phase, a product idea has
been developed.

The next phase of the creative technology design process is the specification phase and starts with
product-, interaction-, experience-, service- or business idea, as can be seen in figure 3.1. In the case of
this thesis, this phase starts with a product idea, which can be further specified via an experience
specification, functional specification, or early prototype testing. This specification chapter consists of
a few analyses that lead to (non-)functional system specification, as well as low fidelity early
prototype testing. System requirements are made, which are translated into component choices for the
hardware of the system. Similarly, user requirements define the software applications of the system.
This phase leads to a product specification.

In the realization phase, the earlier specified components and requirements are realized and integrated
into each other. Hardware is divided into sub-systems and the software is developed based on system
user requirements. User interactions of the system are mapped out, in order to fully develop the
prototype. At the end of this phase, a product prototype has been developed.

Once the prototype has been finished it is ready for evaluation, as can be seen in figure 3.1 above. In
the evaluation phase, user testing, functional testing, and reflection can be done in order to see if the
protot