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ABSTRACT

DESIGN AND DEVELOPMENT OF EDUCATIONAL E-TEXTILES TO
SUPPORT EXECUTIVE FUNCTION SKILLS OF PRESCHOOL
CHILDREN

Kara, Ersin
Doctor of Philosophy, Computer Education and Instructional Technology
Supervisor : Prof. Dr. Kiirsat Cagiltay

February 2021, 349 pages

Executive Functions (EFs) have a critical role in being healthy, successful,
productive, and flexible individuals. EFs show tremendous development through
early childhood years; thus, supporting these skills in this period is highly important.
This study aims to design, develop, and implement game-based educational systems
that support EFs and curriculum-related objectives. E-textile technology has been
utilized to develop these games since it enables building bodily interactive games
and turning everyday objects into interactive interfaces. In this regard, two types of
materials, a non-wearable e-textile material used as a desktop activity and two
wearable e-textile materials that interact with three digital games on a tablet PC, were
designed and developed. The study was carried out using Design-Based Research
(DBR) as the methodology. The research was conducted in two cycles with six ECE
teachers and ten preschool children participated in Cycle 1, and three teachers and
nine children participated in Cycle 2. Children were video-recorded while engaging
with the activities, teachers were interviewed, and the researcher’s design notes were
used to answer research questions. The qualifications and limitations of the utilized
e-textile technologies and suggestions regarding educational use of these

technologies are presented within the scope of the study. The results also indicated



design features that might be associated with EFs using children’s performances and

gameplay features.

Keywords: Executive Functions, Wearable Technology, E-Textile, Preschool

Education, Design-Based Research
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0z

OKUL ONCESi OGRENCILERININ YURUTUCU iSLEV BECERILERINi
DESTEKLEMEK iCIN EGITSEL E-TEKSTILLERIN TASARLANMASI
VE GELISTIRILMESI

Kara, Ersin
Doktora, Bilgisayar ve Ogretim Teknolojileri Egitimi
Tez Yoneticisi: Prof. Dr. Kiirsat Cagiltay

Subat 2021, 349 sayfa

Yritlct Islevler (YI'ler) saglikli, basaril, iiretken ve esnek bireyler olmada kritik
bir role sahiptir. Yi'ler, erken ¢ocukluk yillarinda muazzam bir gelisme gosterir; bu
nedenle, bu donemde bu becerileri desteklemek olduk¢a onemlidir. Bu galisma,
Yi'leri ve miifredatla iliskili hedefleri destekleyen oyun tabanl egitsel sistemleri
tasarlamay1, gelistirmeyi ve uygulamayir amaglamaktadir. E-tekstil teknolojisi,
bedensel etkilesimli oyunlar olusturmaya ve giinliik nesneleri etkilesimli ara ylizlere
doniistiirmeye olanak sagladigindan bu oyunlar1 gelistirmek i¢in kullanilmistir. Bu
baglamda, masalstl aktivitesi olarak kullanilan giyilemeyen bir e-tekstil materyali
ve tablet PC’de ii¢ dijital oyunla etkilesim kuran iki giyilebilir e-tekstil materyali
olmak Gzere iki tir egitsel malzeme tasarlanmis ve gelistirilmistir. Calisma,
metodoloji  olarak  Tasarim  Temelli  Arastirma (TTA)  kullanilarak
gerceklestirilmistir. Arastirma iki dongiide gergeklestirilmis olup; alti okul dncesi
Ogretmeni ve on okul Oncesi ¢ocugu 1. Dongiliye; li¢ 6gretmen ve dokuz cocuk
Dongii 2'ye katilmistir. Arastirma sorularini cevaplamak i¢in ¢ocuklar materyallerle
etkilesirken videoya kaydedildi, 6gretmenlerle goriismeler yapildi ve arastirmacinin
tasarim notlar1 kullanildi. Kullanilan e-tekstil teknolojilerinin yeterlilikleri,

siirliliklart ve bu teknolojilerin egitsel kullanimina iliskin Oneriler ¢alisma

vii



kapsaminda sunulmustur. Sonuglar ayrica, ¢ocuklarin performanslart ve oyun
oynama ozellikleri kullanilarak Yi'lerle iliskili olabilecek tasarim 6zelliklerini de

belirtmistir.

Anahtar Kelimeler: Yuritiici Islevler, Giyilebilir Teknoloji, E-Tekstil, Okul Oncesi

Egitim, Tasarim Tabanl1 Arastirma
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CHAPTER 1

INTRODUCTION

In this section, the research’'s groundwork was presented by stating the background,
purpose, and significance of the study, research questions, and the definitions of

terms associated with the study.

1.1  Background of the Study

As new technologies emerge, their educational values and how to realize best
practices become researchers’ focus of interest. Today’s children grow in a world
surrounded by technology, and technology has become a part of their life
(Zevenbergen & Logan, 2008). At home and other environments, seeing lots of
different technological tools such as computers, smartphones, and tablet PCs,
children develop technology-based interaction, communication, and play routines.
Thus, classroom environments isolated from technology become quite different for
children, and it becomes inevitable to enhance classroom with various technologies
to create learning environments that are more familiar and akin to children’s outside
experiences. Zevenbergen and Logan (2008) indicated that today’s young children
are quite different from previous generations in technological skills and
characteristics that emerge from living in technology-present environments and
bring these qualities to the classroom. Using technology in the preschool context, as
specified by Zevenbergen and Logan (2008), is reducing the effects of differences
resulting from technology access.

Early childhood is a period that children love to play games by which they learn new
concepts and develop many abilities. In this sense, providing children with

environments and conditions that are best suit children’s needs and contribute to their



development is crucial. How these environments can be provided or how differences
among children coming from different socio-economic status can be addressed are
the concerns to be considered. For example, Bodrova et al. (2013) claimed that
today’s games contribute less to child development than they did in the past and
added that today’s games are simplistic and show a little variation on the theme. In
addition, comparing results of a study with a newer one, they noted that “seven-year-
olds of today exhibit self-regulation levels more like those of the five-year-old
children of the 1940s in that they are not able to control their physical actions in
following the directions of an adult” (p. 117). Children’s future cognitive and
emotional development and academic success are mainly affected by imagination
and creativity, which children can build by play (Lieberman et al., 2009). Thus, it is
not enough to stress the importance of play in early childhood; we should also revisit
today’s games and increase their variability and quality so that they support the

development of children.

E-textile technology is one of the promising technologies that can be used in the
preschool context. Everyday objects such as plush or felt toys, clothes, and much
more can be turned into a digitally interactive material by e-textile technology. This
is important in that children could easily get familiar with new interactive toys
(Vega-Barbas et al., 2015), interacting with the same toy in different ways and using
them for other purposes ignite their creativity. As part of the broader concept of
wearable technologies, e-textile technology allows developing wearable materials
that can interact with the environment by various sensors. E-textiles also enable the
development of bodily interactive games. The use of e-textile technology for
educational purposes in the preschool context has little background since few studies
focused on the subject. This study aims to contribute to the literature by
demonstrating the design and development of developmentally appropriate e-textile-
based games. “Developmentally appropriate” concept is critical in the mentioned
purpose. National Association for the Education of Young Children (2020) defined
developmentally appropriate practices as “methods that promote each child’s



optimal development and learning through a strengths-based, play-based approach

to joyful, engaged learning.” (para. 1).

As mentioned above, increasing the diversity of today’s games was suggested and
Executive Functions (EFs) are the skills that today’s games should address. EFs,
enable us to perform multi-task, organize thoughts, keep the information in mind and
work with it, deal with distractions, resist impulsive behaviors, recognize results of
specific actions, and apply new strategies to problems (Center on the Developing
Child at Harvard University, 2011). The relationship between EFs and academic
success and educational outcomes stated by many researchers. Working with
preschool-age children, Alloway and Alloway (2010) found that working memory is
a better predictor of future academic success than 1Q. Improvements in EFs can lead
to improved academic performance (Holmes et al., 2009) and pre-academic skills
(Traverso et al., 2019). As an essential part of education, creativity is related to EFs
too. As Diamond (2013) noted, creativity requires good cognitive flexibility skills
since cognitive flexibility involves thinking differently and producing new solutions.
Fostering self-regulation, a broader concept encompassing EFs, is also vital in
reducing the detrimental effect of low socio-economic level on children (Blair &
Raver, 2015). In a comprehensive survey, kindergarten teachers put little emphasis
on academic skills for school readiness; instead, they expressed significance of
abilities related to EF skills such as following directions, well-behaving, being
sensitive to other children’s feelings, paying attention, completing tasks, waiting for
his/her turn and sharing (Heaviside et al., 1993). The importance of EFs and
supporting these skills in the early childhood period are well-represented in the
literature. Therefore, this study aims to design and develop educational materials that
can be used in the Early Childhood Education (ECE) context to foster EFs.

1.2 Purpose of the Study

This study’s primary purpose is to design and develop curriculum-related

educational games that support the EFs of preschool children about 54-72 months



old by utilizing e-textile materials. Several outcomes were expected to emerge at the

end of the study.

First and foremost, exploring design issues of educational games and materials that
address EFs is aimed. The importance of supporting EFs of children at preschool age
was stated in the literature, but little attention has been given to features that activities
or games should have in order to promote these skills. This study aims to utilize EFs
research findings in the literature to design and develop educational games to support
these skills. It is also aimed to provide game mechanisms related to EFs, such as
challenge positing elements and the features directly addressing EFs. Children’s
performances, gameplay characteristics, and interactions are thought to provide

information about EFs of preschool children.

Second, the study aims to reveal how e-textile technologies can be utilized to develop
educational materials that are developmentally appropriate for preschool children. In
this regard, investigating the pros and cons of e-textile components, different and
creative ways of using them, visual design, appropriateness to preschool children’s

developmental level, and usability issues are aimed.

Third, the study aims to disclose bodily interactive game mechanisms, child-
material-game interactions, gameplay characteristics, and children’s motivations. In
the EF literature, investigating the role of bodily interactive games (i.e., exergames)
to support EFs was suggested. Designing and developing developmentally
appropriate games that provide bodily interaction for preschool children can

contribute to the literature in this manner.

Fourth, design issues that are not directly related to EFs and can be generalized to
other games designed for preschool children are expected to be formed at the end of
the study. These elements cover a range of motivational and challenge factors, and

the features making the game more appropriate to children’s developmental level.



1.3 Research Questions

What are the characteristics of curriculum-related educational games that support

Executive Functions of preschool children using e-textile technology?

e What are the characteristics of educational games designed to foster
preschool children’s Executive Functions?

e What are the usability and design characteristics of educational materials
developed for preschool children using e-textile technology?

e What are capabilities of e-textile materials in developing developmentally
appropriate materials for preschool children?

e How do children interact with curriculum-related and e-textile-based

educational games?

1.4 Significance of the Study

This study aims to design, develop, and utilize educational games and e-textile
materials to support EFs in the preschool period. Many researchers in the literature
stated that EFs should be supported through the preschool term (e.g., Blair, 2016;
Center on the Developing Child at Harvard University, 2011; Thorell et al., 2009).
However, the need for further studies investigating effective strategies for benefiting
EF skills considering children’s individual differences and needs was also stated
(Zelazo et al., 2016). In this sense, computerized training, physical activities, and the
game concept combining these two paradigms, exergaming, are among the training
strategies claimed to cultivate EFs. However, few studies show how these training
paradigms can effectively be implemented through educational games and materials.
Also, as Diamond and Ling (2016) noted, EF training should be explored from
various perspectives such as quantity, density, and length. This study contributes to
the literature by demonstrating the design, development, and utilization of

educational games for preschool children and investigating design features affecting



EF skills. Developed educational games can serve the purpose of investigating

features that Diamond and Ling (2016) mentioned.

Another important fact is that we still need to learn more about EFs, and design
studies may provide us with more information about EFs such as how educational
games can support them, what design factors play a role in EFs, what principles
govern design, development, and utilization of educational materials and games.
Besides, good designs open the way for future studies investigating the effectiveness

of artifacts, principles, and solutions.

Games that address children’s EF skills can also help teachers assess children’s
abilities. In this sense, Gathercole (2002) stated that knowing children’s memory
capabilities regarding learning and remembering is required for applying efficient
methods. Anderson and Reidy (2012) noted that today’s preschool children are more
technologically experienced than previous generations, and assessment of EFs with
conventional methods may not be attractive for them. In the same way, one may
argue that traditional games and materials may not be appealing for preschoolers.
Providing preschool children with alternatives and keeping diversity high is

essential.

This study is among the few studies contributing to the literature by exploring the
educational use of e-textile technologies in ECE. Employing Design-Based Research
(DBR) as the methodology in the preschool context also contributes to the literature
in providing insights into dealing with ECE research problems by designing,
developing, and implementing artifacts and systems. In this sense, Kelly (2004)
noted providing new information about learning, demonstrating the design and use
of a new learning tool or learning environments can be shown as the aim of design

studies.

1.5  Limitations of the Study

The limitations of the study were listed below:



As nature of DBR studies, the researcher, the teachers, and the participants
worked together. Some researchers stated their concerns in terms of
researchers’ roles in this type of study. The researcher’s high involvement in
the study posits limitations in that some results depended mainly on the
researcher’s observations and experiences. In other words, since the
researcher cannot isolate from context, some outcomes may attribute to the
researcher.

Another limitation is that, as the nature of DBR, exact replication may not be
possible as DBR deals with many variables in context, and some of those
variables may be specific to that context. In this manner, Barab & Squire
(2004) stated that “It is also the responsibility of the design-based researcher
to remember that claims are based on researcher influenced contexts and, as
such, may not be generalizable to other contexts of implementation where the
researcher does not so directly influence the context.” (p. 10). It is almost
impossible to develop the same systems designed in this study; thus, some
results are specific to this context.

Although several teachers in Cycle 1 had participated in gameplay sessions
and observed them in real, in Cycle 2, teachers only watched video recordings
of the implementations. This study did not investigate how parents or
teachers can help children to use the systems.

The materials and games were new for children. Thus, the novelty effect
might have played a role when it comes to children’s motivations. Although
the researcher observed that even after several weeks, some children
demanded to play previously played games, a long-term investigation is

needed to rule out the effect.



1.6 Definition of Terms

E-Textile Technology: E-textile technology term refers to the platforms, sensors,
conductive textiles, and other various electronics that can be attached/sewed to

clothes or designed to be used on a textile-based accessory.

Wearable Technology: The term explains “electronics and computers that are
integrated into clothing and other accessories that can be worn comfortably on the
body.” (Wright & Keith, 2014, p.204)

Early Childhood Education Curriculum: In this study, the Early Childhood
Education curriculum refers to the curriculum defined by The Ministry of National
Education for 36-72 months old children.

Preschool Children: Preschool children are described as 36-72 months old children

who take education either in a public or a private preschool.

Executive Functions: Executive Functions refer to “a set of general-purpose control
mechanisms, often linked to the pre-frontal cortex of the brain, that regulate the

dynamics of human cognition and action.” (Miyake & Friedman, 2012, p.8).



CHAPTER 2

LITERATURE REVIEW

In this chapter, the theoretical framework of EFs, which guided the study, is
explained by defining three core components, the essentiality of EF abilities,
development trajectories, and the training of EF skills. After establishing a rationale
for utilizing e-textile technologies, a broader concept, wearable technologies are
introduced, and the educational use of wearable and nonwearable e-textile

technologies are explained.

2.1  Defining Executive Function Skills

Executive Functions (EFs) is an umbrella term used to indicate a set of essential
skills that regulate our behaviors, emotions, and thoughts. Center on the Developing
Child at Harvard University (2011) defines Executive Functions (EFs) as the “skills
that help us to focus on multiple streams of information at the same time, monitor
errors, make decisions in light of available information, revise plans as necessary,
and resist the urge to let frustration lead to hasty actions.” (p. 1). Carlson (2005)
defines Executive Functioning as to “higher-order, self-regulatory, cognitive
processes that aid in the monitoring and control of thought and action” (p. 595).
Although there are differences regarding what constitutes EFs, scientists seem to
agree upon three core EFs, inhibition or inhibitory control, working memory, and
cognitive flexibility (Diamond, 2012).

211 Working Memory

Working Memory (WM) concept refers to the system responsible for a set of

cognitive processes such as storing and processing information in a temporary way



and makes learning, thinking, and conception possible (Baddeley, 2003). Center on
the Developing Child at Harvard University (2011) defines WM as “the capacity to
hold and manipulate information in our heads over short periods of time” (p.2). We
continually use working memory (WM) in daily life and rely upon it to complete
even simple tasks such as ordering a personalized meal after closing the menu. WM
is also necessary to complete complex cognitive tasks such as making calculations,
problem solving, and making connections between events and various information.
Thinking about ideas and concepts, having control over attention as well as dealing

with distractions all require the use of WM (Moreau & Conway, 2013).

The influential work of Baddeley and Hitch (1974) provided a conceptual framework
that explains the mechanisms of the working memory by proposing a multi-
component working memory model. The model included three components, the
visuospatial sketchpad, the phonological loop, and the central executive. Baddeley
(2000) then added a fourth component, episodic memory, to their famous model. The
current representation of the model was provided in Figure 2.1. Baddeley (2000)
explained the function of components as that a) phonological loop stores verbal and
acoustic information temporarily, b) visuospatial sketchpad stores visuospatial
information which involves the visual, spatial and kinesthetic subcomponents, c)
episodic buffer stores information in a multidimensional way, providing an
impermanent base for phonological loop, visuospatial sketchpad, and long term
memory (LTM), d) central executive manages information flow among subsidiary
components, combines information from different sources and also creates

meaningful episodes using multiple-sourced information.
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Figure 2.1 The final version of multi-component WM model. Reprinted from “The
episodic buffer: a new component of working memory,” by A. D. Baddeley, 2000,
Trends in Cognitive Sciences, 4(11), p. 421. Copyright 2000 by Elsevier Science Ltd.

Reprinted with permission

In their study, Holmes et al. (2009) found that adaptive training of WM did not
improve all subcomponents of WM (i.e., the training improved the storage of
visuospatial material, simultaneous storage and manipulation of visuospatial or
verbal material but did not have a significant effect on verbal STM) and concluded
that the results support the notion that attentional control and temporary verbal store
are maintained by different systems (i.e., the central executive is responsible for

storing and processing non-verbal material).

2.1.2 Inhibitory Control

Center on the Developing Child at Harvard University (2011) defined inhibitory
control as “the skill we use to master and filter our thoughts and impulses so we can
resist temptations” (p.2). Inhibition, or inhibitory control, is the skill that enables us
to act according to the necessities of the situation instead of behaving entirely
impulsively. Diamond (2013) noted that inhibitory control refers to the ability to

focus and regulate actions, considerations, and feelings. This explanation includes
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several aspects of inhibitory control. First, inhibitory control requires the
management of attention (Diamond, 2013). As humans, we are surrounded by
unlimited stimuli, and not all those stimuli help us do what we intended. Inhibitory
control enables us to eliminate unnecessary stimuli by focusing on what is important
and suppressing what is not (Diamond, 2013; Pennequin et al., 2010). Second,
inhibitory control includes managing thinking processes called “cognitive
inhibition” (Diamond, 2013, p.136). According to Diamond (2013), cognitive
inhibition is the skill of withstanding mental distracters such as thinking undesirable
things and experiences, salient mental images. Third, “self-control”, which does not
enable our urges to control us, thus our actions, constitutes another aspect of
inhibitory control (Diamond, 2013). In this sense, resisting to eat a classmate’s food,
to steal crayons from another child, or to say bad things to a friend who
unintentionally stepped on our feet can be examples of self-control. Finally,
Diamond (2013) indicated that determination and keeping doing the task at hand,
although distractions are present, is another aspect of self-control. In this sense,
staying on a drawing task, listening to the teacher carefully, and putting the toys back

in a container can be examples of inhibitory control.

2.1.3 Cognitive Flexibility

Cognitive flexibility is the skill that enables us to think differently, look at events
and situations from different angles, and adapt to new conditions by switching to
different social norms (Center on the Developing Child at Harvard University, 2011).
It is the skill that enables us to switch between thoughts, employ various viewpoints
to look at situations and problems, accept when we are wrong, and realize changed
dynamics and adapt them (Diamond, 2013).

As with the other two EF components, cognitive flexibility also manifests itself in
educational settings. According to Greenstone (2011), children with underdeveloped

cognitive flexibility skills may show problematic behaviors such as:
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e difficulty in changing tasks, locations, and the way to solve problems
e difficulty in accepting alterations such as a substitute teacher or canceling a
programmed plan

e rigidity in thinking such as black and white thinking

Cognitive flexibility is a broad concept, and many examples and qualifications can
be provided. Children can use this skill while learning exceptions in grammar rules,
try different methods to accomplish a science experiment, or come up with novel
solutions to solve a conflict with peers (Center on the Developing Child at Harvard
University, 2011). In this manner, understanding the nature of EFs can help us
understand why children behave in a certain way, not the other way, and know their

developmental characteristics better.

2.2  Why are EFs Important?

There is a wealth of literature showing the effects of EFs on various domains such
as health, socioeconomic status (Moffitt et al., 2011); pre-academic skills (Traverso
et al., 2019); school readiness (Blair, 2016); academic performance (Holmes et al.,
2019). One of the most substantial evidence showing the cruciality of EFs comes
from the longitudinal study Moffitt et al. (2011) conducted, which lasted 32 years,
included 1000 children, and controlled 1Q, social class, and home and family,
revealed noticeable results regarding how self-control is related with individuals’
wellness, economic status, and committed crime rates. Moffitt et al. (2011) found
that high self-control is related to fewer health problems and recurrent depression,
less substance dependence; high income, socioeconomic status, and financial
planfulness, and less criminal conviction. They also argued that self-control
interventions could transform the entire society and contribute to a better society in
many ways. Similarly, Diamond (2013) noted that being successful and healthy
individuals depends on the development of EF skills. EFs are the abilities that play

roles in “cognitive, social and psychological development”, she added (p.136).
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The importance of EFs shows itself in educational settings, and supporting EFs can
be a way to solve many educational issues. For example, socioeconomic status is
consistently found related to EF, as lower status is associated with weaker EF skills
(Theodoraki et al., 2020). Supporting the development of EFs is a crucial way to
compensate for the deficiency of skills related to school readiness caused by low
socioeconomic status (Blair, 2016). Executive functions being affected by
environmental conditions, in this sense, is both detrimental and salutary because
while the affectable structure of EFs makes them vulnerable to bad experiences, it
also makes them trainable (Zelazo et al., 2016). Thus, the harmful effects of the
environment can be ameliorated or compensated to some extent by training EFs.
Knowing more about EFs can change how teachers approach teaching and in-class
problems, help teachers consider individual differences of children, and guide them
in enhancing learning settings. For instance, Diamond (2013) gave a thought-
provoking example that points out how cognitive flexibility skills of teachers may

change their attitudes towards children:

When a student isn’t grasping a concept, we often blame the student: “If only
the student were brighter, he or she would have grasped what I’m trying to
teach.” We could be flexible and consider a different perspective: “What
might I, the teacher, do differently? How can | present the material
differently, or word the question differently, so this student can succeed?”

(p.149)

Supporting EFs at an early age is another discussed topic among scientists, and many
claim that a solid base of EFs should be established at an early age. EFs are the
essential skills that children need to develop to be ready for school. Blair (2016)
noted that “The development of the ability to regulate emotion and to maintain an
optimal level of attention in the service of academic learning is a primary goal of
carly elementary education.” (p.3). To give an example from the preschool context,
resisting the urge to play with a toy while listening to the teacher, talk to a classmate,
or leave the queue in a game requires good EFs skills (e.g., inhibitory control). In

this regard, even a few children with insufficient EF skills can exacerbate class
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organization and cause waste of time (Center on the Developing Child at Harvard
University, 2011). Interventions at early ages may be required for a better future life.
Moffitt et al. (2011) claimed that because there is a negative relationship between
self-control and adolescence errors, interventions in early childhood could prevent
these mistakes. Similarly, Thorell et al. (2009) expressed that early interventions are

essential to ameliorate or preclude cognitive incompetency.

In summary, EFs have undeniable importance for a society with healthy, prosperous,
and productive individuals. It is also vital to support these skills in youngsters as
Center on the Developing Child at Harvard University (2011) stated, developing EFs
in early childhood years is both quite effortful and crucial for healthy development.
We are in a fast-evolving era, and the demands of the world we live in are changing
rapidly too. EFs are one of our greatest helpers in adapting to this rapidly evolving
and developing world. Importantly, EFs are essential for twenty-first-century skills,
including “creativity, flexibility, self-control, and discipline.” (Diamond, 2013,
p.155). In this regard, “providing the support that children need to build these skills
at home, in child care and preschool programs, and in other settings, they experience
regularly is one of society’s most important responsibilities” (Center on the

Developing Child at Harvard University, 2011, p.1).

2.3  Development of EFs

Understanding the development of EFs is a challenging endeavor. Although the
subject, development of EFs, is open to new findings, several characteristics are
suggested in the literature. Anderson (2002) listed several properties: a) EFs show
rapid development through childhood, b) the development appears to be non-linear,
¢) EF components seem to show different developmental paths, and d)
neurophysiological advancement of the prefrontal cortex account for the

development of EFs.
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Various studies in the literature focused on the relations between three core
components of EFs within their developmental trajectories. The common pattern
revealed by various studies is that components of EFs become distinct with age
(Theodoraki et al., 2020). In their seminal work, Miyake et al. (2000) proposed a
three-component EF structure which was then embraced by the scientific community
(e.g., Best & Miller, 2010; Diamond, 2012; Garon et al., 2008; Pennequin et al.,
2010) and mostly supported by the subsequent studies although different
explanations are the present (e.g., Doebel, 2020; Kassai et al., 2019). In their work,
Miyake et al. (2000) studied with undergraduate students and found that three
components shifting, updating (i.e., working memory), and inhibition, have an
underlying shared structure to some extent (i.e., moderate correlations among
components), which means that they are not entirely dissociable, but also, they can
obviously be discriminated. Theodoraki et al. (2020) examined the development of
three EF constructs, inhibition, shifting, and working memory, with a sample of 14-
18 years old individuals and found that only inhibition task performance was
significantly correlated with age. Considering the sample group, the researchers
noted that their findings support the view that EF components follow different
developmental paths (see also, Anderson, 2002). Also, Theodoraki et al. (2020)
claimed that the study results indicate that the development of EFs may extend to
adulthood.

According to Diamond (2013), working memory and inhibitory control are closely
related, and generally, one needs another. As the author explained, we need to keep
the information in mind to differentiate between what is required and serves our goal
and what is not. The author further noted that inhibitory control also supports
working memory by disabling internal and external distractions and enabling
focusing on what is important. If there is such a close relationship between the two
components, the question of which component emerges first arises. Among two
components, working memory and inhibition, it was claimed that the inhibition
component develops first in children, and as children become good at inhibitory

control and ignoring the distractions, other EFs develop (Pennequin et al., 2010).
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There are other studies available providing different explanations for EF structure.
Depending on the results of their meta-analysis study, Kassai et al. (2019) discussed
alternative explanations and claimed that the correlations among constructs might
simply indicate “co-occurrences” caused by maturation of neural structures, or a
confounding variable such as “verbal or nonverbal IQ or socioeconomic status”
(p.183). For example, in their experimental study, Thorell et al. (2009) found neither
WM training had significant effect on inhibition nor inhibition training had on WM
for preschool children. Another possibility, as Kassai et al. (2019) expressed, is that
there might be a shared component, and it might not be altered enough when a single

component is trained.

The EF research made it clear that EFs undergo important changes during preschool
years (Carlson, 2005; Center on the Developing Child at Harvard University, 2011;
Diamond & Taylor, 1996; Scionti et al., 2020). However, because these changes
occur swiftly, revealing EF systems in preschool age is challenging (Scionti et al.,
2020). The studies concerning whether EFs in early childhood show a unitary or
multidimensional construct reported mixed results. It is known that three
components of EFs, depending on the developmental level, show different amounts
of solidarity or autonomy (Best & Miller, 2010). This heterogeneity furthers by the
fact that the differentiation of EFs does not follow a specific trajectory that has been
neither drawn according to developmental levels nor the difficulty of the tasks
(Carlson, 2005). The best way to explain fragmentation might be individual

differences, according to Carlson (2005).

The inhibition component shows considerable development in the preschool years,
and children as young as four years old demonstrate appreciable performance on
basic tasks as well as more complicated ones. (Best & Miller, 2010). In their study,
Diamond and Taylor (1996) found that performance of children on tapping task,
which requires inhibition of a prepotent response, increases as their age increase, and
the largest performance improvement took place between ages 3.5 (64%) and 4
(81%) years of age compared to other age intervals. Besides, the researchers noted

that the tapping task was too difficult for three years old children. Loher and Roebers
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(2013) explored performance differences of children between five to nine years old
(i.e., eight years 11 months) for the inhibition component and found significant

performance increases with age until nine.

Working memory performance is also related to developmental changes. The study
Loher and Roebers (2013) conducted revealed significant age differences among
three age groups five, six, and seven with increasing working memory performance
with age. The authors reported no significant difference between 7-year-olds and 8-
year-olds. Alloway et al. (2006) explored the structure of WM, whether two slave
components are separable, and analyzed developmental changes of WM through
childhood. The study included several tests for each WM component (of 12 tests, six
require storing and processing verbal and visuospatial ability; the remaining 6 were
verbal and visuospatial short-term memory tasks) and provided important findings
regarding the trajectory of WM development. First, as the researchers claimed the
findings support a multicomponent WM model, this model stays applicable between
the ages 4 to 11, and all elements are in service around age 4. Second, young children,
specifically 4-6 age, as the study revealed, depend more on the executive capacity
for visuospatial short-term memory tasks. Third, the researchers argued that as

children grow, they code visual material with verbal ones.

These two components are related to the third core EF component, cognitive
flexibility. Cognitive flexibility mainly about changing our viewpoint according to
the demands of situations. In this manner, recalling the old rules or demands and
inhibiting them to employ new ones might be required. Cognitive flexibility
develops later after WM and inhibitory control and depends on them (Best & Miller,
2010; Diamond 2013). Pennequin et al. (2010) note that having the ability to inhibit
a prepotent response enables children to consider alternative responses and shift
between them. Diamond (2013) explained the relationship by stating that one form
of cognitive flexibility is to change perspectives, spatially or interpersonally, and
changing perspectives requires inhibition of the first perspective and then using WM
to get a new perspective. Loher and Roebers (2013) showed that although children’s

performances increase with age, not all dual differences were significant.
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The final consideration is the relationship between the physiological maturation of
the brain and EFs. Cognitive processes named as EFs are regulated by Prefrontal
Cortex (PFC), and the role of PFC is evident in individuals with PFC impairment
because they can show EF shortfalls although having decent 1Q (Best & Miller,
2010). The relationship between PFC and EFs is twofold because “any change in
brain function could be either a cause (i.e., neural maturation provides a mechanism
of development) or an effect (i.e., EF behaviors lead to brain changes) or both.” (Best
& Miller, 2010, p.1656).

In sum, underlying mechanisms of EFs have not been revealed definitely, and the
literature shows mixed results regarding association among components of EFs and

their developmental trajectories.

2.4 Training Executive Functions

Neurophysiological maturation of the brain directly affects the development of
cognitive development and thus EFs. However, contrary to the past belief that
restraints cognitive enhancement to developmental stages, it is now widely accepted
that the brain keeps its plasticity through the whole life (Moreau & Conway, 2013).
In line with this idea, EFs can be developed with experience and practice (Diamond
& Lee, 2011; Center on the Developing Child at Harvard University, 2011). Various
studies have shown that EF improvement can be observed in a broad age range. In a
recent meta-analysis, Scionti et al. (2020) found that EFs of children between 3 to 6

years old benefit from cognitive training programs.

Studies conducted to improve EFs pointed out various ways that seem to work, such
as computerized training, various sports activities and physical practices, and
specific curricula. Because of its parallelism with the current study, studies on
computerized training, games, exergames, and physical activities have been

included. Before continuing, it should be helpful to know the general structure of
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findings in the literature. Thorell et al. (2009) listed three types of effects that studies
in the literature reported:

First, there are likely to be practice effects on the tasks included in the
training program. Second, there could be training effects on non-trained tasks
measuring the particular cognitive aspect targeted by the training program.
Third, there could be transfer effects in that effects generalize to either related
cognitive constructs (e.g., WM training having effects on inhibition) or
behaviors associated with the trained construct (e.g., cognitive training
having effects on symptoms of inattention, problem solving or school

performance). (p. 107)

These effect types noted by Thorell (2009) are called near- and far-transfer effects
in the literature. “Near-transfer effect was defined as effects on the same executive
function component(s) that were trained (excluding tasks that were practiced during
the training), while the far-transfer effect in the present study was considered as
effects on executive function components that were untrained.” (Kassai et al., 2019,
p. 167). Although research in the literature have shown that EFs can be trained, there
are some problems and many questions yet to be answered. One of the most debated
topics in EF literature is the transferring of EFs. There are inconsistencies in the
literature in terms of transferring of effects beyond the training domain (Steinbeis &
McCrory, 2020). Nevertheless, several claims regarding the transfer of EF training

were discussed in the literature.

e Diamond and Ling (2016) specified that the effects of EF training transfer
little. However, research supports both arguments, EF training yields only
near-transfer effects, and EF training generates both near- and far-transfer
effects. For example, two recent meta-analysis studies reported conflicting
results in terms of far-transferability of training effects. Scionti et al. (2020)
analyzed studies focused on cognitive training of EFs and found significant
near- and far-transfer effects on EFs. However, in another meta-analysis

study, Kassai et al. (2019) found a significant transfer effect only for near-
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transfer. However, it should be noted that Scionti et al. (2020) included only
training studies focused on preschoolers, and according to the researchers,
the developmental stage affects the transfer of EF training. Scionti et al.
(2020) explained that children’s developmental level affects near- and far-
transfer because EF constructs of children at preschool age show some degree
of uniformity, and intervention aiming at one construct could affect another.

e Bergman Nutley et al. (2011) noted that transfer of effect to non-trained tasks
within a construct is related to the quantity of training on that construct. In
other words, an increased amount of training in specific tasks may increase
the chance of transfer of effect to non-trained tasks.

e Effectiveness of transfer of EFs change depending on the training paradigm.
For instance, although there are conflicts regarding the far-transfer effects of
computerized training, research has shown that physical exercise yields more
reliable results regarding the improvement of various cognitive abilities
(Moreau & Conway, 2013).

24.1 Computerized Training

Among many interventions addressing EFs, one of the most studied paradigms is
computerized training. The studies investigated computerized training from various

aspects, including different tasks, targeted EF components, and target groups.

Volckaert and Noél (2015) designed an experimental study to reveal the effects of
inhibition training on externalizing behaviors and transfer of the training to the other
executive domains. They used mainly digital, commercial games but with altered
rules and found that children in the experimental group were improved on trained
and non-trained inhibition tasks, attention, working memory, and externalizing
behaviors, compared to the control group. However, Volckaert and Noél (2015) did

not observe that inhibition training improved flexibility.
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Bergman Nutley et al. (2011) conducted an experimental study to test if fluid
intelligence can be enhanced by training on reasoning problems and WM tasks.
Using computerized training and aiming the preschool children, they found that the
children’s performance significantly improved on the visuospatial WM test in which
they were trained. The authors also found that the WM training led to improvements
in non-trained WM tasks, too, and concluded that transfer of the effect points

development of base skills pertaining to WM.

In another experimental study, Holmes et al. (2009) aimed to answer several WM-
related questions which are a) if typically developing children with low working
memory could take advantage of a WM training b) as with its multi-component
structure, what subcomponents of WM are trained and c) if WM training can help to
remedy learning problems related with low WM. They designed a computerized
game environment and applied an intensive adaptive training program that required
children to engage with the activities 35 minutes a day for about 20 days in several
weeks. According to the results of that study, after the adaptive training, the WM
scores of children significantly improved even for non-trained tasks, and the effect
was still present six months after the training. Holmes et al. further noted that training
acquisitions extended to academic skills (i.e., they found improved mathematic

performance six months after the training).

The experimental study conducted by Thorell et al. (2009) elicited promising results
in terms of the effectiveness of computerized training. Preschool children in the
study took either visuospatial working memory or inhibition training 15 minutes a
day for five weeks. The results of the study showed that WM training led to
significant improvements in preschool children’s performance at both trained and
non-trained visuospatial and verbal WM tasks and significant transfer effect for
attention. The researchers noted that inhibition training did not elicit significant
results for non-trained tasks and explained the reason by calling attention to
neuropsychological discrepancies among WM and inhibition constructs, the
structure of training tasks and their loads on each component (i.e., WM and

Inhibitory Control), adaptiveness of difficulty of tasks, high base performance for
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inhibition, and finally the inclusion of different aspects of inhibition to the study,

which reduced quantity of training on each inhibition type.

Meta-analysis studies also investigated the effectiveness of computerized training.
Scionti et al. (2020) analyzed the effect of cognitive training on the EFs of
preschoolers. The author noted computerized vs. non-computerized training as a

non-significant moderator.

2.4.2 Physical Activities

EFs are related to physical activity and motor abilities. Considering the fact that both
motor and EF skills spurt in preschool age, these years constitute a crucial time to
look at the relationship between these two variables (Livesey et al., 2006; Pennequin
et al., 2010). In their study with kindergarten children, Oberer et al. (2017) found
that EFs are significantly correlated with both fine and gross motor skills. In line
with this study, Stein et al. (2017) found that shifting and inhibition were

significantly correlated with kindergartens’ motor functions.

There is also further evidence that discusses the causality between EFs and physical
activity and whether physical activities affect the development of EFs in individuals.
In the EF literature, the effectiveness of physical activities was investigated by
seeking for several issues such as the amount of the physical activity, chronic or
acute (Best, 2010) and the mindfulness (Diamond & Ling, 2016). While according
to Best (2010), both acute and chronic aerobic exercises enhance children’s EFs,
Stein et al. (2017) found no effect of the solely acute coordinative intervention (e.g.,
organized jumping, balancing, organized running, control of a ball such as bouncing,
kicking, and catching) on EFs (i.e., inhibition and shifting). There is a debate among
scientists regarding the mindfulness concept, and further research is required to
establish firm conclusions. On the one hand, it was argued that physical activities
should have a cognitive component to promote EFs (Diamond & Ling, 2016); on the

other hand, it was claimed that there is not enough evidence to conclude that mindless
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activities do not improve EFs, and some evidence that might show otherwise is
present, instead (Hillman et al., 2019). Best (2010) listed several features that
physical activity may govern EFs in children: a) cognitive demands of the activities,
b) cognitive engagement required for more advanced motor actions, ¢) subsequent

physiological changes following physical exercise.

It is safe to say that physical activities also require the employment of EFs, and
depending on the nature of the activity, EF demands can be little or high. For
example, Maurer and Roebers (2019) included the task difficulty in their analyses
and found that although EFs are significantly correlated with both easy and difficult
fine motor tasks and difficult gross motor tasks, the association between easy motor
tasks and EFs was not significant. The researchers explained the discrepancy as that
cognitive demands of easy gross motor tasks are low, and preschool-aged children

have good skills of easy motor gross skills.

According to Best (2010), performing complex motor actions requires activation of
the same neural structure with EFs. In this manner, physical activity initiates higher-
order cognitive processes and prepares them to be used after (Best, 2012). Physical
activity itself leads to changes in the brain and neural circuitry. Best (2010) explains
it as “the demands placed on the body’s cardiovascular system while exercising
induces physiological changes in the brain to impact cognition and may interact with

the cognitive components of the exercise to impact cognition” (p. 340).

2.4.3 Exergaming

Exergaming refers to video games in which participants are physically active by
using their whole bodies (Best, 2012). Exergames take body movements as input
(Lieberman et al., 2009). This genre of games bears both the feature of video games
being highly engaging and the benefits of being physically active (Xiong et al.,
2019).
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The literature about the benefits of exergaming on EFs has shown that EFs can
benefit from exergames. For example, Xiong et al. (2019) studied the effects of
exergames on preschoolers’ EFs and found that receiving eight weeks of exergame
intervention significantly increased children’s EFs measured by DCCS task
compared to traditional physical activity. In another study, Benzing et al. (2016)
explored the effects of cognitive engagement amount of exergame-based physical
activity on EFs of adolescents. According to the study’s results, when the physical
activity level was kept the same, more cognitively engaging activities lead to
significantly better cognitive flexibility performance. Best (2012) studied physical
activities’ effects using exergames with children between 6-10 years old. According

to the researcher, exergaming improves the EFs of children in a wide age span.

In sum, the beneficial effects of exergaming on EFs have been demonstrated in the
literature, but few studies focused on the topic. Also, not all EF components were
given equal weight. As a promising EF training paradigm, exergames’ characteristics

and their effects are still open to new findings.

244 Summarizing Training of EFs

The extensive amount of research in the domain of EFs yielded valuable information
and advanced our knowledge of the subject. However, training mechanisms of EFs
are yet to be further discovered even though we know that EFs are trainable. We
need more studies to establish a robust groundwork for effective EF training. The
issues such as intervention types, long-term effects of these interventions,
transferring issues, optimum training amount and duration for noticeable results,
characteristics of participants, and the intervention characteristics are among the
subjects to be explored. Diamond and Ling (2016) examined an extensive amount of
study and compiled several characteristics attributed to the EFs regardless of the
intervention type. Among the many conclusions that they draw from their review,
three of them come to the forefront: a) practicing amount can be a determinant factor

for the effectiveness of the training, b) training should challenge the EF to see
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enhancement, ¢) generally, individuals with low EF skills benefit most from the
intervention. These claims are supported by other researchers too. For example, it
was noted that considerable improvement in EFs requires extensive practice
(Traverso et al., 2019). Center on the Developing Child at Harvard University (2014)
noted that EF skills develop through entertaining and challenging activities aiming
at self-regulation skills and purposeful social interactions. Besides, various studies
confirmed that children who need EF training benefit most from them. In their study,
Scionti et al. (2020) revealed that the training was more effective for preschool
children with ADHD symptoms or low SES. In the same way, Volckaert and Noél
(2015) showed that children low at inhibitory skills at the beginning benefited more
from the training. A similar conclusion was made by Horowitz-Kraus (2015).

2.5  Current Study and EFs Research

The literature supports this study in several ways: First, the literature about EF
training has demonstrated that computerized EF training, various sports activities,
and the combination of both can support the enhancement of EFs. Second, the need
for studies investigating various features, mostly physical and cognitive demands of
EF training, was expressed. Third, motivation and enjoyment considerations
regarding EF training were noted. Fourth, the need for diversity of training options

and the advantage of providing a computerized system were discussed.

The first support comes from computerized training and various sports activities
addressing EFs. There are countless studies about EFs in the literature. Among many
promising interventions in improving EFs, two of them are computerized training
and physical activities that require EF skills (e.g., martial arts, yoga). As mentioned
earlier, results regarding computerized cognitive training elicited conflicting results,
and as Diamond and Ling (2016) claimed, physical activities need to have cognitive
components to yield EF benefits. However, few studies investigated combining
effects of computerized training and physical activity in a system other than adding

to intervention as separate systems (e.g., computerized training plus 15 minutes of
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physical activity). Moreau and Conway (2013) stated that computerized training
alone is a limited approach for cognitive training and suggested specifically-
designed sports that address physical activity as well as cognitive development. In
the current study, the design of a system based on a physical activity-incorporated
computerized training (i.e., exergaming) was explored. Moreau and Conway (2013)
assert that the benefits of computerized training and much more can be attained by
designed sports activities. The suggestion of Moreau and Conway (2013) emphasizes
the sports activity; however, these two paradigms, computerized training and

physical activity, have an equal emphasis in the developed system.

Second, Diamond and Ling (2016) expressed that there are still many unknowns for
training EFs and pointed that there is a need for studies that test rigorously various
features of interventions such as amount, frequency, and duration. Besides, they
added that how much the physical activity requires the use of EFs in addition to
demanding the use of motor skills such as eye-hand or bimanual coordination is
another factor to be investigated. In this manner, physical interaction-integrated
computerized training can be an alternative by both tapping EFs and physical activity
demands, and provides a basis for testing various hypotheses. However, before
conducting such experiments with the mentioned system, it is also necessary to
ensure that it works as intended and is appropriate for the target group. Thus, it is
important to reveal how to design such a system by manifesting whether children are
able to use the system, what features the system should have, and the potentials of

technological tools.

Third, Diamond and Ling (2016) noted that entertainment of an activity can affect
cognitive benefits taken from it; thus, entertainment issues should also be
investigated. Educational game systems like in this study can contribute to the

literature by forming a basis for exploring the enjoyment issues.

Finally, providing a variety of options for training EFs seems critical. Moreau and
Conway (2013) claimed that novelty and diversity are the two key components of

physical training programs seeking cognitive enhancement. It is for sure that the
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novel EF training systems that also incorporate physical activities would contribute
to this diversity even though the developed system in the current study put relatively
little demands on physical activity. However, physical demands can be adjusted in
different games based on the proclaimed training paradigm. Besides, as Blair (2016)
indicated, providing structured activities that facilitate the development of EFs for
children is one of the preschool education objectives. Developing educational
materials aiming to practice EFs serves this purpose. Again, Diamond and Lee
(2011) expressed that continuous practice cultivates the EF gains. Digital systems
like the mentioned system allow repetitive practices. Diamond and Lee (2011) also
stressed that computer training is available for home use makes it advantageous, and
as computerized materials address more EF components, broader gains will be more
likely to get. In line with this idea, the trainability of EF through repeated practice
(Blair, 2016) makes digital games and applications addressing EFs is a relatively

good option.

2.6 Wearable and E-Textile Technologies

Wearable technology refers to the electronics and technological devices embedded
into clothes or other accessories that can be easily used (Wright & Keith, 2014).
“Wearable technology is an attempt to free the body and allows the body to move
independently whilst being connected with a technological system” (Ugur, 2013, p.
25). The purpose of wearable technologies is to enable people to benefit from
features provided by computers and other electronic devices while they continue
their everyday lives (Wright & Keith, 2014). Wearable technologies have found a
wide range of usage areas such as fashion, entertainment, health, safety, gaming,
lifestyle, sport, and education. Wearable technology is a promising field with an
ever-growing market, and there are already numerous devices available to users.
Buchem et al. (2019) classified wearable technologies under three titles: E-textiles,

smart accessories, and head-mounted displays (HMD). Although there are other
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classifications available, in this study, e-textile technology was considered a part of

wearable technologies and analyzed according to the scope of the study.

2.6.1 E-Textile Technologies

One of the interaction tools that wearable technologies present us with is e-textile
technologies. E-textile technologies describe the platforms, sensors, and other
various electronics that can be attached to clothes or designed to be used on a textile-
based accessory. E-textile technology is a subcomponent of the wearable technology
concept and not only refers to textile but also covers small electronic components
that are not textile-based. In this sense, Cho et al. (2009) make the distinction
between “wearable computers” and “smart clothing” as the focus of wearable
computers is on attaching electronics to clothes while smart clothing requires all
elements in the design to be textile-based. Various electronic components and
materials that can easily be integrated with clothes have been available in the market.
Color, light, pulse, 9-DOF, and temperature sensors; Bluetooth and Wi-Fi modules;
microcontrollers, LEDs, conductive thread, Neopixels, switches are some of the

widely used components of e-textile projects.
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e) f)

Figure 2.2 Some e-textile components a) Adafruit’s Flora b) Lilypad Arduino USB
c) Bluefruit LE module d) Flora color sensor e) Flora Neopixel f) Conductive thread

yarn

E-textile projects need a platform or mainboard to perform instructions, collect data
from sensors, and establish communications. There are many types of platforms with
different capabilities. In Figure 2.2, two common products were showed (a and b).
There are various wearable Bluetooth modules available to be used with a wearable
mainboard. In Figure 2.2, an example of a Bluetooth module was provided (c). A
color sensor (d in Figure 2.2) is a sensor capable of detecting the color of objects.
Neopixels (e in Figure 2.2) are the components that can digitally mix red, green, and
blue colors in different amounts to create different colors. Among the components
explicitly developed for e-textile projects, conductive thread (f in Figure 2.2) holds
a critical place. Conductive thread is an innovative material that can be used to sew

and build electrical circuits on textiles.
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2.6.2 Use of E-Textile Technologies for Educational Purposes

Although e-textile technology does not have a long history, studies employing the
technology for educational purposes has been available. This section explains how
e-textile technology can be used for learning and teaching purposes providing

examples from various studies.

E-textile technologies are still in their infancy, yet their potential has been
investigated in a relatively wide range of fields. How e-textile technologies can be
used in learning settings has taken researchers’ attention, and various studies have
revealed how wearable technologies support educational outcomes. The way e-

textile based technologies were recruited seem to be twofold:

I.  participatory design of e-textile materials,

ii.  using designed e-textile-based wearable materials.

While in the first paradigm, what benefits can be attained by including participant in
the design process of e-textile materials (e.g., creativeness, computing and circuitry
knowledge, motivation, increasing interest in electronics and computing) were
investigated, the second paradigm concerns with the effectiveness of an already
designed material, and design principles guiding the development of e-textile
wearable materials. Lilypad and other Arduino-based platforms enable learning by
doing activities to be implemented in classroom settings (Buchem et al., 2019). An
example of the former paradigm is the study that Peppler and Glosson (2013)
conducted. The researchers investigated the contributions of designing electronic
materials on children’s conceptual knowledge of simple circuitry by using e-textile
components in the design process. Peppler and Glosson (2013) found that engaging
with e-textile projects contributed significantly to children’s conceptual knowledge

of electrical circuits.

As mentioned above, wearable e-textiles have also been the subject of studies that
explore possible effects of wearable activities on children’s programming skills,

creativity, motivation, and interest (e.g., Lau et al., 2009). The findings of the studies
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are mixed in terms of reported effects. Merkouris et al. (2017) compared three groups
that received coding activity for different platforms: a) desktop, b) wearable (e-
textile), and c) robotic. The researchers did not find significant differences between
groups, desktop and wearables, in terms of emotional engagement and attitudes, and
found no significant differences among the three groups regarding programming
skills. Nugent et al. (2019) conducted a quasi-experimental study to reveal the effects
of an intervention subjecting wearable technology on children’s knowledge of
circuitry, programming, and engineering design. According to the results of the
study, the wearable activity can provide a fruitful opportunity to combine various

disciplines to serve the purpose of increased STEM knowledge and self-efficacy.

Kazemitabaar et al. (2017) designed what they called MakerWear, a wearable
construction kit for children that enables them to create their own wearable designs.
The study revealed the children’s designs and issues confronted. Besides, preschool
children managed to create their own wearable designs using the MakerWear Kit,

although they designed simpler.

In the latter paradigm, the purpose is to test the effectiveness of a designed material
and reveal related characteristics. For instance, Balestrini et al. (2014) designed a
wearable arm bracelet that emits lights and tones to help orchestration in
collaborative learning situations. According to the researchers, using the system
enabled children to feel more receptive to group construction and more enjoyed,

spend less time for organization, and get higher test scores.

Rosales et al. (2015) explored the characteristics and mechanics of wearables that
promote free-play practices. The researchers designed three accessories sensitive to
the wearer’s movements, a belt pouch, socks, and an elastics armband. The belt
pouch included a Lilypad Arduino main board, LEDs, a piezo speaker, and an
accelerometer, and produced sounds and lights when the wearer makes movements.
The socks have pressure sensors in the sock’s sole to detect jumping or lying down,
a piezo element, and LEDs to provide auditory and visual feedback. The third

accessory, the armband, detects the bends and plays different sounds accordingly by
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communicating with a computer. Conducting play sessions with school-aged
children, the researchers also delivered design principles that relate wearables’

characteristics to free-play engagement.

Norooz et al. (2015) designed a wearable e-textile shirt that detects physiological
changes happening on the wearer’s body and displays these changes using visual
components. The shirt has textiles-based internal organs attached to it, and the
purpose was to teach children the location, function, and structure of internal body
organs. Norooz et al. (2015) reported teachers’ opinions regarding the use of the shirt
for educational purposes, and the results showed that e-textile material could occupy
children, helped them learn abstract concepts by visualizing, and provided instant

feedback/interaction.

E-textile technologies were also used to develop non-wearable materials for specific
purposes. Vega-Barbas et al. (2015) designed and developed a toy using smart textile

technologies to monitor and evaluate psychomotor development in early childhood.

The research conducted on the educational use of e-textiles shows that they can be
employed in different ways for entirely distinct purposes. When used appropriately,
they can help to achieve learning outcomes and provide pedagogical contributions.
A notable upside of e-textile technologies is that they can be embedded into ordinary
objects, which provides increased familiarity and intuitiveness of the materials and

thus allowing likeable interaction ways (Vega-Barbas et al., 2015).

2.7  Early Childhood and Technology Use

The attitudes toward technology use in ECE are twofold; while some advocate using
technology in ECE, others point to concerns and support limited or no technology
use. There are debates in the literature about whether the technology should be
integrated into ECE (Kerckaert et al., 2015), what purposes should be pursued, and
how it should be handled.
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In a recent study, Mertala (2019) analyzed 35 studies to form a better understanding
of teachers’ beliefs towards technology use in early childhood education. According
to the researcher, positive attitudes were reported in most of the studies included in
the study. Teachers believe that technology helps children support their academic
performance, common learning abilities, emotion control, and relations with others.
Similar perceived benefits were reported by others too. Kara and Cagiltay (2017)
noted that teachers mainly perceive technology’s benefits as supporting learning,
attention, cognitive skills, and motivation; addressing individual differences and
psychomotor skills.

Another aspect of the situation is how parents perceive technology use in childhood.
In their study, collecting data from parents, Plowman and McPake (2013) found that
parents did not think that the interactions of children with technology had had a
negative influence on their actions, wellbeing, or learning. However, the researchers
pointed to a need for further studies to corroborate the claim.

In the literature review Mertela (2019) conducted, analyzed studies reported negative
beliefs such as ineffectiveness of educational games, low quality of content, lack of
provided experiences compared to traditional methods, reducing motivation for
demanding learning activities. More opposing views were also present in the study
Masoumi (2015) conducted. Some teachers’ opinions were that ICT use is
unnecessary, unsuitable, and may damage children’s health, social, and cognitive
abilities, as the author reported. Kara and Cagiltay (2017) stated that deterring
socializing, disproportionate use, exposure to harmful content, and psychological
problems were among the disadvantages of technology, stated by ECE teachers.
However, teachers’ opinions may not be evidence-based and may be affected by
other factors such as insufficient technical competence, lack of knowledge regarding
proper and effective use of the technology, and prejudgments. For example, Sancar-
Tokmak (2013) found that preschool teacher candidates’ unfavorable believes of
technology use in preschool became positive through activities designed according
to the technology-pedagogical-content knowledge (TPACK) framework. Also, other
studies argue that the appropriate use of technology benefits children’s
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communication skills and socializing (e.g., Plowman & McPake, 2013) as opposed
to the statements of ECE teachers who participated in the study Kara and Cagiltay
(2017) conducted. According to Plowman and McPake (2013), when used
appropriately, technology promotes social engagements instead of preventing them.
The researchers argued that interactions with technological tools can provide shared
experiences between parents and children, which then contributes to their
communication skills. Another common concern, technology’s domination of
children’s lives, was also addressed by Plowman and McPake (2013). As the authors
noted, children’s lives are not affected widely by technology, considering its
omnipresence.

How ECE teachers utilize technology in preschool settings is another aspect of the
issue. ECE teachers use technology for various purposes. Kara and Cagiltay (2017)
reported that ECE teachers get use of technology in storytelling, teaching native
language, science, and nature activities as well as for listening to music and teaching
concepts. Masoumi (2015) conducted a study to reveal how preschool teachers
utilize 1CT. According to the researcher, ICT can enrich usual activities, increase
cultural knowledge, provide entertainment and leisure time activities, and serve as a
communication and recording tool.

In sum, although there are opposing views regarding the use of technology in school
settings and perceptions that technology use is not a suitable teaching method
(Zevenbergen & Logan, 2008), many think that technology, when appropriately
adopted, creates effective opportunities (e.g., Plowman & McPake, 2013). On the
other hand, perceptions aside, preschool teachers already use technology for various
purposes (see, for example, Kara & Cagiltay, 2017; Masoumi, 2015). The author of
this study takes a position in favor of the use of technology in preschool settings,
given that needs, individual differences, and developmental level of children are

considered.
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2.8 Summary

This study’s contributions to the literature can be viewed from two perspectives: EFs
and e-textile technology use. Supporting EFs in the preschool context was expressed
as critical by many. However, there are different views regarding how to advance
these skills. One of the promising methods is exergames, combining the benefits of
physical exercise and computerized training. E-textiles can be utilized as a means of
developing exergames. Besides, developing exergames appropriate to preschool
children using e-textiles enables us to discover further issues regarding EFs and e-

textiles. In this section, these issues are discussed briefly.

In the literature, EF trainings were detailly discussed, but the focus of those studies
was generally on whether a specific treatment benefits EFs or not. There remains a
significant gap regarding exploring the characteristics of the treatments, as stated by
many researchers. Specifically, three training methods, computerized training,
physical activities, and exergames, have been shown to cultivate EFs. Exergames
seem to combine the cognitive benefits of the other two paradigms. This study’s
purpose was to design and develop exergames to investigate EF-related features of

these games.

The need for studies investigating characteristics of trainings such as quantity,
frequency, length, and physical and EF demands (Diamond & Ling, 2016) was stated
in the literature. In this regard, investigating these characteristics while designing,
developing, and implementing physical interaction-integrated computerized training
provides a knowledgebase for the issue. Ensuring a training is well-designed before
questioning its effectiveness another dimension of the problem. This study aims to
reveal how a physical interaction-integrated computerized game can be designed for

preschool children appropriately.

Diamond and Ling (2016) stated that entertainment of activity can affect how

effectively it advances cognitive skills. Thus, as in this study, examining an
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educational game system’s motivation and engagement issues contributes to our

understanding of entertainment’s cognitive gains.

Providing various options regarding EF trainings was stated as critical in the
literature. Blair (2016) stressed the significance of providing preschool children with
structured activities, and this study serves the purpose by presenting various
educational games and activities. In this regard, as Diamond and Lee (2011) stated,
computerized trainings have the convenience of being used in home settings and as
more computerized trainings addressing different EF skills become available more
gains can be attained. The proposed game system addresses three core EF skills and
can easily be used in home settings. Another advantage of computerized systems is
that they allow repeated practices, which were stated as a way to improve EF by
Blair (2016).

Regarding the e-textile technology use in education, the literature provides little
information about e-textiles in preschool settings. Although e-textile technology was
expressed as a viable option to be used with everyday objects to increase
intuitiveness and familiarity (Vega-Barbas et al., 2015), and extends the functionality
of wearables (Rosales et al., 2015), how e-textile technology can be used in the
preschool context, what considerations to make, design guidelines and principles
were not addressed comprehensively. This study investigates the design and
development of interactive e-textile enhanced materials and games appropriate to
preschool children considering curriculum objectives and EFs. In this manner, the
current study contributes to the literature by providing principles and guidelines. As
more studies are conducted, our understanding of e-textile use in the preschool

context will likely increase.
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CHAPTER 3

METHODOLOGY

In this chapter, the research methodology of the study is explained. This section
consists of nine sub-titles: research questions, research model, researcher’s role,
participants, instruments, data collection, data analysis, quality of the study, and

ethical issues.

3.1 Research Questions

The study aims to investigate the research question and the sub-questions below:
What are the characteristics of curriculum-related educational games that support

Executive Functions of preschool children using e-textile technology?

e What are the characteristics of educational games designed to foster
preschool children’s Executive Functions?

e What are the usability and design characteristics of educational materials
developed for preschool children using e-textile technology?

e What are capabilities of e-textile materials in developing developmentally
appropriate materials for preschool children?

e How do children interact with curriculum-related and e-textile-based

educational games?

3.2 Research Model

This study was conducted using the Design-based research (DBR) model. In the
literature, many different terms have been used to refer to the same research model,
Design-based research. Some of the examples are design-based research (The
Design-Based Research Collective, 2003; Dede, 2005; Amiel & Reeves, 2008),

39



development research (Van den Akker, 1999), design research (Kelly, 2004), design
experiments (Brown, 1992), design and development research, developmental
research. In this study, the researcher conveniently chose the name DBR to refer to
the method itself.

DBR can be defined as “an emerging paradigm for the study of learning in context
through the systematic design and study of instructional strategies and tools” (The
Design-Based Research Collective, 2003, p.5). As Barab and Squire (2004) stated,
DBR is interested in generating models that explain how people think, learn, and
behave. This iterative process should also lead to design principles, which can then
be employed by other researchers or practitioners (Amiel & Reeves, 2008).

The Design-based Research Collective (2003) defined five characteristics that DBR
study should have: First, the ultimate aim of designing an artifact or a learning
environment and developing or tuning a theory should be considered together
throughout the process. Second, as Cobb (2001) and Collins (1992) noted,
development and research processes consist of continuous cycles of design,
implementation, analysis, and redesign (as cited in The Design-based Research
Collective, 2003). Third, design research should produce “sharable theories” that
help practitioners or other educational researchers discover implications (p. 5).
Fourth, research should clearly state how the design work in authentic context. Fifth,
the study’s methods should report the whole process and show the relationship
between specific outcomes and processes used.

One of the criticisms that have been directed at Educational Technology research is
that often findings of the studies in the field have little or no impact on practice
(Dede, 2005). One may argue that this is because scholars and practitioners work
most of the time separately without sharing each other’s knowledge and experiences,
and theory in practice may not always be so straight to apply without problems.
Another problem with these studies is that results simply “state the obvious”, or they
are basically “common sense for anyone with experience in educational settings”
(Dede, 2005, p. 2). According to Dede (2005), researchers sometimes give too much

importance to statistical significance while not minding small effect sizes, which are
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not desired by practitioners and policymakers. Furthermore, studies published in
research journals frequently report “statistically significant outcomes with low effect
sizes for trivial problems”, he added (p. 3). DBR follows a different path than
predictive research (see Figure 3.1) and researchers claiming that DBR may
compensate for problems with traditional research methods are on the increase. As
the number of design studies increases, we will have a better chance of evaluating
these claims. According to Amiel and Reeves (2008), DBR can produce better results
when the aim is to investigate “the role of tools and techniques in the classroom” (p.

29).

Predictive research

Hypotheses based Experiments Theory refinement Application of
upon observations designed to test based on test ﬂ theory by
and/or existing hypotheses results practitioners
theories
F Y
Specification of new hypotheses
- A
Design-based research

Analysis of practical Development of lterative cycles of Reflection o

problems by solutions informed testing and produce “design
researchers and by existing design refinement of principles” and
practitioners in principles and solutions in enhance solution
collaboration technological practice implementation

innovations
r Y r r Y

Refinement of problems, solutions, methods, and design principles

Figure 3.1 Predictive versus design-based research. From “Design-Based Research
and Educational Technology: Rethinking Technology and the Research Agenda,” by
T. Amiel and T. C. Reeves, 2008, Educational Technology & Society, 11 (4), p. 34.
Copyright 2008 by International Forum of Educational Technology & Society
(IFETS)

Moreover, another issue regarding traditional research raised by The Design-based
Research Collective (2003) is that DBR is seen as a productive method producing
valuable knowledge for randomized trials, which may not be necessarily proper for
the research’s goals. Learning environments include numerous related variables, and

frequently educational problems are contextually dependent. Thus, taking part in
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context provides both advantages of the understanding process better and helps the
researcher analyze theoretical issues regarding learning and teaching (The Design-
based Research Collective, 2003).

The purpose of this study is to design educational games and materials that aim to
support curriculum-related objectives and EF skills of preschool children. In this
manner, providing thick descriptions of the study settings, challenges of practice, the
processes of developing and conducting interventions, and the emerged design
principles which were listed as the purpose of DBR by Anderson & Shattuck (2012)
was aimed. Another goal was to contribute to the EF theoretical framework. DBR is

the right method to conduct the study considering the mentioned purposes.

3.2.1 Why Design-Based Research

One of the main benefits of this type of research is that it enables practitioners or
educational researchers to practice learning conditions that are declared effective by
learning theory but are not comprehended completely or practiced widely (The
Design-based Research Collective, 2003). This study aims to reveal the
characteristics of educational games and bodily interactive games designed
specifically for preschool children. Bodily interactive games or exergames were
stated to benefit EFs (e.g., Best, 2012; Benzing et al., 2016; Xiong et al., 2019).
However, what qualifications affect EF mechanism in games, how games addressing
EFs should be designed according to preschoolers’ needs, what design
considerations should be put into e-textile materials and accessories that serve for
bodily interactive games remain unexplored. Thus, this study investigates practical
issues about EFs, e-textiles, and bodily interactive games using DBR.

Another critical point is that in design-based research, practitioners and researchers
work together in an authentic context to elicit desirable changes (The Design-based
Research Collective, 2003). Working in an authentic context together is often
difficult but provides researchers with some opportunities. For example, studying

with multiple variables, revealing relationships, and adjusting key elements of the
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treatment can be possible in real learning contexts (The Design-based Research
Collective, 2003). In the current study, the researcher worked firmly together with

ECE teachers and children in the school environment as a characteristic of DBR.

Furthermore, another essential point is that DBR studies not only allow the
researcher to test a theory but also they may create new theories (Barab & Squire,
2004). In this study, although a new theory is not suggested, design principles
guiding interactive e-textile material design for preschool children, characteristics of
games that address three core EFs, theoretical and practical issues about the

implementation of bodily interactive EF training are presented.

3.2.2 Design-Based Research Challenges

Although it has many benefits, DBR posits some challenges such as collaboration
with partners; objectivity, reliability, and validity issues; dealing with many
variables, and generalizability.

The first one, collaboration challenge, was stated by The Design-based Research
Collective (2003) as “a logistical challenge for design-based researchers involves
maintaining a productive collaborative partnership with participants in the research
context” (p. 7). The second challenge is that, as in all other studies, objectivity,
reliability, and validity constitute significant concerns of DBR, but these properties
are handled in relatively different ways than in controlled experimentation (The
Design-based Research Collective, 2003). However, it should be noted that DBR
studies use the same methods as other research methodologies such as descriptions,
observations, field notes, interviews. Third, when it comes to generalization, DBR
studies need to face an important challenge regarding being a solution for local
problems, and at the same time, having the ability to be employed globally. The
Design-based Research Collective (2003) stated that “the challenge for design-based
research is in flexibly developing research trajectories that meet our dual goals of
refining locally valuable innovations and developing more globally usable
knowledge for the field.” (p. 7). Finally, DBR deals with many variables, and the
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context is often messy. “One challenging component of doing educational research
on design-based interventions is to characterize the complexity, fragility, messiness,
and eventual solidity of the design and doing so in a way that will be valuable to
others” (Barab & Squire, 2004, p.4)

3.3 Researcher’s Role

The researcher’s role in these studies has been stated as a concern by some in the
literature. In DBR, researchers work with participants, and they are considered as
co-participants. Kelly (2004) stated his concern by asking whether the researcher or
co-participants should make the decisions and why. Barab and Squire (2004) argued
that DBR investigators do not isolate themselves from the context; instead, they play
an active role in the emergence of interactions, and this posits a validity thread to the
study. Then, Barab and Squire (2004) suggested employing techniques pertaining to
other qualitative methods to enhance validity.

In this study, the researcher was actively involved in the study by designing and
developing digital games and e-textile materials, trying educational game systems
with preschool children, and conducting interviews. To reduce validity threads that
might stem from the researcher’s involvement in the processes, the researcher
applied several methods. All implementations with children were video-recorded to
enable repeated analyses and have another researcher to watch the recordings. In the
same way, interviews were recorded via a voice recorder, which also enabled
subsequent analyses. The researcher’s experiences regarding the design and
development of digital games and e-textile materials are self-evident because the
issues appeared, and the methods were developed and tested to ameliorate the issues.
For example, when an e-textile component caused the problem, the researcher

identified the problem, sought solutions, and tested them.
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3.4  Participants

DBR studies consist of cycles that include several or all components, analysis,
design, development, implementation, and evaluation. Because there were two
cycles in the study, there were different numbers of participants in each cycle.

According to Richey and Klein (2005), it is common for developmental research
projects to employ multiple research methodologies and designs in different phases
of the process. As they added, qualitative research methodology generally has a role
in these projects. In this manner, it is helpful to remember qualitative research.
“Research studies that investigate the quality of relationships, activities, situations,
or materials are frequently referred as qualitative research” (Fraenkel et al., 2012,
p.426). In this research, qualitative inquiry has a major role. The participants were
selected according to qualitative research sampling methods. As Fraenkel et al.
(2012) noted, almost all qualitative research methods employ purposive sampling.
That is, the researcher can choose participants that suit best the aim of the study. In
this study, criterion sampling was used to determine preschool children participants.
As Patton (1990) stated, all cases that meet some criteria are selected in criterion
sampling. In light of this information, participants were determined as 48-72 months
old preschool children. The sampling method for teachers was convenience
sampling, and volunteered teachers were included in the study. Six Early Childhood
Education (ECE) teachers and ten preschool children participated in Cycle 1, and
three ECE teachers and nine preschool children were the participants in Cycle 2.
ECE teachers were from two different private schools and a public school. All
teachers were female, and their experience in teaching was between three to
seventeen years. All teachers stated that they use technology in the class. Descriptive
information about ECE teachers was given in Table 3.1. Teachers were coded like
ECT1 _C1, which stands for Early Childhood Teacher 1 in Cycle 1. Only three

teachers participated in both cycles of the study.
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Table 3.1 ECE teachers participated to the study

Teacher Age Gender Teaching  School Technology Cycle Cycle

Experience Use at 1 2

(Year) School
ECT1 39 F 17 Private Yes X X
ECT2 26 F 3 Private Yes X X
ECT3 31 F 9 Public Yes X X
ECT4 27 F 4 Private Yes X -
ECT5 24 F 3 Private Yes X -
ECT6 25 F 4 Private Yes X -

Preschool children in Cycle 1 were coded like C1, which means Child 1, and the
ones who participated in Cycle 2 were coded like C2_C1, which identifies Child 1

in Cycle 2. Information about preschool children was provided in Table 3.2.

Table 3.2 Preschool children participated to the study

Cycle 1 Cycle 2
Age Age Gender
Code (Month) Gender Code (Month)
C1 59 M c2_C1 66 M
C2 61 F c2_Cc2 71 F
C3 62 F C2_C3 62 F
C4 55 F C2_C4 68 M
C5 60 F C2_C5 73 F
C6 55 M C2_Cé6 62 M
C7 58 F c2_cv 67 M
C8 60 F C2_Cs8 62 F
C9 53 F C2_C9 72 F
C10 57 M

In addition, an ECE scholar who is a faculty member at a public university with more
than ten years of experience in the field participated in the study. His opinions were

taken to evaluate the first version of the games, and he was coded as ECEA.

46



35 Data Collection Process and Instruments

Interviews, field notes, the researcher’s design notes, and video recordings were

collected to answer the research questions.

Interviews: In this study, two target groups were interviewed: a subject-matter expert
and preschool teachers. Interviews provided data about design of the games,
strengths and weakness of designs, how the materials and games can be enhanced to
make them appropriate to children’s developmental level, if the games support
related ECE curriculum outcomes and targeted EF domain, and teacher opinions

regarding employing these games and materials in ECE.

Semi-structured interviews with ECE teachers were conducted to get their opinions
regarding the designs of games and materials to make them appropriate for preschool
children, ECE curriculum, and the targeted EF. Also, because the design process is
iterative, after each iteration, semi-structured interviews were conducted with
preschool teachers again. Interview questions for each game and e-textile material

are provided in Appendices D, E, F, and G.

Unstructured interviews with a scholar who is specialized in ECE were conducted to
ensure the validity of the educational games and materials. Besides, he checked the

semi-structured interview questions and provided design ideas.

Video Recordings: Implementations with children were video-recorded for later
analysis. In this study, video recordings were used as part of the primary data to
answer the research questions. Video recordings enabled the researcher to spot
children’s behaviors, their interactions with games and e-textile materials and focus
on gameplay characteristics, motivations, engagement, and other situations that are
of interest, as well as reveal children’s performances in games by gquantifying them.
Also, video recordings allowed recurring analyses, which is essential to establish a
good validity of results extracted from the data. The way recordings were made is
called observational recording by Penn-Edwards (2004). According to the author,

subjects are recorded while they are busy with the activity of interest in an
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observational recording. In this study, children were video-recorded while they play

educational games and interact with e-textile materials.

Field Notes: The researcher took notes during implementations with children. The
notes included mainly technical and usability issues, and general gameplay

characteristics.

Design Notes: The researcher took notes while designing and developing e-textile
materials and digital games. A significant source of technical issues regarding e-
textile materials and their components was the researcher’s experience, and the

researcher continually noted issues.

As it was mentioned earlier, DBR studies include iterative cycles (The Design-based
Research Collective, 2003). In this study, two data collection phases were conducted.
The timeline showing processes is presented in Figure 3.2 The process began with
identifying needs and reviewing the literature. Personal communications with ECEA
revealed the need, and after that, the related literature was reviewed to confirm the
need, define the scope of the study, and shape the educational games and materials.
In this stage, the researcher’s experience with e-textile technologies, assessment
tools of EFs, ECE curriculum, and investigation of technical capabilities of e-textile
technologies helped determine the educational games, wearable and non-wearable e-
textile materials, interaction styles, and game mechanisms. In this manner, four
curriculum-related educational games that support three core EF skills were
developed. Objectives and the domains they address are provided in Table 3.3. Two
educational games address working memory (Light Order and Follow Pattern); the
other two games (Do as | Say/Do and Object Sorting) aim to support each inhibition
and cognitive flexibility skills. While one of the educational games is played with a
non-wearable e-textile material (the belt and the second version of it, the UFO
material for Light Order game), the other two materials (the thigh band for the
Follow Pattern and Do as | Say/Do games, and the interactive belt for Object Sorting

game) were used together with a tablet PC.
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Table 3.3 Games and the related ECE Objectives

Game Name ECE Curriculum Objective Objec_tlve
Domain(s)
Gives attention to an
object/situation/event
(Nesne/durum/olaya dikkatini
Light Order Verir) 1, 2: Cognitive

Remembers what is perceived
(Algiladiklarint hatirlar)

Follow Pattern

Gives attention to an
object/situation/event
(Nesne/durum/olaya dikkatini
Verir)

Remembers what is perceived
(Algiladiklarint hatirlar)
Creates patterns with objects
(Nesnelerle oriintii olugturur)

1, 2, 3: Cognitive

Do as | Say/Do

Gives attention to an
object/situation/event
(Nesne/durum/olaya dikkatini
verir)

Comprehends the meaning of
what is listened/watched
(Dinlediklerinin/izlediklerinin
anlamini kavrar).

1: Cognitive
2: Language
Development

Object Sorting

Gives attention to an
object/situation/event
(Nesne/durum/olaya dikkatini
verir)

Children group objects or assets

according to their properties
(Nesne veya varliklar
Ozelliklerine gore gruplar).

1, 2: Cognitive

Forming games and rules was a complicated process requiring several issues to
consider. First, component capabilities took into account. Designing and developing
the games and e-textile materials required some degree of expertise and experience
in electronics, programming, and craft. Getting familiar with e-textile components

and knowing their capabilities to some extent are required to produce game ideas.
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While sometimes elements themselves inspire a new game idea, most of the time,
the feasibility of a game idea must be evaluated considering the components’
capabilities, the developer’s abilities, and sources (e.g., time and budget). Besides,
while deciding the game, the researcher had to build game mechanisms that include

technically possible bodily interactions.

Second, EFs literature and assessment tools, ECE curriculum objectives and
practices were considered to develop the game ideas. It was also aimed that the
games support EFs as well as curriculum objectives. The first game idea was keeping
color sequences in mind for a while and repeating the sequence (Light Order Game).
Neopixels, which can be programmed to emit different colors, were used to create
the color sequence. A color sensor was used to detect user responses. The second
game was recognizing patterns keeping them in mind for a while, and repeating them
by sitting and standing movements (Follow Pattern Game). A 9-DOF IMU placed
on a thigh band was used to detect body movements, which is a feasible way to detect
sitting and standing movements. The third game, which was named Do as | Say/Do
for the sake of simplicity, required management of attention, focusing on one type
of stimuli while ignoring another. In this phase, the researcher evaluated different
game ideas and ECE objectives with a preschool teacher and decided on a game that
combines two games played with preschool children, Deve-Ciice (Camel-Dwarf) and
Do as | Say Not as | Do games. In the traditional Deve-Ciice game, children are
expected to stand up when they hear the word Deve and sit down upon hearing the
word Ciice. The new game is very similar to Do as | Say Not as | Do game, in which
the teacher gives auditory instruction/action and provides a visual distractor or vice
versa; however, in the new game, visual distractors are confined to sitting and
standing and auditory stimuli are limited to words Deve and Ciice. The fourth game,
Object Sorting, was inspired by two cognitive flexibility tests, Dimensional Change
Card Sort (DCCS; Zelazo, 2006), Wisconsin Card Sorting Test (WCST; Grant &
Berg, 1948). An interactive belt with two light sensors functioning as buttons to sort

objects on the tablet PC screen was developed for the game.
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The researcher first prepared two e-textile prototypes and two applications for three
games. A belt for Light Order game, an e-textile material containing the game, and
the first version of the thigh band for Follow Pattern and Do as | Say/Do games were
prepared. Besides, as mentioned, two digital applications that work on the tablet PC
developed. After conducting a preliminary pilot study with these educational games
and materials, the researcher started actual data collection and continued developing
the last prototype (a digital game for Do as | Say/Do game) in the same period. The
purpose of that preliminary pilot study was to see the reactions of children to the e-
textile materials. In Cycle 1, Follow Pattern was evaluated by six, and Light Order
was evaluated by five ECE teachers. Two teachers in Cycle 1 evaluated the Object
Sorting game, and one teacher commented on Do as | Say/Do game. Teachers and
the games that they evaluated were provided in Table 3.4. In Cycle 2, all games were
evaluated by three ECE teachers. Teachers who participated in evaluating the games
were presented in Table 3.5. In interviews with ECE teachers, they not only
evaluated games, but they also provided information about other semi-structured
interview questions. Interview protocols for each game were provided in Appendices
D, E, F, and G.
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o January — June, 2016

Sept — December, 2015

Learning about e-textiles.
Designing circuits, programming
electronic platforms

March, 2018
@

Obtaining e-textiles

June, 2016 — March, 2018

Meetings with academics.
Evaluating prototypes and the
process

Developing prototypes for e-textiles
and digital games. Working on
Bluetooth connection

April, 2018

May - June, 2018
®

Do as | Say/Do
implementations were done.
Interviews with three ECE
teachers, two from a private
school and one from a public
school.

January, 2019

9
Data collection started and three
games, Follow Pattern, Light Order,
Object Sorting were played by
children. Three teachers were
interviewed.

June, 2018 — January, 2019 °

Meetings with the ECE academic
were held. Cycle 2 data collection
started. Implementations with
second version of Light Order
game were completed.

March, 2019
@

*—0—0—090-00 00—

Analysis and documentation of
Cycle 1 data. Determining and
making changes and improvements
for educational games and e-textile
materials

January — February, 2019

Implementations with second
version of Follow Pattern, Do as |
Say/Do and Object Sorting games
were completed. Interviews with
three ECE teachers were
conducted

o June — December, 2020

Improvements of materials and
educational games were completed.

March, 2019 — June, 2020

The results were discussed.
Design principles, solutions, and
lessons learned were refined and
documented.

Analysis of whole data was
completed. Results were
documented.

January — February, 2021

Figure 3.2 Data collection timeline

Final revisions were made on the
dissertation
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Table 3.4 ECE teachers and the evaluated games by them in Cycle 1

Code Light Follow Object Sorting Do as | Say/Do
Order Pattern
ECT1 C1 X X X X
ECT2_C1 X X X -
ECT3 C1 X - - -
ECT4_C1 X X - -
ECT5 _C1 X X - -
ECT6 C1 X X - -

Table 3.5 ECE teachers and the evaluated games by them in Cycle 2

Code Light Follow Object Sorting Do as | Say/Do
Order Pattern
ECT1_C2 X X X X
ECT2_C2 X X X X
ECT3 C2 X X X X

While ten children participated the study in Cycle 1, there were nine children who
played the games in Cycle 2. All children did not play all the games because some
were missing during the time when implementations took place. Children and the
games that they played were provided in Table 3.6 and Table 3.7.

Table 3.6 Children and the games they played in Cycle 1

Follow Object Doas |

Code Pattern Light Order Sorting Say/Do

C1
C2
C3
C4
C5
C6
C7
C8
C9
C10

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX
XXX X 1 X X X
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Table 3.7 Children and the games they played in Cycle 2

Follow . Object Doas |
Pattern Light Order Sorting Say/Do
X -

Code

C2 C1
c2_C2
C2_C3
C2_C4
C2.C5
C2.C6
C2_C7
C2 C8
C2 C9

XX X X X X X
XX X X X X X

XXX X X X X
XXX XX X X

X
X

The researcher made required preparations before playing the games that are played
with a wearable material. These preparations include arranging the environment,
introducing the wearable material, and helping the child to wear it. After being
attached the wearable material, they were asked whether they were comfortable with
the material. Finally, they were videorecorded while they were playing the games

and interacting with the e-textile materials.

Arranging the environment: Follow Pattern, Do as | Say/Do, and Object Sorting
games interact with a Tablet PC and require one to play. Before the game-play, the
tablet PC placed where children could see it easily. Besides, the first two games
require children to sit down and stand up, so a chair was needed to play games. For
Object Sorting game a chair was needed too because children needed to sit down
when they got tired. Before playing the games, the researcher put the tablet PC on a
desk, and placed the chair against where children could see the tablet PC and did the
movements easily. Light Order game is a desktop game, which means that a table

and a chair is needed to play the game.
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Figure 3.3 An example environment image from Cycle 2 implementations

Introducing the wearable material: Since the wearable materials were a new tool for
children, they wondered what they and their purpose are. The researcher explained
function of the interactive wearable material, and the need that s/he should wear it to

play the game. The explanations used by the researcher were stated below:
Follow Pattern and Do as | Say/Do Games:

Now, do you know how we play the game? We play the game by
wearing this thigh band (the researcher shows the thigh band). The
thigh band informs the tablet PC that we are standing or sitting. May
| attach the thigh band on your thigh?

Simdi bu oyunu nasil oynuyoruz biliyor musun? Oyunu (dizligi
gostererek) bu dizligi takarak oynuyoruz. Dizlik oturup kalktigimizi

tablete haber veriyor. Dizligi dizine takabilir miyim?

Object Sorting Game:
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[The researcher shows the interactive belt], you need to wear this
belt to play this game. Now, | will attach the belt here [The
researcher points thigh of the child]

[Arastirmact etkilesimli kemeri gostererek], bu oyunu oynamak igin
kemeri takman gerekiyor. Simdi kemeri buraya takacagim

[Arastirmaci ¢ocugun dizini isaret eder].

Helping child to wear the material: The researcher turned the materials on, attached
them to children, and asked if children were comfortable with it. The children were
asked to stand up while attaching the thigh band, and asked to stand up and raise
their arms while attaching the interactive belt. The researcher attached the related
material to children, and adjusted it to fit them. After that, the researcher asked if

children felt any discomfort.

The game on the tablet PC was started after being sure that the arrangements were
set. In Cycle 2, the same processes were applied and an example image from each
game session from each game were provided in Figure 3.4, Figure 3.5, Figure 3.6,
and Figure 3.7.

Figure 3.4 A child playing the Light Order game
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Figure 3.6 A child playing the Do as | Say/Do game
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Figure 3.7 A child playing the Object Sorting game

3.6  Data Analysis

In this study, interviews with ECE teachers and an academician, video recordings,
field notes, and the researcher’s design notes are the primary data sources. Because
all collected data qualitative in nature, qualitative data analysis techniques were used.
Interviews with ECE teachers were conducted after either they observed children
while they were engaging with the games and activities or watched the footage of a
child playing the game. The purpose was to enable them to observe actual
interactions instead of forcing them to imagine how children would engage with the
games and activities. Also, they were provided with the actual e-textile materials
and digital games available at the interviews, and they used them at will to get more
insight about the game and e-textile material mechanism. The interviews with the
ECEA took place before and after interviews with the teachers. The ECEA provided
information about semi-structured interview questions, insights about the first
prototypes and final products, and video data analysis. Interviews were first

transcribed, and content analysis was performed using MAXQDA computer
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software. Open coding was applied to identify every data that might be useful.
According to Merriam (2009), open coding is a method in which the coder tries to
identify any potentially valuable data chunks. The next step was to sort the codes

under categories, which then made themes emerge.

The analyses of data were performed accordingly with the implementation cycles.
After the first cycle, the researcher analyzed and synthesized all data and decided
digital games and e-textile material revisions and enhancements. According to
Merriam (2009), gathering and analyzing the data in qualitative studies requires
repetitions, and the effort put into the analysis process increases as the study
advances. The researcher analyzed video data exhaustedly several times to detect
issues regarding gameplay, usability, game-e-textile material-children interactions,
and children’s performances. The researcher prepared a form (see Appendix H) to
analyze video recorded game sessions and noted every situation of interest. The
researcher’s instructional design background, experiences with e-textile projects,
and the EF literature guided deciding instances of interest. After that, the same
analysis process applied to the interview data was used to analyze the transcribed

video data.

Field notes and the researcher’s design notes were concise in quality. Field notes
described key points confronted in the field during implementations. The
researcher’s design notes had emerged during the development of e-textile materials
and constructing a connection between the digital game and the wearable material.
Because they pointed out key issues, they were treated as codes and sorted under

related categories.

3.7  Quality of the Study

Among all other things, the most important qualification that makes research
valuable is using rigorous methods and procedures to obtain results and validly

ensure attributing results to the phenomenon described or measured. As Merriam
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(2009) put forward, a study should make sense to the practitioners, scholars, and
readers, and only when it is conducted delicately and provides understandings, it
becomes useful. In quantitative research, the concepts referring to the requirements
for delicateness are called as validity and reliability. In qualitative inquiry, however,
methods for ensuring validity and reliability differ because of qualitative research’s
nature (Merriam, 2009). Creswell & Miller (2000) noted the terms used in the
literature to refer to validity in qualitative research as “authenticity, goodness,
verisimilitude, adequacy, trustworthiness, plausibility, validity, validation, and
credibility” (p. 124). Lincoln and Guba (1985) coined a different terminology for
establishing  rigor in qualitative  inquiry; they used credibility,
consistency/dependability, and transferability to refer to quantitative research
equivalents: internal validity, reliability, and external validity (as cited in Merriam,
2009).

3.7.1 Credibility

Credibility or internal validity is concerned with how much findings reflect what
actually happens in real (Merriam, 2009). In the qualitative paradigm, different
perspectives exist to address credibility. For example, Maxwell (2013) evaluated
validity as a distinct element of qualitative research since he claimed that the
following common practices does not ensure validity. He argued that validity should
be assessed considering relations between the research’s aim and the situations
pertaining to the research. In the same vein, taking attention to the complexity of
reality, especially of human behavior, Merriam (2009) expressed that getting to
know shareholders’ viewpoints and providing a complete understanding of the

circumstances are important in establishing credibility.

According to Creswell and Miller (2000), two perspectives help researchers choose
the methods and procedures to justify findings and conclusions: the perspectives
researchers prefer to ensure validity in their works and researchers’ philosophical

orientations. In the current study, the researcher assumes the pragmatical paradigm,
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which is also considered as DBR’s philosophical base, according to Barab and Squire
(2004). The researchers noted the pragmatic standpoint as assessing the value of a

theory by its ability to alter the world.

Barab and Squire (2004) differentiate ways of ensuring validity in DBR and other
research methodologies and noted that “consequential validity” can be established in
DBR studies (p. 8). Consequential validity proposes that evidence of validity can be
established by analyzing the effects of a claim on a system, they added. However,
the researcher should be careful and clear about claims and related limitations.
Besides, claims and limitations should be clearly defined by the researcher, they
added.

Merriam (2009) proposed several strategies that are helpful in facilitating validity:
Triangulation, member checks, spending enough time to collect data, the
researcher’s standpoint, and peer review. Three of these strategies were utilized in

the current study as follow:

Triangulation: Triangulation is a way of ensuring validity that requires the adoption
of various methods to check obtained data against each other to draw a conclusion
(Maxwell, 2013). Denzin (1978) proposed several techniques, such as adopting
multiple methods, sources of data, investigators, and theories to corroborate evidence
(as cited in Merriam, 2009). In this study, two of the methods, using multiple

methods and sources, were utilized.

Use of Multiple Methods: According to Merriam (2009), the use of multiple methods
refers to using more than one data collection method and then comparing the data
obtained by each of them. In the current study, the data were collected from various
data sources, namely, interviews with ECE teachers, observation, the researcher’s
experiences, and the related documents. In this study, categories include multiple
data obtained through multiple methods. To give an example, children had difficulty
comprehending the position of characters in the first cycle of Follow Pattern Game.
Interviewed teachers noticed this and noted that visuals should not conflict with

children’s schemas. Children’s having difficulty was also revealed through video
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data as children had difficulty verbalizing the characters’ positions. Another example
is that the use of conductive thread in e-textile materials elicited problems.
Disconnections occurred during the implementations with children, and the
researcher investigated causes by analyzing related documents and employing new

designs. In the end, a holistic approach was used to present findings.

Use of Multiple Sources: When the phenomenon of interest is observed at different
times or places, or people with different perspectives are interviewed, or the same
interviewees provide data at follow-up interviews, it is called the use of multiple
sources of data for triangulation (Merriam, 2009). In the current study, there were
two cycles of data collection, and the researcher interviewed the same two ECE
teachers and an academician in addition to different ECE teachers who participated
in the study. The teachers were able to track changes made to the materials and
educational games and observe children’s reactions to those changes. Besides, each

cycle was conducted in a different private school with different preschool children.

Member Checks: Member checks is another way to establish credibility. According
to Merriam (2009), the purpose of member checks is to eliminate misinterpretations
by getting feedback from some of the interviewees. In this study, a similar but more
nuanced approach was employed because of the nature of the study. The iterative
structure of the study allowed interview data to be corroborated by teachers.
Teachers stated their views regarding materials, games, and the whole system in
Cycle 1. Also, they stated what to change and how to improve materials and games.
After revisions were made, Cycle 2 implementations were applied, and Cycle 2
interviews were conducted. In the interviews with teachers in Cycle 2, teachers
evaluated the revisions and stated their opinions about improved materials and
games, which is a practical way to ensure what they said was captured and applied
correctly. This nature of the DBR was stated by The Design-Based Research
Collective (2003), as they stated that “validity of findings is often addressed by the
partnerships and iteration typical of design-based research, which result in increasing

alignment of theory, design, practice, and measurement over time” (p. 7).
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Adequate Engagement in Data Collection: The strategy stated by Merriam (2009)
is about showing sufficient involvement in observations or interviews. Although
stating certain rules is not possible, it is suggested that findings should reach a
saturation, meaning that the same results occur as the study progresses, she added.
Maxwell (2013) indicated that long-lasting data collection provides more data and
allows the researcher to review and corroborate observations and conclusions. In this
study, a comprehensive data collection process was applied. Spreading the data
collection process over a year, the researcher conducted two cycles of data collection.
Interviews were conducted with six ECE teachers total of 26 sessions, and
implementations were done with 19 preschool children total of 68 sessions. The
researcher’s observations saturated at Cycle 2, and the ECE teachers suggested little
improvements for the final version of digital games and e-textile materials. Besides,
the researcher found the chance to revise some hypotheses he formed in Cycle 1. For
instance, the researcher thought that the visual design of the first version of Light
Order game material might have made children start keeping the color from right.
However, applying a more neutral design for Cycle 2, the researcher observed the

same phenomenon and discussed other alternatives.

Peer Review: This strategy is to have someone who has knowledge about the topic
and the methodology or a colleague who is unfamiliar with the subject to review the
study (Merriam, 2009). This study peer-reviewed by the advisor and the dissertation
committee members. As Merriam (2009) stated, dissertations go through the peer-
reviewing process because members of the dissertation committee review and give

feedback for the results.

3.7.2 Consistency

Consistency is used in qualitative research to indicate reliability. In the traditional
view, reliability is about the replicability of findings, and in the social sciences, the
reliability issue is challenging to address and discuss (Merriam, 2009). There is also

a difference between the traditional view and qualitative research in the assumption
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of reality. As Merriam (2009) expressed, the traditional view assumes a single
reality, and the repeated measurements elicit the same results; however, qualitative
inquiry supposes multidimensional reality that can be interpreted differently.
According to Merriam (2009), the concern of qualitative research is “whether the
results are consistent with the data collected” (p. 221). Several strategies proposed
in the literature to promote the reliability of a study. Creswell & Poth (2016) noted
that reliability can be improved by utilizing high-quality recording devices and
transcription of digital files and taking meticulous field notes. Another method the
authors presented is intercoder agreement, recruiting multiple coders to examine the
transcribed data. In this study, the researcher transcribed all interview data and video
recordings to analyze the data. The researcher used HD video cameras and a high-
quality voice recorder. Regarding the intercoder agreement, two types of data,
interviews, and video recordings, underwent the process. First, the researcher had a
colleague who is knowledgeable about instructional design, and e-textile technology
was provided with transcriptions from each cycle. The same interviews were coded
by the researcher, as well. There were no significant differences among coders as
they coded passages similarly. Different and missed codes were discussed in a
second session, and a shared understanding of the data was achieved. Second, video
recordings were analyzed by another colleague who was provided with data analysis
forms prepared for each game. The researcher prepared data analysis forms to note
observable behaviors related to various issues such as usability, game design (e.g.,
instructions, feedback, stimuli), motivation, EF-related behavior (e.g., trying to play
according to the previous level’s rule as an indicator of cognitive flexibility issue).
These forms were used to guide the colleague recruited to analyze the video
recordings. There were no contradictions in coding analyzed segments of video

recordings among the researcher and the colleague.

Other techniques suggested by Merriam (2009) are triangulating findings, peer-
review, researcher’s standpoint, and the audit trail. The first two methods were

applied in the current study, and they are described under related titles.
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3.7.3 Transferability

Transferability refers to the external validity of the study. Transferability deals with
the generalizability of findings to other situations. Generalizability in the quantitative
paradigm is not present in qualitative research in the same way (Merriam, 2009).
Lincoln and Guba (1985) coined the term transferability and stated that it is the
readers of the study who are responsible for taking lessons from the study (as cited
in Merriam, 2009). In line with this, Maxwell (2013) specified that qualitative
inquirers utilize purposeful or theoretical sampling, generally work on a single
context or few participants. Thus, they do not put certain arguments regarding

generalizability, he added.

One way of enhancing transferability is to use rich, thick descriptions, as Merriam
(2009) stated. Using rich, thick descriptions includes explaining context and
participants and presenting findings meticulously with convincing evidence,
providing quotes from interviews and reports (Merriam, 2009). The purpose of
providing exhausting details also help readers to judge if the findings apply for other
circumstances or similar situations (Creswell & Miller, 2000). The nature of DBR
posits providing rich descriptions as Barab and Squire (2004) noted that DBR does
not only aim to present designed product, it also provides thick descriptions of
setting, design characteristics of the intervention, effects of design properties on
engagement and learning, and governing or developing theory. In this study, the
researcher provided extensive information about the setting, implementations,
development process of digital games and e-textile materials, children’s gameplay
characteristics, usability issues, EF-related issues, and teachers’ opinions about the

materials and game systems.

3.8 Ethical Issues

Considering ethical issues is one of the crucial parts of planning research regardless

of the research type. Ethics in qualitative research is a subject that needs to be
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attended to in every phase of the research (Creswell & Poth, 2016; Maxwell, 2013).
Ethical issues include “the protection of subjects from harm, the right to privacy, the
notion of informed consent, and the issue of deception” as well as problems arising
in the field as the study advances (Merriam, 2009, p. 230). Before starting the study,
the researcher took permission from METU Human Subjects Ethics Committee
(HSEC) to ensure its ethical suitability. The permission taken from HSEC can be
found in Appendix M. Later, another permission from the Ministry of Education was
taken to study with teachers and preschool children (see Appendix N). Teachers and
parents were informed about the study’s actual purpose, and informed consent forms
were taken from teachers (see Appendix O). Parents’ consent was asked for their

children being participated in the study (see Appendix P).

Participants’ security and privacy issues are also important ethical considerations
(Merriam, 2009). Participants’ voluntariness was sought, and the identities were
secured throughout the study. The researcher gave particular attention to children
participants. They were first asked if they were willing to participate and encouraged
to state if they want to leave the session. The researcher often monitored children
whether they got tired or displayed a lack of desire to proceed and stopped the session

when he noticed an indicator.
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CHAPTER 4

RESULTS

Analysis of video recordings, focus group analyses and interviews with teachers,
researcher’s field notes, expert meetings and technical experience of the researcher
revealed issues that are related to the design and development of educational

materials using e-textile technologies, and categorized under four titles:

e Design and Development of the E-Textile Materials
e Design and Development of the Educational Games
e Gameplay Characteristics

e Perceived Usefulness of the Developed Materials and Educational Games

4.1  Design and Development of E-Textile Materials

4.1.1 Use of E-Textile Components

Design and development processes of the materials revealed issues about e-textile
components. These issues are mainly about coding the electronic platform according
to technical features of the related components and issues that occurred while using
the components in the designs. In this section, issues related to programming the
components, the process of developing working algorithms, and how features of
electronic components affected the wearable material-digital game system were

explained.
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4111 Bluetooth Module

Three of the developed e-textile materials used a Bluetooth 4.0 (Bluetooth Low
Energy or BLE) connection to interact with a tablet PC. The electronic platform on
the material gets sensor data and transmits it through BLE. The systems work
synchronously by one-way data transmission, from wearable e-textile material to the
tablet PC, and the electronic platform checks the sensor data in a defined period,
transmits it to a tablet PC through a Bluetooth module. The game in the tablet PC
checks the received data in a defined interval too. Follow Pattern and Do as | Say/Do
games used the same type of sensor, a 9-DOF IMU, and the movement detection
algorithms were the same. In Object Sorting game, an interactive belt was designed
and developed to interact with the digital game on the tablet PC. Using the BLE
module (see Figure 4.1) to establish a communication between the wearable material
and the tablet PC was a practical approach and functioned well after the connection
between the two devices was set. Using the BLE module in the system requires well-
written algorithms on both ends. One situation to consider is adjusting time intervals
for data transmitting and receiving, which may create delays if not tuned. For
example, Object Sorting game suffered from a kind of delay that affected both

versions’ game pace and gameplay.

Figure 4.1 The Bluetooth LE Module used in the materials

The use of Bluetooth connection provided movement freedom to children. Analysis
of the video data has shown that children played the game in various styles. For

example, the interactive belt works independently from the children’s posture, which
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allowed them to sit, do small casual movements, move according to the background

music’s rhythm, or just stand still during the play.

411.2 Color Sensor

A color sensor (see Figure 4.2) was used in the Light Order game. Coding the
wearable electronic platform to use a color sensor was a technical challenge. The
game mechanism was that the Neopixel row on the material emitted six randomly-
defined colors, stayed a few seconds on, and then turned off. Children were expected
to keep the color order in their minds and then repeat the order by putting felt shapes
on the color sensor. The color sensor’s purpose was to detect the color of the felt
shapes put on it. A belt was designed as the first prototype of the material to be used
in the Light Order game. In this prototype of the material, the researcher could not
find a way to provide negative feedback to children because the color sensor detected
light of the environment as an answer. That is, when there was not a felt shape on
the color sensor, the material produced the negative or the positive feedback sound
depending on whether the color of the environment light matched with the next color
to be put on the color sensor. Depending on the environment where the material was
used, the color sensor detected the environment light’s color as white, yellow, or
blue. The researcher solved the problem by writing codes that detect the environment
light each time before a random color order is created and then ignore readings that
are very close to RGB values of the environment light’s color. The algorithm
checked if the current RGB values of the felt shape put on the color sensor were
bigger than RGB readings obtained when there was no felt on the color sensor to
some determined amount. The idea is based on the assumption that felt objects have
higher RGB values than the environment light has. Thus, the material was able to

differentiate between the color of the environment and the felt items.

Another issue is that color sensor readings are not the same for the same object at
different attempts because of the placement of the felt items (squares and hands) and

the pressure applied to the color sensor while putting felt shapes on it. RGB values
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change in a range. Because of that, the researcher tested each felt item tens of times
to determine the specific value range for each of them. After determining the range
for each color, the researcher wrote codes to check if detected values are in the range
of a specific color’s values. For example, to check if the detected color is red, the
sketch checked if the Red value is greater than 87, the Green value is smaller than
27, and the Blue value is smaller than 27. These values vary from color to color, and

for the same color with different tones.

Figure 4.2 The color sensor used in Light Order game materials

As stated above, the color sensor was used in the Light Order game, and it posited
several challenges. Sometimes the color sensor did not work as supposed and did not
detect the color of felt objects on it, which occurred mostly because of improper
placement of the felt objects on the color sensor and seldom occurred even if children
put the felt items properly. One of the six teachers noticed the problem and explained
it as follow:

The material suits its purpose, but when there was a problem in the

color detection, children became confused. They thought whether

they did correct or not, even if they put the correct color. I might

suggest improving the sensitivity of the color sensor if it is possible
(ECT4_C1).

Amacwma uygun bir materyal evet ama arada algilamada sikinti
oldugu zaman ¢ocuklar da karistirryor. Yanhs mi okuttum diyor
mesela dogruyu okutsa bile yanlis mi1 oldu acaba diyorlar. Algis
diizeltilebiliyorsa algist diizeltilebilir (ECT4_C1).

Another situation regarding the color sensor was that children did not put the felt
squares on the color sensor long enough, which prevented the color sensor from
detecting colors. The color sensor was programmed to read color values by a second

interval and flashed light during readings. In some cases, children put the correct
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felt square on the sensor and quickly removed it before giving enough time to the
color sensor for detection. Decreasing the reading time interval might have helped
to ameliorate the situation; however, it might have caused another problem: if
children could not remove felt squares on time, the system would have read the same
color twice. Thus, there would have been cases where the material would have
produced negative feedback sound right after the positive feedback sound. In the first
version of the material, there was no negative feedback given by the material, so
reading the same color twice was not a problem. However, as mentioned before, the
researcher found a way to provide negative feedback and modified the material so
that it was able to produce sounds for wrong attempts. Because of the considerations

stated above, the reading interval was kept as it was in Cycle 2.

In Cycle 2, children did not remove felt hands too quickly and waited for the
feedback sound. Although the researcher explained how to place felt hands on the
color sensor, the problem of misplacing was still observed in six of the eight children
at least once. Children were using stick-mounted felt hands with no problem. The
researcher guided children when they could not place a stick-mounted felt hand

correctly.

As a final issue, according to the researcher’s experiences, if the color sensor has
built-in LEDs, activating them provides more accurate readings. The color sensor
used in this project has a built-in LED to detect colors efficiently. The sensor was

programmed to turn on the LED during a reading.

4113 Conductive Thread

In all of the first versions of e-textile materials, circuits were created by sewing
conductive thread on felt fabric. The researcher’s experiences with conductive thread
(see Figure 4.3) showed that working with it requires some degree of delicacy and
considering several aspects. First, conductive thread’s conductivity is not as better

as conductive wires, and long circuits may pose resistance problems. For example,
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Neopixels at the end of a row (the distance to a power source is long) may be dimmer
than others are, or some Neopixels might not emit the color they are supposed to.
The researcher’s experiences have shown that thickening the conductive thread in
the circuit using double plies or sewing over previously sewed thread helps decrease
resistance. Second, since all components are sewed on fabric, loose knots at PIN
pads may lead to connectivity problems. For example, the Neopixel with a
connectivity problem may emit dimmer light or a different color than it is supposed
to. According to the researcher’s experiences, tight knots at PIN pads or using clear
nail polish to seal the knots helped prevent loose knots. Third, as the material is used,
bending, folding, and stretching may cause friction, leading to loosening of knots
and wearing conductive thread off. Lastly, while creating circuits with conductive
thread, it is essential to be careful about short circuits because conductive thread is
uninsulated, making the circuit more vulnerable to short circuits. Minding short
circuits is especially vital because short circuits can disrupt the system and cause

safety problems.

Figure 4.3 Conductive thread

During play sessions of the Light Order game, sometimes children thought that the
material was not sensitive and applied too much pressure on the color sensor while
placing felt squares, which caused the color sensor to stop working correctly (e.g.,
in the cases of C1, C2, C3, C5 and C9). Applying too much pressure loosened knots

at sensor pads, probably.

Because collaborative playing did not work for the game, a desktop game that is used

individually was designed for the second version. Although children needed to wear
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the material in the first design, the second prototype, which was designed as a UFO,
does not require wearing, so the new material was not exposed to bending, folding,
and stretching as much as the first version had been. Besides, the researcher
thickened the UFO by using several felt layers to increase the toughness of the UFO,
which made the UFO more durable and protected the conductive thread-made circuit

(see Figure 4.4).

Figure 4.4 The multiple layers of UFO material

Problems related to conductive thread were observed in the first version of the
interactive belt bag too. In the first version of the material, the researcher sewed the
wearable electronic platform and the Bluetooth module on a felt using conductive
thread and placed the felt inside a belt bag. After that, the researcher sewed light
sensors on the belt and framed them with felt circles to use them as buttons.
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Figure 4.5 Circuits made by conductive thread (interactive belt v1)

According to the researcher’s experiences, using conductive thread to build circuits
caused the belt bag not to function correctly. During the implementations with the
first version of the material, malfunctions occurred at almost all sessions. Bending
and stretching the material led to circuit failures, mostly when a child with a round

belly wore it.

Figure 4.6 Circuits made by insulated wires (interactive belt v2)

The researcher gave up using conductive thread in the thigh band and the interactive
belt to prevent conductivity and connection problems in the second version of these
materials and took cautions stated above while preparing the UFO. The researcher
built the interactive belt circuit all over again with insulated wire, which prevented
circuit-related problems. Also, as the researcher’s experiences showed, the system
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worked better when the circuit between the electronic platform and the Bluetooth

component was made with insulated wire.

Figure 4.7 Bluetooth module connection made by insulated wires

4.1.14 Light Sensor

The researcher placed circle-shaped felt frames on the light sensors to make them
easy to cover and protect them while covering. According to the researcher’s
observations, working with the light sensor requires considering some aspects,
namely adjusting sensitivity, considering design and placement, and environmental
conditions. First, implementations with children have shown that the sensitivity of
the light sensor should be determined. Coding the wearable electronic platform,
developers can decide at what values that the light sensors are considered as being
covered. Second, the placement of the sensor in the design is important. The
researcher placed frames around the sensors, which was a good idea because frames
showed where to cover, protected the sensors while creating an aesthetically pleasing
material. However, the researcher noticed that the frames’ thickness constituted a
problem in some cases as light sensors detected covering, although children did not
attempt to cover. The design flaw was that thick circles made of felt fabric created
shades over light sensors, which caused them to detect false covering as children

turned slightly right or left.
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Figure 4.8 The first version of the interactive belt (Front view)

In the first design, the frames covered whole light sensors but only photodiodes. The

researcher changed the frames in the second design and used wider ring-shaped ones.

Figure 4.9 The second version of the interactive belt (Front view)

Third, the conditions of the environment in which the material used impact the
detection, as the researcher’s observations showed. The material should be used in
an appropriate place where any object should not create a shadow over the sensors
because it increases the false detection possibility. Besides, the environment should

be bright enough to prevent false detections.
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4.1.15  Neopixels

On the Light Order game material, Neopixels were used to create a light row.
Neopixels are light-emitting electronic components that work by combining three
primary colors, namely, red, green, and blue. A Neopixel consists of three tiny LEDs,
one for red, one for green, and one for blue, and creates different colors by adjusting
each LED’s brightness. For example, if we want the Neopixel to emit yellow color,
we should activate red and green LEDs. We can change the tone of yellow by
adjusting the brightness of each LED. However, the structure of Neopixel is not good
enough to mix emitted colors very well. While there was no problem with red, green,
and blue colors since each was produced by only one LED, sometimes it was hard
for children to recognize yellow, purple, and white colors. Children mostly confused
yellow with orange, purple with pink, and white with purple. The three lights emitted

by the Neopixel can be recognized individually, especially at low brightness values.

For Cycle 2, the researcher tried transparent buttons as light mixers. Neopixels were
covered with square-shaped, flat-grounded transparent buttons in Cycle 2. However,
according to the researcher’s observations, using buttons made the situation worse

and removed it from the design after testing it with four children.

4116 Nine Degrees of Freedom Inertial Measurement Unit (9-DOF IMU)

A 9-DOF IMU sensor was used on the thigh band to detect sitting downs and
standing ups in two games, Follow Pattern and Do as | Say/Do. Writing an
algorithm to detect the position of the wearer was a considerably hard part of the
system. Using a 9-DOF sensor to detect position was a choice that the researcher had
to make after evaluating several other methods and tools. The used sensor detects
nine axes of data: three axes of accelerometer, three axes gyroscopic, and three axes
magnetic (compass) data. Having decided to use the sensor, the researcher had to
decide what wearable tool to develop. During the sitting and standing movements,

the thigh’s orientation distinctly changes, and this part of the body is a perfect place
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for detecting sitting and standing positions in a relatively easy way using only
magnetometer data. Thus, the researcher decided to develop a thigh band as the
material. Later, the researcher needed to decide the design of the material and
placements of the electronic components, especially the 9-DOF sensor. Three axes
magnetometer data used to detect sitting and standing movements, and the sensor’s
position directly affected the collected data. The sensor needed to be fixed to the
body because it was sensitive to shifts, which immediately changed the data. Thus,
the researcher placed the sensor on the thigh band positioning at the thigh center

because the center would be affected less.

Figure 4.10 The placement of the 9-DOF IMU (The sensor is on the right)

At first, all three axes were used to detect sitting and standing movements, and two
axes, one has the highest value during sitting (in this case Y-axis), and the other has
the highest value when standing (in this case X-axis), were checked if each has a
higher value than other two axes and defined limit value. The defined limit value
was a threshold value that less than which values were not accepted as either sitting
or standing. The value was not specified here because it can vary according to the
written algorithm. In this case, the researcher found the limit value by trying the
material and noting the sensor’s values when sitting and standing. The algorithm was
not useful and made the system vulnerable to third dimension shifts. In other words,
when the thigh band slips a little bit right or left over the thigh, sitting and standing
movements were not detected correctly because even little shifts affected the sensor

values. Completely preventing the thigh band from slipping was not possible because
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as the child sat and stood, frictions caused by movements led the band to slip.
Another situation was that children did not sit down as previously presumed by the
researcher. When children sat down while their legs were wide open, the application
did not recognize that the child sat down. The algorithm needed to be rewritten so
that it could compensate for the disorientations of the sensor and deviations resulting
from dimensional movements other than against or towards Earth’s gravitational

force.

For the second iteration, the researcher used an algorithm that used two axes data, X
and Z, and compared to find which one was greater and if each axis was higher than
the limit value. The purpose was to eliminate changes in the Y-axis, but this

algorithm also did not work as expected.

In the third iteration, the researcher wrote an algorithm that calculates the resultant
of two axes (X and Y; Z and Y), finds the greater one, and checks the resultant value
against the limit value. When the thigh band slips left, or right, X and Z axes values
are shared by Y-axis, so the researcher aimed to compensate for shifts on the Y-axis
by calculating the resultant force of XY and ZY axes (X and Z values are the main
values that change when sitting and standing). The method was the best among the

used algorithms, and it was used in Cycle 2.

4117 Piezo Buzzer Element

Piezo Buzzer Element is an electronic component that is capable of producing only
beeps and tones. This component was used to provide auditory reinforcement for
children in the Light Order game. Although the component was able to generate
positive reinforcement sound, the researcher gave verbal reinforcements and
feedback throughout sessions, as the material was not capable of providing verbal
sound. The simplicity of the Piezo Buzzer element affected the overall gameplay and
feedback mechanism. The sounds used in the first version of the game were produced

by the Piezo Buzzer Element and were not distinctive and apparent. For example,
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the positive reinforcement sound, which was given after each correct answer, was
confusing for children. Because the material was not able to produce advanced
sounds like verbal sounds, it could not give verbal feedback and instructions. The
researcher gave all feedback and instructions during all sessions. The details were

provided under section 4.3 Gameplay Characteristics.

The simplicity of the piezo buzzer element and the similarity of used sounds affected
the overall game mechanism were explained together with decided changes in

section 4.2.2.1 Distinctiveness and Variety.

4.1.2 Usability of E-Textile Materials

4121 Intuitiveness of the Interactions

Implementations with the children have shown that the wearable materials were easy
to use as children had no difficulty while using them. Because the Light Order game
was turned into a desktop game, children smoothly played with the UFO. Both
versions of the Light Order game required children to grab felt shapes and put them
on the color sensor, which posited them no psychical challenge according to the

researcher’s observations.

The Follow Pattern and the Do as | Say/Do games were played with a thigh band.
The main idea of both games was to detect children’s sitting and standing positions
and provide interactions accordingly. That is, in the Follow Pattern game, children
mimicked the sitting and standing movements of characters they previously saw on
the screen, and in the Do as | Say/Do game, children needed to do either sitting or
standing movements according to stimuli and the rule. According to the researcher’s
observations, doing sitting and standing movements to interact with the games were

not difficult for children.

In the Object Sorting game, children interacted with the digital game by covering

light sensors on the belt. To match falling objects on the screen, children needed to
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cover either the light sensor on the left or the light sensor on the right. This interaction
style was also easy for them, according to the researcher’s observations. However,
the researcher’s observations showed that using light sensors also had a
disadvantage. The children were expected to uncover the light sensors after giving a
response, and the most prominent behavior was that children forgot to remove their
hands from those circles they covered. The behavior was observed in four children,
C4, C7, C9, and C10, in Cycle 1. Forgetting to uncover the light sensors happened
in Cycle 2 too. Three children, C2_C2, C2_C4, and C2_C5, sometimes forgot to

remove their hands from the sensor on time.

Another issue regarding intuitiveness was that children sometimes tried to perform
tasks on the tablet PC by hand. The behavior was observed in two games, Follow
Pattern and Object Sorting. Two children tried to categorize objects on the tablet PC
by dragging. Although they quickly adapted to the game mechanism, in Cycle 1,
child C2, and in Cycle 2, child C2_C3 demonstrated the behavior. For the Follow

Pattern game, C2_C9 tried to complete the tasks on the screen by hand two times.

4.1.2.2  Size of the Materials and Components

Interviews, focus group meetings, and the researcher’s observations provided
information about the size of the developed materials. Three e-textile materials were
designed and developed for four different games within the scope of the study, and
the analysis of the data revealed different design suggestions for wearable e-textile

materials and the non-wearable ones.

The first version of the material developed for the Light Order game was decided to
be a belt as part of a collaborative game that requires two children to play together.
In this scenario, a child wears the belt, and the other child keeps the order in his/her
mind and gives the correct felt fabric square to the child who wears the belt so that
s/he puts it on the color sensor. Since the material was designed as a belt, it had to

be small so that children could comfortably wear it. Dimensions of the material were
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illustrated in Figure 4.11. In the pilot study, two children played the game according
to the scenario stated above. Observations of the researcher showed that children
could not play the game together as they could not control themselves and intervened
with the game. Interviews with teachers also showed that the game should be
individually played. According to ECT4_C1, if children play individually, they
could benefit from the material more; otherwise, they might get confused, especially
at high levels. Thus, in Cycle 1, the wearable material was put on a table, and children

played the game individually.
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Figure 4.11 Dimensions of the first version of the Light Order game material

Having seen that the material was used as a table activity, teachers stated their
concerns about the size of the e-textile material itself and some of its components.
Four of the six teachers (ECT1_C1, ECT2_C1,ECT5_C1, ECT6_C1) suggested that
the material should be bigger. Also, ECT1_C1 and ECT2_C1 noted that if the
material were bigger, children would play with the material independently after
playing with a teacher’s help for a while. Since their fine motor skills have not fully
developed yet at pre-school age, the level-setting button on the material should be
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large enough to enable them to interact with the material with no difficulty, they

added. Two teachers explained the issue as follows:

| think the [level-setting] button is small. ... I do not want everything
to be under the control of the teacher. The teacher teaches first, and
we helped them. After that, children start to do it themselves
(ECT2_C1)

[Seviye]diigmesi bence mesela kiigiik. Ben de mesela her seyin hep
ogretmen yonetiminde olmasini istemem. Once 6gretmen ogretir

nasil oldugunu, yardimci oluruz. Ondan sonra ¢ocuklar artik kendisi
yapmaya baglarlar (ECT2_C1)

The Level-setting button is small... Since children’s fine motor skills
have not fully developed yet, the material should be made more
attractive for them by using components that are easy to use
(ECT1_C1).

Seviye ayarlama diigmesi kiiciik... Evet onlarin kiiciik kas becerileri,
motor becerileri sey oldugu i¢in hemen béyle denk getirmeli, biraz
daha ilgi ¢ekici bir materyal haline getirilmeli (ECT1_C1).

Related to the size of the material, one teacher suggested increasing the space among
Neopixels because they are too close to each other, which might strain children’s
eyes. Besides, she asked if larger light sources were available. Her expressions were

as follow:

They are [Neopixels] all too close to each other. Lights are mixing.
Since the distances among lights are very short, they are eye-
straining. The distance could be increased. Are there bigger ones of
these [Neopixels]? (ECT1_C1).

Hepsi yakin bence daha géz yorucu. Isiklar birbirine geliyor. Isiklar
arasindaki mesafe az oldugu i¢in goz yorucu. Az daha mesafe
arttirilabilir. Bunlarin [Neopixel'ler] biiyiikleri var mi mesela?
(ECT1_C1).

These results were discussed with ECEA, and the new design was determined as a
light-emitting UFO. The illustration of the UFO is given in Figure 4.25

The material had been redesigned according to the teacher’s suggestions. In this
manner, a bigger level-setting button was used in the second design. While in Cycle

1, a 6x6 mm push button was used as the level setting button; in the second design,
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a 12x12 mm button was used. In Cycle 2, six children, C1_12, C3 12, C4_12, C5_12,
C6_12, and C9_12, were asked to use the level resetting button, and all of them used
it with ease. After learning the function of the button, they start to use it on their own.
C1_I2 also discovered the power button and tried it without experiencing a problem.
Besides, the distance among Neopixels were increased in the second design too.
While the distance between two Neopixels was about 1.5-2 cm in the first design, it
was 3 cm in the second design. Seeing the new prototype, ECT1_C2 and ECT2_C2
indicated that they liked the new design and confirmed that the size of the material

and components are appropriate for children.
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Figure 4.12 The dimensions of the second version of the game

The thigh band was used in two games, Follow Pattern and Do as | Say/Do. The first
prototype of the wearable material consisted of two parts, electronic parts and an
armband used to hold mobile phones and was already available on the market. The

electronic components were sewed on a rectangle felt, and the felt was put in the
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armband. The armband was used as a thigh band to test the system. Using a thigh
band to detect sitting and standing positions was a practical approach. However, the
researchers’ observations have shown that the armband was too big for children, and

they were not comfortable while wearing it and playing the game.

16.5cm

Figure 4.13 Dimensions of the first version of the thigh band

The thigh band was used in two games, namely Follow Pattern and Do as | Say/Do.
In Cycle 1, the first version of the thigh band was used with Follow Pattern game,
the second version of the material was used with Do as | Say/Do in Cycle 1. In Cycle

2, the third version of the material was used in both games.

In the second design, the electronic components were sewed on a rectangle felt again,
but this time the felt was sewed directly on an elastic band. In the third design, the
size of the material did not change, but the electronic components on the material

were covered, and the material was visually improved.
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Figure 4.14 Dimensions of the third version of the thigh band

Implementations with children in Cycle 2 showed that the new design was more
comfortable for them. Besides, ECT1_C2 and ECT2_C2 confirmed that the size of

the material is appropriate for preschool children.

The size of the interactive belt used with Object Sorting game was the same in both
Cycles because the children used the wearable material with no problem in Cycle 1.

The dimensions of the material were provided in Figure 4.15.
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Figure 4.15 The dimensions of the interactive belt

4.1.2.3  Perceived Responsiveness

The way interaction took place between children, and the materials affected the
perceived responsiveness of the materials. In two games, Object Sorting and Light
Order, behaviors related to perceived responsiveness of the materials were observed.
In the Object Sorting game, there were falling objects to be classified according to
the level rule (e.g., shape or color). The developed interactive belt has two light
sensors functioning as buttons. Children needed to cover one of the light sensors to
activate the interaction. For instance, suppose that the object falling on the screen
needs to be classified to the right. In this case, the light sensor on the right must be
covered. The system detects covering as soon as children cover the sensors.
However, the time between covering action and getting feedback was almost one
second, and in some cases, children thought that the material was not sensitive
enough and applied too much pressure on the sensors, hit, or scrubbed. Similar
behaviors were observed in Light Order game when sensors did not detect the color

or children did not get immediate feedback.
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4.1.2.4  Stability of the Materials

Stability means that the material keeps the position where it was fixed to work as it
should be. The thigh band and the interactive belt were the wearable materials, and
the former had the stability problem. The first and the second prototypes of the thigh
band slipped down from the children’s thigh. In the first version of the thigh band, a
cell phone armband was equipped with a wearable electronic platform, a Bluetooth
module, and a 9-DOF sensor. The armband was for adults, and its size was bigger
than it should have been, which led to mainly ergonomic problems and, thus,
technical problems. The armband was continuously slipping, making it hard to sit
down or stand up, and in some cases, it also caused Bluetooth connection failures.
The structure of the first version of the thigh band was provided in Figure 4.13. Next,
the armband was improved, and a more stable and smaller thigh band was developed.
The second version of the band was used in Do as | Say/Do game. The new thigh
band’s size was showed to ECT1_C1, and she confirmed that the material’s size is
appropriate. The design of the second version of the band was given in Figure 4.10.
However, because the thigh band was placed on children’s clothes, and the game
requires continuous movements, the thigh band fell down frequently. In the second
version, the size had adjusted, but the slipping problem had continued. In the third
design, the researcher covered the back of the material with hot glue to increase

friction between the thigh band and clothes so that it becomes more resistant to

slipping.
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Figure 4.16 The third version of the thigh band (Back view)

Cycle 2 implementations showed that hot gluing the thigh band’s back made the
situation better as only in the cases two of eight children it slipped. According to the
researcher’s observations, the thigh band slipped especially, when children had loose

pants.

4125 Sturdiness of the Materials

The target group’s age-specific characteristics determine a critical aspect of wearable
materials, which is sturdiness. Wearable materials can consist of small electronic
components that can be swallowed or lodged in the windpipe. The electric
components on the initial prototypes of the materials were vulnerable because they
were exposed. The material prepared for the Light Order game has the electronic
platform and the circuits uncovered, the 9-DOF IMU and the electronic platform in
the second version of the thigh band was unprotected, and the light sensors of the
first version of the belt, which was used together with Object Sorting game were
framed but uncovered too.

Having seen the material used in the first version of the Light Order game, one
teacher noted that the material should be intact, sturdy, and hard to tear off a

component. The teacher’s advice was as follow:
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Another thing is that no parts of the material could fall off, be
poured, or be disintegrated. They [the small pieces on the material]
are very prone to be swallowed (ECT1_C1).

Bir de hi¢chir parcanmin diismeyecek, dokiilmeyecek, ¢ikmayacak
olmasi lazim. Yani ¢cok yutulmaya miisait. (ECT1_C1).

Figure 4.17 Light Order game material v1 (Components are exposed)

While preparing the second prototype, the researcher made sure that all components
were attached firmly and protected. For the UFO, the researcher used five felt layers
to make it more durable. The total depth of the UFO was around 1.4 cm. However,
having analyzed the second version of the game, ECT1_C2 stated her concern that

children can break the sticks mounted to felt hands.

90



Figure 4.18 Light Order game material v2 (Components are protected)

As stated above, in the second version of the thigh band, the wearable electronic
platform was exposed. During the implementations, children touched the platform,
which did not cause a problem at that time, but the behavior might have led to
problems. One teacher confirmed the need and state that the wearable electronic
platform should be covered.

The material needs to be covered. It can be enhanced by covering
the electronic parts (ECT1_C1).

Iste onun iizerini kapatmak gerekiyor. Yani buna ekleyecegimiz bu

(ECTL_C1).

91



Figure 4.19 The second version of the thigh band (Components are exposed)

In the third version of the thigh band, the researcher covered the whole material to

prevent any future problems that may stem from touching the material.

Figure 4.20 The third version of the thigh band (Components protected)

Confirming the changes that were made in the third version of the thigh band,
ECT2_C2 reassured that the material should be robust and sound since the children
will be curious about it and explore the thigh band by inserting fingers and trying to
break it. Her expressions were as follow:

Keep in mind that after a while, children will be curious about the

material and will insert their fingers into it and want to break it
(ECT2_C2).

Cocuk bir siire sonra o onu merak ediyor boyle parmaklarin
sokuyor kirmak istiyor falan aklinizda bulunsun (ECT2_C2).
The interactive belt used together with the Object Sorting game did not go under
significant changes because the first version of the material’s design allowed
covering all components. The electronic platform, the Bluetooth module, battery,
and the circuits were put inside the belt bag. The light sensors were attached to the

front side and then framed.
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Figure 4.21 Interactive belt v1 (The sensors were framed but not covered)

In the second version of the material, the researcher covered frames with a
transparent film. Thus, while the sensors were still getting light, they were protected
from physical damage and contaminators like dust and felt remnants.
Implementations with children have revealed that children may use the material
carelessly. While two children, C4 and C5, hit the circle frames or applied too much
pressure on them in Cycle 1, these behaviors were observed in four children, C2_C3,
C2_C4,C2_C6, and C2_C7 in Cycle 2. According to the researcher’s observations,

boys were more tended to hit or apply too much pressure on the sensors.

Figure 4.22 Interactive belt v2 (Sensors were framed and covered)
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4.1.3 Visual Design of E-Textile Materials

4131 Aesthetics

Light Order Game Materials

Aesthetics refers to the appearance of the material and relates to its appeal and
pleasure. The first version of the Light Order game material was distracting and had
some wrong placed components. The Piezo Buzzer Element was used as the rear tire
of the bus, and the margin between the Neopixel row and the Piezo Buzzer Element

was narrow. Thus, some children had difficulty in seeing the first two Neopixels, and

some children leaned over the Piezo Buzzer Element to see them.

Figure 4.23 Light Order game material v1. The Piezo Buzzer element and two
Neopixels were emphasized.

Also, some components distracted children during implementations. Children
wanted to discover functions of the level setting button, the mainboard, the Piezo
Buzzer element, and the color sensor by touching and pressing on them as it was in
the case of C9 and C10. Regarding teacher opinions, four of the six teachers
(ECT1 _C1,ECT2_C1,ECT4_C1,and ECT5_C1) stated that the wearable electronic
platform should be hidden as it distracted children’s attention. In addition, they said
that hiding the circuit, which was made of conductive thread, would make the

material look more appealing. A teacher commented on the issue as follows:

94



Since we are working with children, the material could be improved
visually. The thing at the center of the material could be confusing.
It can take attention of children and they may want to touch it
(ECT4_C1)

Cocuklarla ¢alistigimiz i¢in birazcik dahq gorsel arttirdabilir.
Ortadaki sey kafa karistirict olabiliyor. Iste dikkatlerini ¢ekip
basmak isteyebiliyorlar (ECT4_C1)

In the second prototype, the material was shaped like a UFO, and a new design that
hides the components with which children do not need to interact was applied (See
Figure 4.18) That is in the second design, the electronic platform (Adafruit Flora),
the Piezo Buzzer element and the circuit made of the conductive thread were hidden.
The new design was shown to two teachers, ECT1 _C2 and ECT2_C2, and they
stated that they liked the new design. Besides, implementations with children showed
that there was no circumstance in which children got distracted due to the visual
design of the UFO.

The first version’s color is another feature that teachers recommend to change. In the
first version, electronic components and other elements were placed on orange felt
because the electronic platform had not been programmed to produce orange. Thus,
it was thought that the ground color would not confuse children. However, two
teachers recommended to change color, ECT3_C1 suggested white as the ground
color not to make it eye-straining, and ECT5_C1 suggested turquoise.

In the second prototype of the material, these two colors, turquoise and white, were
used as primary colors. While the top of the UFO was white, the rest was turquoise
(see Figure 4.18). Two teachers evaluated the material and stated that they liked the

appearance of it.
The Thigh Band

The thigh band was visually enhanced too. As the implementations with children
have shown that the thigh band needs visual cues that show correct placement of the

material since wearing it upside down makes it not function correctly.
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A teacher also recommended improving the visual design of the second material for
marketing as it seemed like a piece of a machine.
If you put the material on the market, visually improved material

becomes better. It seems like a piece of a machine right now
(ECT1_C1)

Ama bunu tabii piyasaya siirdiiklerinde siirersen diyelim bir sey
oldugunda daha gorsel daha sey olur. Su an bir makine par¢asi gibi
geliyor goze (ECT1_C1)

In Cycle 2, the third version of the material was used, and the researcher glued
visually appealing stickers to the top of the material, which made the material
visually attractive for children, and the stickers functioned as visual cues for

attaching the thigh band properly.

Figure 4.24 The visuals on the thigh band v3.

4.1.3.2  Having a Context or Theme

Suggestions of teachers and the academician showed that the Light Order game
material becomes better if it has some kind of visual integrity. In other words, using
components in a way that will present a context or have a story makes the material

more attractive. For example, in the first version of Light Order game material,
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teacher ECT5_C1 said that she liked the idea of putting lights inside the bus and

using them as windows.

For the second design, ECEA gave the ideas of shaping the material as a UFO, adding
a space-themed felt for the background and using hand-shaped stick-mounted felt

shapes.

Color Sensor

Red Green Blue Yellow Purple White

I

Figure 4.25 The UFO-shaped design, low fidelity (left) and high fidelity (right)

Both teachers, ECT1_C2 and ECT2_C2, stated that they like the visual design of the
material, and ECT2_C2 indicated that space is an exciting subject for children, and
they will like the UFO.

| liked the design of the material; it is cute. Space is an engaging

subject for children. When they see the UFO, they will like it
(ECT2_C2).

Ben tasarumimi begendim bence tath. Uzay cidden c¢ocuklarin
dikkatini ¢eken bir konu. Orada UFO’yu falan goriince hosuna
gitmesine sebep olacak (ECT2_C2).

According to the researcher’s observations, explaining the game to children was
more comfortable when it has a background story. ECEA gave suggestions about the
story, and the researcher composed the introduction below according to ECEA’s

recommendation.
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Do you see this? This is a UFO and will play a game with us. Soon
the lights on the UFO will be on, and the UFO will ask us to keep
the color of the lights and their order in mind.

Bunu goriyor musun? Bu bir UFO ve bu UFO bizimle bir oyun
oynayacak. Birazdan UFO 'nun iizerindeki isiklar yanacak ve UFO
bizden bu isiklarin renklerini ve swasmi aklimizda tutmamizi
isteyecek.

Having seen the space-themed material, ECT2_C2 made improvements in the story
and noted that storifying helps children to comprehend the game easier. She noted
that the hand-shaped felt objects could be introduced as aliens’ hands, and the story
could be that aliens need to reach the UFO but in the right order. Besides, she
suggested that felt objects can be shaped as aliens in accordance with the story. Her
statements about having a background story were as below:

For example, while expressing these and giving instructions, I think

that the storytelling like "the alien’s hand has come, the right alien

must reach the hand" will make the child perceive the game easier.

For example, there is an alien who get on board but needs to place

in the right order. [Showing hand-shaped felt objects] These are the

hands of the aliens. | thought it as alien but it could be the hand of
the alien.

Mesela sey, bunlart ifade ederken yonergeleri verirken “uzaylmin
eli geldi, dogru uzaylimin ele ulagmasi lazim” gibi hikayelestirme
daha kolaylastiracaktir orada boyle ¢ocugun algilamasini diye
diistintiyorum. Mesela bir uzayli var buraya yerlesecek ama dogru
sirada yerlesmesi gerekiyor. Bunlar o uzaylilarin elleri yetisecek
falan diye. O yiizden uzayl olarak diigiinmiistiim ama uzayhnin eli

de olabilir (ECT2_C2)

4133 Visual Elements as Cues

While using the first version of the Light Order game material, two children, C2 and
C10, made a mistake, starting from the end of the row to put felt squares on the color
sensor. The researcher thought that the row's inappropriate visual design might have
made children confused about where to start. A bus shape was used to create a sense
of integrity for the components. The Neopixel row was used as if they were windows

of the bus, and the buzzer was put as the rear tire of the bus. However, the problem
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was that the bus faced the right edge of the material, although children were asked
to keep the color order in mind from left to right. Children might have started from
the right because they might have thought that the front of the bus was the starting
point. Because of that, a new simple design that has no directional element was
applied in Cycle 2. However, the behavior was still observed in three children,
C3 12, C4 12, and C6_12, as analysis of Cycle 2 video recordings showed.
Evaluating the second prototype, ECT3_C2 suggested that the material can provide
children with a visual cue that points to where to start keeping the color order in
mind. The suggestion she made was programming the electronic platform to turn on
Neopixels from left to right at the beginning of each level, which would serve as a
visual clue for the starting point. Her statement was as follows:

The lights can turn on one by one to show in which order the colors
will be kept in mind. (ECT3_C2)

Renklerin hangi sira ile akilda tutulacagini gostermesi icin isiklar
swrast ile yanabilir. (ECT3_C2)

She also noted that an arrow sign that points to the starting point of the Neopixel row
could be added.

The remaining two e-textile materials also have visual cues. The belt used in Object
Sorting game has the light sensors framed to point children where to cover. As
mentioned before, the visuals glued on the thigh band to make it visually appealing

functioned as visual cues to show the band’s correct placement.

4.2  Design and Development of Educational Games

In this section, results regarding the design and development of educational games
were provided. Four games were developed to address three EF areas. Analysis of
all data revealed issues to consider while designing e-textile used educational
materials that aim to support the EF skills of preschool children. The issues were

categorized under four titles:

e Challenge Elements
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e Feedback and Reinforcement Characteristics
e Level Mechanism

e Other Design Elements

4.2.1 Challenge Elements

In this part, challenge components of games were provided according to their related

EF skill, and the common challenge components were presented together.

4.2.1.1  Challenges in the Cognitive Flexibility Game

According to the researcher’s observations, the Object Sorting game challenge was
low for the children in Cycle 1. The first version of the game was a low fidelity
prototype that mainly aimed to reveal the interaction between children and the
wearable material. In the game, children were expected to match the falling object
on the screen to the right or left depending on the level rule. The falling object
matched only one of the objects below on one dimension, namely color or shape. All
of the children quickly completed all types of matching, which include different
colors and geometric shapes. The children were successful even if children played
the game with distractors enabled. Some children stated that they did not like the
game or found it boring. Two teachers confirmed the observation and noted that the
game is more suitable for younger children:

The game is more suitable for four years old children. | think

classifying objects is easy for children, especially for today’s

children. They are familiar with the technology, so they do not have
much difficulty in this game (ECT2_C1).

Dort yag grubuna gore daha ¢ok. Swiniflandirma ¢ok kolay geliyor
bence su an ozellikle simdiki ¢ocuklara ¢ok kolay geliyor bence.
Teknolojiye de asina c¢ocuklar o yiizden bu oyunda ¢ok fazla
zorlanmazlar (ECT2_C1).

The game idea is more suitable for younger children (ECT1_C1).

Sey de mantik kiiciik yas grubuna uygun bir oyun (ECT1_C1).
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In the first version of the game, two dimensions of the objects were included in the
game, shape, and color. When asked about the number of dimensions, one teacher
specified that the number of aspects could be increased to make the game more
challenging.

Because this is a simple game. When you look at the content of the

game, there must be several different things, such as color-color,

instructions, of course. It is appropriate, you can add a third one too
(ECT1_C1).

Basit bir oyun ¢iinkii. Oyunun igerigine baktiginda mutlaka birkag
yonerge renk renk derken birkag farkli seyin olmasi gerekiyor tabii.
Uygun hatta bir Gglincuyl bile koyabilirsin yani (ECT1_C1).

A new game structure was used in the second version of the game, and the new

structure was more complicated than the first one for several reasons:

First, while in the first version of the game the objects were needed to be sorted
according to one of two dimensions, namely color and shape, in the second version
of the game, the dimension number was three, namely, color, shape and item count
(See Figure 4.26 and Figure 4.27). Both versions had seven colors (red, green, blue,
yellow, orange, purple, and pink) as object colors and five geometrical shapes
(square, rectangle, triangle, circle, and star) as objects. The second version of the

game had three options (one-item, two-item, and three-item) for count dimension.

Ol%

Matching according to shape Matching according to color

Figure 4.26 The first version of the Object Sorting game
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Shape - Color Count - Color Shape - Count

Figure 4.27 The second version of the Object Sorting game

Second, while in the first version of the game, the falling object matches only one of
the items below on one dimension, in the second version of the game, the falling
object matches both of the items below on two different dimensions, and children

needed to remember the rule and match objects accordingly.

s had |

Game V1 Game V2

Figure 4.28 Object Sorting game v1 and v2. One matching dimension (Left) and two
matching dimensions (Right)

Third, in the first version of the game, the matching rule was evident as when the
rule was matching according to the shape, two objects, one matching, and one
distracter appeared at the bottom, and when the rule was matching according to the
color, one matching color, and one distracter color appeared at the bottom. Thus,
children did not need to find the rule (See Figure 4.28) In the second version of the
game; however, the children need to find the matching rule by focusing on the
feedback given to their performance and try another rule if needed. For example,

suppose that the rule was to match according to the shape, and the distracter
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dimension was color. In this case, the falling object matched both of the objects
below on a dimension (See Figure 4.28) That is, the falling object had the same color
as one of the objects at the bottom, had the same shape as the other. When children
matched according to the shape, they got positive feedback and got negative
feedback when they matched according to the color. Children were expected to find
out the rule according to the feedback they got and continue matching according to
the rule.

Lastly, in the first version of the Object Sorting game, places of the objects at the
bottom were fixed until the level was reloaded, or the rule was changed manually.
As an illustration, suppose that a circle was placed to the right, and a rectangle was
placed to the left, and children were required to match falling circles always to the
right and rectangles to the left. However, the objects at the bottom were not fixed in
the second version of the game. After each matching, the positions of objects
changed randomly. Besides, each time, the game presented a new set of objects
automatically. That is, the game selected three objects according to the rule, the
falling object at the top, and the correct answer and distracter placed randomly to the
right or left. The matching rule, the distracter dimension, and the average

performance of children in each level in Cycle 2 were provided in Table 4.1.

Table 4.1 Performances of children in different levels of Object Sorting game

Level Matching Rule Distracter Dimension Average Performance (%)
Level 1 Shape Color 81
Level 2 Color Shape 68
Level 3 Shape Count 81
Level 4 Count Shape 62
Level 5 Color Count 66
Level 6 Count Color 78
Note. N=7

Children’s performances in different levels of the second version of the Object
Sorting game were provided in Table 4.1. According to Table 4.1, when the matching
rule was the shape and the distracter dimension was the color, their average
performance was 81%. When the rule became matching according to the color, their

performances decreased to 68%. Similarly, shape-count dual resulted in similar
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performances, 81% when the rule was the shape, and 62% when the rule was count.
The result of the first four levels showed that children mostly matched the objects
according to shape dimension, which implies that children showed perseveration
behavior. In levels 5 and 6, children’s performances were 66% and 78%,
respectively, and they had difficulty finding the matching rule in Level 5. Four
children made more than three mistakes (which is the average mistake number to

find a rule and addressed later in this part).

Children’s performances in different levels of the Object Sorting game were
provided in Table 4.2. Because the children were not told the matching rule, it was
expected that they made a few wrong matchings at the beginning of levels 1, 3, and
5. However, after these levels, the matching rule changed, and children were told
they were required to match the objects in another way. In this regard, their
performances at levels 2, 4, and 6 gave information about how many perseverations
they showed. According to the table, almost all of the children showed perseveration;

but the amount and levels they had difficulty vary.

Table 4.2 Cycle 2 performances in different levels of Object Sorting game

Child Level 1 Level2 Level3 Level4 Level5 Level6 Total

n % n % n % n % n % n % %
c2 C1 - - - - - - - - - - - - -
C2 _C2 10 83 9 75 10 83 9 75 9 75 12 100 82
C2C3* 3 38 2 25 9 69 5 38 8 62 7 54 50
C2 C4 10 83 8 67 11 92 11 92 6 50 9 75 76

8

C2C5 11 92 67 9 75 9 75 5 42 9 75 71
C2C6 9 75 10 83 12 100 12 100 10 83 12 100 90
C2C7 12100 9 75 8 67 0 0 11 92 6 50 64
C2C8 10 8 8 67 10 83 7 58 7 58 11 92 74
c2co - - - - - -
Total 65 81 54 68 69 81 53 62 56 66 66 78 73

Note. N=7. In each level, there are twelve matchings. *: In Level 1 and Level 2 there

are eight matchings and in the remaining levels there were thirteen matchings
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Another useful information when adjusting the challenge is the number of matching
that each level has. Children showed different performances regarding finding the
matching rule in Cycle 2. Because the mistakes in Level 1 do not point to
perseveration, the attempt number in Level 1 was taken into account for providing
information about the minimum trial number. While a child managed to find the rule
at Level 1 at his first attempt, another child found it at the fifth attempt. Other
children could find the rule at second or third attempts. The average attempt number
to find the rule in Level 1 was three.

Having reviewed the second version of the game, ECT3_C2 suggested decreasing
the number of levels to three, each for one of three characteristics: Color, shape, and

count.

4.2.1.2  Challenges in the Inhibition Game

4.2.1.2.1 Stimulus Type

Children’s performances differed when the rule was “do as | say” or “do as | do”. In
Cycle 1, eight children played the game, and analysis of the video data shows that
when the rule was “do as | say” and the visual and auditory stimuli conflicted 34
times in total (In the first version of the Do as | Say/Do game, in two out of ten cases,
the visual and auditory stimuli were the opposite which is why the number is small).
In these 34 times, children did the correct movement 13 times. When the rule was
“do as | do”, the visual and the auditory stimuli conflicted 16 times, and in these 16
times, children gave the correct answer seven times. In total, they made 20 mistakes

out of 50 trials. ECT1_C1 stated that there could be more distractors in the game.

105



Table 4.3 Children's performances in Do as | Say/Do game

Cycle Do as | Say Doas | Do
Correct Wrong Success  Correct Wrong Success
n n % n n %
Cycle 1 13 21 38 7 9 44
Cycle 2 98 23 81 78 56 58
Total 111 44 72 85 65 57

Note. N=8 for both cycles

In Cycle 2, there were five distractors on each level, and each level consisted of ten
trials. In other words, in five out of ten cases, the visual and the auditory stimuli were
contradictory. As Table 4.3 showed, children’s performances on “do as | say” rule
(81%) was better than on “do as I do rule” (58%).

According to the researcher’s observations, the number of distracters is vital in
defining the game challenge level. Compared to Cycle 1, children in Cycle 2 were
motivated, and the one reason was that the distractor number in the second version

of the game was higher than the first one.

4.2.1.2.2 Playing According to Different Rules Consecutively

During implementations, the researcher had children to play according to two
opposite rules consecutively. In other words, children first played according to
auditory stimuli, where they needed to repress visual stimuli, and then played
according to visual stimuli, where they needed to repress auditory stimuli. Analysis
of video recordings has shown that in some cases, children acted according to the
previous rule. Three children, C6, C7, C8, experienced the situation in Cycle 1,
which means that playing according to opposite rules posed a challenge for them.

In Cycle 2, children played the game as it was in Cycle 1. Although most of the
children made the mistake of playing according to the previous rule, only two of
them, C2_C4 and C2_C9, differed from them by making more mistakes. When

children tried to play according to the previous rule, the researcher reminded them
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of the new rule. In cases of C2_C2 and C2_C3, they immediately switched their
focus and played according to the current rule after they were reminded.

4.2.1.3  Challenges in the Working Memory Games

4.2.1.3.1 Amount of Information

Two games were developed to address the working memory of children: Light Order
and Follow Pattern. Item number to be held in the working memory was a challenge
for children in both games. In the Follow Pattern game, since children needed to
keep only the pattern unit, which is the core of the pattern that repeats, in their minds,

the item number in the pattern unit was examined in this part.
Light Order Game

In the Light Order game, the number of active Neopixels was a challenge
component. Game performances of children support the claim. Each child’s
performance percentage was calculated by dividing the number of completed levels
by the total game number. After that, the average performance percentage for all
children was calculated for a specific game type. Item number depicts the number of
active Neopixels in the level, and the group number is the number of different set of
items. For example, color order such as blue-blue-yellow-red represents four items
with three groups as blue colors can be taken as one group, or color order such as
red-blue-red-blue consists of four items with two groups as each red-blue pair can
be taken as a group. The purpose of grouping was to reveal if children’s
performances change in levels that include items that can be grouped. According to
the researcher’s observations, children used this strategy while verbalizing the color

order, and this observation was the source of grouping analysis.
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Table 4.4 Performances according to the item and group number in the level

Game Cycle 1 Cycle 2
Type Average Average Level Average Average Level
Performance Performance Performance Performance
(%) (%) (%) (%)
e .
3 Itenr’Jls 3 88 92
81 89
Groups
41
tems 2 86 )
Groups
4 Items 3 41 59 78
Groups
4 Items 4 69
30 59
Groups
5 Items 4 ) 42
Groups
- 27
5 Items 5
- 21
Groups

Performance in Cycle 2 was calculated in the same way, but it should be noted that
because the level resetting option was added in Cycle 2, children played the same
level until they succeeded. In other words, each attempt at the same level was added
to the total number of attempts. According to this calculation, for example, a child’s
performance in five “3 items-2 groups” game can be the result of only two different

games, two attempts for one, and three attempts for the other.

According to the performance data, children’s performance decreases as the number
of items in the level increases. Besides, children in Cycle 2 could play the five-item
levels while only two children, C1 and C3 in Cycle 1, were managed to play five-
item games, which is why their performance data was not provided in Table 4.4. It
should be noted that the researcher himself decided who was good enough for
increased challenge, and the level-resetting option was used by children in Cycle 2

for five-item levels too. The researcher’s field notes showed that when children
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failed to complete a level, they wanted to be presented with the same level. Besides,

several repetitions of the same level kept their motivation high.

Additionally, appropriateness to preschool level in terms of the number of items to
hold in mind was investigated. There were six light-emitting components
(Neopixels) on the first version of the material, which means that the number of items
to be held in mind can be selected up to six. Three of the six teachers commented on
the issue and said that the number of items was enough for preschool children.
Besides, one of the teachers suggested that the number of Neopixels can only be
increased if the number of different colors that Neopixels emit decreases.

If we leave the material as it is now, six items are quite enough.

However, if you wish to enhance it, you can keep the number of

different colors limited and increase the number of light-emitting
items easily (ECT1_C1).

Tek asamada biwrakacaksak gayet alti tane iyi. Ama ben bunu
gelistireyim bir iist basamaga ¢ikartayim diyorsan renk sayisini
sl tutup 151k sayisint arttirabilirsin rahatlikla (ECT1_C1).

Follow Pattern Game

For the Follow Pattern game, the item number in the pattern unit comes to the fore.
During interviews with teachers, one teacher, ECT2_C2, stated that when teaching
the pattern concept in her class, she starts from patterns that have an “ab” structure
and then continues with three-item patterns such as “aab” in the pattern unit.
Considering that they apply simple-to-complex strategy in their classes; thus, it can
be inferred that item number in the pattern unit posits challenges for preschool
children.

We start to teach by two-item pattern units, which is ab ab ab. After,

we continue with three-item units such as aab... (ECT2_C2)

Biz énce seyle ogretiyoruz. Ikili asama ab ab ab. Sonra aab gibi iiclii
sonra...(ECT2_C2)

In the first version of the game, there were only four types of patterns. Patterns in the

first version of the game are provided in Table 4.5. In the first version of the game,
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there was no structured level mechanism, and the pattern that children were presented
selected randomly among four types of patterns. In other words, a child could have

been presented with a pattern in which unit size is three at the first level.

Table 4.5 Pattern structures in the first version of Follow Pattern game

Pattern Structure Pattern Unit Unit Size
Stand — Sit — Stand — Sit — Stand — Sit Stand — Sit 2
Sit — Stand — Sit — Stand — Sit — Stand Sit — Stand 2
Sit — Stand — Stand — Sit — Stand — Stand Sit — Stand — Stand 3
Stand — Sit — Sit — Stand — Sit — Sit Stand — Sit- Sit 3

The researcher used a structured level mechanism in the second version of the
material considering ECT2_C2 views. The new level structure adopted simple to
complex strategy in terms of item number in the unit. Besides, the researcher added
new pattern types to enrich the game. Table 4.6 shows the pattern types used in the

second version of the game.

Table 4.6 Pattern structures in the second version of Follow Pattern game

Level Pattern Structure Pattern Unit Unit Size
1 Stand — Sit — Stand — Sit — Stand — Sit Stand — Sit 2
2 Sit — Stand — Sit — Stand — Sit — Stand Sit — Stand 2
3 Sit — Stand — Stand - Sit — Stand — Stand  Sit — Stand — Stand 3
4 Stand — Stand — Sit — Stand — Stand — Sit  Stand — Stand — Sit 3
5 Sit — Sit — Stand — Sit — Sit — Stand Sit — Sit — Stand 3
6 Stand — Sit — Sit — Stand — Sit — Sit Stand — Sit — Sit 3
7 Stand — Sit — Stand — Stand — Sit — Stand  Stand — Sit — Stand 3
8 Sit — Stand — Sit — Sit — Stand — Sit Sit — Stand — Sit 3
9 Stand — Sit — Stand — Stand — Sit — Stand  Stand — Sit — Stand 3
10 Sit — Stand — Sit — Sit — Stand — Sit Sit — Stand — Sit 3

The performances of children according to different pattern types and unit sizes are
provided in Table 4.7. Because a level structure was not employed in Cycle 1, the
game randomly presented each game type. Thus, all the pattern types were not played
an equal amount. The performance at a level was calculated by dividing the sum of
successful attempts by the total attempts for Cycle 2. For example, completing a level

at the second attempt increases the correct attempt number by one while increasing
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the total attempt number by two. Correct and total attempt numbers of all children

were combined to find the final total and correct attempt numbers for a level.

Table 4.7 Children performances according to pattern structures

Pattern Structure Cycle 1 Performance Cycle 2 Performance
Correct Total % Correct Total %
n n n n
Stand — Sit — Stand — Sit — Stand — Sit 30 48 63 8 12 67
Sit — Stand — Sit — Stand — Sit — Stand 14 26 54 8 10 80
Sit — Stand — Stand — Sit — Stand — Stand 15 42 36 8 10 80
Stand — Stand — Sit — Stand — Stand — Sit - - - 8 12 67
Sit — Sit — Stand — Sit — Sit — Stand - - - 7 9 78
Stand — Sit — Sit — Stand — Sit — Sit 9 26 35 6 11 55
Stand — Sit — Stand — Stand — Sit — Stand - - - 12 26 46
Sit — Stand — Sit — Sit — Stand — Sit - - - 12 17 71
Overall 68 142 48 69 107 64

Note. N=8, and two children did not complete the game. For the fifth pattern type
N=7; for the sixth, seventh and eighth pattern types N=6. The seventh and eighth

pattern types were played twice.

According to Table 4.7, children did better at levels including patterns with two-item
units than three-item units in Cycle 1. However, the same situation does not apply to
the students in Cycle 2. Besides, the performances of children in Cycle 1 were lower
than Cycle 2.

4.2.1.3.2 Looking Duration

Another factor affecting the game challenge in working memory games was looking
duration, which refers to the time to look and keep the information in mind. In the
Light Order game, children tried to keep the order of colors produced by Neopixels.
In the Follow Pattern game, the purpose was to keep the pattern in mind and repeat

it afterward.

In the first version of the Light Order game, the duration for looking at Neopixels to

keep the color order in mind was constant for all levels. Four of the six teachers
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noticed this and suggested that the length should increase as game-level increases.
For example, two teachers’ comments on the issue were as follow:
Duration for waiting [looking at Neopixels] could be increased. For
instance, now the duration is enough for 3 to 4 colors, but when the

level is set to 5 or 6, the duration could increase for 1 to 2 seconds
(ECT4_C1).

Bekleme siiresi arttirtlabilir. Mesela ii¢ renk, dort renk igin yeterli
ama bes, altinci renge geldigi zaman boyle birkag saniyelik arttirma

olabilir (ECT4_C1).

Is it possible that as color number increases, [looking] duration
increases too? (ECT3_C1).

Renkler ¢cogalinca siirenin artma imkdnt var mi? (ECT3_C1).

The looking time was fixed to seven seconds for all levels. In other words, the time
that was given for keeping three colors and six colors in mind was the same. The
time given to look at color order was not enough for most children in games with
four or more colors. In almost 12% of four-item games, children could not complete
saying names of all colors in the row and could not complete games. Most of the
children could not complete saying names of all the colors in the row before
Neopixels turned off at least one in games with four or more colors activated (e.g.,
C1, C3, C4, C5, C6, C8, C9, C10), which means that although the time given was
enough for three-item levels, children had difficulty to articulate color names in four-
item levels. The time for looking at a single item for three-item levels is 2.3 seconds.
Rounding the value, the researcher set the time for looking at a single item as two
seconds and modified the material as it automatically adjusts the total looking time
according to the total item count in the level. In other words, after the adjustments,
the material was waiting six seconds for a three-item level and eight seconds for a
four-item level, and so on.

In Cycle 2, children could not verbalize the color row only a few times, two children
C2_C7and C2_C9 could not complete verbalizing once at four-item levels, and two
children C2_C6 and C2_C8 could not verbalize at five-item levels total three times.
Adding a level-resetting option to the second prototype enabled children to adjust

the time for looking at the color order for themselves. After learning the level reset
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button’s function, they used it when they could not complete articulating colors,
failed to complete the level, or simply wanted to look at the sequence again. For
example, C2_C3 reset the level even without trying in several rounds.

Looking duration in the Follow Pattern game is the time between when a pattern
first appeared on the screen and when it disappeared. The looking duration was 5
seconds in the training part of the second version of the material and 10 seconds for
six items patterns in both versions of the game. Analysis of video recordings has
shown that the duration of looking at the pattern constituted a challenge for children.
Six of ten children in Cycle 1 (C2, C4, C6, C8, C9, C10) could not complete
vocalizing the pattern 12 times in 73 attempts in total, in the given time. The option
of adjusting the time given to look at the pattern was provided in the settings panel
of the first version of the game and used in cases where the child C2 and C9 needed
extra time. The researcher increased looking duration from 10 to 15 seconds after C2
could not vocalize the pattern two times. In the same way, after C9 could not vocalize
3 of 5 patterns that have 10 seconds looking duration, the researcher increased the

looking time to 18 seconds, and then she managed to vocalize 9 of 10 patterns.

The researcher did not change the default looking time in the second version of the
material because it was decided to have some level of challenge, and the material
already had the option of changing the looking duration when needed. However,
analysis of video recordings showed that four children in Cycle 2 showed behaviors
related to boredom during the time given for looking at characters. The child C2_C1
hit the table and touch the tablet PC, C2_C5 did some behaviors not relevant to the
game, and C2_C7 grumbled and said, come on while waiting. In Cycle 2, there was

only one case in which the child could not repeat the characters’ movements verbally.

4.2.1.3.3 Structure of Information

The structure of the information is another factor that played a role in children’s
performances. In the Light Order game, there were two features of the information

that affected children’s performances. The first one was whether the information, in
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this case, color order, could be grouped, and the second was whether the color order
constituted a pattern. In the Follow Pattern game, children showed various
performances at levels that include different pattern structures.

Light Order Game

When two or more Neopixels emitted the same color, or there was a two-item pattern,
the level was considered consisting of groups. For example, red-red-yellow-blue and
red-red-yellow-red are examples of four items-three groups; red-yellow-red-yellow
and red-red-red-yellow strings are examples of four items-two groups levels. The
light row structure affected children’s performances as children did better when the
colors constituted groups. According to Table 4.4, their three items-two groups level
performances were better than when there were three items-three groups. In the same
way, their four items-three groups level performances were better than four items-
four groups performances.

If the colors in the row constitute a pattern such as red-blue-red-blue, children
completed the game readily. The material produced light order that forms a pattern
only six times, and in four of them, children completed the game smoothly. In a case,
C9 could not complete articulating names of colors in the row before Neopixels
turned off; however, noticing that the colors formed a pattern, she managed to

articulate them and completed the level successfully.
Follow Pattern Game

In Cycle 1, most children tried to verbalize the pattern as if it consisted of a sit-stand
or stand-sit structure even though it was not. The children C2 and C10 several times,
and the children C3, C5, C8, C9 once made the mistake. As Table 4.7 showed,
children’s average performances differed at levels with different pattern structures,
even differed at levels with the same pattern unit size. In Cycle 2, children’s average
performance was lowest when the pattern structure consisted of the stand-sit-stand
unit. The second-lowest performance of children belongs to level with the stand-sit-
sit unit. It can be inferred that these patterns were new for children. As a support for
the claim, in Cycle 2, seeing the pattern with the stand-sit-sit unit, the child C2_C5
said a quite different thing. While in the first version of the game, there were four
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different patterns; in the second version of the game, different pattern count

increased to eight to make children experience more pattern types.

4.2.1.4  Common Challenge Elements

Challenge elements that were present in all of the games were explained in this

section. There were two of them, the pacing of the games and the transferring.

42141 Game Pace

The pacing of the games affected the gameplay in all of the sessions. Depending on
the game structure, different features defined game pace. When the pace was too
slow, children demonstrated behaviors that were not related to the game, and when
the pace was too fast, children had difficulty completing the games. Findings were
presented separately for each game.

Light Order Game

Two features defined the game pace of Light Order game: Duration to look at items
and the time between levels. During play sessions of Light Order Game, some
children lost their attention and started to play with felt squares in Cycle 1. Analysis
of recordings showed that this happened in two conditions: a) when children forgot
the color order and b) when three or fewer items were displayed. The former required
no changes because this may happen all the time. However, the researcher thought
that adjusting the waiting time between two levels according to the item number
would help keep the focus of children on the game. In the first version of the game,
the waiting time between levels was 8 seconds and fixed for all levels, which was
distracting, especially for levels with three or fewer items. Children were readily
completed three-item games and had waited eight seconds for the new level. In the
second prototype of the material, the researcher reduced waiting time between levels

with three or fewer items to four seconds and seven seconds for the levels with four
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or more items. In Cycle 1, playing with felt squares was observed in almost all of the
children. However, the video recordings showed that only C2_C1 was impatient and
showed his impatience by saying “come on” and poking the material on several

levels in Cycle 2.

Follow Pattern

The Follow Pattern game requires children to recall and repeat a pattern after the
pattern was shown for a while. In other words, a pattern that consists of two
movement types, namely, sit down and stand up, appears on the screen, stays on the
screen for ten seconds, and then disappears. As soon as the pattern disappeared,
children needed to start doing the same movements in order. When a movement was
completed, children needed to do the next one right after. Five design features define
the game pace in the Follow Pattern game: Instructions, looking duration, movement
completion duration, duration between movements, and the time between levels. The
total duration of a typical level is defined by the sum of the duration of instructions,
looking duration, duration between movement, and the movement completion
duration. Because the duration between movements was almost instantaneous in both
versions of the game and did not affect gameplay, the other four features were

explained.

The researcher’s observations and the analysis of video data regarding the game pace

were provided below:
Instructions:

The second version of the game gives instructions at the beginning of levels, in the
training part and the game part. According to the researcher’s observations,
instructions decreased the game pace when they were long; when children made a
mistake because they heard the same instructions twice, or play the same game the
second time. The researcher designed the game as it gradually decreases the amount
of the instructions and the feedback given. Observations of the researcher showed

that children needed less guidance as they advance through the game.
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Looking duration:

Looking duration is the time given to children to look at the pattern and keep it in
mind. The issues related to the looking duration was explained under section
4.2.1.3.2 Challenges in the Working Memory Games. The looking duration was ten

seconds for both versions of the game.
Movement completion duration:

Movement completion duration is the time given to complete a movement. The
children who had seen the pattern were expected to repeat the pattern after it
disappeared. Each item in the pattern depicted one of the standings or sitting
movements and needed to be repeated in a defined time called movement completion
duration. Children experienced problems regarding keeping up with the game pace
in the first version of the game mainly because of the movement detection algorithm

that gave them too little time.

The wearable electronic platform on the thigh band was coded to send position data
at 500 milliseconds intervals. At first, the researcher used an algorithm that checks
received position data 13 times with 300 milliseconds intervals. The calculations
started right after the characters on the screen disappeared. Receiving a total of 13
data points in approximately four seconds, the algorithm decided if the position is
sitting or standing by comparing the position data. In other words, if the total quantity
of sitting data was higher than the total count of standing data, then the application
determined the movement as sitting. This calculation method caused problems
during implementations: First, children needed time to think before acting, and since
the algorithm counted the position data right after the stimulus, the application gave
negative feedback even if children did the correct movement after a few seconds
from the stimulus, which confused children according to the researcher’s
observations. The opposite situation also happened. That is, when children made the
wrong move at the very end of time, which was given them to complete movement,
the application still gave them positive feedback. This calculation method did require

children to do the right movement for almost two seconds. In other words, children
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needed to start doing the right movement in the first 1.8 seconds and wait for almost

two seconds while keeping their position stable (sit down or stand up).

After that, the researcher tested the algorithm by changing values. The new algorithm
decided the movement type (i.e., standing or sitting) after 3.5 seconds, and during
this time, the algorithm collected seven orientation data coming from the 9-DOF
IMU with 500 milliseconds intervals. Although children were given 3.5 seconds to
complete each movement, children had to do the correct movement for at least 1.5
seconds due to the movement detection algorithm. The new algorithm also decided
if the children made correct movement by comparing durations that children stood
or sat, and if the child made standing movement longer than sitting, the algorithm
determined the child’s movement as standing. Changing collected data amounts and
intervals did not work, and the problem continued. Analysis of video recordings
showed that all children except C1 struggled to complete movements in time, and

sometimes they failed.

One of the teachers also noticed that children could not keep up with the game’s pace
while doing movements. Her statement was as follow:
Sometimes, children could not keep up with the pace of the game
(ECT4_C1)
Cocuk oturup kalkarken bazen oraya yetisemeyebiliyor (ECT4_Cl)

The researcher decided to change the movement detection algorithm so that it waits
a few seconds after visuals on the screen disappeared to provide children enough
time to recall the pattern item and then starts checking the child’s position. The
algorithm used in the second version of the game collected seven orientation data
values with 500 milliseconds interval and ignored the first four data points. That is,
children had two seconds to think before act. This algorithm considered only the
movements made at the last 1.5 seconds and collected three data points. Comparing
the quantity of sit and stand values, the algorithm decided the higher one as the

children’s position.
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According to the analysis of video recordings belong to Cycle 2, the second
algorithm worked well and solved the last moment movement problem. However,
the algorithm can still be improved by adjusting the collected data points and the

time intervals, according to the researcher’s experiences with the system.

Regarding the pace of the second version of the Follow Pattern game, analysis of
teacher interviews, the researcher’s observations, and the video recordings showed
that the pace was low for children. For some children in Cycle 2, movement
completion duration was more than enough. They did not want to wait 3.5 seconds
to pass. For example, C2_C3 and C2_C4 tried to complete all movements in the
pattern too fast by sitting and standing quickly, and C2_C2 tried to pass to the next

item even though she still had time for completing the current movement.

Two teachers commented on the issue and indicated that the game pace is slow and
should be increased, especially in the training part. The views of the teachers were
as follow:

Make it [the game] faster. That is, the tempo can be increased. The

pace is too slow, too slow (ECT1_C2)

Biraz hizlandwr. Yani bu biraz daha boyle bir tik daha tempolu
olabilir. Cok yavas, ¢ok yavas (ECT1_C2)

The game starting from slower is good in terms of helping children
to remember. However, the pace can be increased. Thus, another
level can be added (ECT2_C2)

Yavas baslamasi hatirlamast agisindan da giizel. Ama bunun da
mesela temposu artirlabilir. Bir asama daha eklenmis olur

(ECT2_C2)

The time between levels:

The time between levels is another design element that affected the game pace. In
the first version of the game, the duration between two levels was seven seconds,
and no issue was observed neither by the researcher nor by the teachers. However,
there were two different waiting times, one for the training part and one for the game
part in the second version of the game, and game-pace issues were observed in Cycle

2. While in the training part, the duration between two levels was 4 seconds, it was
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about 8 seconds when a level was completed successfully, and about 5 seconds when
children failed to complete a level in the game part. The reason why the duration

differs is that feedback durations for success and failure differ.

Do as | Say/Do Game

The researcher’s observations, interviews with teachers, and the analysis of video
recordings showed that the first version of the game’s pace is slow for children, and
the researcher made related changes after analyzing the data. After hearing the
auditory stimuli in the first version of the digital game, children had approximately
4 seconds to do the right movement and get feedback. When the child gave the wrong
answer, the negative feedback sound, which was about 2 seconds long, was played.
When they gave the correct answer, one of five positive feedback sounds was played.
The positive feedback sounds were about a second long. In total, the duration
between two consecutive stimuli was about five to six seconds. There were ten

stimuli at each level, and the time between two levels was ten seconds too.

Children showed two specific behaviors that are related to the pace of the game.
First, a child was swinging while waiting for the next stimuli. Second, two children
got tired of standing up and sat down, although they expected to stand up. C6, for
example, did not wait for feedback and sat down after staying up for a while, which
made the system detect the answer as a false attempt. ECT1_C1 suggested increasing

the speed of the game, too. Her statements were as follow:

The duration is too long. That is, the child sits down and waits quite
much. We want children to think fast, but the duration gives too
much time. The game could be faster for assessing the attention of
children or for children with high [cognitive/academic] skills or
hyperactive children. | give the instructions faster when | make them
play this activity in the classroom (ECT1_C1).

Hakikaten ara ¢ok uzun. Yani ¢ocuk oturuyor bayagi bir bekliyor o
da mesela ¢ok hizl diistinmesi i¢in tabii hizli diistinsiin istiyoruz ama
bayagi bir zaman yaratiyor. Ama biraz daha hani iist ve hiperaktif
cocuklar i¢in ya da dikkati 6l¢mek igin biraz daha hizli olabilir. Ben
bunu oynatirken yénergeleri daha hizl veriyorum (ECT1_C1).
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After hearing the auditory stimuli in the second version of the digital game, children
had approximately 3.5 seconds to do the right movement and get feedback. Besides,
a different negative feedback sound, which is about half a second long, was used in
the second design. The positive feedback sounds were about a second long in the
second design. In total, the duration between two consecutive stimuli was about 4 to
4.5 seconds. There were ten stimuli in each level, and the time between two levels

was reduced to seven seconds.

Table 4.8 Children's Cycle 2 performances in Do as | Say/Do game

Gender Do as | Say Doas | Do
Correct Wrong % Correct Wrong %
n n n n
Male 39 22 64 34 25 58
Female 59 1 98 44 31 79
Total 98 23 81 78 56 72

Note. N=4 for both genders

Cycle 2 results showed that children were successful at completing the game as their
performance percentages were 81% for “do as | say” rule, which requires children
to ignore visual stimulus, and 72% for “do as | do” rule, which requires children to
ignore auditory stimulus. Besides, the playing performances of the girls were better
than boys for both types of games. According to the researcher’s observations, the
game pace can still be increased to make the game more challenging. Two teachers
commented on the second version of the game regarding game pace. One teacher
stated that when they play the non-digital version of the game in the class, and the
game pace gradually increases, children get more excited. Besides, she noted that the
game is more suitable for younger children, and the game pace should be gradually
increased for five years old children. The other teacher noted that children have
individual differences regarding cognitive abilities, so there will be children who
benefit from the game even if the game pace is left as it is. Besides, she indicated
that reinforcement activities play an essential role in Early Childhood Education, and
while younger children learn new concepts or information from the material, children

with high cognitive abilities can study the material as a reinforcement activity.
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The game is fun, but it should be better if it starts slow and the speed
gradually increases. Children get more pleasure when we play like
that (ECT2_C2).

Bunun bence ¢ok giizel eglenceli ama boyle daha hizlanabilirse
mesela yavas baslayp hizli hizli giderse daha boyle deve ciice...
Onda ¢iinkii mesela swmifta yaptigimizda ondan bayagi keyif
aliyorlar (ECT2_C2).

The reinforcement activity has an important place in Early Child
Education. When younger children play with the material, they learn
a new concept or information. However, children who are older and
have high cognitive abilities can use the material as a reinforcement
activity. However, there must be low ability children in terms of
concentration, attention, or knowledge in that class who can benefit
from the material (ECT1_C1).

Okul oncesinde pekistirme ¢calismast ¢ok onemli bir yer tutuyor bunu
kiiciik yas grubuna uyguladigimda yeni bilgi yeni bir kavram
ogrenmis oluyor. Fakat biiyiik bir yas grubunda biligsel diizeyi
yiiksek bir ¢cocugun da pekistirme ¢alismast yerine gegiyor. Ama 0
sinifta mutlaka o ¢ocuktan yani yapabilen ¢ocuktan alt seviyede ya
dikkat anlaminda ya ne bileyim yani konsantrasyon dikkat bilgi
beceri diizeyi anlaminda mutlaka o ¢ocuktan daha alt ¢ocuklar
vardir ve onlara hizmet edecektir diye diisiiniiyorum (ECT1_C2).

Object Sorting

The game pace issue that was observed in Object Sorting game was the result of the
game mechanism. Although children were expected to sort matching objects that
were falling, they needed to wait for distracters while doing nothing. Thus, when the
distracters came one after the other, waiting time while doing nothing increased for
children. As the researcher’s observations have shown that the situation decreased
the game pace, and the children got bored during implementations. Because a new
game structure was applied in Cycle 2, children were expected to sort all of the

falling objects, and the issue was not observed in Cycle 2.

In the first version, the object that appeared at the top of the screen falls and
disappears in almost four seconds. In other words, children had four seconds to
match the falling shape with one of the shapes at the bottom. Besides, the duration
between the last attempt and emerge of a new item was between five to nine seconds,

depending on if the answer was correct or not and how fast the child gave the answer.
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In the second version, children had approximately eight seconds to decide and match
the falling object. Depending on whether the children matched correctly or not and
how fast they gave the answer, the duration between two successive objects was

between five to twelve seconds.

The option of adjusting object numbers to be matched in each level and the time
between two successive objects was provided in the game settings of both versions.
Although the time between two consecutive levels changed according to the
feedback type and visual effects, it was about ten seconds in the second version of

the game.

4.2.1.4.2 Transferring

Within the context of the study, transferring refers to the ability to recognize different
situations or objects that convey the same information. Follow Pattern and Object
Sorting games required using the transferring ability, and one teacher suggested

using transferring to make the Do as | Say/Do game more attractive.

In the Follow Pattern game, different clip art images represent sitting and standing
positions on the screen. One of the game features is that images that form the pattern
can be randomly assigned by turning on the random mode. In other words, when the
random mode is not active, there are two different images on the screen, when the
random mode is enabled, there are up to six different images. Number of different
items on the screen posited challenge for children as all of the children who were
presented with patterns that had more than a character depicting the same movement
needed more time to verbalize the pattern in Cycle 1 (See Figure 4.40 for an example
pattern).

Teachers’ views also supported the fact that random mode is more complicated than
the normal mode. ECT2_C1 stated that children needed to transfer movements to

different images.
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There is a benefit of it too. Since children see sit movement in
different ways, they try to transfer that knowledge (ECT2_C1)

Soyle bir faydasi da var mesela. Oturam farkl sekillerde gordiigii
icin transfer de etmeye ¢alisryor ¢ocuk (ECT2_C1)

Besides, ECT2_C1 stated that the transferring skills are addressed in their classroom
activities, and the idea of using different images for the same movement is similar to

their pattern teaching activities.

For example, let us say we want to make a pattern about colors. |
draw a red star or red triangle and having a yellow object; | can
create a pattern according to the color of the objects. Children need
to ignore the shape of the objects. It is the same thing. That is, they
transfer it (ECT2_C1).

Biz mesela diyelim ki renkler ile ilgili bir ériinti yapmak istiyorsak
ben buraya iiggen de ¢izsem iste diyelim ki yildiz iiggen ay bunun
rengi kirmizi bununki de kirmizi bununkisi sari. Ben burada mesela
vildiz bunu kirmizi ile kullantyorsam aslinda ben burada renk ile
ilgili oriintii yapryorum. Sekilleri cocugun géz ardi etmesi gerekiyor.
Onunla ayni sey. Transfer ediyor yani (ECT2_C1).

ECT1 C1 and ECT2_C2 noted that using different images to represent the same
movement is appropriate, and ECT2_C2 expressed that this makes the game more
challenging, and it is suitable for children.

| am not saying that it is inappropriate. The only thing is that it

makes the game complicated for some children, which is suitable for
children (ECT2_C1)

Uygun degil demiyorum zaten. Sadece mesela bazi ¢ocuklar igin
zorlasir... Bu da iyi bir sey (ECT2_Cl)

ECT5_C1 stated that the game should be challenging for students. Her statements

were as follow:

I think that complexity of the game is good, and it makes children
think, which is good also. The first patterns would be simple, but the
following ones should be more challenging (ECT5_C1)

Bence diisiindiirmesi, karmagsikligi giizel. Basit olmast bence ilk
siralar basit olabilir. Ama digerlerinde ¢ocugu daha fazla
diisiindiirmesi gerekiyor (ECT5_ClI)
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The difficulty of random mode was also observed in Cycle 2 as the levels with active
random mode were played with one of the children, C2_C6, who showed high
performance in the game, and when it came to vocalize randomized pattern, he

needed more time than usual.

Regarding the Do as | Say/Do game, one teacher proposed that character images on
the screen can be diversified to make the game more appealing. Her statements were
as follow:
Each time a new character can appear on the screen because it
increases children’s will to participate in the game. If a girl’s image

is used for the first time, for example, a bunny image can be used in
the second. There is a need for visual diversity (ECT1_C1)

Her seferinde karakter sey olabilir mesela ¢iinkii cocuklar her yeni
bir seyde oyuna daha istekli katilirlar. Mesela birincide kiz
kullaniliyorsa ikinci de tavsan kullanilsin ya da iki tane karakter
belirir. Gérsellerde biraz ¢eyitlilik gerekiyor (ECT1_C1)

In the second version of the material, the researcher decided to use an alien character
to motivate children (see Figure 4.29). However, only one character was used in the
second design because using more than an image was not aimed at first and would

have violated the purpose of the game.

Figure 4.29 The alien character in the second version of Do as | Say/Do game
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422 Feedback and Reinforcement Characteristics

Play sessions with children revealed characteristics of the feedback given in the
games. The first versions of the materials and digital games were not equally
advanced, and depending on how much developed a game/material, various feedback
characteristics and decisions emerged. For example, in the first version of the Light
Order game, negative feedback could not be provided because of technical problems;
however, in all of the digital games, negative feedback was provided. Feedback

characteristics were combined under five titles:

¢ Distinctiveness and Variety

e Providing Positive and Negative Feedback

e Providing Verbal Feedback

e Providing Visual and Auditory Feedback Together

4.2.2.1  Distinctiveness and Variety

Analysis of video recordings, the researcher’s field notes, and the interviews with
teachers showed that reinforcements given by the e-textile materials and digital
games should be distinctive, and feedback and reinforcement variety should be
established.

In the Light Order game, a Piezo Buzzer element was used to provide children with
auditory reinforcements. The component was able to produce only simple sounds,
and the similarity of these sounds caused several issues during implementations.
First, the similarity of the positive reinforcement sound and the level completion
sound created a problem. When a level was completed, the material played the same
positive reinforcement sound, which was played after each correct felt square was
put on the color sensor twice. This sound is called the level completion sound and
was decided by the researcher. The similarity of positive reinforcement sound and

level completion sound confused children as they showed different reactions to this
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sound: Child C8 thought that she did something wrong when she put the correct felt
square and reacted to the sound saying, “Ouch it is wrong!” (“Ay yanlis”) and asked
“Was it wrong?” (“Yanlis olmadi m1?”’). C5 and C8 did not understand the function
of the level completion sound and asked if they did right after completing the level
by saying, “Have I done correctly” (“Dogru mu yaptim?”’). Another situation was
that children C5 and C8 thought they had completed the level even if they did not.
For example, in a game with four items, they only showed three items and waited for
a new level to start. C4 also tried to continue putting felt squares on the color sensor
even though she heard the level completion sound. Child C2 tried to ask why there
was an extra sound by referring to the level completion sound and said:

Later, why does it make the sound beep-beep-beep when we remove

it (the felt square) (C2)

Sonradan neden ¢ekiyoruz ve bip bip bip yapiyor? (C2)
Besides, positive reinforcement sound might have created another prominent
behavior: when two consecutive Neopixels emitted the same color, C4, C5, C7, and
C8 showed the correct felt square only once.
The researcher thought that there might have been two possible explanations for the
behavior and decided to make changes according to them:

i.  The positive feedback sound consisted of D, E, F, and G musical notes played
with an 80 milliseconds-interval once. The positive feedback sound might
have made them confused about how many correct answers they gave
because it consisted of four notes. Besides, ECT3_C1 was not comfortable
with the positive feedback sound and suggested changing it. Thus, the
researcher decided to use a shorter positive feedback sound and modified it
as a one-note (G6) sound.

ii.  They might not have been able to establish a correct answer — sound feedback
(Stimulus-Response) relation because they might have confused positive
feedback sound with the level completion sound. The researcher decided to
modify both sounds to make them more distinguishable. As it has already

been stated, the positive feedback sound changed into a one-note sound.
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Thus, to make the level completion sound more dissimilar to the positive

feedback sound, it was changed into a six-note (A5-B5-C5-D5-C5-D5)

sound.
Because of a technical difficulty, the researcher could not modify the material to
provide negative feedback in the first place; however, the researcher found a way to
make that possible in Cycle 2. The technical difficulty is explained in detail under
4.1.1.2 Color Sensor. After overcoming the technical challenge, the negative
feedback sound was designed as a two-note sound (D4-D4), which was very distinct
from sounds used in the positive feedback sound and the level completion sound.
Producing advanced sound types requires different electronic components and
coding schema. Because of that, the researcher decided to keep the piezo buzzer
element in the new design.
Analysis of video recordings showed that children did not have problems regarding
the sounds produced by the piezo buzzer element in Cycle 2. The changes were
confirmed by ECT1_C2 and ECT2_C2 too. Because the piezo buzzer element was
used in the second design, however, the lack of verbal sounds problem still existed
in Cycle 2. Implementations with children in Cycle 2 showed that the researcher
provided children with verbal reinforcements when they completed articulating color

names in the row and completed a level successfully.

Another situation related to feedback distinctiveness that was observed by the
researcher in Cycle 2 for all three games, Follow Pattern, Do as | Say/Do and Object
Sorting was that the duration between the feedback given to the last item of a level
and the sound that indicated if the level completed successfully was not long enough,
and confusing for children. Reviewing the Do as | Say/Do game, ECT3_C2 noted
that feedback sounds given at the end of the levels was confusing because it was
produced right after the sound that indicated whether children did the correct

movement for the last stimuli of the level.

The researcher decided the negative feedback sounds used in all digital games in
Cycle 2 too. During the implementations, the researcher noticed that some of the

negative feedback sounds used in the games were not clear for children in terms of
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the message that they conveyed. This observation was confirmed by ECT1_C2 too.
Analyzing the Do as | Say/Do game, she expressed that the negative feedback sound
given when students did a wrong movement was not distinctive. The sound should

be more stimulant, she added.

What a visual stimulus means to children was another issue confronted by the
researcher. While designing the digital games, four emojis were used to support
negative auditory feedback; however, ECT1_C2 stated that children do not interpret
two emojis, number 1 and number 2 in Figure 4.30 as negative, so using them might
be confusing for them. According to her, children perceive the first emoji as a regular

face and perceive the second one as an angry face.

> <
N\

1 2 3 4

Figure 4.30 The removed (number 1 and 2) and the used emojis (number 3 and 4)

The first versions of the digital games were insufficient in terms of providing various
feedback types. For example, as the researcher observed, feedback variety was
limited in the first version of the Do as | Say/Do game, and ECT1_C1 confirmed the
observation. She stated that the game should get use of attractive items more.

There should be attractive items more to have children play for a
longer time (ECT1_C1)

Bir de artik sey olmast lazim yani oyununda ¢ocugun daha fazla
kalabilmesi i¢cin daha ¢ok ilgi ¢ekici sey kullanman lazim (ECTI_Cl)

The second versions of all three tablet PC-interacted games were enriched in terms
of feedback and reinforcement sounds and visual effects. There were different
visuals, effects, and sounds for the same type of feedback and reinforcement to
prevent monotony and keep children’s motivation high. Verbal feedback and
reinforcements were prepared for all games together with Early Childhood
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Education teachers and Turkish language experts and narrated by an ECE teacher
who had experience in dubbing. At the end of a level, visual stimulus and effects
were added to that combination (see Figure 4.31 and Figure 4.32)

Examples of positive verbal reinforcements used in all games:

Bravo!, Cok guizel! (Very good!), Harika! (Wonderful!), Harikasin! (You are great!),
Muhtesem! (Awesome!) and Miikemmel! (Excellent!)

Examples of verbal feedback from Object Sorting game:
When children could not match objects in time:

Yukaridaki sekil asagi diismeden eslestirmeyi bitirmelisin (You must

complete matching before the object at top reached the bottom.)
When children match according to the wrong dimension:
Baska hangi ézelligi benziyor? (What another feature of it is similar?)

Baska bir dzelligine gore eslestirmeyi denemelisin (You should try matching

according to another feature)

Figure 4.31 An example screenshot from Do as | Say/Do game illustrating an effect
at the end of a successful level.
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Figure 4.32 An example screenshot from Follow Pattern game illustrating an effect
at the end of a successful level.

4.2.2.2  Providing Immediate Feedback

Providing positive and negative feedback is a natural educational game design
element. All of the developed games provided positive feedback or reinforcement
for correct answers. Aside from the first version of the Light Order game, all other

games and versions were designed to provide negative feedback.

The first version of the Light Order game could not provide negative feedback when
children did wrong because of technical reasons. Thus, the lack of negative feedback
affected gameplay and caused a few situations. First, when they selected the wrong
color and thought that their answer was correct, they had waited for the positive
feedback sound too long and did not think that their answer might have been wrong
(C1, C4, C5, C7, and C9). Waiting too much might have caused forgetting the color
order as in the cases of C1, C4, C7, and C9. Second, some children thought that the
material was not working well. One of the children, C2, thought that the material got
broken after not getting a positive sound and tried applying more pressure while
putting a felt square on the color sensor. Applying more pressure than enough made
the material unresponsive, and the researcher had to restart the game.
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As stated before, the researcher found a way to provide negative feedback in the
second prototype. Analysis of video recordings has shown that problems of waiting

too much and applying too much pressure did not occur in Cycle 2.

4.2.2.3  Providing Verbal Feedback and Reinforcements

Implementation with children showed that they need to be provided with verbal
feedback and reinforcements in addition to positive and negative reinforcement
sounds. The researcher gave verbal feedback in both cases where the material gave
and did not give feedback. Having material to provide verbal feedback significantly
reduced the researcher’s workload during implementations. As stated above, not all
prototypes of materials were equally developed, so the results were shaped
accordingly. The feedback given by the digital materials were prepared with ECE

teachers and a Turkish language expert.
Light Order Game

The Light Order game material had no ability to provide verbal feedback. The
researcher gave reinforcements like “good”, “excellent”, and “great” after the
children completed a level and gave formative feedback when they could not
complete the game. ECT4_C1 noted that feedback is essential for children, and
positive feedback should be enriched by adding verbal stimulus such as
congratulations. She added that the material could be designed to enable teachers to
give verbal feedback by a device capable of producing verbal sounds. The teacher

commented on the issue as follow:

Feedback is important for children. As the other game (“Follow
Pattern” game) has, this game could provide instructions and
guidance, such as congratulations too. There could be a different
thing; for example, we could use a device that produces verbal
feedback like “correct”, “wrong” (ECT4_C1).

Geri doniitler onemli ¢cocuklar icin. Diger oyundaki gibi bunda da
bravo gibi yonlendirmeler yonergeler olabilir. Ya da yanda farkl bir
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sey olabilir. O swrada bizler basabiliriz iste dogru yanlis gibi seyler
olabilir (ECT4_C1).

Because the Piezo Buzzer element was used in the second prototype, the researcher

was still active in terms of providing verbal feedback.

Follow Pattern Game

For the Follow Pattern game, the game’s sounds for wrong attempts were not enough

for children as the researcher gave verbal feedback and reinforcements during

implementations in Cycle 1. Verbal feedback statements given by the researcher

were stated below:

When children could not complete the pattern correctly:

Feedback: “It was not correct the movement you did. Let’s try again”
Feedback: “Dogru hareketi yapmadin. Hadi tekrar deneyelim”

Feedback: “The correct movement was sitting/standing”

Feedback: “Dogru hareket oturdu/kalkt1”

When children could not complete the movement in time, the researcher gave
informative feedback:

Feedback: “You have become late”

Feedback: “Ge¢ kaldin”

When children completed the level successfully:

Feedback: “Well done. You earned a point”, “Bravo. You collected the stars”
Feedback: “Aferin. Bir puan kazandin”. “Bravo. Yildizlar1 topladin”

When children did not sit or stand properly to allow the thigh band to detect
movements accurately:

Feedback: “You should keep legs close to each other”

Feedback: “Bacaklarini birbirine yakin tutmalisin”

In the second version of the game, the researcher edited the material so that it can

provide verbal feedback and reinforcements. In the second version of the game, the

material provided feedback and reinforcements below:

When children completed the level successfully:
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Reinforcements: Well-done, congratulations, bravo, wonderful, very good,

awesome, perfect

When children could not complete the pattern correctly or could not complete

a movement in time:

Feedback: “You should do movements in time and order.”

Feedback: “Hareketleri zamaninda ve sirastyla yapmalisin.”

Whether children sit and stand correctly was checked by the researcher, and the same

feedback given in Cycle 1 was provided when they did not do body movements

appropriately.

Do as | Say/Do Game;

Although in the first version of the game, children were provided with positive and

negative sounds as feedback, there was no verbal feedback. Analysis of video

recordings has shown that the researcher provided children with informative

feedback, and the game can be designed to provide informative feedback. Verbal

feedback statements given by the researcher were stated below:

When children did a wrong movement, the researcher reminded them of the
rule:

The rule: “Deve deyince kalkacagiz, ciice deyince oturacagiz.”

The rule: “When it says deve (Camel), we should stand up, when it says clice
(Dwarf), we must sit down”

When children could not complete the movement in time, the researcher gave

informative feedback:

Feedback: “You have become late”
Feedback: “Ge¢ kaldin”
When children did not sit or stand properly to allow the thigh band to detect

movements properly:

Feedback: “You should keep legs close to each other.”
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Feedback: “Bacaklarini birbirine yakin tutmalisin.”
In the first version of the game, positive reinforcements were given by positive
sounds or verbal expressions such as great, congratulations, well done. Although the
game provided positive feedback, the researcher praised children by providing
positive verbal expressions in Cycle 1.
ECT1_C1 also confirmed these observations and stated that the game should provide
informative feedback.

The game should provide feedback such as “you succeeded”, “you

did not succeed”, and “try again”, and when children succeed, let’s
have balloons fly (ECT1_C1)

Biraz etrafini iste basardin basaramadin tekrar dene basardiginda
balonlar ugsun (ECT1_C1)

In the second version of the game, all feedback was given by the digital game.

e When children could not complete a level successfully, depending on the

rule, one of the statements below was provided:

Feedback: “You should only do what I say” (Sadece sdyledigimi yapmalisin)

Feedback: “You should only do what I do” (Sadece yaptigimi yapmalisin)
When a child failed to complete a level, the digital game reminded the rule at the end
of the level. However, as the researcher’s observations showed, children needed to
be reminded of the rule without waiting for the level to finish when they make
mistakes, which was what the researcher did in Cycle 2. The digital game was not
programmed to detect if the child made a wrong attempt or became late for
completing the game. Thus, the digital game provided only negative feedback sound

for both situations.

After reviewing the second version of the game, ECT3_C2 expressed that there
should be an explanation about children’s performance at the end of levels. The
researcher’s observations supported that view because there were two consecutive
playing sounds, feedback for the movement, and the level completion sound, made
it difficult for children to understand their performance when these two sounds

conflicted because the last trial of a level might be wrong but, in total, the level might
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be completed successfully. Providing informative verbal feedback may help children
to differentiate between level completion sound and the movement completion

sound.
Object Sorting Game

In the first version of the game, correct answers were reinforced by positive sounds.
However, analysis video recordings have shown that the researcher used verbal
reinforcements such as great and well-done in addition to positive reinforcement
sounds each time students gave a correct answer. In the same way, wrong answers
elicited only negative sounds. The game structure was completely changed in the
second design. Thus, it would be more meaningful to provide verbal feedback in the

second design. The expressions were as follow:

e After children gave a few correct answers, one of the expressions below was

given randomly:

Reinforcements: Well done, congratulations, bravo, wonderful, very good,

awesome, perfect

e When children gave a wrong answer, one of the randomly chosen expressions

stated below was given:

Feedback: “You should try to match objects according to another feature”
(Baska bir 6zelligine gore eslestirmeyi denemelisin)
Feedback: “What else feature of it is similar? (Baska hangi o6zelligi
benziyor?)
Feedback: “What else is similar?” (Baska neleri benzer?)
Feedback: “They are similar in another way” (Baska sekilde benzerler)

e When children could not match object in time:
Feedback: “You must finish matching before the object above falls down”
(Yukaridaki sekil asagi diismeden eslestirmeyi bitirmelisin)

e \When children cover both of the circles:
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Feedback: “You should not cover both of the circles at the same time”
(Dairelerin ikisinin tistiinii ayn1 anda kapatmamalisin)
In the second version of the game, all verbal reinforcements except the last one were
given by the tablet PC application. The researcher provided the last feedback when
children consciously or unconsciously covered both circles at the same time. Having
seen the second version of the material, ECT3_C2 stated that the voice and emphasis

used in the instructions were appropriate.

4224 Providing Auditory and Visual Stimuli Together

Light Order Game

As already mentioned, in Cycle 1 of the Light Order game, some children confused
the positive feedback sound with the level completion sound because the level
completion sound was merely the repetition of the positive feedback sound. After
changing both sounds, the researcher decided to strengthen the level completion
sound with a visual stimulus to make it more distinguishable. The visual stimulus is
activated together with the level completion sound, and as each musical note is
played, a Neopixel turns on from left to right.

Evaluating the second prototype, two teachers, ECT1 _C1 and ECT2_C1, stated that
they approved the visual feedback. Besides, no behavior that may be interpreted as
that children confused the level completion sound with the positive feedback sound

was observed in Cycle 2.
Follow Pattern Game

In the first version of the game, visual feedback was only provided when children
successfully completed a level. A teacher commented on the feedback given to
students and stated that she liked the flying balloons animation given at the end of
the completed level.

Flying balloons are nice. When children completed a level, it is nice
to celebrate it with a visual (ECT4_C1)
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Balonlarin u¢mast giizel. Yaptiklarinda seviye atladiklarinda bir
gorsel ile kutlamak gizel (ECT4_C1)

The researcher applied teachers’ feedback that they gave to the Do as | Say/Do game.
Visuals for the positive reinforcements in the second version of the game are
provided in the Appendix B.

Do as | Say/Do Game

Interview with ECT1_C1 has shown that feedback sounds in the game should be
provided with appropriate visuals. She suggested having two different visuals, one
for correct answers and one for the wrong ones. Besides, children can follow the
game by catching one type of stimuli even if they miss the other, she added. Her

statements were indicated below:

The feedback sounds should not be presented alone. Something can
appear on the screen. Let us define two characters, one for this
(positive gesture), and one for this (negative gesture). When children
did wrong, this [referring an image] can appear with a sound. There
should be visuals alongside with sounds (ECT1_C1)

Tek basina ses olmasin. Suradan bir sey ¢iksin mesela ne bileyim. Iki
tane karakter belirle birine bunu yapsin biri bunu yapsin mesela.
Oradan yanls yaptiginda bu ¢iksin boing. Hem sesle birlikte gorsel
de olsun (ECT1_C1)

In this age group, visuals, sounds, and stimuli in the game should be
the same because children can follow them very quickly, and when
they miss the sound, for example, they can see the visual. Children
should be able to catch stimuli somehow from one point (ECT1_C1)

Bu yas grubunda hem gérselin hem sesin hem uyaricinin ayni olmasi
gerekiyor. Ciinkii ¢ocuklar ¢ok hizli takip ediyorlar ve bir mesela
sesi kagirdl diyelim oradaki gorseli goriiyor. Bir sekilde bir yerinden
yakalamast gerekiyor (ECTI _Cl)

For the second version of the material, the researcher provided auditory and visual
stimuli together at the end of levels by adding sad faces for failed levels and trophies

for successfully completed levels together with negative and positive feedback
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sounds. Visuals for the positive and negative reinforcements in the second version

of the game are provided in Appendix A.
Object Sorting Game

Since teachers previously stated in other games, the researcher decided to enrich
negative and positive feedback stimuli with visuals. A teacher stated that she liked

the positive visual reinforcement given at the end of a successfully completed level.

After doing well, rotating stars appear at the end of a level. There
are rotating stars there, so | found it very pleasing (ECT1_C1)

Sey giizel yaptiktan sonra boyle yildizlar mi bir sey doniiyor orada.
Uyaran da var. O yiuzden gayet guzel buldum ben (ECT1_C1)

Visuals of the positive feedback in the second version of the game are provided in
Appendix C.

4.2.3 Level Mechanism

The researcher’s observations and the teacher's opinions revealed issues related to

the game level mechanism. The issues were listed below:

e Playing failed level again
e Setting goals

e Structuredness of levels

4231 Play Failed Level Again

After evaluating the games, the teachers expressed their opinions and noted that
children should be able to play the level that they failed again. The findings related

to each game were provided separately.

Light Order Game
In the first version of the material, children could not play the same level that they

failed because the material was not programmed to do that. One of the six teachers
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noted that children should be allowed to play the same level again if they fail to
complete it.

When a child gave the wrong answer, the same thing [level] should
be shown again. The child would look at the color order and start to
complete it again (ECT1_C1).

Yanlis yaptiginda uyari versin ayni sey tekrar olsun. Cocuk tekrar

baksin yeniden baslasin (ECT1_C1).
Another problem with not having a reset feature is that when children could not see
the colors, the researcher had to restart the material, set the same level difficulty, and
then children were able to continue playing.
The researcher added a level reset feature to the level-set button, which reset the level
when pressed any time during the play in Cycle 2. When a level is reset, the
Neopixels turn on, be active for [item number x 2] seconds and then turn off. Level
reset button changed the gameplay in two ways: First, children could extend the
duration to look at Neopixels by using the button after Neopixels turned off. The
situation was explained under section 4.2.1.3.2 Looking Duration. Second, they
could play the five-item levels. In Cycle 1, five-item games were played by only five
out of ten children a total of 27 times. In Cycle 2, all of the eight children played
five-item games a total of 77 times. Using the reset button, children played the same

level until they succeeded.

Follow Pattern Game;

In the Follow Pattern game, when children saw a new pattern for the first time, they
had difficulty vocalizing it. Furthermore, in some cases, they could not complete
vocalizing the pattern (C3, C8). Considering teachers’ opinions about providing a
second chance to complete a level, which they stated for the Light Order game, and
the fact that children might have difficulty in recognizing patterns and keeping them
in mind, the researcher added the option of repeating the last game that they could
not complete to the second version of the game. Providing the option to play the

failed level again was also useful in that sometimes children got distracted for a
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moment and could not see the pattern, so the feature enabled them to play the same

level.

In Cycle 2, children played all levels and saw all pattern types because the game did
not pass to the next pattern type until children succeeded in the current one. When
children failed at a level, the game presented the same pattern structure with different

visuals again.

Do as | Say/Do Game;

The suggestion of ECT1_C1, which is giving children a second chance to play the
level that they failed, was applied in the second version of the game. The game
structure was simple in the first version, and children did not have to achieve a goal.
In other words, there was not a level structure, and so no winning or losing. Children
got positive or negative reinforcement according to their attempts. However, there
were three levels, each consisting of ten movements, in the second version of the
digital game. Thus, children had the chance to play according to the same rule three

times.

4.23.2  Setting Goals

According to the researcher’s observations, children needed a goal to be motivated.
The researcher made changes in the structure of three games, Follow Pattern, Do as
| Say/Do, and Object Sorting, and reward mechanism. The Light Order game was
limited in terms of material capability, so the researcher defined the goals during

play sessions of Cycle 1 and Cycle2.

There is a numeric indicator to show children their progress in the first version of
Follow Pattern game. However, the game did not end at some point. In other words,
there was not a level structure or a goal to be achieved. However, the researcher’s
observations have shown that children want to see that they accomplish something

as some children asked (pointing to the numeric indicator), “when does it end?”.
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During the implementations, the researcher needed to set a goal such as “you need
to get ten correct answers to complete the game” to keep children motivated. Using
a numeric indicator motivated some children as they followed the number of their

correct attempts by saying that number.

Figure 4.33 Trophies (Right-Top) given for completed levels in Follow Pattern game
V2

In the second version of Follow Pattern game, there were ten levels and four
trophies, each for completing a level (see Figure 4.33). Children got a trophy at the
end of the third, sixth, eighth, and tenth levels. According to the researcher’s
observations, children liked earning trophies; thus, providing goals helped keep
children motivated. The numeric indicator was kept as it was in the first version.
Do as | Say/Do

The need to provide a goal was observed in Do as | Say/Do game too. The researcher
felt the need to define a goal, such as you need to give ten correct answers to win to
keep children motivated during play sessions with children. The game did not end at
some point, and there was not a goal to be achieved. There was a numerator by which
children kept track of their performances.

In the second version of the game, the researcher defined a goal that was winning

three cups, and each cup was given at the end of a successfully completed level (see
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Figure 4.34). In each level, there were ten randomly ordered stimuli-distractor pair.
Children earned a trophy when they did the right movement according to the rule at
least six times. There was an image that showed earned trophies at the end of the
game. According to the researcher’s observations, children motivated to earn cups

and passionately reacted when they earned one.

Figure 4.34 The trophies given at the end of Do as | Say/Do game

Obiject Sorting

The first version of the Object Sorting game was lack of a goal too. The control was
on the researcher as the researcher defined how long a child played the game. The
numeric indicator was also used in this game, but it did not end at some point.

The second version of the game had a goal: getting six trophies, each given for a
successfully completed level. Each level required matching the falling object twelve
times according to the level rule. The falling object and the distracters were defined
randomly by the game, and more than six correct answers were required to complete
a level successfully. Moreover, a place that shows the number of correct answers
was added to the game. The game showed the earned trophy count with a visual at
the end.
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4233 Structuredness of Levels

Analysis of the data collected from multiple resources, interviews with teachers, and
the researcher’s observations, showed that games should have a structured level
mechanism. The teachers noted that the simple to complex teaching strategy could

be used while structuring the levels.

Light Order Game

Reviewing the first version of Light Order game material, three teachers expressed
that the material should be designed to have a simple to complex structure. One of

the teacher’s statements were as follow:

We take everything from simple. When we feel that children can do
it, we pass to the next level (ECT1_C1).

Her seyi en basitten baslyoruz. Ogrendigini  yaptigini

hissettigimizde bir iist level 'a gegiyoruz (ECT1_C1).
In Cycle 1, the material randomly produced color orders. Produce of random color
orders was asked to the teachers to decide whether the color orders should be
determined beforehand, and one opined that it was not a problem at all.
The first version of the game did not have a structured level mechanism. The material
had a button to set the game level, which refers to the number of items to be held in
mind. There were six Neopixels, so up to six items to keep in the working memory.
Once the game level is set, it does not change until resetting it to define a new level.
Teachers were asked if levels should increase automatically or manually as it already
does to determine to what degree the material should be structured. Three teachers
opined that the control should be on the teacher considering the vast differences in
child characteristics. A teacher pointed out that if material automatically increases
the level, children’s individual characteristics cannot be considered, and their needs
may not be satisfied. The teacher’s statements were as follow:

There may be a disadvantage of this [automatically increasing of
levels]. For example, suppose there was a child whose performance
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is good, and the material dictates completing five one-item levels. In
this case, the child may get bored. On the contrary, children with
low performance may need to complete a few more levels before the
material passes to the next level (ECT2_C1).

Soyle bir dezavantaji olabilir bunun. Diyelim ki seviyesi iyi bir gcocuk
ve bu materyal ona en az bes kere bir yapmasint istiyor. O zaman
onu yaptigr zaman sikilir. Diisiik seviyede olan ¢ocuk igin bu sefer
sey oluyor: Direkt bir yapti iki yapti. Aslinda onun birkag kere daha
bir yapmaya ihtiyact var ikiyi yapmasi i¢cin (ECT2_C1).

Considering the teachers’ opinions, the researcher did not change the manual level
change mechanism. However, evaluating the second prototype of the material,
ECT2_C2 suggested that automatically increase of levels may be provided as an

alternative. Her statements were as follow:

Automatically advance of the level could be an option, for example.
The material can still be under the control of the teacher, s/he can
define the difficulty, but the automatically level increase can be an
additional feature (ECT2_C2).

O da belki bir secenek olabilir mesela kendiliginden artan sekilde
(zorlasan). Yine 6gretmenin kontroliinde olur, ayarlayabilir ama ek
olarak bir tane de mesela (ECT2_C2).

Follow Pattern Game

The first version of the game did not have a level structure, and implementations
with children showed a need for a level structure mainly because the pattern type
was defined randomly by the game, and sometimes the same type of pattern was
presented consecutively, which was boring for children. For example, a child said
that “The same one again” (“Yine aynis1 geldi”’) when she saw the same pattern she
completed at the previous level. Besides, randomly selecting pattern types caused

that some pattern types were played less than others.

The second version of the material was more structured than the first one since while
the first version did not end at some point and continued as long as children played

the game, the second version had structured levels and ended upon completing a
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predefined number of levels. Besides, while there was not an applied strategy for
levels in the first version, a simple-to-complex level mechanism (levels started with
two two-item unit patterns, continued with four relatively usual three-item unit
patterns, and finally four unusual three-item unit patterns) was applied in the second
version. The second version had ten levels with eight different types of patterns, and

the children played all of them one by one.

Regarding how to make the levels structured, four teachers expressed that the game
should be designed to employ the simple to complex teaching strategy. Teachers
expressed three different aspects to consider when applying the simple to complex

teaching strategy, a) item count in the pattern, b) pattern structure, c) transferring.

a) Item count in the pattern: ECT1_C1 noted that the game should be
appropriate for children with low performance as well as children with high
performance, and the children who could not keep the order of six items in the
memory in the first place may get bored. She added that the game should be
structured to follow the simple to complex teaching strategy by starting with few
visuals and gradually increasing the number on the screen.

First, start with two characters, one sits and the other stands. Later,
increase the number of characters to four children and then to six
children. The material should address children with low skills as
well as high skills. That is, a child who could not keep in mind the

order of six items may get bored, but if the child would start with two
items... (ECTI _Cl)

Once iki cocukla yap yani biri otursun biri kalksin. Sonra dért
cocuga c¢ikar, sonra altrya ¢ikar. Bunu verdigin materyal en alt
seviyedeki en iist seviyedeki ¢ocuga hitap edecek boyutta olmall.
Yani ilk seferde alti tanesini aklinda tutamayan bir ¢ocuk sikilip
bunu sey yapabilir ama iki tane ile basladiginda... (ECTI_CI)

b) Pattern structure: One of the teachers draw attention to pattern structure and
suggested starting from simple patterns or movements. She added that children need
to learn standing up and sitting down movements first, so they should be presented
with one movement at a time and then continuing with more complex pattern

structures.
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We try to simplify everything in early childhood education. We show
a movement even if children know that movement, and then we pass
to another one. In this case, children will repeat the standing up
movement first, sitting down secondly, the sit-stand structure at third
and finally stand-sit pattern (ECT5_C1)

Biz okul oncesi egitiminde basite indirgemeye c¢alisiyoruz. Bir
hareketi bile gosteriyoruz bildigi halde sonradan geciyoruz. Iste
kalkma hareketini bir defasinda tekrarlayacak, oturma hareketini
ikinci defasinda, ticte birer birer otur kalk otur, dOrtte tam tersi otur
kalk (ECT5_C1)

As stated before, children attempted to vocalize the pattern as if its structure was
either "sit-stand" or "stand-sit". Children's attempt to vocalize the pattern as its most
uncomplicated form may suggest that the game structure should adopt the simple-to-
complex strategy. Besides, ECT1_C1 statements also support the idea since she
suggested starting with the small number of items on the screen and then increasing

the number gradually.

c) Transferring: In the first version of the game, there were different types of
child images, and the game randomly called them to create patterns. The image types
were real photos, clip arts, and black and white drawings. One of the teachers stated
that patterns that consist of drawings/clip arts should be presented first, real photos
afterward, and mixed patterns lastly.

For example, in the first pattern, there are only drawing images.
At the second pattern, there are only real photos, and then one
drawing and one real photo, simple to complex, and it is like
more distracting (ECT6_C1)

Ilk bastaki sirada sadece ¢izgi otur-kalk otur-kalk. Ikinci sirada
sadece fotograf ¢ocugun otur-kalk otur-kalk. Ondan sonraki
swrada bir ¢izgi resim bir fotograf gibi olan kolaydan zora daha
boyle dikkati dagitabilen bir durum oldugunu diisiiniiyorum

(ECT6_C1)
To apply the simple to complex teaching strategy to the game, the researcher made
two changes. First, in the second version of the material, a training part was added,
and the part was designed as that it starts from simple patterns with fewer characters
on the screen, and the complexity gradually increases. Having seen the training part,

all teachers confirmed the changes. Second, the game part, which consists of ten
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levels, was designed to start from simple pattern structures and continue with more

complex ones. The pattern structure in each level is provided in Table 4.6.

Regarding the character images used in Cycle 2, the researcher used only clip art
images in the second version of the game to create a sense of integrity. Besides, the
game already has a feature called character shuffling, which requires children to use
transferring skills more. The character shuffling feature, when activated, selects
random characters that will appear on the pattern without disrupting the structure of
the pattern, and it increases the challenge of the game. The character shuffling feature
was already provided in the first version of the game, and it was kept as it was in the
second version of the game. ECT1_C2 indicated that she liked the characters used in
the game, and the other two teachers confirmed the appropriateness of the visuals

used.
Do as | Say/Do Game

Although both versions of Do as | Say/Do game could be played according to the
rule that was defined initially, the first version did not have levels. As mentioned in
4.2.3.2 Setting Goal, the second version of the game was designed to have three
levels, each with ten randomly defined stimuli-distractor pair. There was no
difficulty difference among levels because, in all of them, children were expected to
play according to the same rule (e.g., do as | say), and the rule was selected at the
beginning of the game. The researcher made them play according to the other rule

after they completed three levels.
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Figure 4.35 The settings panel of Do as | Say/Do v2 showing the rule selection

The level mechanism in the game can be adjusted using the settings panel shown in
Figure 4.35. The first option, Kural (Rule) in the panel is for defining the rule, and it
has two options, Soyledigimi Yap (Do as I Say) and Yaptigumi Yap (Do as I Do). The
second option, Celdirici Sayis1 (Distractor Number), is for defining the number of
distractors. The difficulty of the game can be defined by adjusting the distractor

number.
Object Sorting Game

During the implementations in Cycle 1, the researcher decided the duration for play
according to each rule and then changed the rule. The researcher’s observations
showed that playing according to a rule and then automatically change it is essential
for the game flow. Also, creating levels that have goals to achieve helps define play

duration according to each rule.

In Cycle 2, a structured level mechanism was used. There were six levels in the
second version of the game, and each of the levels included matching the falling
object twelve times. In each level, there was a different matching rule and a different

distractor dimension (see Figure 4.27). To complete the game, children needed to
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play all levels in a predetermined order. The matching rule and the distractor

dimension in each level were provided in Table 4.1.

4.2.4 Other Design Elements

4241  Appropriate Visuals

Follow Pattern Game

Analysis of video recordings, interviews with teachers, and the researcher’s
observations revealed issues related to the use of appropriate visuals in the Follow

Pattern Game. The issues are listed below:

I.  Use of images that conflict with children’s schemas
ii.  Use of images that obscure the character’s position

iii.  Use of symbols whose function is not clear.
I. Use of images that conflict with children’s schemas

The consistency of images with children’s schemas was an important design factor.
In the first version of the game, character visuals that formed the pattern were
centered in a row, and because the dimension of the visuals differed, standing
characters could seem higher than sitting ones or vice versa. In other words,
sometimes it was not possible to decide if a character sits or stands only looking to
the height. One teacher commented about the issue and stated that the visuals
conflicted with children’s schemas as they have the schema of that height of a
standing person is more than sitting one.
Children have the schema that the person who is standing up is taller

than who is sitting. The visuals should be adjusted accordingly.
(ECT4_C1)

Cocukta oturan insamin kisa ayaktakinin uzun oldugu semasi var.
Gorselleri ona gore ayarlamalyiz (ECT4_C)
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The researcher analyzed the video recordings to find instances that may support the
teacher’s view. Children mostly managed to overcome the challenge that the design
flaw posited. Although all failures cannot be attributed to using inappropriate images,
eight children who played the game could not complete saying positions of
characters or said them wrongly fifteen times compared to a total of 137 trials. In
these fifteen times, it can be said that the combination of factors, which are seeing
unusual pattern type (other than sit-stand or stand-sit), use of images that conflict
with children’s schemas, the images that obscure the characters’ positions, and the

time limit challenge played a role.

The most convincing evidence comes from the case of the child C4. When she saw
a pattern that consists of a stand-sit-sit structure, she vocalized it as sit-stand-stand,
which was the exact opposite of the actual pattern. In the pattern, the standing
character’s height was less than the sitting character, which might have confused the
child (See Figure 4.36). On another level, she could not complete saying characters’

positions in time, and in that pattern, visuals had the same problem (see Figure 4.37)

Figure 4.37 The pattern that the child C4 could not vocalize in time.
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Teachers also commented on the visuals in terms of appropriateness to children’s
developmental level. Two teachers stated that the visuals were entertaining and cute,

and one teacher stated that the visuals are appropriate for children.

The visuals in the game seem to be entertaining, and appropriate for
children (ECT6_C1)

Gorsel acgisindan kullanilan resimler tablet icerisindeki ¢ocuklara
uygun eglenceli goriiniiyor (ECT6_C1)

In the second design, the visuals were modified to make standing images taller than

sitting ones. All teachers approved the change. An example pattern was provided in

Figure 4.38.
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Figure 4.38 An example screenshot from the second version of Follow Pattern game
il.  Use of images that obscure the character’s position:

In the game, some images were not clear and caused confusion. According to the
video recording analyses, children experienced problems in recognizing images that
did not emphasize the characters’ position. For example, in the first version of the
game, an image in which a boy sits on a big chair was used, and the child C9
vocalized it as standing (see Figure 4.39). A teacher noticed the problem and

commented on the issue as follow:

Some visuals are confusing. Children could not perceive whether the
image of the child who was reading a book while sitting on an
armchair was standing or sitting (ECT4_C1)

Bazilart kafa karistirici. Koltukta otururken kitap okuyan insan
gorseli icin oturuyor mu ayakta mi algilayamadilar (ECT4_C1)

152



Child C3 had waited too much to vocalize the character’s position when it came to
the girl character who faces left, and the child C5 vocalized it as stand instead of sit
(see Figure 4.39). Similarly, while the child C3 could not determine the third
character’s position in Figure 4.39 and had waited too much to vocalize it, the child

C6 could not complete vocalizing it on time.

Figure 4.39 Images that caused confusion in the first version of Follow Pattern
game

For the second design, the researcher carefully selected images in which the
character’s position was apparent and did not include any other distractors like doing
something irrelevant to the game’s purpose. Some character visuals were modified,
and some were replaced for the second version of the game. An example screenshot

from the second version of the game is provided in Figure 4.40.

Figure 4.40 Example characters from the second version of Follow Pattern game

In Cycle 2, there only one visual-related situation occurred. Child C2_C3 tried to sit
exactly like the character on the screen. Teachers ECT1 _C2 and ECT2_C2 stated
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that the new characters are appropriate, and ECT1_C2 stated that she liked the
characters used in the game.

iii.  Use of symbols whose function is not clear.

Teachers and the researcher’s observations provided information about the
appropriateness of some other visuals used in the game too. There were three
symbols that children needed to know their functions to play the game in the first
version of the game. These are a red rectangle which shows the place of the next
character whose posture was to be imitated and moves through each item on the
pattern as correct answers are given, an arrow at the top of the red rectangle to
emphasize the red rectangle’s function, and a filling circle to show passing time (See
Figure 4.41)
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Figure 4.41 The visual used to show the character whose movement to be repeated
in the first version of Follow Pattern game

The arrow used at the top took the attention of ECT1_C1, and she noted that the
symbol might be confusing as children may think that the triangle shows that the
next movement is sitting down. Besides, the researcher’s observations showed that
some children did not attempt to do the next movement after completing one. In other
words, children had waited for the researcher’s instruction to perform the next
movement, although the red rectangle, which shows the place of the next character
whose posture was to be imitated, had already moved. Thus, the researcher thought
that the design and symbols might not have served as intended and decided to change

the design.
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In the second prototype of the material, the researcher deleted the reverse triangle
and added a pointing hand icon at the red rectangle's bottom. Hand icon was a more
intuitive option because, in the demonstrations where the researcher introduced the
game, he pointed the visuals by his hand and asked children to say the character's
position (i.e., standing up, sitting down). In the first design, the filling circle
animation was used to show the time given to complete a movement. That is, children
needed to complete a movement before the circle was full. In the second design, the
filling circle was removed, and a filling effect was used for the whole red rectangle
(See Figure 4.42).

The filling effect

The pointing hand <— i Egtiimt Ale
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Figure 4.42 The visual used to show the character whose movement to be repeated
in the first version of Follow Pattern game

Children had no difficulty in understanding the functions of the red rectangle and the
filling effect. Teachers ECT1_C2 and ECT2_C2 confirmed visual changes. Besides,
ECT3_C2 noted that the design of the material is simple, understandable, and
suitable for preschool children’s development stage.

The design of the material is simple, comprehensible and
appropriate to children’s development stage (ECT3_C2)
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Tasarim sade, anlasilir ve seviyelerine uygun (ECT3_C2)

Do as | Say/Do Game

Analysis of video recordings showed that in some cases, children took the
instructions too literally. When children were asked to play the game according to
the second rule, ignoring auditory stimuli and doing the same movements as the
character on the screen does, they were informed that they should ignore what the
character says and do the same movements as the character does. The character
image used in the first version of the game was a squatting girl image in which she
placed both hands behind her head (Prisoner Squat). The character used in the game

is provided in Figure 4.43.

Standing Sitting

Figure 4.43 The character used in the first version of Do as | Say/Do game

In Cycle 1, when she was told the instruction, the child C8 took the instruction too
literally and placed both hands behind her head. The character’s positions did not

represent movements clearly, too.

In the second version of the game, the girl image replaced with a cute monster image

to take the attention of children and prevent them from taking instructions too
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literally by limiting movements of the monster character only to sit down and stand

up. Figure 4.44 shows the alien character used in the second design.

Standing Sitting

Figure 4.44 The alien character used in the second version of Do as | Say/Do game

4.2.4.2  Background Sounds

According to the researcher’s observations and the teachers’ opinions, games having
a background sound kept children motivated. While the first version of some games
had only one background sound, others had none at all. When asked if the Follow
Pattern game should have a background sound, two teachers noted that it is better

with background music. One of the teacher’s statements were as follow:

The game is better with background music (ECT4_C1)

Oyun muzikli olursa daha guzel olur (ECT4_C1)
In the first version of the Do as | Say/Do game, there was no background sound, and
one of the teachers suggested adding a background sound would make the game more
entertaining. Her statements were as follow:

It would be entertaining to add a background sound (ECT1_C1)
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Arkaya béyle bir miizik akabilir. Eglenceli olur (ECT1_C1)

Considering the teachers’ opinions and the observation data, the researcher decided
to diversify background sounds by adding more background sounds to the second
version of all three digital games. The second version of all three digital games
included eleven background sounds that were played randomly and continually, with

the option of activating/deactivating.

4.2.43  Background Story

Background story refers to producing a narrative to attract children’s attention and
make the game easier to understand. ECEA and ECT2_C2 suggested composing a
background story for the Light Order game. The ECEA proposed designing the
material as a UFO and asking questions about the material to take children’s attention
for Cycle 2. In the introduction part of Cycle 2, the researcher began by showing the
material and asking, “What does it look like?”. Some children answered a space
vehicle; some said UFO, and others did not answer. After that, the researcher
continued: “Now, the lights on the UFO will turn on, and the UFO will want us to
remember those colors in order and put the hands [pointing the felt hands]
accordingly on this [showing the color sensor] after the lights turned off.” Having
reviewed the second version of the material, ECT2_C2 gave further ideas regarding
the back story:

For instance, when giving instructions, storytelling such as "an
alien's hand has come", "the correct alien's hand has to reach there"
would make children understand more easily. For example, "there is
an alien who will settle here, but he has to settle in the right order.
Those are the hands of these aliens." (ECT2_C2).

Mesela sey, bunlart ifade ederken yonergeleri verirken uzaylinin eli
geldi. Dogru uzaylmin ele ulasmast lazim gibi hikayelestirme daha
kolaylastiracaktir orada boyle c¢ocugun algilamasim  diye
diisiiniiyorum. Mesela bir uzayli var buraya yerlesecek ama dogru
swrada yerlesmesi gerekiyor. Bunlar o uzaylilarin elleri yetisecek
falan diye (ECT2_C2).

158



4.2.4.4  Considering Individual Differences

According to the researcher’s observations, children showed considerable
differences in interest and competence in the games. While the game paces and
challenge levels were appropriate for some children, the game might have been easy

or hard for others.
Light Order Game

The game structure does not enable us to compare the performances of children
because children did not play the same levels. The Light Order game material does
not have many options to adjust the game for children with different abilities. The
only option provided was increasing the looking duration by the reset button, which
opens the last game again. Besides, children’s interests in the game vary too. In Cycle
2, while half of the children did not mention if they liked the game, the other half
stated that they liked the game.

Follow Pattern Game

Children showed individual differences regarding game performances. For example,
in Cycle 2, although two children did not want to complete the game, C2_C6 liked
the game and produced a new play style. He tried to play the game by not looking at
the screen, although he was not asked to do so. He first looked at the screen,
recognized the pattern, turned his head up while playing the game, and successfully
completed the game. Table 4.9 shows individual differences in terms of their Cycle
2 performances in Follow Pattern game. The performance percentage was calculated
by dividing the number of successfully completed levels by total attempts to
complete levels. While two boys did not want to complete the game, all of the girls
finished the game. The number of participants is too small to provide statistical
analysis. Nevertheless, children’s performances are provided in Table 4.9, and
according to it, when the performance of children who completed the game is taken

into consideration, the average performance of girls becomes similar to that of boys.
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Table 4.9 Cycle 2 performances in Follow Pattern game according to gender

Child Performance
Gender Correctn Totaln % Gender Average %
C2_C2 F 10 15 67
C2_C3 F 10 16 63 65
C2_C5 F 10 17 59
C2_C9 F 10 14 71
c2.C1 M 10 19 53
C2_C4* M 5 8 63 B5**
C2_C6 M 10 13 77
C2_C7* M 4 5 80

Note. *: did not complete the game. **. Average performance of children who

completed the game.
Do as | Say/Do Game

Statements of ECT1_C2 supported the data come from video recordings regarding
individual differences. When asked whether the challenge level of Do as | Say/Do
game was appropriate for children, ECT1_C2 expressed that individual differences
and the heterogeneity of the class should be considered, and the suitability of the
challenge level to children will continuously change from one activity to another.
She further noted that sometimes an activity’s learning objectives were already
achieved by some children in class before the activity. According to her, while these
activities become learning activities for the children who do not know about the

topic, they become practice activities for others.

The appropriateness of the challenge level for children will always
vary according to their individual differences. We, for example, do
a study about colors, and half of the children already know them.
Actually, studying colors is appropriate for the objectives of
preschool, but some children already know it. We consider the
activity as practice for those who already know colors, and those
who do not know them became taught. If a scientific study or
evidence shows that all the children in a class are the same, then we
would interpret it, but we cannot know which student come to our
class. We learn how many children are at what capability in the class
as we experience (ECT1_C2)
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O ogrenci bireysel farkliligina gére o seviyeye uygunlugu her zaman
degisiklik gosterecek. Biz de mesela derste renklerle ilgili bir
calisma yapiyoruz. Swifin yarisi biliyor oluyor. Ashinda bizim
kazanimlarimiza gore bir ¢alisma o. Hani okul oncesi ¢ocugunun
kazamimlarina uygun bir ¢aliyma ama bazi ¢ocuklar biliyor. Biz
diyoruz ki onlar igin bu pekistirme ¢alismasi oldu ama bilmeyen i¢in
de o kazanimi ogretmis olduk. Yani bir siniftan bilimsel bir arastirma
ile bilimsel kanitlar ile biitiin cocuklarin seviyeleri ayni olsa o zaman
bunu yorumlayabiliriz ama bunu bilemeyiz hangi ¢ocuk sinifimiza

geliyor. Kag tane hangi seviyede ¢ocuk var yasadik¢a ogreniyoruz
(ECT1_C2)

Table 4.10 shows Cycle 2 performances of children in Do as | Say/Do game, and
according to the table, children’s performances change from child to child and
according to the game rule. Besides, Table 4.8 showed that the performances of girls
were better than boys. Another notable result is that almost all of the children
demonstrated parallel performances at both rules. In other words, except for C2_C9,
children whose performance was above the average at a rule exhibited above-average

performance at the other one.

Table 4.10 Individual Cycle 2 performances in Do as | Say/Do game

Child Do as | Say Do as | Do
Correct  Wrong % Correct  Wrong %
n n n n
Cc2_C1* 5 10 33 3 5 38
C2_C2 15 0 100 13 2 87
C2_C3* 15 0 100 10 1 91
C2_C4 9 6 60 9 6 60
C2_C5 14 1 93 12 3 80
C2_C6 10 5 67 10 5 67
C2_C7 15 0 100 12 3 80
C2_C8 - - - - - -
C2_C9 15 0 100 9 6 60
Total 98 22 82 78 31 70

Note. *: did not complete the game when the rule was Do as | Do
Obiject Sorting

Analysis of video recordings revealed that in Object Sorting game, children exhibited

different performances (See Table 4.11)
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Table 4.11 Object Sorting Game performance averages according to gender

Child Gender Performance Gender Average
% %

C2 C2 F 82

C2_C3 F 50 69

C2 C5 F 71

C2 C8 F 74

C2 C4 M 76

C2_C6 M 90 77

C2 C7 M 64

When average performance percentages are calculated according to gender, the

performance of boys and girls becomes 77% and 69%, respectively.
Comparing Performances at Three Games

As Table 4.12 shows, children demonstrated different performances in all three
games, and while a child can be successful in a game, his/her performance may not

be good in another game.

Table 4.12 Individual performances of children in three games

Child Follow Pattern Do as | Say/Do  Object Sorting Average
% % % %
C2_C1 53 36 - 45
C2 C2 67 94 82 81
C2_C3 63 96 50 70
C2_C4 63 60 76 66
C2_C5 59 87 71 72
C2_C6 77 67 90 78
C2_C7 80 90 64 78
C2_C8 - - 74 74
C2_C9 71 80 - 76
Total 67 76 72 71

4245 Game Duration

The researcher’s field notes and the teachers’ views showed that the gameplay

duration might vary according to children’s individual differences.
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Light Order Game

Regarding the activity duration, the teachers stated three guiding ideas. First, one
teacher stressed that children should play the game for a limited time because after
playing a while, children start to confuse the color order in the current game with the
previous ones. The researcher observed the same phenomenon, too, mostly when
there was a noticeable color sequence. Second, she added that the gameplay time
could be increased step by step. Third, three teachers pointed out that gameplay time
can change according to children’s characteristics, attention span, focusing span, and

interest.

| think that after a particular time, continuing playing leads to
confusion. It will be better if the game is played for a limited time. In
other words, children play level by level, but after playing a while,
children start to use the order in the previous level at the new level,
which confuses the child. Making repetitions continuously, they
might remember the previous level’s order. [...] For example,
children saw the material for the first time, and this was their first
experience. If the gameplay time was two minutes for the first trial,
we should progress by increasing that time gradually (ECT4_C1).

Yani séyle renk oriintiisiinde mesela belli bir siireden sonrast kafa
karisikligina yol aciyor gibi algiladim. Belirli bir siiresi olsa daha
iyi olur sanki. Yani yavas yavas gidiyoruz, kademeli olarak
gidiyoruz. Ama bir sure sonra bir dnceki hatirladigini da yenisinde
kullanwyorlar. O da biraz kafa karisikligina yol agabiliyor. Hani
stirekli tekrar tekrar yaptiklarinda bir onceki kalabiliyor akillarinda.
[...] Mesela simdi bunu ilk defa gordiiler ve ilk uygulamalariydi.
Bunda iki dakika ise sonra da arttira arttira gitmeliyiz. (ECT4_C1).

You must make them play individually. If every child has a material,
each child can study the material by himself/herself. Those who are
interested may play longer, but game-play duration is related to the
attention level and focusing span (ECT1_C1).

Bunu bireysel yaptirabilirsin zaten. Herkesin kendi materyali olursa
herkes kendisi bireysel calisabilir. Cok ilgilenen uzun siire de
oynayabilir, ama dikkat seviyesine ve odaklanma siiresine bagh

(ECT1_C1).
When she was asked about the duration of similar activities she does in her class,
ECT1 C1 stated that the duration usually is not under 15 minutes. ECT1_C2
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suggested that the material can be used in a station rotation activity for 20 minutes.
ECT6_C1 noted that the duration could change according to the child’s interest and
choice, and the ones who like the activity can play for 15-20 minutes. In Cycle 1, the
average gameplay time was about 13 minutes. While the most prolonged gameplay
duration was 16 minutes, the shortest one was 11 minutes. In Cycle 2, the shortest
play duration was about 13 minutes, the longest was 26 minutes, and the average

gameplay time was 19 minutes.
Follow Pattern Game

Although there were technical problems during Cycle 1, children played the game

for an average of 11 minutes with 8 minutes at least and 20 minutes at most.

Teachers’ views and the implementations with children provided information about
the duration of the game. Three teachers stated that children’s preferences and
interests vary, and the activity duration may vary accordingly, and one teacher
suggested making a package activity. In other words, children accomplish specific
tasks, complete a set of levels, and then complete the game. Besides, she added that

having a finite game also helps classroom management.

You can pack the program. After completing three levels, children
create their own patterns and then try to recall it later. At the last
level, children play freely and complete the activity. After that,
another child can start the activity. The structure of the activity must
be like that. Children who like to interact with technological tools
may play for hours, but it would not be fair for children waiting their
turn (ECT1_C1)

Ama soyle bir paket yapabilirsin, paketleyebilirsin programini. Iste
basladi ii¢ tur yapti ii¢ tane degistirdi yapti. Dordiinciisii iste kendi
ortintiistinti olusturdu sonra kendi oriintiistiinii hatirladi en son
asamaya da serbest ¢calismasini yapti al sana paket bitti. Sonra sana
giile giile diger arkadagsin gelsin. Bu mutlaka olmali. Cok teknolojik
cocuklar belki saatlerce oynayabilir bu sefer bekleyen ¢ocuga

haksizlik (ECTI_Cl)
The game was revised according to teachers’ views and considering gameplay
durations. The second version of the game consists of two parts, a training part in

which children practices sitting and standing movements and pattern concept, and a
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game part in which children try to complete ten levels consisting of eight different
pattern types. Six children finished the game, and the average game completion time

was 17 minutes, with 13 minutes at least and 22 minutes at most.
Do as | Say/Do Game

Because of technical problems and the fact that the first version of the game was
quite a draft, the average gameplay time was about five minutes. The researcher
applied the teachers’ suggestion of preparing games as packages for Do as | Say/Do
Game. The second version of the game ended when three levels for a rule were
completed. Completing the game lasted about seven minutes, three levels belong to

each rule were completed in three to four minutes.
Object Sorting

The structure of the game was entirely changed in Cycle 2. Because of that, only
Cycle 2 duration was provided. The second version of the game ended when six
levels were played. Gameplay time was affected little by how children play the game
because the levels were structured, and how many correct or wrong answers children
gave had only a few seconds long effects on the total gameplay time. The second

version of the game took about nine minutes to complete.

4246 Instructions

The researcher introduced games and wearable tools at the beginning of each session
and demonstrated the use of materials to interact with the related game. Analysis of
video data has shown that inadequate or ambiguous instructions and demonstrations
naturally caused children to get confused or not to understand how to play the game.
Children needed explanations and demonstrations before the actual gameplay and
instructions during gameplay. The researcher explained the games and made the
necessary demonstrations before the gameplay in Cycle 1. He also provided
instructions required for the situations that were occurred unexpectedly during the

gameplay. After Cycle 1, the researcher identified vague instructions and the new
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required ones to use them in the games. Having compiled the necessary instructions

and made corrections, the researcher revised them with ECE teachers and a Turkish

language SME. An experienced ECE teacher vocalized all of the instructions used

in the second versions of digital games. The issues related to each game were

provided separately, and the whole instructions were provided in appendices A, B,

and C.

Light Order Game

The researcher identified common problems related to unclear or insufficient

instructions in Cycle 1 as follow:

When the researcher asked children to say the name of colors in the row,
children did not consider the order or only focused on different colors. For
example, in a row consisted of three colors, namely blue, blue and green,
children said blue and green when they were asked to say colors in the row
(C5) or said randomly (C6). In the same way, some children tried to put
square felts on the color sensor randomly. They treated it like a game in
which one only needs to remember which colors were present.

Using the verb “show” to ask them to put square felts on the color sensor
seemed to confuse children as some children showed square felts to the
researcher or did not do what they were said.

The researcher did not explain that the color sensor detects color when the
LED on it flashes, which caused some children to remove felt squares too

quickly.

The researcher made changes in the instructions to be given in Cycle 2 as follow:

The researcher stressed quickly articulating each color in order without
skipping any, keeping the color order in mind, waiting for lights in the row
to turn off, and putting felt hands on the color sensor in order.

The researcher used the verb put instead of the show when he wanted children

to place felt hands on the color sensor.
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e The researcher did not explain that the color sensor detects color when the
LED on it flashes; instead, he emphasized feedback sounds. The instruction
was that when we put the correct color here [a correct color is put], it plays
this sound, and if the color we chose is not the correct one [a wrong color is
put], it plays this sound. Each time when we put color on here [pointing to
the color sensor], we must wait until hearing a sound.

Besides, new instructions explaining the new features were given too:

e Visual feedback given after level completion: When we complete, we will see
all lights turning on one by one.

e The function of the level-resetting button: To see colors again, we long-press
the yellow button.

Because the level resetting option was added to the second prototype, new behaviors
were observed in Cycle 2, and the new instruction was given accordingly:

e After resetting a level, C1_12, C4 12, C7_12, C9_I2 tried to continue where
they left at the previous level. The researcher informed children that after

resetting a level, you must start putting from the beginning.

Follow Pattern Game

The mistakes children made pointed to the required instructions in the Follow
Pattern game. First, almost all children started to act while the characters were still
on the screen in Cycle 1. There was not a sign letting children know when to start in

the first version of the game. The modified instructions are as follow:
Instructions:
In the training part, before the characters on the screen disappeared:
After the children disappear, you do the same movements, respectively
Cocuklar kaybolduktan sonra sen de sirasiyla ayni hareketleri yap.
In the training part, after the characters on the screen disappeared:

Do you remember the movements? Now it is your turn; let us start!

167



Hareketleri hatirlyyor musun? Simdi sira sende, haydi basla!

When it is time for children to start doing movements in the game part, one of the

instructions given below is presented randomly:
Now it is your turn; let us start!
Simdi sira sende, haydi basla!
Let us start!
Haydi basla!

Second, after completing a movement correctly, children did not start doing the next
movement. There might be two reasons for the behavior. Firstly, they might not have
understood that when they complete a movement correctly, a child appears. The

instruction provided below added to the training part of the game.
Instruction:
When you complete a movement correctly, you will see the child.
Hareketi dogru yaptiginda ¢cocugu géreceksin.

Secondly, they might not have understood that they need to move on to the next
movement right after completing a movement in the pattern. In the first version of
the game, there was a red frame showing the next character’s position, and inside
that frame, there was an empty circle depicting passing time by starting to get filled.
Children might not have understood the function of the circle and the red frame. The
researcher decided to apply a different design by removing the circle and using the
filling effect for the whole frame. In order to explain the function of the frame in the

new design, new instructions were prepared.
Instruction:
Remember, you must complete the movement before the red frame is full.

Unutma, kirmizi cerceve dolmadan hareketi tamamlamalisin.
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Besides, the researcher’s notes showed that another instruction stating that children
should articulate all movements in the pattern and try to keep the order in mind was

needed. The determined instruction is as follow:
Instruction:

Now, articulate the movements of children, and keep the order of movements

in mind.

Simdi, ¢ocuklarin yaptiklar: hareketleri soyle ve hareketlerin sirasini aklinda

tut

In Cycle 2, the digital game was revised to provide all of the new instructions, and
several situations occurred about them. First, children followed multiple instructions
partially. When the instruction asked children to sit down or stand up, children did
the movements right after with no problem. However, when the instruction asked
children to repeat the pattern verbally and then do the same movements, they ignored
repeating the pattern verbally. Having seen that children did not attempt to vocalize
the pattern, in some cases, the researcher showed how to vocalize the pattern and
later asked them to repeat it, and in other cases, the researcher only asked them to
repeat the pattern verbally. Five of the eight children kept ignoring repeating patterns

verbally most of the time after the training session.

Second, some instructions were too long for children, and they started to do the
movements on the screen while the instructions were continuing. For example, in a
part of the training section, the outer voice vocalizes the pattern and asks children to
repeat the pattern verbally and keep it in mind. Here, all children did not wait for
instructions to finish and started doing movements upon hearing the pattern’s

verbalization.
The instructions that confused children:
Kalk otur, kalk otur. Haydi, simdi sen de oriintiiyii soyle ve aynisini yap.

Stand, sit, stand, sit. Now, articulate the pattern and do the same movements.
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In another case, child C2_C6 started doing movements thinking that the instructions
finished, although they did not. In the same part child, C2_C5 started articulating the
movements, and child C2_C7 said that the game was boring while the instructions
were continuing. The instruction part that children caused confusion was provided

below:

Simdi, ¢ocuklarin yaptiklar: hareketleri soyle ve hareketlerin sirasint aklinda
tut. Cocuklar kaybolduktan sonra sen de sirayla ayni hareketleri yap.
Hareketi dogru yaptiginda cocugu goreceksin. Unutma kirmizi gergeve

dolmadan hareketi tamamlamalisin.

Now, articulate the movements of children, and keep the order of movements
in mind. After the children disappeared, you do the same movements,
respectively. When you complete a movement correctly, you will see the child.

Remember, you must complete the movement before the red frame is full.

Besides, repetition of the same instructions made them too long, and children got
bored while listening to them. For example, when child C2_C1 made a mistake, he
was presented with the same part of the training part, thus with the same instructions
again. While listening to the instructions a second time, he hit, played with the table,

and murmured.
Do as | Say/Do

This game was inspired by the Turkish Deve-Ciice game, which is similar to Do as
| Say/Do game. When an adult says the word Deve (Camel), children are expected
to stand up, and when s/he says Ciice (Dwarf), children are required to sit down. The
researcher combined two games to create a new one that requires children to use
inhibition skills by repressing the visual stimuli and playing according to the auditory
stimuli or vice versa. The game was named Do as | Say/Do game for the sake of
simplicity. In an ordinary session of Do as | Say/Do game, there were three stages,
and in each stage at Cycle 1, the researcher delivered instructions, while an outer

voice in the game delivered the instructions at Cycle 2.
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1. Informing children about the game
Instructions in Cycle 1:

Now we will play the Deve-Ciice game. When it says Deve, you should stand

up, and when it says Ciice, you need to sit down.

Simdi seninle Deve-Ciice oynunu oynayacagiz. Deve dediginde kalkman,

Ciice dediginde oturman gerekiyor.
Instructions in Cycle 2:

Hi! Now, we will play the Deve-Ciice game together with you. When | say
Deve, you should stand up, and when I say Cuice, you should sit down. Let us

begin!

Merhaba! Simdi seninle deve ciice oyununu oynayacagiz. Deve deyince

kalkman, clice deyince oturman gerekiyor. Haydi Baslayalim.
2. Stating the rules
Instructions in Cycle 1:

[The researcher points the character on the screen], sometimes we will do
what she says, sometimes what she does. She may sometimes mislead us; we

need to be careful.

[Arastirmaci ekrandaki karakteri igsaret eder], bazen onun soyledigini bazen

de yaptiginit yapacagiz. Bizi bazen sasirtabilir; dikkat etmemiz gerekiyor.
Instruction for Rule 1:

Now, we will do what she says.

Simdi, soyledigini yapacagiz.
Instruction for Rule 2:

Now, we will do what she does, not she says.
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Simdi, yaptigini yapacagiz, soyledigini degil.
Instructions in Cycle 2:
Instruction for Rule 1:

How about having a little fun! Now, you should only do what I say. | can do

the opposite of the movement that | say and can mislead you. Be careful!

Biraz eglenmeye ne dersin? Simdi sadece soyledigimi yapmalisin. Soyledigim

hareketin tersini yapabilir ve seni saswrtabilirim, dikkat et.
Instruction for Rule 2:

How about having a little fun! Now, you should only do what I do. | can say

the opposite of the movement that | do and can mislead you. Be careful!

Biraz eglenmeye ne dersin? Simdi sadece yaptigimi yapmalisin. Yaptigim

hareketin tersini soyleyebilir ve seni sasirtabilirim, dikkat et.
3. Stating when to start

The first version of the game lacked instructions that notify students when to start
the game. As in cases of C8 and C9, they did not start playing when the game
began and waited for the researcher’s instructions. The researcher added
necessary instructions to the second version of the game to inform children when

the game begins.

Instruction in Cycle 2:
Hadi baglayalim!
Let us begin!

All instructions used in Cycle 2 were given in the storyboard of the second version

of the material (see Appendix A).
Object Sorting Game

The three stages stated above were applied in Object Sorting game too:
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1. Informing children about the game
Instructions in Cycle 1:

[Showing the circles on the material] Do you see these circles? After the
game begins, we will cover only one of these circles. We do not cover both of

them at the same time.

[Materyal Uzerindeki daireleri gostererek] Daireleri goriyor musun? Oyun
basladiktan sonra dairelerden yalnizca birinin iistiinii kapatacagiz. Ikisini

ayni anda kapatmiyoruz.
Each time the matching rule was changed, the researcher told the child the new rule:
Instruction for Rule 1:
Now, match the objects according to their shapes.
Simdi, nesneleri sekillerine gore eglestir.
Instruction for Rule 2:
Now, match the objects according to their colors.
Simdli, nesneleri renklerine gére eslestir.
When a distracter object appeared:
You need to do nothing when there is no match
Eslesen yoksa hi¢chbir sey yapma

Because the game structure was changed substantially in the second version, the

instructions were changed accordingly.
Instructions in Cycle 2:

Hi! Now, we will play a matching game together with you. Let us first learn
the rules. In each game, a shape will appear between clouds. Look at the

color, shape, and number of the shapes. Later, match the object with the
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appropriate one below. To match the shape with the object at the left, you
should cover the left circle on the belt. To match with the object at the right,

you should cover the right circle on the belt. Let us try together!

Merhaba. Simdi seninle bir eslestirme oyunu oynayacagiz. Once oyunun
kurallarin 6grenelim. Her oyunda bulutlarin arasinda bir sekil ¢ikacak. Bu
seklin rengine, bi¢cimine ve sayisina bak. Daha sonra asagidakilerden uygun
olanla eslestir. Sekli soldaki ile eslestirmek icin kemerin solundaki daireyi
kapatmalisin. Sagdaki ile eslestirmek icin kemerin sagindaki daireyi

kapatmalisin. Hadi simdi birlikte deneyelim!
Instructions listed below were given by material at the training part.
Instructions for Rule 1:

Find the shape that is the same as the one above, cover the circle on the same

side.

Yukaridaki sekil ile ayni olant bul, kemerin tizerinde ayni taraftaki daireyi

kapat.

Instructions for Rule 2:
Find the one that is the same color as the shape above
Yukaridaki sekil ile ayni renkte olant bul.

Instructions for Rule 3:
Find the one that is the same as the shape above.
Yukaridaki sekil ile ayni olani bul.

Instructions for Rule 4:
Find the one that has the same count as the shape above.
Yukaridaki sekil ile ayni sayida olani bul.

Instructions for Rule 5:
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Find the one that is the same color as the shape above.
Yukaridaki sekil ile ayni renkte olani bul.

Instructions for Rule 6:
Find the one that has the same count as the shape above.
Yukaridaki sekil ile ayni sayida olani bul.

All the instructions for the second version of the game were provided in Appendix
C. Another noticeable behavior related to instructions was that children tried to do
what the instruction says immediately in Cycle 2. For example, a part of the
instruction in the training part was that “To match the shape with the shape at the
left, you must cover the circle at left of the belt.” As soon as they heard the
instruction, children covered the sensor at the left, although the instruction was

continuing and waiting for the instruction to finish was necessary to try what it said.

4247 The Need for a Training Part in Digital Games

The researcher made all the explanations and demonstrations for all games in the
first Cycle. The researcher’s observations showed that if the digital games had a
training part in which children learn how to play the game, it would be easier for
them to play the games, and teachers’ workload will be more manageable. Besides,
children can play the game on their own. Interviews with teachers and
implementations with children pointed out the need for a training part and provided
information about how the training part should be designed. A typical game session

in Cycle 1 followed the steps below:

¢ Introducing the game

e Stating the game rules and explaining how to play

e Helping children play a few times before leaving them to play on their own.
Thus, in the second version of all digital games, training parts of all games were

designed to have an introduction part where the game was introduced and a part of
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learning and practicing the game rules. In the latter part, there were no time
constraints so that children could complete tasks on their own. Introducing the e-
textile materials was made by the researcher in both Cycle 1 and Cycle 2. Thus,
demonstrations must be made by an adult. The person who will guide the child needs
to explain the function of the wearable or non-wearable e-textile material, the
necessity of wearing it, help children to wear the material, turn the material on, and

ask if the child is comfortable with the material.
Follow Pattern Game

The teachers’ views and the implementations with children pointed to the need for a
training part as well as provided insight into the design of the training part. ECT6_C1
stated that children would adapt to the game better after doing an exercise. Teachers,
ECT2_C1 and ECT1_C1, stated that the material supports working memory, but if
the purpose is to support both working memory and practice pattern concept, the
material should include parts related to pattern teaching, and to enhance the material,
a part in which children try to complete an incomplete pattern should be added. Her
statements were provided below:

If our purpose is to support working memory, yes, the material

addresses working memory, however, if we are to address pattern

teaching as well there should be parts that address pattern concept
but not support working memory necessarily (ECT2_C1)

Oncelikli amacimiz ¢calisan belleklerini desteklemekse evet buna
hitap ediyor ama ériintiiye de ayni derecede hitap ettirmek istiyorsak
bence biraz da mesela bu kisimda zaten calisan belleklerini
destekliyorsa eger bir de oriintii de biz igine katiyorsak bir keresinde
de desteklemeyiversin ne olacak hani? Sonra zaten destekliyor
(ECT2_C1)

As stated before, implementations with children supported the need for a training
part. Children experienced difficulty in recognizing patterns. When there was a
pattern that consisted of other than “sit-stand” or “stand-sit” structure, five children
(C2, C3, C5, C8, C9) vocalized the pattern as if it had one of either structure.
Similarly, one child (C10) tried to play as if the pattern had a “sit-stand” structure,

although it was not, suggesting that they had difficulty recognizing some patterns.

176



To sum up, one teacher pointed out the need for exercise before playing the game,
and implementations with children showed that they might need to recall the pattern
concept. Thus, the researcher decided to split the game into two parts: The training
part that would be simpler and include teaching pattern practices to help children
recall pattern concept, and the game part that would be more challenging and requires
the information in the training part to play the game. Regarding pattern teaching
practices in the training part, two teachers’ statements were taken into account.
ECT1_C1 and ECT2_C1 expressed that if the material is going to be used to teach
pattern concept, pattern teaching steps, which are copy or extend a pattern, transfer
a pattern, practice pattern unit recognition, and engage in high-level pattern
practice, should be applied. For the first step, an exercise for the copying a pattern
phase, in which children try to do movements on the screen in the same order while

the visuals are still on the screen, was added to the training part (see Figure 4.45)
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Figure 4.45 A screenshot from the training part of Follow Pattern game v2 showing

the copying phase.

Creating a pattern by body movements already addresses the transferring skills.
Besides, there were two randomly-defined child images (i.e., there were six child

images for each type of posture) on the screen in an ordinary game to create a pattern,
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one was sitting, and the other was standing. Various images on the screen required
children to transfer knowledge regarding sitting and standing positions to different
images. When the random mode was active (See Figure 4.40), more than two visuals
formed the pattern, which increased the use of transferring skills even more (See
section 4.2.1.4.2). For the third step, two practices in which children try to complete
incomplete patterns were added to the training part. In the first practice, the game
produced a four-item pattern with a missing character, and in the second practice,
there were two missing items in the six-item pattern. An example from the latter

practice was provided in Figure 4.46.
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Figure 4.46 Completing six-item pattern whose two items are missing

The actual play part of the game already addresses the fourth step. Besides,
ECT1 C1 suggested that adding a level in which children would create their own
patterns or the new level would simply serve as a reinforcement for completing the
game. The researcher did not make this change because of the time constraints the
researcher faced during the implementation phase.

In the following part of the training part, there two more levels, two-item, and four-

item, for practicing time challenge because, in the game part, children needed to
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complete a movement in a defined time. A sample screen showing two-item practice

with a time limit was provided in Figure 4.47.

Figure 4.47 Practicing the time limit with two items in the training part of Follow

Pattern game v2

In Cycle 2, ECT1_C2 and ECT2_C2 reviewed the material and confirmed the
changes. ECT2_C2 suggested that the training part can include one more level in
which a pattern that has one misplaced item is presented, and children try to correct

that item, which she does in her class.
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For instance, a pattern that has one misplaced item might be
presented, and children would try to correct the wrong item. This is
a step, and we make it while practicing pattern concept (ECT2_C2)

Mesela yanlis koyulabilir geldiginde o diizeltilebilir. Onu da biz
yapiyoruz oriintiiyii uygularken o da bir asama. Yanhsi diizeltme
(ECT2_C2).

According to the researcher’s field notes, the training part was too lengthy for
children, and the same type of activities, such as introducing movement types and
simple patterns, could be combined to make the training part shorter. At this point,
ECT1 _C2 suggested that the game part should be able to be started separately. In
other words, in the beginning, there should be two options such as, let us meet the
pattern concept and let us reinforce the pattern concept, she added.

You could separate it into two levels. The name of Level 1 could be

let us meet the pattern concept, and the name of Level 2 could be

let us reinforce the pattern concept. There could be something such
as direct play (ECT1_C2)

Hani bunu mesela iki levellik yaparsin. Level 1 in ismi oriintii ile

tamsalim ve oynayalim olur level 2 in ismi oriintiiyii pekistirelim

olur. Direkt oyna gibi bir sey olur (ECT1_C2)
The analysis of video data and the teacher interviews also revealed that the pace of
the training part is slower than it should be.

The pace is too slow, certainly. Later, it came close to the normal,

but in the first place the progress was too slow (ECT1_C2)

Hizi ¢ok diisiiktii hiz kesinlikle sonra sonra toparladi ama en basta
aswr1 agwr gidiyor (ECT1_C2)

Do as | Say/Do Game

Evaluating the first version of the game, ECT1_C1 stated that either a training part
for children or instructions for teachers who will use the material in their classrooms
is necessary. According to her, the instructions stating the game rules, which are
standing up when hearing the word deve, and sitting down when hearing the word
cuice, can be provided before the game starts, and a few times these rehearsals can be

done before the actual game starts. Another issue she stated was that if a child has
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never played the deve-ciice game, s/he will need the help of the teacher, and in that
case, teachers can be provided with a manual that has information about how to play

the game.

Instructions should be provided in an introduction part before the
game starts. The child gets the instruction “when you hear deve; you
should stand up”, the child stands up, “when you hear ciice” you
should sit down. After doing this a few times, the game starts.
Children can play in order, but what would be for the child who has
never played the game? Another option is that teacher who wants to
use the material in her class can be provided with instructions that
ask teachers to show an example regarding how to play the game
(ECT1_C1)

Yonergeler yani oyunun tamtim kisminda gsey béyle oyun
baslamadan énce deve dedigimizde ayaktayiz o ¢cocuk ayakta. Ciice
dedigimizde otur. Bir iki kere bunu yaptirdiktan sonra oyun basliyor.
Swrayla oynayabilirler ama hakikaten hi¢ oynamayan bir ¢ocuk igin
bu ne olabilir? Ya da bunu alacak ogretmen ne on bilgi mesela bu
seti aldr diyelim bilgilendirme kisminda da iste smifinizda
yonergelerin ne oldugu ile ilgili bir ornek gosterin. (ECT1_C1)

In the second version of the game, an introduction was added to the training part. In
the training part, game rules were narrated by an outer voice, and children were
provided with the opportunity of applying the instructions. The researcher did not
actively help children, and in the training part, time constraints were not used to
allow children to listen carefully and apply instructions.
The training part of the game consists of two steps. In the first step, the outer voice
says:
Cice (Dwarf)
After that, the character on the screen sits down, and the outer voice adds:

Now, you must sit down (Simdi oturmalisin)
In the second step, the outer voice says:
Deve (Camel)
After that, the character on the screen stands up, and the outer voice adds:

You should stand up (Simdi kalkmalisin)
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In Cycle 2, according to the researcher’s observations, children completed the
training part with no problem. The teachers did not report an issue about the training

part, either.
Object Sorting Game

The structure of the game was redesigned in the second version. Considering the
results of the other two games, the researcher designed and added a training part. The
training part consists of explanations of game rules and how to use the interactive
belt according to them. In the training part, shapes on the screen and how to match
the right ones according to available characteristics were explained first. The
instructions mention the interactive belt and the circles on it. In this phase, the

researcher made the explanation below:

Do you see these circles? After the game begins, you are required to cover
only one of these circles. Do not cover both of them at the same time. After

answering, you must uncover the circles.

After that, the researcher held the hands of children and showed them how to cover
the circles. The demonstration was critical in that children had the chance to
comprehend how much pressure they should apply, how to cover circles completely,
and how to position their arms and hands. The researcher first covered a circle with
the child and said that now, cover this, uncovered the same circle, and covered the

other one while saying that now, cover this one.

The training part allowed children to practice matching according to all six rules, one
by one. Besides, in the game’s training part, where the first matchings are made, time
constraints were not used. Thus, it was aimed that the time required to help children

to do the first trials would be provided.
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4.3  Gameplay Characteristics

431 Helpful Strategies

4.3.1.1  Verbalizing Visual Information

In two games, Light Order and Follow Pattern, children were required to keep the
information in their minds for a while and then use it later to complete the task.
Analysis of video data and the teacher interviews showed that when children repeat

the information to be held in mind aloud, they became more successful.
Light Order Game

Saying color names in the row aloud or hearing that the researcher verbalized the
color sequence helped children focus and keep the color order in their minds. Two
of the six teachers observed the phenomenon, and one expressed that when children
receive the information both visually and auditory together, they can hold the
information in their minds a little bit longer. She added that both types of information
complete each other. Her opinions were as follow:

Yes, it is true that when children get visual and auditory stimuli

together, the color order can be kept in their minds much more

[correctly]. They perceive what they see in the first place, but when

they hear it too, it can be more permanent. Visual and auditory
stimuli are supporting each other (ECT4_C1).

Evet dogru yani hem gorsel hem duyugsal olunca birazcik daha
akillarinda fazla kalabilivor. Ilk gérdiiklerini algiliyorlar ama
duyduklari da beyinlerinde daha kalici olabiliyor. Destekliyor yani
birbirini tamamhiyor (ECT4_C1).

After observing one of her students, another teacher stated that the child understood
that he could keep the information in his mind longer by articulating color names

aloud. The teacher’s views were as follow:
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He understood that when he said the colors in the row aloud,
recalling was easier, and he became more successful at third, fourth,
and other trials (ECT5_C1).

Yiiksek sesle sdyleyince daha kalici oldugunu anladi 3. ve 4. de ve
digerlerinde daha basarili oldu (ECT5_C1).

When asked if children should be asked to verbalize colors, ECT3_C2 stated that it
would be more lasting if they verbalized the color sequence.

Play sessions with children provided both supporting and non-supporting data
regarding the positive effect of verbalization. It is possible to find supporting cases
and non-supporting cases. For example, after trying several times and not being
successful, C2_C9 heard the verbalization of the color sequence, and then she
completed the game. However, in another case, C2_C3 could not complete the game
even though she had verbalized the sequence. According to Table 4.13, in Cycle 1,
children completed almost half of the verbalized color sequences while they mostly
failed to finish not verbalized sequences. In Cycle 2, children did better when they
verbalized the color sequence and did slightly worse when they did not verbalize.
However, it should be noted that these results should be carefully considered because
there are several issues to consider. First, the number of trials is not enough,
especially for not verbalized levels. Second, we cannot be sure that children did not
completely verbalize because children might have used inner voice to verbalize the
sequences. Third, in Cycle 2, some children used the reset button to look at the items
again; thus, the looking duration was not the same in all cases. Fourth, children’s
gameplay times were not the same, and some might have become mentally exhausted
after a while, which might have affected their performances.

Table 4.13 Light Order game performances at four-item levels according to
verbalization of the color sequence.

Verbalized Not Verbalized
Completed Failed Completed Failed
n % n % n % n %
Cycle 1 34 52 31 48 5 33 10 67
Cycle 2 44 64 25 36 6 43 8 57

Note. N=10 for Cycle 1 and N=8 for Cycle 2
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Follow Pattern Game

During the play sessions, children were asked to vocalize movements that constituted
the patterns. Vocalizing the movements, sometimes, was done by the researcher to
achieve multiple outcomes: Helping children to recognize the pattern, making them
realize that vocalizing the pattern by grouping helps them to recall it more easily,
and use appropriate words to vocalize the pattern. Analysis of video data showed that
when children vocalize the pattern or hear that the researcher vocalized it, their
performance was higher than there was no vocalization. According to Table 4.14 in
Cycle 1, while children completed 55% of vocalized patterns successfully, they
completed 12.5% of non-vocalized patterns with success. Besides, in Cycle 2, while
children successfully completed 70% of levels in which there was a vocalization,

they finished successfully 59% of levels in which there was no vocalization.

Table 4.14 Follow Pattern game performances regarding pattern verbalization

Verbalized Not Verbalized
Completed Failed Completed Failed
n % n % n % n %
Cycle 1 64 55 52 45 2 12.5 14 87.5
Cycle 2 46 70 20 30 23 59 16 41

Note. N=8 for both cycles

After playing a while, most children got used to vocalizing patterns and started to
vocalize patterns by themselves. While all of the children in Cycle 1 started to
vocalize patterns by themselves, in Cycle 2, six of the eight children (C2_C2, C2_C4,
C2_C5, C2_C6, C2_C7, C2_C9) got used to vocalize patterns by themselves.
Vocalizing the movements helped them to recognize that the movements created a
pattern. For example, the child C2_C7 could not understand what the two missing
items in the pattern were. Completing the fifth item incidentally, the child gave the
wrong answer when the researcher asked what the last item was. After that, the
researcher asked the child to vocalize the whole pattern, and the child did it. The
researcher asked the last item again, and this time the child gave the correct answer

and completed the level successfully.
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While vocalizing a pattern, the researcher grouped pattern units to make children
realize that the characters on the screen create a pattern. In other words, the

researcher gave breaks after pattern units.

Another issue regarding vocalizing pattern is that children used words that are long
or hard to remember. For example, the child C6 tried to vocalize patterns by using
the words sat (oturmus) and stood (kalkmuig), and the child C2_C3 used the word
“foot” for standing and used different words for a single pattern item. The
researcher’s vocalizing of patterns aimed to show children how to use more

appropriate words to vocalize patterns.

4.3.1.2  Providing Clues

Light Order game was not played with a tablet PC; thus, the researcher was active in
keeping children’s motivation high and encouraging them to try recalling and
repeating the vocalized color order. The researcher encouraged children to recall and
repeat vocalized order in both Cycles, in almost all cases when children got stuck.
Providing clues sometimes helped children recall the color order, and two types of

clues were provided for children.

First, in some cases, the researcher verbally repeated the colors that the children had
already completed, which sometimes helped them to remember the color sequence.
In other words, suppose that the Neopixel row consists of four colors red, red, yellow,
blue, and when the child could not remember the rest of the row after showing the
first two items, the researcher said, “What was the color order? Red, red...” and had
waited for the child to complete. In the cases of C4, C6, C2_C1, C2_C4, C2_C6, and
C2_C9 (two times), the method was applied, and it worked.

Second, when children could not remember the last item or the last two items in the
sequence, the researcher informed them by asking questions like what was the last
item? The method applied and worked in the cases of C4, C6, C7 (two times), C10,
and C2_Ce6.
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4.3.1.3  Using the Opposite Rule

This strategy was used in the Object Sorting game by children. In Cycle 2, during
implementations, the researcher asked children which dimension according to which
they match objects. Children could not express the matching rule almost all the time
except the matching dimension was the color. Six of the seven children who played
the game could express the matching dimension when it was the color. Asking the
matching rule to children revealed that they used a strategy to match the objects:
Using the opposite of the first rule. In other words, if the first rule was to match
according to color, they matched objects of non-matching colors in the second game
as the second game required them to ignore the matching dimension of the previous
game and match according to the distractor dimension. When C2_C2 was playing
Game 4, in which the matching dimension was count, and the distracter dimension
was the shape, the researcher asked her the matching dimension, and she responded
as “the different one”, suggesting that she was matching different shapes without
recognizing that they were of the same count. Besides, in Game 6, she responded in
the same way and said that “according to the difference”, which suggests that she
was matching objects that were not of the same color. When the matching rule was
changed, an instruction to inform children was played: “Now you must match objects
according to a different feature”. When asked how he was matching objects, C2_C6
said that “because she said different” while he was playing Game 4 by using the
same strategy that C2_C2 used. In Game 6, the researcher asked C2_C6 what feature
of the objects that he matched was the same, and he replied as “none”. He added

later, “she said so”.

4.3.2 Inappropriate Strategies

Analysis of video data has shown a notable result that children developed strategies
that were not in line with the purpose of the Light Order game during the

implementations. In general, these strategies depended on exploiting design flaws of
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the game, and the first version of the game was vulnerable. There were three
strategies used by children during play sessions of the first version of the Light Order
game. First, as C5 and C6 did, children started collecting and putting square felts in
an order according to the row as soon as Neopixels turned on. Thus, they did not
have to keep the order in their minds and quickly completed the game. Collecting
felt squares sometimes made children miss looking at the row in time. Also, children
made mistakes on some levels where a color appeared more than once because there
was only one felt square for each color. One teacher’s statements about the issue
were as follow:

When the same color appeared in the order twice, children had

difficulty. They used the tactic of collecting felt squares. However,

they confused when, for example, the red color appeared twice, and
they put yellow felt on the color sensor (ECT4_C1).

Cocuklar ellerine alryorlar biriktirdikleri zaman hani ¢ift oldugunda
stkintt yasiyorlar. Onu bir taktik olarak belirlediler kendilerine.
Eline aliyor o rengi biriktiriyor ama kirmizinin arkasindan bir kere
daha kirmizi gelecegini o ara sasirip arkasindan sariyr koyabiliyor

(ECT4_C1).

In Cycle 1, some children collected square felt objects first, but they were informed
not to collect them. In Cycle 2, children C2_C3 and C2_CS5 tried to collect square
felt objects, and they were told not to do so.

Second, they kept only different colors in mind, not considered the order and counts,
and showed items until not getting sound feedback or getting sound feedback. For
example, suppose that the row emitted five colors, namely red-red-yellow-yellow-
yellow. When children see such a pattern, they only keep red and yellow in mind,
put red felt square on the color sensor, and wait until not getting positive feedback.
Next, they put yellow squares and waited until getting the level completion sound.
The children C1 and C5 used the strategy. The second version of the game was
designed to provide negative feedback sound; thus, the children in Cycle 2 were not

able to use the strategy.
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Third, children completed a level by trial-and-error, which was done by almost all
participants in both cycles. Children used this strategy, especially when they got
mentally tired, according to the researcher’s observations.
The child cut corners, and in level 5, he tried one by one each color
(ECT6_C1).

Cocugumuz tabi biraz daha kolaya kacgti. Biraz boyle 5. Sirada her
rengi tek tek denedi (ECT6_C1).

4.4 Perceived Usefulness of the Developed Materials and Games

During the interviews, teachers stated their perceptions toward the usefulness of the
materials and their instructional quality. Six teachers in Cycle 1 evaluated the Light
Order and the Follow Pattern games, and two teachers evaluated the Object Sorting
and Do as | Say/ Do games. In Cycle 2, three teachers evaluated all games. The
differences in the number of participants while reading teacher opinions regarding
perceived usefulness and the instructional quality of the games and materials should

be considered.

4.4.1 Instructional Quality

During the interviews, teachers also mentioned how they perceive the instructional
quality of the games and materials. All of the teachers stated that they like the

developed games and materials.

4.4.1.1  Active Participation and Motivation

Light Order Game

After stating that the material is similar to the class activity in which she wants

children to look at specific objects for a while, close their eyes then and try to
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remember the objects, ECT1_C1 noted that being electronic and having lights

increase children’s focus of interest:

| think that the material is similar to the activity in which we ask
children to look at objects for a while, close eyes, and then remember
the objects. Only being electronic and having lights increase
children’s focus of interest (ECT1_C1).

Bence hani sey bizim béyle nesnelerle saklayp goziinii kapatip
hatirlatmaya ¢alistigimiz seyle ayni. Sadece elektronik olmast 151k
olmasi ¢ocuklarin ilgi odagini yiikseltir (ECT1_C1).

Follow Pattern Game

Three teachers mentioned the active participation provided by the Follow Pattern
game. One of them stated the fact that typically children focus on a computer or
television and watch what is playing passively and like the idea that children do not
isolate themselves from the psychical world while playing the Follow Pattern game.
Further, she wished that children could be provided with this kind of game instead

of cartoons.

| especially like this in the material: Normally, children focus on
something on the computer or television and watch what is playing,
which is like moms feed children who are not aware of what they eat.
However, in this activity, children wear a thigh band and follow the
instructions provided while watching. That is, children do not sit and
watch. It is very nice, indeed. | wish children could be provided with
this kind of games (ECT5_C1)

Digerinin ozellikle su seyini ¢cok begendim. Normalde bilgisayar iste
tablet televizyonda ¢ocuklar bir yere odaklantyor ve sadece oynayan
bir seye bakiyor. Tipki bu annelerin yemek yedirip ama ¢ocugun ne
vedigini bilmemesi gibi. Ama burada hem cihaz takili hem orada bir
sey gosteriyor ama onu yapiyor yonergelerle. Yani oturup izlemiyor.
Ashinda ¢ok giizel. Keske c¢izgi filmler yerine boyle oyunlarla
desteklense (ECT5_C1)

Another teacher stated that bodily interaction can take the attention of children, and

makes the game more entertaining.
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Since children play by using their bodies, the game becomes more
entertaining and interesting. This changes from child to child, of
course (ECT6_C1)

Bedenini kullanarak saglanan bir oyun oldugu igin ¢ocugun daha
cok ilgisini ¢ekip eglenceli hale gelebilir diye diistintiyorum. Tabii
cocuktan ¢ocuga degisivor (ECT6 Cl)

ECT3_C2 stated that the game is an effective process in which children learn by
doing.
The game is an effective process in which children learn by doing
(ECT3_C2)

Cocuklarin yaparak yasayarak katilim sagladiklar: bu oyun etkili bir
strectir (ECT3_C2)

4412  Appropriateness to the EF Purpose and ECE Objectives

Light Order Game

The material’s purpose was explained to five teachers in Cycle 1 as that it aims to
support working memory skills, and all of them confirmed that the material requires

children to use working memory skills.

Moreover, two teachers in Cycle 1 and three teachers in Cycle 2 stated that the Light
Order game material is appropriate for preschool children, and one of the teachers
also noted that if she had material like this, she would use it in the class.

The materials are appropriate for their purpose. If | had material

like this, I would like to use it in my class (ECT4_C1).

Materyaller amaglarina uygun. Hani boyle bir materyal olsa ben de
smifimda kullanmak isterim agik¢asi (ECT4_C1).

The game was designed considering two learning outcomes of ECE:

1. Gives attention to an object/situation/event (Nesne/durum/olaya dikkatini
verir)

2. Remembers what is perceived (Algiladiklarini hatirlar)
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The teacher’s views in Cycle 1 pointed out that the game is appropriate to achieve
the outcomes listed above. ECT1_C1 and ECT2_C1 specified that the material
mainly addresses attention and focus skills and remembering. ECT5_C1 expressed
that the purposes of the material are increasing attention span, use of visual memory,
and matching skills. One of the teachers’ opinions were as follow:
As an on-table activity, the material is suitable for increasing
attention span and visual memory. In the next level, the child tries
harder to hold color order in his/her mind and tries to succeed. |
realized that even if he was not able to succeed in the first place, my

student tried harder to hold more items in his mind second time
(ECT5_C1).

Masa etkinliginde dikkat siiresinin arttirilmast icin bence giizel bir
materyal olmug. Gorsel hafiza da ayni sekilde. Bir diger asamada
cocuk daha fazla hafizasimi zorluyor ve basarmaya ¢alistyor.
Ashinda sey ilk yaptiginda basaramasa bile ikincisinde daha fazla
aklinda tutarak onu fark ettim ben 6grencimde (ECT5_C1).

Three teachers in Cycle 2 were asked to reconfirm that the material was appropriate
to achieve outcomes listed above after changes had been made, and they confirmed

that the material is appropriate for that purpose.
Follow Pattern Game

The target group of the activity is children who know the pattern concept. Five
teachers in Cycle 1 were asked if the material was appropriate to support practicing
the pattern concept and working memory skills. All of the teachers expressed that
the activity addresses both skills. Two teachers especially stressed that the activity is

for children who have already studied the pattern concept.

If the purpose of the activity is to practice [the pattern concept],
there is no problem. However, if the purpose is to teach the pattern
concept, then pattern teaching steps which are expressed by
ECT2_C1 should be followed (ECT1_C1)

Yani ben hani pekistirme amagh yapryorum dersen bir problem yok
ama biraz once ECT2 Cl’in anlattigi boyutta ogretim kismiyla

sifirdan baslayalim dersen onlar gerekli diye diigiiniiyorum ben de
(ECT1_C1)
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The second version of the material was shown to ECT3_C2, who had not seen the
material before, and asked if it suits its initial purposes. She stated the material is a
useful option in making children learn the skills to create patterns according to a rule,
comprehend the pattern rule, and find the next item. Besides, the game supports
working memory skills because it requires active participation and focus, she added.
It is a practical choice in having children to get skills of creating
patterns according to a rule, comprehending the pattern rule, and
finding the next item. Because it is a game that requires active

participation and focus, it supports working memory skills
(ECT3_C2)

Kuralli 6riintii olusturma, kurali kavrama, swradaki nesneyi bulma
gibi becerileri kazandirmada etkili bir secenek olmus. Etkin katilim
ve dikkat gerektiren bir oyun oldugundan ¢aligsan bellek becerilerini

destekler. (ECT3_C2)
The game was designed to serve the ECE outcomes listed below.
1. Gives attention to an object/situation/event (Nesne/durum/olaya dikkatini
Verir)
2. Remembers what is perceived (Algiladiklarini hatirlar)

3. Creates patterns with objects (Nesnelerle oriintii olusturur)

In Cycle 1, three teachers expressed that the materials require attention and focus.
One of the teachers stated that when children could not focus, they experienced
problems.

He could not focus, when they could not focus, problems emerge

(ECT4_C1)

Odaklanmadi, odaklanmadiklarinda sikintt oluyor (ECT4_C1)

Three teachers in Cycle 2 were asked to reconfirm that the game is proper for the
ECE outcomes above, and all three teachers confirmed the coherence between the
above outcomes and the game. They also noted that the material was appropriate for

preschool children’s developmental stage.

Do as | Say/Do Game
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A teacher stated that she likes the Do as | Say/Do game because it advances attention,
listening, and following instructions skills. Besides, the teacher added that she does
this activity to see children’s attention abilities.
1 very much like this game;, it improves children’s attention. It both
enhances the skills of listening and following the instructions,

focusing, and gathering attention. | see who can focus while playing
the game in the class (ECT1_C2).

Ben ¢ok seviyorum bu oyun ¢ok dikkatlerini gelistiren bir oyun. Hem
dinleme becerisini gelistiriyor, hem yonerge takibini gelistiriyor,
odaklanmasina dikkatini toplanmaswina... Yani bu oyunda ben
goriyorum mesela kim ¢ok dikkatli odaklanabiliyor (ECT1_C2).

Three teachers in Cycle 2 were asked if the game helps to achieve ECE outcomes

below, and all confirmed the compatibility of the outcomes with the game.

1. Gives attention to an object/situation/event (Nesne/durum/olaya dikkatini
verir)
2. Comprehends the meaning of what is listened/watched

(Dinlediklerinin/izlediklerinin anlamini kavrar).

All three teachers confirmed that the game is also appropriate in terms of addressing
inhibition skills, ignoring one type of stimulus, and focusing another. Moreover, the
teachers also approved that the material is suitable for children’s developmental

stage.
Object Sorting Game

The purpose of the material is to support both the cognitive flexibility abilities of

children and the curriculum objectives below:

1. Gives attention to an object/situation/event (Nesne/durum/olaya dikkatini
Verir)
2. Children group objects or assets according to their properties (Nesne veya

varliklar: ozelliklerine gore gruplar).
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All three teachers in Cycle 2, having been told the material’s purpose, noted that the
material is appropriate for the stated purposes and the children’s developmental
stage. Although ECT3_C2 expressed that the game’s design is pleasing, attractive,
distinct, and simple, she also noted that the preschool children could play the game
as reinforcement only after learning how to classify an object or a case according to
its shape, color, or number. Furthermore, she purported that the game is an attention
game. ECT1 C2 and ECT2_C2 stated that not only the game aims to think
differently; it also improves attention because children have to listen and decide.
Moreover, ECT2_C2 expressed that the game is fun.
Itis fun to play, and I think it improves attention. | think the activity

not only aims to think differently but also aims attention because the
children have to listen and decide (ECT2_C2)

Oynamast da eglenceli bir de bence dikkati de gelistiriyor bu. Sadece
boyle farkly diisiinme becerileri degil dikkate yonelik bir etkinlik
bence ¢iinkii sey hem dinlemek zorunda onu. Ona gére karar vermek
zorunda (ECT2_C2)

4.4.1.3  The Creativity of the Materials

Some teachers indicated that the games are different and creative. Teachers’ opinions

are provided for each game.
Light Order Game
ECT6_C1 found the idea of using a color sensor to interact with objects creative.

I think that the idea of detecting colors is different and creative
(ECT6_C1).

Buradan 151k okutuluyor ayri bir farkh diistiniilmiis, yaratict bir
diistince oldugunu diistiniiyorum (ECT6 _CI).

Follow Pattern Game

Two teachers expressed that they found the game idea and design of the game

creative and different. While a teacher noted that the design of the material is
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creative, others stated that using body movements to create patterns is a different
idea. One of the teacher’s statements were as follow:
Actually, movement is nice because the shape, color, and number

patterns are common. This is a bit different, but it can be diversified
(ECT4_C1)

Aslinda hareket eylemi giizel. Ciinkii sekil sayt renk oriintiisti her
yerde olan oriintiiler. Bu birazcik daha farkli olmus (ECT4_C1)

Do as | Say/Do Game

Having stated that she liked the game and its logic, she further noted that she had not
seen a similar game like this game.

The logic of the game is excellent, and | think there is no such thing

in the market. I have not seen anything like this (ECT1_C1)

Mantik ¢ok giizel ve bu yok bence piyasada. Ben béoyle bir sey
gérmedim (ECT1_C1)

The teachers commented on the second version material too. They stated that the

material is attractive, creative.

4414 Utilization of the Activities

The teachers were asked how the developed activities could be utilized in the class.
Three of the games were designed to interact with a Tablet PC, and one game was
designed to function by itself. In interviews, teachers were asked to evaluate these
two types of games, and state their opinions about using them in class. Thus, two
games, the Light Order and Follow Pattern, were chosen to be evaluated by the
teachers. Interview results and the researcher’s observations together indicated that

games should be played individually.
Light Order Game

The first version of the material developed for the Light Order game was designed
as a belt as a part of a collaborative game. The collaborative game required a child

to play together with a classmate whose task was to hand required felts. In other
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words, having seen the color order, the child who wears the belt asks the classmates
for felt squares in order. Teachers were asked whether the material should be used
individually or collaboratively, and they commented on how the game can be utilized
as an in-class activity. Four out of six teachers recommended that children should
use the material individually as a desktop activity. Besides, four of them suggested
that the material could be used with the station rotation technique. A teacher added
that she would use the material over a week, not just as a one-time activity. A
teacher’s views were as follow:

The material is not appropriate to use with two individuals

[collaboratively]. They might confuse even more, especially when

there are six items, and they might not be able to complete it. The

material will be more useful if children play on their own. [...] The

material can be used in class, but individually rather than as a

group. Children would have difficulty using the material in group
settings (ECT4_C1).

Yani ¢ok fazla iki kisilige wuygun degil. Daha ¢ok kafalar
karisacaktir. Ozellikle altili ériintiide daha da yapamayacaklardir.
Hani tek baslarina daha faydali olacak bence. [...] Materyal sinif
ortaminda kullanilabilir fakat gruptan ziyade bireysel olarak
kullamilaiblir. Grup ortamindayken bunu yapmalart ¢ok zor.
(ECT4_C1).

ECT4_C1 also indicated that if enough material is provided, by forming groups and
providing each group with a material, children can play with it by turns. When the
researcher asked her whether there would be waiting problems, she replied that if a
child played with the material once and let the next child play with it, there would
not be a problem. If a child played 2-3 times, which would take much more time,
other children would get bored and would not want to play.

| would not make children play with material just for once. In the

activity, I would use the station rotation technique, and it would take
the whole week (ECT2_C1).

Ben bir giin oynayip birakmam. Mesela hafta boyu kullanacagim bir
etkinlik olur, istasyon ¢alismasinda kullanirim (ECT2_C1).
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The pilot studies with children showed that collaborative playing was not possible
as children constantly interfered with each other. To identify issues related to the

material, the researcher worked with children individually in Cycle 1.

Follow Pattern Game

Three teachers (ECT1_C1, ECT2_C1, & ECT4_C1) commented on how the game
could be incorporated as an in-class activity. All of them noted that the game should
be played individually. Two of them (ECT1_C1, ECT2_C1) stated that the game
could be played by small groups as well. ECT4_C1 suggested that the game can be
played by projecting it to a larger screen in class, and children can play in turn. When
asked if she would use the material in her class, ECT2_C1 indicated that she would

use the material in play hours with children who are interested in the game.

I would ask children to play individually. For example, | would
provide the game in play hours. Interested children would play the
game one by one in turn. Because the whole class cannot wait and
watch the child who is playing (e.g., twenty children watching a
child); however, 1 would prefer to use the material with small groups
(ECT2_C1).

Yani bireysel olarak kullanirdim. Soyle olurdu. Oyun saatinde gibi
bir zamanda kullanirim mesela acarim. Iigilenen ¢ocuklar tek tek
sirayla oynarlar ama biitiin sinifin oturup mesela izlemesi yirmi kigi
varken bir kisinin orada izlemesi... daha c¢ok kiigiik gruplar

halindeyken kullanirdim (ECT2_C1).

Actually, the game can be played by groups. Projecting the game to
a projection screen and then calling each child to play the game, in
turn, may take the attention of children. (ECT4_C1)

Ashinda bu oyun grup ortaminda da oynanabilir. Projeksiyona
vansitilip iste her ¢ocugu tek tek cagwrip yapinca dikkatlerini
cekebilir (ECT4_C1).

4.4.2 Ideas for Variety
This section consists of teachers’ and the researcher’s ideas. Teachers suggested new

ideas for games and materials to enhance them or use them for different purposes.
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They suggested enriching stimuli in some games and using wearable materials and
games to teach some concepts. Besides, the researcher’s observations and
experiences have revealed that the games can be enriched by providing interactive
feedback. In addition, the researcher composed a new working memory game idea

based on children’s play styles.

4421 Enriching Stimuli

Light Order Game

The first version of the Light Order game, as stated before, was not able to provide
verbal feedback or instructions. In section 4.2.2.3 Providing Verbal Feedback and
Reinforcements, statements of ECT4_C1 regarding the need for verbal feedback are
noted. She also suggested that there may be an additional device that produces verbal

sound when used together with the material.
Follow Pattern Game

The material is developed to detect only sit-downs and stand-ups. Three teachers
noted that the material could be enhanced by adding new motions to the pattern, such
as jumping or turning. One of the teachers also noted that using different images for
the same movements is suitable, but the number of different movements in the
pattern still stays the same.

The pattern still consists of binary images, aab structure, and only

shapes change. Children need to realize that (ECT2_C1).

Hani yine bu ériintii aab oriintiisii yine ikili oriintii sadece sekil
degisiyor oradaki. Cocugun onu fark etmesi gerekiyor (ECT2_C1).

For instance, if we want to add another thing apart from sitting and
standing, such as jumping or turning, we need to change that
movement (ECT2_C1).

Mesela buraya baska bir sey eklemek istiyorsak eger oturma kalkma
disinda mesela ziplama ya da boyle domnme gibi o hareketi
degistirmemiz gerekiyor (ECT2_C1).
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Although teachers’ opinions were taken after Cycle 1, the researcher did not add new
motions to the game for Cycle 2 because of time and technical limitations. The
teachers gave similar suggestions in Cycle 2 too. One teacher noted that arms could
be used to create patterns by raising or down. ECT2_C2 also noted that the game
becomes more fun if the turning movement is added to the game.

If turning, for example, is added to this, it will be more joyous

(ECT2_C2).

Buna mesela donme falan eklense o da ¢ok keyifli olur (ECT2_C2).

Patterns can be created by using other parts of the body too. For
example, raising and lowering the arms, and turning the front and
back of the body (ECT3_C2).

Viicudun baska boliimleri kullamilarak da oriintii olusturulabilir.
Kolu kaldirip indirme, viicudun on ve arkasini ¢evirme gibi
(ECT3_C2).

4.4.2.2  Providing Interactive Reinforcement

The researcher’s observations have shown that children tried to interact with the
reinforcement given at the end of each successfully completed level. Two children,
C6 and C9, tried to pop balloons appeared at the end of levels that they succeeded.

In the second version of the game, the researcher did not add this feature due to

feasibility considerations and the fact that the feature is an optional one.

4423  Teaching and Practicing Concepts

During the interviews, the teachers stated that the materials and games can also be
used to teach some other concepts. The ideas were using the Light Order game
material to teach pattern concepts, using Object Sorting game material to teach left-

right concepts, and using Follow Pattern game material to teach spatial concepts.

Light Order Game

201



The material creates random light orders, and sometimes these orders form a pattern.
Some teachers thought the material produces patterns, at first. From this point of
view, some teachers noted that the material might be used to teach or practice pattern
concept. Two game examples were discussed with ECT_C1 and ECT_C2. The first
game type would be that Neopixels become active in order as the child puts felt
objects and emit the same color as the felt item on the color sensor. In the end, if the
child manages to create a pattern, the material gives positive feedback. The second
game type would be that the material creates a pattern with one or two missing items.
The child looks at the pattern, try to recognize it, and identify the missing item. If
the child chooses the correct colors, the material gives positive feedback. Besides,
they purported that if teaching pattern concept is the purpose, the material should be
designed to follow pattern teaching steps, which are copy or extend a pattern,
transfer a pattern, practice pattern unit recognition, and engage in high-level pattern
practice. They also stated that instruction should use the simple to complex teaching
strategy. The teachers' opinions were as follow:

The teaching pattern concept has some steps. First, those steps

should be followed. We do not start by showing a pattern, covering

it after a while, and asking them to remember it. We start with two-

item patterns. Children try to complete the missing item. [...] The

first step of the teaching pattern concept is to copy or extend a

pattern. Children can extend the pattern by copying what they see.

[...] The second step is transferring a pattern, the third step is

practicing pattern unit recognition, and the fourth one is engaging
in high-level pattern practice (ECT2_C1).

Oriintiiniin agsamalart var. Once o asmalart yapmak gerekiyor.
Hemen sey yapmiyoruz biz hani kapattim hadi oriintiiyii hatirla
cocuk Sriintiiyii yap diye. Once oOriintiide ikili oriintiilerle baslyoruz.
Onun eksigini tamamlamaya bashyor. [...] oriintiiniin ilk basamagt
kopyala ya da devam ettir diyor. Direkt orada gordiigiinii burada
kopyalayarak devam ettirebilir. [...] Ikinci asamasi oriintiiyii
aktarmak, ticiincti asamasi oriintii birimi tammak ve dordiincii
asamasi yiiksek seviyede oriintii pratigi (ECT2_C1).

Follow Pattern Game
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Another teacher suggested teaching direction concepts and spatial concepts such as
below, under, above, and on. The suggestion was based on the idea of designing a
system that can detect a specific object’s position relative to another one and
providing educational content accordingly. The teacher thought the material as non-
wearable in this context.
This can be diversified, of course. For example, it can be related to
direction concepts. Under and above concepts, place direction

concepts can be studied. It can be related with below and on
concepts (ECT4_C1)

Bu c¢esitlendirilebilir tabii. Mesela yon kavramu ile ilgili olabilir.
Altinda iistiinde yaninda olabilir. Yer yon kavrami olabilir. Yukarida
asagida onlar olabilir (ECT4_C1)

Object Sorting Game

Two teachers noted that they would use the material to teach the right and left
concepts to children.
I would use the material to teach left-right concepts, for example
(ECT2_C2)

Ben bunda sag sol da ogretirim mesela (ECT2_C2)

4.4.2.4  Which Colors Were There? A Working Memory Game

Implementations with children have shown that the material can be redesigned with
different variations and have different game structures. In sessions with C2, she had
a hard time focusing on the color order. She focused on the number of different colors
and tried to complete the level without considering the order. For example, when
there were four colors, namely red-green-red-green, she asked if she should start
from the green. The researcher said no, and this time she put the red felt square on
the color sensor and waited as long as two readings time. In Cycle 2, having seen
four colors, which were yellow-red-yellow-green, C2_C6 said, “there are two yellow
colors” and showed two yellow colors. These behaviors led the researcher to think

that another game structure is possible. In a different version, children try to
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remember only colors and how many of each there were. In the interviews with
ECT1_C1 and ECT3_C1, they mentioned a similar game they already play with
children in the class. In that game, children are shown a group of objects for a while,
and then objects are covered. Later, children are asked to recall the objects under the
cover. In a different version, having seen the objects, a child leaves the classroom
and waits until being called. Meanwhile, the teacher and other children hide one or
more objects. After being called, the child enters the class and tries to guess which

object was hidden.

45  Summary of the Results

Design and Development of E-Textile Materials

» Use of E-Textile Components

e Using the BLE module on e-textile material to communicate with a tablet
PC was a practical approach. However, the time delays during
communication could negatively affect the material’s perceived
responsiveness, gameplay, and game pace. The use of Bluetooth
connection provided movement freedom to children.

e Color sensors can be used to turn everyday objects into interaction means.
Defining color value range for response options enables identifying each
response (e.g., objects). The item’s position and distance to the sensor and
the environment’s light affect the measured value. Besides, built-in LEDs
can help to detect colors more efficiently.

e Conductive thread is not an excellent alternative to isolated wires,
especially when accurate data transmission is required. It can lead to short
circuits, resistance, and connectivity problems. Multi-ply yarn can help
decreasing resistance.

e Light sensors can be recruited as buttons in a design. Unintended shades

and ambient lightning may prevent the sensor from working properly
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Neopixels can emit numerous colors easily. However, colors other than
Red, Green, and Blue may be confusing; colors at high RGB values are
eye-straining and look whiteish; and at low RGB values, aimed colors
may not be produced.

9-DOF IMU can be used to detect various position data and can be used
to detect body movements. However, complex algorithms and
calculations might be required.

Piezo Buzzer element is a simple component and can be used with ease.
It cannot produce advanced and verbal sounds, and the produced sounds

may be too similar.

Usability of E-Textile Materials

Children efficiently used the developed materials and had no problem
with interaction styles.

According to the results, components of non-wearable e-textile materials
should be big enough to enable children to use them individually. Results
showed that children used interactive parts of the second version of UFO
(i.e., level resetting button and power buttons) material easily. However,
wearable e-textiles need to be compact enough to be comfortably worn
by preschool children.

Perceived responsiveness of the material is critical. When children
perceived the material (i.e., interactive belt) as not responsive, they hit or
scrubbed the material or applied too much pressure.

The thigh band got through several improvements to be more stable.
These improvements included decreasing dimensions and increasing the
back of the band’s friction force.

E-textile materials need to be sturdy and safe, and hiding non-interactive
components in the design, covering them, and framing sensors are some

of the ways to make materials more durable.

Visual Design of E-Textile Materials
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e Complex designs with non-interactive materials are exposed might
distract children. Besides hiding adjunct components, employing a simple
design and using color palettes make the material more appealing. Visuals
can be designed to increase usability.

e Having a context or theme for desktop materials make them more
attractive and rule explaining easier

e Visuals of materials can contribute or hinder gameplay. For example,

they can show where to start or cover.
Design and Development of the Educational Games

= Challenge Elements

e A DCCS-WCST inspired game mechanism was developed to practice
cognitive flexibility skills. Children’s performances suggest that they
showed perseveration behavior. The features that come to the forefrontin
the design are that a) three dimensions were included, b) the object to be
sorted matches with two other objects, with each on a different
dimension, and the child needs to find the sorting rule according to
feedback c) children are informed when the rule changes. However, the
two-option response mechanism makes performance determination
difficult. Although all of the children showed perseveration, the amount
and levels that they had difficulty vary.

e The traditional Turkish Deve-Ciice and Do as | Say Not as | Do games
were combined to create a new game. Children’s performances regarding
this new game showed that in Cycle 1, children’s performances on the
“do as I say” rule (38%) were better than on the “do as I do rule” (44%).
Regarding Cycle 2, children’s performances on the “do as I say” rule
(81%) were better than on the “do as I do rule” (58%). Besides, girls
performed better than boys in both cycles.

e The designed inhibition game, when two levels of it are played

consecutively, also addresses cognitive flexibility.
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e Amount and structure of information (e.g., chunks), and the time given to
encode it forms fundamental challenge elements of WM games. As the
amount of information increases, the performance of children decreases.
In Light Order game, when the same colors are taken as a group,
performance decreases as the number of groups increases for color
sequences containing the same number of items. Looking duration in the
second version of Light Order game was two seconds for each item. For
the Follow Pattern game, the duration to keep the six-item patterns in
mind was 10 seconds. Children may show individual differences in time
needs, and providing options for adjusting the duration is helpful.

e Presenting with the same information to keep it in mind more than once
seems to support performance.

e Children’s performances that belong to Follow Pattern game indicate that
their performances vary even for the same size patterns.

e The structure of the information plays a role in the performances of
children in WM games. If the information consists of patterns, the
challenge decreases.

e Game pace affects gameplay. When the pace was too slow, children
showed boredom signs, and when the pace was too fast, children could
not complete the games. Some of the features that defined game pace
were waiting time between two levels, instructions, feedback, looking
duration (for WM games), and movement completion duration (for bodily
interactive games). Besides, children need time for bodily interactions
and thinking time before acting.

e Using different images to represent the same movement increased
challenge in Follow Pattern game.

» Feedback and Reinforcement Characteristics

e Auditory stimuli that are too similar used for various reinforcements

confused children. Distinctiveness is required for stimuli produced by

simple components with limited capabilities (e.g., Piezo Buzzer
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Element). Another factor limiting the distinctiveness of stimuli is the
short duration among stimuli. Besides, the meaning of a stimulus (i.e., the
message it conveys) may not be apparent to young children. In other
words, adults and young children might interpret stimuli differently.
Lack of feedback naturally causes gameplay issues such as waiting too
much, thinking that the game is not responsive or broken.

Children need to be provided with verbal feedback and reinforcements in
addition to positive and negative reinforcement sounds. This can be
established either by the game or an adult. Besides, when used together,
visual and auditory feedback can prevent misinterpretations of stimuli

and missing them when bodily interaction is present.

= Level Mechanism

Children should be given another chance to succeed.

Children needed to be provided with clear goals to keep motivation high.
Numeric indicators and trophy symbols were used to depict goals.
Games should have a structured level mechanism. ECE teachers
suggested the simple-to-complex strategy to design the levels. The
structured game mechanism also enables structured challenge. An
important issue is that teachers think that they should be provided with
control over the game (e.g., adjusting the challenge according to the
child’s level). Teachers expressed three methods to apply simple-to-
complex strategy in pattern teaching, a) increasing item count in the

pattern, b) changing pattern structure, and c) using transferring

= Other Design Elements

Follow Pattern game showed that images that conflict with children’s
schemas or obscure the character’s position and the ambiguous symbols
made children have difficulties understanding and completing the game.
Authentic and apparent images help children grasp the meaning of them.
Background sounds and stories contribute to the attractiveness of games.

Background stories make rule explaining easier.
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Individual game performances and children’s interests vary considerably,
and teachers stated that it is not reasonable to expect that all children
benefit from an activity in the same way.

Although game durations may vary, a guiding result is that young
children may cognitively exhaust quickly. Besides, gameplay time can
change according to children’s characteristics, attention span, and
interest. Station rotation activity and individual play are among the stated
methods to use the games. Besides, designing finite games (e.g., games
that end after accomplishing several tasks) was also suggested to play the
games in the classroom.

Inadequate or vague instructions and demonstrations have led children to
get confused or not to understand how to play the game. Another
significant result is that children performed tasks asked by instructions
while the instructions continue.

Games need to have training parts in which the wearable e-textile
material is introduced, game rules are stated, prerequisite information is
provided, explanations are made, and essential practice tasks are
provided. If training parts are included in the digital games, the workload
will be more manageable. Lengthy training and slow game paces might

be boring for children.

Gameplay Characteristics

= Helpful Strategies

Light Order game performances of children in verbalized levels are
higher than non-verbalized levels, although these results should be
carefully considered. Similarly, Follow Pattern game performances of
children showed that children were more successful in verbalized levels.
Verbalizing might help to control attention. Besides, verbalizing or
hearing the verbalization of the information to be kept in mind increases

young children’s performances in several ways: a) providing
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phonological input, b) using appropriate words, c) realizing patterns, and
d) chunking.

Providing clues such as saying the part of a color sequence already
completed by children and providing information about remaining parts
(e.g., asking the last item) support children’s performances.

Children developed a strategy in Object Sorting game. The strategy was

matching objects that are non-conforming according to the first rule.

» Inappropriate Strategies

Children used methods that were not proper to the purpose of the game.
These methods were trial-and-error and exploiting design flaws such as

lack of negative feedback

Perceived Usefulness of the Developed Materials and Educational Games

= Instructional Quality

Teachers stated that the developed games are appropriate to children’s
developmental level and ECE curriculum, and they can be integrated into
educational contexts by being a part of station-rotation activities.
Individual play and playing in groups are also noted as

Requiring active participation and using bodily interaction are liked
features by teachers

Teachers also found using a color sensor to interact with objects, using
body movements to create patterns, and the idea of Do as | Say/Do game
creative.

Using body movements to interact with a game and maintaining

connections with the physical world while playing are the liked features.

» |deas for Variety

Teachers suggested using another device or a tablet PC to enrich stimuli
in Light Order game and adopting new motions in Follow Pattern game.
Children’s interaction with tablet PC showed that interactive feedback

could be given.
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Teachers suggested new ways to use e-textile materials. They suggested
using Light Order game material to teach pattern concepts, using Object
Sorting game material to teach left-right concepts, and using Follow
Pattern game material to teach spatial concepts such as under and above.
As the results suggested, a different version of Light Order game in which
children try to recall only colors without considering the order can be

developed.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The purpose of the study was to reveal the characteristics of curriculum-related and
e-textile-based educational games that support the EF skills of preschool children.
The process of designing, developing, and evaluating produced design principles and
lessons learned. These principles and lessons learned base on the researcher’s
experiences and field notes, teacher’s opinions, analysis of video recordings, and
expert opinions. The design principles and the lessons learned were refined and

presented under related themes.

5.1 Design and Development of the E-Textile Materials

Working with e-textile materials requires some degree of delicacy and experience.
Especially coding the electronic platform constituted a considerably challenging part
of developing materials. In addition, before working with the e-textile components,
their feasibility, pros and cons, and potential should be explored. For example,
Rosales et al. (2015) stated that electronic components of wearables define the

degree and quality of natural interaction.

51.1 Use of E-Textile Components

Bluetooth Module: Wearable materials can communicate with a tablet PC or other
mobile devices by Bluetooth connection. E-textile products generally use Wi-Fi or

Bluetooth technologies to accomplish interactions (Gongalves et al., 2018).

Bluetooth connection works well and enables the transmission of data coming from

various sensors, which allows various interaction types to be incorporated. The use
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of Bluetooth technology allows children to do interactions with movement flexibility
to some extent. In other words, children need not do movements too strictly, and they
can do casual movements that do not interfere with the game system. In this manner,
Bluetooth technology allows children to play more naturally. Rosales et al. (2015)
stated that wearables lead to a design paradigm change by moving the focus from
“software- and hardware-based user interfaces to ways of augmenting natural play
behavior” (p.47). Rosales et al. (2015) also specified that promoting usual play acts
by body sensors encourages wearers to move freely. However, it should be noted

that the children should be in the psychical range of the Bluetooth connection.

Color Sensor: In this project, a light sensor was used to interact with objects by
detecting their colors, and the lessons learned were shaped accordingly. If a color
sensor is to be used to detect answers, receiving colors as answers, for example, color
value ranges for physical objects that will be used, should be adjusted. In the Light
Order game material, the researcher tested each felt piece tons of times, noted their
RGB values, defined minimum and maximum values, and used these values to
program the electronic platform. It should be noted that the values detected by the
sensor may change according to the distance between the sensor and the object and
whether the object completely covers photodiodes. The same concerns were stated
by Earl (2013), who noted that color sensor readings might change according to
distance, area of view, and environment lighting. Thus, the algorithm should have
some degree of flexibility regarding RGB values that define a specific color. In this
study, only a way of using color sensors was provided, and color sensors can be used
in various ways. For example, it can be used to teach colors or in a scavenger hunt.
More interestingly, a game similar to Light Order game can be designed. In the new
game, objects with different shapes and colors are used, and children try to recall
objects instead of colors. For example, a blue car, a green tree, and a red book can
be prepared using felt and incorporated into the game. In this case, children try to
recall the words car, tree, and book in order instead of remembering blue, green, and

red colors.
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Activating LEDs that are built into the color sensor enables the sensor to detect colors
more accurately. It is recommended to activate the white LEDs in projects using a
color sensor if available. The purpose of the built-in LED was stated as to light up
nearby objects and then detect the reflected light (Earl, 2013).

A specific issue regarding color sensors as answer detecting components is to adjust
reading intervals. The sensor readings are done by the electronic platform in a
specified interval, and in the Light Order game, this interval was one second.
Defining a very long interval would cause children to wait too long, and they could
get bored. In the same way, a too-short interval might disrupt the game mechanism
because an answer would be taken twice. If a color sensor is going to be used as an
answer detection component, depending on the game structure, the color

measurement interval should be adjusted considering the game pace.

Another issue with color sensors is that they detect the color of environment light
too. In the first version of the Light Order game material, the researcher could not
program the electronic platform to give negative feedback because the environment’s
light was detected as an answer. The researcher wrote an algorithm that detects
environment light before each level and then eliminates it as an answer to solve the
problem. The algorithm checks the environment’s RGB color values each time
before a level starts and then rejects very similar values as an answer. The similarity
degree mentioned here was defined by the researcher after many experiments and
may change from design to design. A similar algorithm can be used when using color
Sensors as an answer receiving component in the design. However, it should be noted
that the method comes with a disadvantage that if an object’s RGB color values
match the environment light’s RGB color values, the object will also be neglected.
In this project, only a way of solving the problem was developed and used, and other

methods and algorithms can be developed to deal with the situation.

Conductive Thread: If conductive thread is going to be used to build circuits of e-
textile material, some aspects should be considered. First, conductive thread is not

as conductive as insulated wire; therefore, it can create resistance problems. Long
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circuits should be avoided, and thickening conductive thread (e.g., using two or more
plies) decreases the resistance. Stern (2013) provided resistance values of conductive
thread made of 316L stainless steel as 16 ohms per foot for two plies conductive
thread and 10 ohms per foot for three plies conductive thread, which means that the
thickening of the thread lowers the resistance. Second, conductive thread is not as
reliable as insulated wire; hence conductive thread should be avoided if the design
requires precise and continuous measurement values to be attained or transmitted
(e.g., getting a sensor value or connecting a Bluetooth module). For example,
Griffiths (2020) notes an interesting conductive thread behavior: Conductive thread
can form a capacitor somewhere in the circuit because conductive thread includes
many tiny conductive hairs that are not completely connected. Third, since
conductive thread is not insulated, circuits should be protected against short circuits
or designed carefully so that short circuits do not occur. Adafruit Industries (2013)
and Peppler and Glosson (2013) recommend the same while working with
conductive thread. Also, Griffiths (2020) calls attention to the circuit’s cleanliness
because tiny pieces of conductive thread (e.g., thin hairs), especially coming from
the cutting thread, can cause short circuits. Short circuits can lead to safety problems
and system malfunctions. Fourth, conductive thread is susceptible to bending and
friction, which should be considered while designing a wearable material. Frictions
and bending can make the thread wear off over time, thus reduce conductivity. This
observation was supported by Briedis et al. (2019) since they showed that depending
on the type of the conductive thread, the conductivity can reduce after multiple
washing cycles. The researcher of this study, for example, used multiple layers of
felt to increase the thickness of the UFO material, which became more resistant to
bending. Fifth, knots at PIN pads should be tight to prevent short circuits. Adafruit
Industries (2013) recommends using clear nail polish to seal the knots to make them
stronger. Peppler and Glosson (2013) also state that nail polish is frequently used in
e-textile projects, but they warn that too much nail polish might decrease thread
conductivity. During the game sessions, materials that used conductive thread

stopped working when children applied too much pressure on them, which caused
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loose contacts. Overall, the study results indicated that conductive thread is not a

good alternative to insulated wires for complex projects.

Light Sensor: Light sensors can be used like buttons by only covering. Using light
sensors requires deciding the measurement values indicating that the covering action
has taken place. Besides, when designing a material that uses light sensors, light
sensors’ placement should be well adjusted so that any unintended shade would not
drop on them, and the environment light should be bright enough to prevent false
detections. The objects in the peripheral may cast a shadow on the sensor too.
Another issue is that children may intentionally or unintentionally touch the sensors.
Thus, it is a good practice to protect sensors by frames and cover them with a
transparent film-like material (See Figure 4.22). In this study, light sensors were used

as buttons, and this is only one approach to use them.

Neopixels: Neopixels consist of three tiny LEDs to produce the desired color, and
because of that, colors apart from red, green, and blue may be hard to recognize.
Each LED’s color can be recognized separately, and they may not mix enough to
form the targeted color, especially at low brightness values. In the same way, too
high values may look whitish. Thus, the brightness should be tested and adjusted.
The researcher’s experiences with Neopixels have shown that circuits with insulated
wires will produce better results if a project includes several of them. Conductive
thread-sewed circuits may cause flicker lights and prevent produced lights to be as

intended.

9-DOF IMU: The researcher placed a 9-DOF IMU on the thigh band to detect sits
and stands. The study revealed that using only the magnetometer data together with
a thigh band is enough for the detection of sitting and standing. However, doing so
requires an algorithm that can tolerate the sensor’s disorientation and deviations
resulting from dimensional movements other than towards or against Earth’s
gravitational force. Within the scope of the study, one way to decrease the effect of
dimensional shifts were provided. A more reliable approach to detect sitting and

standing movements would be to use other functionalities of the 9-DOF IMU and
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combining multiple sensor data. However, the process will require more
sophisticated algorithms to be written. Besides, wearable material that has the 9-DOF
IMU on it should be fixated to the body because the sensor is mainly affected by

dimensional deviations.

Piezo Buzzer Element: Piezo Buzzer element produce minimal and primitive sounds
and is not enough for complex projects in which more advanced sound effects or/and
verbal stimuli will be used. The simplicity of the sounds produced by the material
may lead to confusion regarding the function of the sounds. Therefore, quite different
tones (e.g., different notes and melodies) should be used for different reinforcements

and stimuli.

51.2 Usability of E-Textile Materials

Intuitiveness of the Interactions: According to Rosales et al. (2015), interacting with
devices in a natural way is an essential design consideration, and Baurley (2004)
defines an intelligent world as the one in which people interact with objects in an
intuitive way, and the materials respond our communication methods. Both authors
claimed intuitiveness as a crucial design consideration. In the current study, children
interacted with the system by using psychical objects, sitting and standing
movements, and covering a part of wearable materials. The results showed that
actions to interact with the games were easy and intuitive for preschool children, and
they were able to play the games, easily use the wearable materials and psychical
objects. However, playing the games on a tablet PC by wearing a material was new
for children, and some children tried to play the games in the classical way. In other
words, they attempted to complete tasks on the tablet PC by hand gestures (i.e.,
touching, dragging). The behavior was not frequent and persistent, nevertheless. In

similar projects, children may show similar behaviors.

Another issue was that although covering the circles on the interactive belt was easy

for children, they frequently forgot to remove their hands from circles after

218



completing a task. This limitation stems from utilized sensors and algorithms; as
Rosales (2015) stated, the way interaction takes place highly depends on the

capabilities of electronic components on the wearable device.

Size of the Materials and Components: If the developed material is a wearable one,
size of the material should be small enough to be worn by preschool children,
adjustable, easy to use, and comfortable. According to Wright and Keith (2014), a
wearable device should be comfortable by definition. However, being small can be
a problem if children are going to use the material themselves, as Kazemitabaar et
al. (2017) stated. If the material is going to be used as a part of a table activity, the
size of the material and the interactive components (such as buttons and objects)
should allow easy use. Fine-motor skills of children are immature at preschool age;
thus, the objects and components that children interact with should be big enough

for them.

Perceived Responsiveness: Perceived responsiveness refers to the degree of
children’s perceptions regarding the material’s ability to produce a response. For
instance, the Bluetooth connection between the wearable and tablet PCs is one of the
main reasons affecting perceived responsiveness. These connections should be
adjusted to minimize delays as they may lead children to believe that the material is
broken or the sensors are not sensitive enough, which may cause children to apply
unnecessary pressures on the sensors or do scrubbings. Other factors include the
sensitivity of sensors, written algorithms, game design (e.g., not giving feedback),
and user characteristics (e.g., preschool children expect every action to produce a
response). Kara and Cagiltay (2020) noted that response time is essential to keep
children’s motivation high in the smart toy system, which uses RFID technology to
connect the physical and virtual world in a meaningful and purposeful context.
Besides, Dakova and Dumont (2014) noted that immediate feedback is needed in
textile interfaces because the lack of instant response will lead to repeat the action,

apply more force, or extend the action time.
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Stability of the Materials: The researcher’s experiences with the wearable e-textile
materials showed that stability is a feature that the wearable materials should have.
In other words, they should stay fixed where they were supposed to be. Wearable
materials can provide great flexibility in terms of giving the wearers to move freely
without disrupting the game mechanism. However, if the material is developed as an
accessory such as a belt or band, it should be attachable, adjustable, and stable.
During the implementations, the first two versions of the thigh band slipped too
much, which frequently disrupted the game. Although the gluing back of the thigh
band significantly improved the stability, attaching the band on loose and stiff
clothes may still cause slipping or dislocation. Regarding the interactive belt, it is
quite a stable material, and there was no problem regarding stability during

implementations.

Sturdiness of the Materials: The e-textile materials that are going to be used by
preschool children should be sturdy. All components, including electronic ones,
should be protected and hard to tear off. The whole material should be solid and
sound. As teachers stated, children at this age are curious, and they want to discover
the material by such as touching, dismantling, hitting, or pressing. As teachers stated,
they may even break components intentionally or unintentionally. Thus, the
materials should be quite durable. This result is in line with Nooroz et al. (2015);
they also noted teachers’ concerns regarding the durability of the pieces on the
wearable material. Cho et al. (2009) also report durability of e-textile materials as
one of the important smart clothing requirements. Kazemitabaar et al. (2017) stated

the same concern for wearable materials, especially when used in dynamic activities.

Covering the electronic components and circuits can protect them, or using a thick
base can protect the material against bending (as it was in the UFO material). For
example, felt was used in all materials to serve as a base for electronic components;
and the circuits, the electronic platform, and the sensor placed on the thigh band were
covered with a case made of hot glue to protect them. Regarding the interactive belt,
all components aside from light sensors were placed into the belt bag, and the light

sensors were framed and covered. Sturdiness is especially vital because any ill-

220



developed material can cause safety problems. The safety issue was also discussed

by Cho et al. (2009) as a usability issue for smart clothes.

51.3 Visual Design

Aesthetics: Clothing is part of human fashion, and aesthetics should be considered
together with functionality (Cho et al., 2009). Several principles regarding the
appearance of an e-textile material were suggested according to the results of the
study:

e The visual design of the material should be simple, and if possible, non-
interactive components (such as circuits, electronic platforms, power source,
and Bluetooth module) should be hidden in the design. As teachers stated and
the researcher observed, children want to discover the function of each visible
component, and the items that do not need to be apparent may diverse
children’s attention or confuse them. Besides, hiding the components
mentioned above made the second and third versions of the materials more
appealing.

e The placement of components should be appropriate for the purpose of the
game. For example, if children needed Neopixels to play the game, Neopixels
should be apparent in the design, and there should not be any item blocking
them.

Appropriate colors that are not eye-straining and do not interfere with the gameplay
should be used in materials (e.g., The background color of the UFO material was

chosen from among the colors not included in the Neopixel row.)

Having a Context or Theme: E-textile materials developed as educational material
for preschool children become more attractive when designed to have a background
story and visual items that support the story. In other words, when the game is
presented in an exciting context or theme, it becomes more appealing. Besides,

according to the researcher’s observations and teacher interviews, having a context
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or theme and a related background story or storifying the game also make explaining

the game easier.

Visual Elements as Cues: Visual design of the materials that are developed using e-
textile components can contribute or hinder gameplay. The light sensors on the
interactive belt used in Object Sorting game were framed to show children where to
cover, and in this manner, frames served as visual cues that contributed to the
gameplay. Light Order game materials also provided information about the effects
of the visual design of e-textile materials on game mechanisms. Although there was
no substantial evidence that the bus shape in the first version of Light Order game
material confused children regarding where to start because the same behavior was
observed in Cycle 2, the results of both cycles pointed to the need for enhancements.
Remembering to start from the left might have posited extra cognitive load to
children, and because of that, they might have started from the right in some
occasions. Realizing the need and making required enhancements is vital in ensuring
that all children’s cognitive capacity is used to keep the information in mind, which
may be especially required if the material is going to be used as an assessment tool.
The study results showed that, in the context of the Light Order game, visual cues
such as a felt arrow placed left and pointing right or visual effects such as turning
Neopixels on one by one from left to right can be implemented. Other explanations
of the behavior may be that children at this age are not accustomed to starting from
the left because they are illiterate or simply, they started from the right because
recalling the last verbalized item was easier (i.e., recency effect). In sum, the visual
design of materials developed using e-textile materials can affect the gameplay and
may cause affording extra cognitive capacity if not appropriately designed.

Another use of visual cues may be to show how to mount the wearable material to
the body properly. The wearable materials should have visual cues that help correctly

attaching it to the body.
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5.2  Design and Development of the Educational Games

521 Challenge Elements

Challenges in the Cognitive Flexibility Game: The first version of the Object Sorting
game was easy for children. The study results showed that classifying an object that
matches only one of the provided options on one dimension was easy for 55 months
old and older preschool children. The first version of the game did not address
cognitive flexibility because children were required to do simple matchings.
However, it revealed the interaction between the children and the tablet PC through
the wearable material, interactive belt. Children had no difficulty using the

interactive belt to match a falling object to one of the two options.

Implementations with the second version of the game revealed fruitful results
regarding the design of a matching/sorting game that addresses cognitive flexibility.
The second version of the game was inspired by two cognitive flexibility tests
Dimensional Change Card Sort (DCCS; Zelazo, 2006), Wisconsin Card Sorting Test
(WCST; Grant & Berg, 1948). Zelazo (2006) explained the administration of DCCS

as below:

children are shown two target cards (e.g., a blue rabbit and a red boat) and
asked to sort a series of bivalent test cards (e.g., red rabbits and blue boats)
according to one dimension (e.g., color). During a post-switch phase, they
are told to sort the same types of test cards according to the other dimension
(e.q., shape) (p. 297).

The current game resembles DCCS in that children are presented with only two
choices at a time (e.g., the object that falls down should be matched only one of the
target objects), at post-switch phase, children are informed both by the outer voice
that states objects should be matched according to a different dimension, and by

using different backgrounds when the rule changes.
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Although various versions are present, in WCST, participants require to match a
response card with one of four stimulus cards. The participant is not told which
dimension to consider when matching but given feedback regarding his/her attempt.
The cards are the combination of four geometrical shapes (star, cross, triangle, and
circle), four quantities (a card includes one to four of the same shape), and four colors
(red, yellow, green, and blue). The current game resembles WCST in that although
children are told and cued when the rules change, the new sorting dimension at the
post-switch phase is not told (in DCCS, children are clearly told what to do on each

trial), and children are expected to comprehend the new rule from feedback.

An important feature of the current game is that a different set of figures are
employed in each trial. In other words, in each trial, a dimension is kept constant
(e.g., count), and instances of the other two dimensions (e.g., shape and color) are
randomly defined. For example, in a trial, a child must decide to match the falling
object (e.g., two blue circles) either to the left which it matches on the shape (e.g.,
two red circles) or the right which it matches on the color (e.g., two blue squares)
and in this example, object count is the constant dimension kept the same for left-

right objects (on each trial object count is selected randomly up to three).

The structure of the game makes it vulnerable to random correct answers. In other
words, a child who was not able to discover the matching rule might have given
several correct answers because, in a single attempt, one has a 50% chance to give
the correct answer. In this sense, providing two options has the disadvantage of
determining the children’s performance inadequately because the possibility of

giving the correct answer by chance is too high.

When three consecutive answers were taken as the indicator of understanding the
rule, children’s average attempt number to find the matching rule is between three
and four. In other words, children made two, three errors before starting giving
consecutive correct answers (in some levels, some children could not give three

consecutive true answers, and those levels were not included in the calculation of the
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average). These values can be taken as a reference for similar projects and

determining children’s performance.

How many matching a level includes before the rule changes (i.e., the number of
pre-switch trials) may affect children’s performances. The issue was not specifically
addressed in the study, but the observation belongs to one participant raised the
question. In that case, after increasing the number of pre-switch trials from 8 to 13,
her performance was increased. Nevertheless, this issue is not easy to address
because the game designed in the current study has similarities to both DCCS and
WCST, but each test was developed for different targets (i.e., DCCS in early
childhood and WCST for adults), and target groups show different characteristics.
Besides, both tests have different characteristics such as the typical number of pre-
switch trials. In the meta-analysis Doebel and Zelazo (2015) conducted, it was found
that the number of trials at pre-switch negatively correlated with performance and
significantly predicts it. On the contrary, Grant and Berg (1948), for example, found
that as the number of successive correct attempts (i.e., reinforcing trials) increases,
the number of both perseverative and non-perseverative errors decrease. Doebel and
Zelazo (2015) point out that typical DCCS administrations are limited to five or six
trials, making it difficult to establish a linear relationship between the number of pre-
switch trials and the shifting performance. They also added that according to CCC-r
theory, beyond a number of moderate trials, switching performance could increase
by allowing more chance to think on the task structure and recognize other
dimensions. Grant and Berg (1948) attribute the effect to the “confirming” role of
the reinforcing trials because confirmation decreases the vagueness of the condition,
and the complexity of the situation requires multiple trials to end uncertainty (p.410).
In the same vein, Stein et al. (2017) noted that the order of tasks is important in
measuring EFs because cognitive demands of the first task might reduce the
cognitive capacity to be used for the second task, especially for children. In other
words, unresolved complexity or uncertainty may continue to occupy children
leading to poorer performance on the following tasks. Another point of view could

be that children use their cognitive resources to find the rule at the beginning of each
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level or remember the previous level’s rule (other than the first level). Thus,
increasing the number of pre-switch trials could strengthen the representation of the
rule in the long-term memory and make it easy to recall at post-switch. Remembering
the previous levels’ rule, children could rule out matchings that comply with it. In
fact, results suggest that children used a strategy called “using the opposite rule” in
Object Sorting game. According to the strategy, children matched non-conforming
instances considering the previous level’s rule as the primary rule (the game
mechanism allowing the employment of such a strategy should be considered).
Related to that, strengthened representation of the rule in the long-term memory
could decrease working memory load and makes it ready for the switching phase

(i.e., attending to instructions).

A frequently observed interesting situation was that children sometimes gave wrong
responses, although, before that, they gave several correct answers. The situation
was observed in 10 of the 42 play sessions. It is possible that young children have
difficulty maintaining high-attention and can forget the rule after several trials, which
can make them give a few consecutive wrong answers before finding the rule again.
The situation could be considered when investigating the effect of the pre-switch

trial number on switch performance.

The results shows that some children showed perseveration behavior to some extent
while playing the game. The game was designed to require matching according to
the distracter dimension of the previous level. For example, in Level 2, children were
required to match the objects according to the distracter dimension of Level 1.
Performance percentages showed that there is a negative relationship between
consecutive levels, 1 and 2; 3 and 4; and 5 and 6. According to the table, Level 1
performance is higher than Level 2, which means that children continued to match
the objects according to shape dimension in Level 2. The same situation applies, too,
to Levels 3 and 4. Regarding Level 5 and 6, children did better in the latter than the
former, which can also be interpreted as such continuing to match according to the

count dimension may have played a role in increased performance at the following
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level. Showing perseveration was intended because it means that the game posits

challenges regarding cognitive flexibility.

Challenges in the Inhibition Game: According to results, children’s performances
are different for Do as | Say and Do as | Do rules. In Cycle 1, children’s Do as | Do
performances seemed better than Do as | Say; however, this result should be
interpreted carefully since the children experienced not enough cases that the visual
and auditory stimuli conflict. Cycle 2 results were more reliable in terms of the
number of provided trials. In Cycle 2, children’s performances were better when the
rule was Do as | Say. This may be because children play a common, similar game,
Deve-Cice (Camel-Dwarf), in the class. Thus, they may be better at completing the
tasks given by auditory stimuli. In this manner, the challenge for the rule Do as | Say
can be increased. When interpreting the results of the study conducted by Volckaert
and Noél (2015), Kassai et al. (2019) mentioned the positive effect of measurement
similarity by noting that detecting the significant far-transfer effect of inhibition
training on cognitive flexibility might have been because of the used cognitive
flexibility measures that were typical inhibition tests extended as to have one more
section that “required switching between the previously practiced rules” (p. 182). To
put it more clearly, the effects of previously studied skills can transfer to similar

situations and lead to better performances.

Another result was that older children’s performances were better than younger
children. While children in Cycle 1 were 59 months old on average, the age average
of children who participated in Cycle 2 was 69 months, and children in Cycle 2 did
better than the former group. In the EF literature, age was reported as one of the main
factors affecting EF skill performance, and it is also known that EF show rapid
growth in childhood (e.g., Anderson, 2002; Carlson, 2005; Center on the Developing
Child at Harvard University, 2011; Diamond & Taylor, 1996; Scionti et al., 2020;
Theodoraki et al., 2020).

The study showed that girls are better than boys in completing tasks that require the
use of inhibition skills (see Moffitt et al., 2011). Both groups did better when the rule
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was do as | say. This may be because children play in the class a similar game Deve-
Clce, which requires them to behave according to what they heard, and they are
familiar to conform to auditory stimuli. However, as the high-performance
percentages (81% for do as | say rule, %72 for do as | do rule) showed and the
teachers indicated, the challenge level of the game was still low for preschool
children who are about 67 months old. Several options can be considered to adjust
the challenge. First, increasing the game pace can be a way to increase the challenge.
Second, adding other visual and auditory stimuli would be an option. Third, the game
can be played with younger children.

The results showed that the game mechanism, which is using visual stimuli as the
distracter and requiring to conform to an auditory stimulus or vice versa, can be used
to practice inhibition skills of children because each type of game posited some
degree of challenge of ignoring one type of stimuli and behaving according to the
other. Do as | Say/Do game address the skill what Diamond (2013) put as “inhibitory
control of attention” or “interference control at the level of perception” (p. 137).
According to her, inhibitory control of attention enables us to choose what stimuli to
focus on and disregard others. An example of selective attention is the Flanker task,
in which participants are required to focus on the visual stimulus at the center and

ignore the irrelevant stimuli around it (Diamond, 2013).

Finally, as it was stated in the results, the researcher had children to play according
to two opposite rules consecutively during implementations. Children played three
levels where they needed to play according to auditory stimuli and then played three
more levels where they were required to conform to visual stimuli. Results showed
that some children played according to the previous rule in the second set, which
means that they had difficulty in switching rules. In this manner, it can be said that
the game required children to use cognitive flexibility skills as well, and a game
designed for inhibition skills can be turned into a game for cognitive flexibility skills
by adding another level in which the previous level’s distracter stimulus is the new

target. Volckaert and Noél (2015) used a similar strategy to measure cognitive
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flexibility. The researchers employed measures typically used for inhibition and

added another module in which preschool children switch to new game rules.

Challenges in the Working Memory Games: The study’s results indicated several
factors that affect the challenge level of a “working memory” game: the amount and

structure of the information and the duration provided to encode the information.

The results belong to Light Order game clearly showed that the number of items to
be held in the memory affects game challenge, thus the game performance. Results
show the decreasing performance as the number of items increases in both cycles.
Performance of children and the number of five-item levels played in Cycle 2 was
better than children in Cycle 1, which may mean that older children were better at
using their working memory capacity. According to Gathercole et al. (2004), three
components of working memory (i.e., central executive, phonological loop, and
visuospatial sketchpad) show a linear increase from four years old to adolescence.
However, it should be considered that in the second version of the game, there was
a level-resetting button, which might have played a role in increased performance of
children because the button enabled children to play the same level again and seeing
the same color sequence several times is easier than being presented with different
sequences each time. As a matter of fact, in Cycle 1, children managed to play four-
item levels, and only two out of ten children were successful enough to play five-
item levels. However, children in Cycle 2 were able to play much more five-item
levels. According to Baddeley (2012), there is a direct link between the phonological
loop and LTM, which allows the flow of information from the loop to LTM and vice
versa. Therefore, several repetitions of the same sequence might have helped code
the information to LTM and retrieve it. However, this may lead to another issue that
children may recall the previous level’s color sequence, which may hinder recalling
the new level’s color sequence. In fact, there were times children completed the
forgotten part with the previous level’s sequence. The situation was observed,
especially when there was an easy to remember color sequence such as red-blue-
yellow-yellow. In this case, children might have transferred some information into

LTM, and the information hampered recalling the next color sequence (i.e., proactive
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interference). Results belong to both cycles revealed that children were managed to
play five-item games, at most, using the level-resetting option. Thus, six Neopixels
on the UFO material seemed to be more than enough for five-year-old or younger
preschool children. Besides, teachers confirmed that the six items are enough. A
notable suggestion was to play the game with a limited number of colors and
increasing the number of Neopixels. Limiting the number of different colors will
surely change the sequence’s structure by allowing the creation of patterns and
increasing the likelihood of sequences that include groups of the same color, both

will help them complete levels more easily.

Regarding the Follow Pattern game, results show that children’s performances
decrease when the item number in a pattern unit increases in Cycle 1. Working
memory is limited in both capacity and duration (Baddeley, 2000); thus it is plausible
to expect that information amount affects performance. However, it was not possible
to establish the same relationship in Cycle 2 because the amount of the information,
in this case, the pattern unit’s size, seems not to be the solitary reason that explains
performance differences. Before continuing, it should be noted that the number of
trials is not enough to make reliable interferences for the first six levels of Cycle 2.
Nevertheless, they provide a general idea about children’s performances belong to
different pattern types, and the rest of the results still provide fruitful insights about
children’s performances, gameplay, and working memory traits. According to
results, children’s performances change considerably, even at levels that include the
same unit size patterns. For example, although the seventh and the eighth patterns
were similar in terms of structure and the pattern unit size, children’s performances
differed profoundly. This brings us to the second challenge component: the structure
of the information. One reason that patterns with similar unit sizes did not posit the
same amount of challenge might be that the structure of some patterns included
visual cues that helped children recall them easier. A child’s performance in the
Follow Pattern game was highly influenced by if s/he recognized the pattern or used
visuospatial working memory effectively. The game could be completed by

repeating the pattern unit or recalling places of only two standing or sitting
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characters, except that the first and second levels. For example, places of standing
characters of the eighth pattern might have provided them clues, and children
completed repeating the pattern using their visuospatial working memory. As stated
above, there are not enough trial data in Cycle 2, and the structure of both versions
are different. Besides, there are more pattern types in the second version of the game.
Thus, comparing the performances of children at both cycles according to the pattern
type is not reasonable. However, children’s overall performances may provide
insight into differences between the two groups. The performances of children in
Cycle 2 (64%) were better than in Cycle 1 (48%). One reason for the difference may
be that when children in Cycle 2 failed a level, the same type pattern but with
different visuals was presented again. This did not apply to the children in Cycle 1
because they were presented with one of the four pattern types randomly when they
failed a level. Another reason is the age difference between the two groups, which is

probably the primary reason for performance variance.

The structure of the information to hold in the memory is related to the Light Order
game such that when the color sequence forms patterns or groups, children became
more successful. According to the results, children’s performances decrease when
the group number in a color sequence increases while the total color count is kept
constant. As we have known so far, it is possible to increase the number of recalled
items by coding them as chunks (Miller, 1956). One prominent example is that
grouping letter into words and words into phrases make them easy to recall (Miller,
1956). Besides, Thalmann et al. (2019) claimed that chunking reduces WM load,
thus helping recall of not-chunked information as well as chunked material. Thus,
whether the information includes natural chunks is a foreseeable challenge

characteristic.

The final challenge component of the working memory games is the duration given
to encoding information to memory. The study showed that children should be given
enough time according to the amount of information they asked to keep in memory.
The average duration that children verbalized the single color in the Light Order

game was two seconds, and the duration can be taken as a reference for similar
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games. According to the teachers, children should be given a chance to complete the
level that they failed. The same request came from some children during
implementations. In the second version of the Light Order game, the feature was
added, and it allowed children to extend the looking duration. A smarter approach
would be that the material automatically adjusts looking duration according to the
color order structure because children’s performances were greatly influenced by
how a color sequence was shaped.

Children were allocated ten seconds to look at and verbalize the patterns in the
Follow Pattern game. Considering the fact that games should have some degree of
challenge, ten seconds duration seems to be enough for six-item patterns for about
50% challenge for children who are about 60 months old (The images in Cycle 1
sometimes conflicted with children’s schemas should be taken into account).
However, Cycle 2 results showed that ten seconds could be decreased for the children
about 70 months old. Their average performance was 64%, and the observation and
interview data support the claim that the game’s challenge can be increased. Besides,
it should be noted that the looking time should be adjustable even for the children of
the same age because of individual differences. Another result to consider is that
children spent more time verbalizing unusual patterns, e.g., other than patterns
consisting of sit-stand and stand-sit units. Thus, the digital game can be designed to
give children more time when presented with a new, unusual pattern, especially for
children who are about five years old or teachers adjust difficulty according to

individual characteristics of the child who is going to play the game.

The study showed that the unit size of a pattern is a factor that affects the game
challenge, although it is not the only element. Performances of children at patterns
starting with the standing movement were lower than at others begin with the sitting

movement.

Common Challenge Elements: The study revealed two common challenge
components for all games designed to support children’s EF skills. These are game

pace and transferring.
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The study showed that the game pace is an essential factor for defining the challenge
of the games. When the pace was too slow, children lost their attention, and when
the pace is too fast, they had difficulty completing the task. According to Kara and
Cagiltay (2020), breaks and gaps can disturb the game flow, which is vital for a good
focus. The study revealed the strategies that can be used to adjust game pace:

e The duration between easy levels can be kept short, while between difficult
ones can be kept longer to adjust game pace (For example, while the duration
between the levels that had three or fewer items in the Light Order game was
four seconds, it was seven seconds for the levels including four and more
items)

e Children should be given enough time to think before act especially if the
interaction between the game and children requires body movements (e.g.,
movement completion time in the Follow Pattern game)

e The game algorithm should compensate for their mistakes to some extent.
(e.g., the movement detection algorithm of Follow Pattern game checked
children’s answers after two seconds, and during this time, they were free to
make some mistakes.)

¢ An increasing pace method can be adopted to keep children’s motivation
high. Besides, 3.5 seconds to complete a standing or sitting movement seems
too much for preschool children aged about 70 months, although it may be
appropriate for younger children.

e The instructions given in the games can also decrease the game pace. It was
suggested that the instructions should not be too long. Besides, decreasing
the number of instructions and feedback as the game advances is suggested.
(For example, in the Object Sorting game, the game was introduced step by
step, each level, a new feature of the game was presented, and the complexity
was increased).

e The duration between two consecutive levels is another factor that affects the
game pace, and the length of the feedback given at the end of the levels

affected the duration between the two levels. The duration between the two
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levels in the second version of the games was seven seconds for Do as |
Say/Do game, five to eight seconds for Follow Pattern game, and about ten
seconds for Object Sorting game.

e Game pace should be determined by considering individual differences,
especially the age of children. Providing options regarding game pace (e.g.,
options for changing the time between levels, looking duration) or utilizing
adaptive challenge can be a solution.

e |If the game requires focusing on stimuli, the time between two consecutive
stimuli should be considered too. The duration between two consecutive
stimuli in the second version of the games was about four seconds for Do as
| Say/Do game, five to twelve seconds for the Object Sorting game.
Moreover, requiring children to do nothing for distracter stimuli may
decrease the game pace too.

e The actual gameplay and the training parts can be separated not to make
children go through instructions after getting used to the game.

e The duration given to children to find the game rule and sort the falling object
according to it was eight seconds, which seems to be enough for preschool
children about 67 months old. The time can be taken as a reference point for
similar projects.

The second common challenge component is transferring. The transferring
component was defined as the ability to realize objects or situations that have similar
characteristics. The study showed that digital games’ challenges could be increased,
and the children’s attention can be kept on the games by requiring the use of
transferring skills. For example, for the Follow Pattern game, patterns created by 3-
4 visuals will increase the challenge compared to patterns consist of only two images.
Using different characters to depict the same movement and using different object
groups with common characteristics are the examples of transferring used in the
games. Besides, as the study showed, requiring the use of transferring skills in games
is appropriate for preschool children.
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5.2.2 Feedback and Reinforcement Characteristics

Distinctiveness and Variety: The study revealed that the reinforcements given by an
e-textile material or digital games should be quite distinctive since preschool
children may not understand or confuse the function of the sounds or visuals.
Especially when an electronic device with limited capability is used in the e-textile
material, the issue may be more prominent. For example, sounds produced by a Piezo
Buzzer element can be too similar to each other and be made more distinct using
quite different tones, notes, and melodies. Another way to strengthen distinction, as
suggested by the results, is to use visual and auditory stimuli together (e.g., using
two types of stimuli together only at the end of successfully completed levels to make
level completion sound more distinct). The duration between two different
reinforcements also affects the distinctiveness. For example, in the materials, there
were sounds for the level completion and each attempt. Because there was a short
time between the two sounds, children became confused when the two sounds were
conflicting. Adding some space between stimuli might help to ameliorate the
situation. In the materials, verbal reinforcements were not used at the end of levels,
but the study showed that it would be better to support reinforcements with verbal
stimuli or use verbal stimuli as only auditory stimuli. Using different reinforcements
for different purposes can also increase distinctiveness. For example, although both
are positive reinforcements, stimuli for a single correct answer and whole levels

should be dissimilar.

What a stimulus means to children plays a crucial role in ensuring distinctiveness.
The study showed that children might perceive a stimulus differently than adults
(e.q., first two emojis in Figure 4.30). This result is supported by Fane et al. (2018),
who found preschool children attribute multiple unrelated feelings such as worried,
surprised, lonely, sleepy, choosing, disappointed, searching, frustrated, weird, bored,
shy to straight-mouthed emoji. When designing a material, children’s characteristics
should be considered, and the materials should be developed with an ECE teacher or

expert together.
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Feedback and reinforcement variety is another issue to consider when designing an
educational material, according to the study results. A wide variety is essential in
keeping children’s motivation high and preventing monotony. Several studies in the
literature suggested a wide variety of stimuli (e.g., Cibrian et al., 2016; Kara &
Cagiltay, 2020).

Providing Immediate Feedback: Providing positive and negative feedback is a
default educational game design element. In their study, Kara and Cagiltay (2020)
noted that children should be provided with information about their performances at
the end of the play. Because of the aforementioned technical issues, negative
feedback could not be provided in the second version of Light Order game, and the
results showed that lack of negative feedback caused gameplay problems like
thinking that the answer given was correct and waiting too much for the feedback,
related with that, failing at the task because of waiting unnecessarily or thinking that
the material got broken. If children do not get feedback or reinforcement, or the
timing is not proper, they might think that the e-textile/wearable material got broken
and might try to make the material works by intervening physically. Chiasson and
Gutwin (2005) touched on the subject by stating that children want to see their
interactions’ instant results. If their actions do not return a response, they may
continue to do the same action until a response is produced. There is a possibility

that this urge of children may cause problems, they added.

Providing Verbal Feedback and Reinforcements: The study results showed that if
possible, materials should be designed to provide verbal reinforcements and
feedback, which will reduce the workload of teachers significantly. If that is not
possible, teachers should provide verbal reinforcement and feedback. Cibrian et al.
(2016) observed that preschool teachers continually provide verbal feedback and

praising words regarding children’s performance.

While designing an e-textile based game for preschool children, the material’s
technical capabilities in terms of verbal stimuli should be taken into account. The

verbal feedback may include reminding game rules, informing what should have
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done, and the reinforcements include praising words (i.e., well-done, great). Also,
verbal information about children’s performances should be provided at the end of
the levels. Callaghan (2018) revealed that children made fewer mistakes when they
got scaffolded feedback (i.e., feedback that informs children why their responses
were correct/wrong) compared to the group that received only sounds as feedback.
Thus, a good design for preschool children employs not only sounds but also

informative verbal feedback.

Providing Auditory and Visual Stimuli Together: One intriguing result of the study
is the requirement of using visual and auditory stimuli together in the games. This
serves several purposes, giving a chance to children who missed one of the stimuli,
increase the distinctiveness of reinforcements, and strengthen the message by
decreasing misunderstanding and incomprehension possibility (A stimulus may not
be apparent for children, and they may understand the other). In the second version
of the Light Order game, the material was designed to provide a visual effect at the
end of the levels, making the level completion sound more distinct. However,
providing auditory and visual stimuli together may depend on the game’s purpose
and challenge level. For example, in Do as | Say/Do game, the purpose is to ignore
one type of stimuli, visual or auditory, thus providing additional stimuli such as
verbal stimuli might confuse them or make the game more challenging. In their
study, Rosales et al. (2015) developed several wearable materials to promote social
interaction and indicated that visual feedback was of little importance in their work
because looking at visual stimuli would interrupt the activities or interactions (i.e.,
regularly checking socks was difficult). Especially games and activities that require

participants to be physically active might require the use of two stimuli together.

5.2.3 Level Mechanism

The study revealed issues regarding how the level mechanism of the games should
be established. The main findings were to allow children to play the failed level

again, setting goals, and making levels more structured.
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Play Failed Level Again: The suggestion of giving children another chance to play
the level that they failed came from the teachers for working memory games.
However, game-play sessions provided supporting data for the suggestion too. First,
maintaining attention all the time is difficult for children, and sometimes they might
miss looking at the information. In these cases, being able to reset the level or being
presented with the information at the same challenge level automatically is a big
convenience for the practitioner. Second, it allows children to experience more
challenging levels (e.g., Five-item games in Light Order). Repetitions of the same
information several times might have allowed them to transfer a part of the
information to long-term memory, thus allowed more information to keep in mind.
Third, some children might demand to be presented with the same level to try
completing it, which also ensures that children do not proceed without achieving the

level’s objective.

Setting Goals: The study showed that providing children with feedback and
reinforcements is not enough for them. Children should be provided with goals to
achieve, which helps them to maintain attention. In a study, Callaghan (2018)
investigated design features of popular preschool math and literacy apps and found
that one of the apparent features is having clear goals. Teachers can determine goals,
or digital games can be designed to have previously set goals. The Light Order game,
for example, does not have previously set goals, and how many times the game will
be played and how challenging it will be can be defined by teachers. Numeric
indicators for correct attempts or visual components that show the goal (e.g., three
blank trophy images for three levels) can be used to set a goal. Buckleitner (2015)
recommends using metaphors that are meaningful for children, such as stair steps or
a tree to climb to show status.

Setting goals helps children maintain interest and attention and is also useful in

defining how much children should play.

Structuredness of Levels: Structured level mechanism allows the simple-to-complex
strategy to be applied while designing the levels. According to Callaghan (2018)

level structure of the games can be designed purposefully to scaffold children’s
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learning; to do so, gradually increasing the challenge as children get intended
knowledge and decreasing it when children have difficulty can be a strategy. In fact,
Callaghan (2018) found that when children engaged with scaffolded levels, they
made fewer mistakes compared to the group presented with random order levels.
Regarding the use of simple-to-complex strategy in a working memory game about
pattern concept, the study results suggest three methods: Considering item count in
the pattern, pattern structure, and transferring. It should be noted that although these
results are evaluated within the context of pattern concept, they can be applied to
other working memory games. When the amount of information is less, children
were more successful. Limited working memory capacity was already reported in
childhood years (e.g., Gathercole 2002). In this regard, starting from a small number
of items, such as patterns consist of four items, is a way of starting from simple. The
second method, adjusting information structure, in this case, pattern types, plays a
role in defining the challenge. The most basic pattern types for children are sit-stand
and stand-sit pattern types, as the study showed. Pattern games can start from these
simple pattern types. The third method, requiring transferring, is another way to
make the level more challenging. The study showed that even though the pattern
structure does not change, children had difficulty recognizing patterns when they
consist of different characters to depict the same movement. In this manner, different
visuals or objects that have a common feature such as color, content, or shape can be

used to express the same unit component of a pattern to increase complexity.

A structured level mechanism is also useful in defining how much time children
spend on what information. For instance, the second version of Follow Pattern game
consisted of ten levels, and the ninth and tenth levels were the repetition of the
seventh and eighth levels because these pattern types are very unusual, and the
researcher wanted children to work with these patterns more. Another issue is how
much control teachers should have on the levels. In other words, whether the levels
should automatically move on or not. At this point, teachers seem to want to have
both options. The main concern is that children might not keep up with the material

if levels advance automatically. The study showed that both options could be applied
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depending on the technical capabilities of the materials and the game structure.
However, if levels are going to proceed automatically, the material should adjust
difficulty automatically, or children should advance as they succeed. For example,
while the Light Order game gives teachers control of levels, Follow Pattern game
has a predetermined level structure in which a child cannot advance without
succeeding. This strategy is in line with the views of Callaghan (2018), as the author
claimed that digital applications could be purposefully designed to support children
in developing basic knowledgebase before confronting more complex information
by employing “adaptive scaffolded challenge” (p.11). Accordingly, Lieberman et al.
(2009) stated that the game’s level mechanism can be designed to provide the
challenge that best fits children’s changing abilities by increasing or decreasing
difficulty. Most importantly, some researchers claim that EF skills should be
challenged for observable improvements (e.g., Diamond & Ling, 2016), and

structured levels and adaptiveness features could serve this purpose.

In games for cognitive flexibility, if the game mechanism requires adapting to
changing rules, the rule change should be made automatically because it
considerably affects the game flow. In the Object Sorting game, children were
presented with a distracter to match the falling object according to the previous
level’s rule to reveal perseveration behavior. Changing rules manually both would
be hard, impractical, and it can disrupt creating a prominent response. Besides,
predefined levels help to have control over many variables. For example, for the
Object Sorting game, it made it easy to define how many matchings a level should

include, and the sequence of levels (matching-distractor pairs).

524 Other Design Elements

Appropriate Visuals: The study revealed the characteristics of visuals that are going
to be used in digital games. Three guiding principles emerged at the end of the study.
The first principle is the use of images that do not conflict with children’s schemas.

When images conflicted with the children’s schemas, they had problems
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comprehending the message that the visuals convey. For example, children had
difficulty verbalizing movements of the characters that are at the same height or
when images representing sitting movement were higher than those used for standing
or vice versa. It might also present an obstacle to getting the actual content by
requiring too much cognitive resource. For example, children might be too busy
determining the characters’ positions, and they might not recognize that the
characters constitute a pattern. This result is supported by Kara and Cagiltay (2020),
as they noted that virtual objects of the material should be parallel to real life.
Besides, inhibition skills might be activated when the image and the content
conflicts, and children might have to repress the height dimension of the image.
Although children mostly overcame this challenge, the fact that visuals can affect
children’s performances should be considered while designing a material. The
second principle to use images that are apparent and highlight the content. In Follow
Pattern game, children were confused when they encounter images that do not
emphasize content; in this case, the character’s position. For example, if a character
image is going to represent sitting movement, it should clearly show sitting
movement, should not have distracters, and if possible, the character’s posture should
be similar to real-life equivalent. In other words, if the child is expected to sit facing
the tablet PC, using the characters that face right or left, and do an activity other than
sitting such as reading a book, irrelevant hand positions, or playing with a toy might
confuse children or increase the challenge. The study showed that some children
might take instructions too literally and try to do the exact things that the character
does. Kara and Cagiltay (2020) also found that “visual design should not confuse
children and the virtual objects focused on in the toy should easily be differentiated
from other objects.” (p. 9). However, it should be noted that the issue regarding the
visual design of the single item is not its distinctiveness from other visuals; it is the
understandability of the visual, instead. The third principle is to use more authentic
images and effects whose function is easy to understand. For example, a pointing
hand instead of an arrow is a better option to point something. Buckleitner (2015)

stated that icons used in the interface should be meaningful for children. Chiasson
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and Gutwin (2005) noted that icons on the screen should be intuitive for children and

symbolize well-known items.

Background Sounds: Digital games become more engaging when they have different
background sounds that accompany gameplay. In their study, Cibrian et al. (2016)
took opinions of preschoolers at a participatory design session for the design of an
exergame, and the suggestions of the children included incorporating several songs
and sounds. Kara and Cagiltay (2020) also gave this suggestion and noted that the
background sounds that can get children’s attention should be provided as an option.

Background Story: The study results indicated that composing a background story
for a game can make it easy to understand and more engaging. This result is similar
to that reported by Cibrian et al. (2016), in which preschoolers suggested the
prototype exergame they had played to include a game story and themes such as
treasure-hunting. Besides, experts in that study proposed creating a story for
exergame to maintain children’s interest in the long term. Cibrian et al. (2016) noted
that a background story works like a “goal-directed fantasy”, which gives children
goals. In the current study, the suggestion of composing a narrative was made only
for Light Order game. The reasons might include providing the game purpose in a
meaningful context, increasing the attractiveness since the game was plain and
lacked attractive features that screen-based technologies such as TV and tablet PC
provides, or completing space-UFO context with a narrative. Besides, children
should be told how to play the game already, and composing a story makes game

explanations easier and more entertaining.

Considering Individual Differences: The results of the study showed that children’s
performances and motivations vary because their interests in games were different.
While some children wanted to play a game more, some children did not want to
complete the game. Moreover, children’s performances also considerably varied. For
example, among children who completed Follow Pattern game in Cycle 2, the child
whose performance was the lowest made three times more mistakes than the child

with the highest performance. The results also showed that performances of boys
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and girls who completed the game is similar. However, their interests were different,

as two boys did not want to complete the game while all girls completed the game.

The effect of individual differences can also be seen in Do as | Say/Do game. For
example, a girl and a boy did not complete Do as | Say/Do game a second time after
the rule changed to Do as | Do. Furthermore, girls’ performances were better than
boys as Cycle 2 results of Do as | Say/Do game showed. This result is in line with
the study of Moffit et al. (2011) in which the researchers combined self-control
measurements of children at ages 3, 5, 7, 9, and 11 and found that compared to boys,
girls have greater mean levels of self-control. Another important result is that
children’s individual performances on both rules are similar, which is expected

because the game still requires inhibition skills, even if the rule changes.

It is possible to see individual differences regarding game performances in Object
Sorting game too. The child who showed the lowest performance correctly sorted
only half of the trials and who has the highest performance completed %90 of
matchings correctly. The results showed that children’s performances vary greatly.
Besides, when gender-based performances are calculated, it is found that the average

performances of boys and girls are similar in the game.

While discussing why their study results were moderate, VVolckaert and Noél (2015)
noted that the individual differences might have played a role, and children with high
inhibition skills and older children were not challenged enough by the games they
developed. The participant teachers’ comments shed light on how individual
differences should be handled. As they stated, depending on the learning objectives,
children’s knowledge can vary, but this should not be a major concern because while
the activity might be a learning activity for some children, it might serve as a practice
for others. The issue was also stated by Volckaert and Noél (2015) as a limitation
of training as groups because of high variability in terms of the targeted cognitive
skill.

Diamond and Taylor (1996) did not find gender differences regarding performances

at Luria’s tapping test (tap once when the experimenter tap twice and vice versa). In
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the current study, the inhibition demand of the game is much more, and it may be
possible that the challenge of the task should be more enough to reveal gender

differences, if any (i.e., ceiling effect might have played a role).

Considering the fact that classes consist of children with different characteristics, it
is not reasonable to think that all children must like the activity or benefit from the
activity in the same way. However, the materials should address the majority of the

class, at least in terms of adjustability of challenge level.

Game Duration: Interview with teachers and implementations with children
provided information about how long the games should be played. Results indicated

several guiding principles about game durations to consider.

First, the games should not be played too long because children may exhaust
cognitively. For example, in the Light Order game, children started to remember the
previous level’s color sequence, which confused them and made it hard to recall the
color sequence of the current level. In the Object Sorting game, low performance at
the fourth and fifth levels might because children might have been mentally tired
after the third level. In their study, Diamond and Taylor (1996) found that both
performance and response time decreased over the course of an intervention (i.e.,
Luria’s tapping test) session that included 16 trials. According to the researchers, the
reason might be that children could not maintain a high-level exertion, got
cognitively tired, and started giving random answers. Diamond and Taylor (1996)
noted that especially younger children were more prone to cognitively exhausting

earlier.

Second, a teacher suggested that the gameplay duration can be increased gradually.
The suggestion might be useful, especially when playing with children who have a
short attention span. Using the method, children might learn to focus on the task

longer.

Third, teachers expressed that gameplay duration change according to children’s

characteristics, attention span, focusing span, age, and interest.
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Fourth, the teachers noted that if the games are designed as a pack (e.g., requiring to
complete a set of tasks), classroom management will be more comfortable. Having
a game that ends at some point helps to ensure that children completed the task at
their pace. All of the games that work with a tablet PC were designed as a package
game. On average, the second versions of the games took 19 minutes for the Light
Order game, 17 minutes for the Follow Pattern game, seven minutes for the Do as |

Say/Do game, and nine minutes for the Object Sorting game.

The results of the study pointed out another issue that the designed games require
playing individually. Teachers stated that the materials would be used in a station
rotation activity in ECE classrooms. However, as this study suggested, children can
benefit from the games more if they play individually. When children tried to play
together, they continually interfered with each other’s play.

In sum, considering teacher opinions and the researcher’s observations, designing a
game that consists of structured tasks; and depending on needs and characteristics of
children, relatively simple or challenging levels can be served to children. Depending
on the structure of the game, gameplay duration can vary, but as teachers stated and
the gameplay durations in Cycle 2 showed a maximum of 15-20 minutes of play
seemed to be enough for children, and again depending on characteristics and needs

of children, and the game structure this time can change.

Instructions: Instructions are an essential part of the games and activities. The study
revealed mainly two characteristics that instructions should have:

I.  Instructions should be clear and sufficient: Unclear and insufficient
instructions and explanations naturally cause children not to understand the
game or make mistakes. Instructions to be provided should be clear (Cibrian
et al., 2016). Two methods can be utilized to make instructions clear. First,
what is asked from children should be clearly explained. For example, during
the implementations of the first version of Light Order game, the researcher

asked children to say color names in the row, supposing that they verbalize
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them in order, but they verbalized the color sequence without considering
the order because they were not told to do so.

Another example is that in the second version of the Follow Pattern game,
children were presented with the instructions informing children that when
amovement is completed correctly, the character representing the movement
appears. The instruction was given to prevent the behavior not to continue
moving after a movement was correctly completed, which was seen in Cycle
1. If the task expected from children should be done in a limited time (e.g.,
asking for a body movement like sitting or standing), children should be told
when to start, or there must be a stimulus showing the starting time.
Buckleitner (2015) also informed that children should easily understand
when their turns and added that a short event, which he called as “launching
experience”, should be provided (p.35). Buckleitner (2015) noted that
especially younger children need such initiation instructions and actions.
Second, appropriate words suitable for preschool children should be used
while explaining the game or giving instructions. For instance, the researcher
used the word show to describe putting felt pieces on the sensor, and they
were confused about what to do. Insufficient instructions might cause
children to make mistakes. However, it is not always easy to prepare
instructions utterly correct at the first time, and preparing instructions should
be included in the design cycles because implementations with children
revealed situations that could not be foreseen before. To give an example,
after resetting a level in the Light Order game, children tried to continue
where they left at the previous level, and this was not expected at the
beginning. Moreover, instructions should include explanations about the
visuals and sounds that children need to know. Also, instructions should be
prepared together with ECE teachers or experts to ensure that they are
appropriate for preschool children.

Instructions should be concise and allow enough time to practice what is

asked: Instructions that are long and do not give children enough time to
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practice what is asked can cause problems. For example, in the Follow
Pattern game, children were asked to verbalize the pattern and then repeat
the same movements accordingly. However, as the study results revealed,
children mostly ignored the part of the instructions that ask them to repeat
the pattern verbally. It is possible that because the instructions were long,
children were managed to perform partially, or there was not a mechanism
that checks if they verbalize the pattern. Another example is that children
started doing movements while the outer voice was verbalizing the pattern.
In the Object Sorting game, as soon as they heard the instruction that stated
the covering action, they started trying it. The neurophysiological
development level of children also requires the employment of short
instructions because phonological short-term memory is still immature at
preschool years. According to Gathercole (2002), the memory span of
children becomes almost doubled between 5 to 14 years of age. Also,
Buckleitner (2015) recommends one or two sentences-long narrations, and
Cibrian et al. (2016) suggest short instructions. Interaction with wearable
devices generally requires physical interactions to be done. Because of that,
the suggestion is especially vital for wearable technology-enhanced
interactive games. In sum, the instructions should not be extended, include
one task at a time, and give enough time for the task to be completed before
giving another one. Besides, it should be noted that long instructions might
bore children. One way of avoiding long instructions could be dividing
instructions into several parts and presenting them with the related game
mechanism in a gradually decreasing manner as children learn how to play
the game. The method is useful in preventing too many repetitions and
supporting the game flow. According to Buckleitner (2015), instructions in
the game should not be given repeatedly; repeating the same instructions a

few times at first is enough.

Need for a Training Part in Digital Games: According to the study results, games

should include training parts in which the wearable material is introduced, game
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rules are stated, explanations are made, and basic tasks for practicing are provided.
According to the results of the study, having a training part will reduce teacher’s
workload significantly. The teachers who participated in the study reasoned the need
for a training part by expressing that exercising before the actual play makes the
adapting process easier, and children should be provided a chance to recall prior
knowledge if needed. For example, being successful in the Follow Pattern games
requires using knowledge about pattern concept. The need to recall prior knowledge
of pattern concept was observed during implementations with children. Regarding
the design of the training part where prerequisite information is provided, teachers
noted that pattern teaching steps should be used. These steps had been applied to the
game successfully, and teachers approved the changes, and a teacher further
suggested enhancing the training part by adding a step in which children try to spot
a misplaced character in the pattern and correct it. The suggestion can be considered
while designing future materials. In the training part of Follow Pattern game, steps
were designed both to help children recall prior knowledge and learn the game rules
gradually. For example, a red rectangle and the time limitations were introduced after
practicing the pattern concept. However, the results showed that it is crucial to
determine where and how to start presenting information or practices for recalling
prior knowledge. In Follow Pattern game, the first practices of the training part were
too easy for children, which made the training unnecessarily lengthy for the children
in Cycle 2. In the same way, the game pace was low for them. The researcher
designed the training part according to the teacher’s opinions; however, the teacher’s
suggestions change according to the target group’s age, and the children in Cycle 2
were older than Cycle 1. As it was in the second version of the game, starting from
very simple might be more appropriate for the younger group. Defining a proper
game pace is not easy, and one way can be providing options for adjusting the pace
in the game settings. A teacher’s suggestion of adding another level in which children
create their own patterns or a level that can be used as reinforcement was not applied.
The suggestion can be considered for future materials and studies. Another useful

suggestion was to separate the training part and the game part. The games already

248



have the option of skipping training parts, but having options at the beginning is a
better option for preventing time losses. The results showed an important feature that
the training part of the games should have, allowing children to practice tasks
according to their paces. All of the digital games’ training parts allow children to
practice interaction such as sitting down, standing up, and covering circles according
to the game rules, and there were no time limitations for these interactions.
Buckleitner (2015) suggested designing the first levels as tutorials without calling
them as tutorials. The statement can be inferred as enabling children to start playing

the game and learn the features gradually.

Although the material can provide rules and explanations, children might need
assistance in getting familiar with, attaching, and using the wearable material. Before
attaching the material, children should be told about the function of wearable
material itself because they wonder what it is and its function, and after wearing the
material, they should be asked if they comfortable with it. Regarding how to interact
with digital games by wearable materials, they need to be demonstrated. The thigh
band’s appropriate use requires sitting down and standing up while keeping legs
close to each other, and children might need to be shown how to do movements
properly. As regards the interactive belt, how to cover circles should be shown
because children will not know how the material works, how much pressure they
should apply, how to cover circles completely, and how to position their arms and
hands. Cibrian et al. (2016) made a similar suggestion by noting that children should
be helped to understand the activity (i.e., the exergame) by role modeling. In this
study, the wearable materials were introduced by the researcher. The future digital
games can be designed to introduce wearable materials; however, as it was

mentioned above, children would still need guidance to use them.
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5.3  Gameplay Characteristics

5.3.1 Helpful Strategies

Verbalizing Visual Information: Multiple sources supported the results provided,
observations, interviews, and performance data. Two games were designed to
address the use of working memory skills, Light Order and Follow Pattern. The
results of the study claim that verbalizing or hearing verbalization of the information

served in several ways.

First, phonological input makes it easy to recall information in the presence of
adequate language development. Light Order performance results regarding
verbalization showed that while in Cycle 1, verbalization did not create a difference
too much, in Cycle 2, children did better when there was a verbalization. This might
be because of differences in language development level of children caused by age,
and the children in Cycle 1 might have spent their cognitive resources recalling
phonological representations of colors and vocalizing them, thus became low in the
performance. For example, a child had difficulty articulating the word “kirmiz1” (red
in English), and some spent too much time thinking about the name of the colors and
could not verbalize the sequence in time. When it comes to levels where there was
no verbalization, children’s failed attempts number were higher than successful ones

(The number of non-verbalized levels is low should be considered).

Similarly, children’s performance data belongs to Follow Pattern game showed that
children were more successful when there was a verbalization. While 55% of
verbalized patterns were completed successfully, only 12.5% of non-verbalized
patterns were completed successfully. These percentages were 70% for verbalized
patterns and 59% for non-verbalized patterns in Cycle 2. The second group seemed
to be quite successful in non-verbalized patterns too. The reason might be that
children in Cycle 2 were older than the former group and their visuospatial sketchpad

was more developed. As mentioned above, children’s language development might
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have had a proportion in the difference too. The researcher’s observations showed
that children with language problems had difficulties with verbalizing patterns or
color sequences. For example, while a child verbalized the Turkish word “kalk”
(stand, in English) as “talt”, some other children needed time to recall and verbalize
the names of movements sometimes. According to Gathercole and Hitch (1993),
children younger than seven years old do not have a reliable subvocal articulation
for coding visual material as phonological information, although they have a
phonological store and basic rehearsal mechanism when auditory material is
presented. Therefore, the vocalization of information increases the possibility of
storing verbal information in the phonological store. Because in the games, however,
children had limited time to look at and verbalize information, insufficient language
abilities may have a detrimental effect on the performance. There is also a
relationship between language development and phonological short-term memory.
For example, Gathercole et al. (1992) indicated that typical vocabulary development
requires sufficient phonological memory skills. Individual differences regarding
children’s language development can affect their performances in working memory

games as they might not effectively use the phonological loop.

Verbalization had served for additional purposes in Follow Pattern game: Helping
children to recognize the pattern, making them realize that vocalizing the pattern by
grouping helps them to recall it more easily, and use appropriate words to vocalize
the pattern. Hearing a pattern verbalization that is done by giving breaks after pattern
units can help children to realize that the characters on the screen constitute a pattern.
It was already stated that chunking benefits recall of information (Miller, 1956;
Thalmann, 2019). The researcher’s vocalization showed them how to vocalize
patterns and use proper words to verbalize patterns. One of the characteristics of the
phonological loop is that it is affected by word length, with longer words decrease
the performance (Baddeley, 2012). In other words, “longer words take longer to
rehearse, resulting in more trace decay and poorer recall.” (Baddeley, 2012, p.8).
Preschool-age children might choose lengthy words when asked to verbalize the

visual content, leading to poorer performance.
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Another reason that the verbalization has created performance differences is that it
might have helped children pay attention to the information. It is possible that
children partially focused on the information (e.g., the first two colors in a sequence),
and verbalization of all items made them go through all of the information. One
indicator of the estimation is that verbalizing helped them recognize the pattern

because most of the games’ patterns require going through the whole sequence.

Verbalization can be taught to preschool children since some children learned and
applied the method afterward. This could be the first step to encourage preschoolers

to self-talk, which may help them regulating their behaviors (Fuhs & Day, 2011).

Providing Clues: The method was used in the Light Order game, and the purpose
was to recall the verbalized color sequence. Saying the part of the color sequence
that children already completed helped them to recall the rest. As cited before,
Gathercole and Hitch (1993) noted that children younger than seven years old need
to be presented with auditory material to store information in the phonological store
as they lack the ability to recoding visually presented material into an appropriate
phonological form. This explains why the articulation of the already completed part
of the sequence helped children because re-articulation might have made it easy to

retrieve the remaining items from the phonological store.

In the same way, asking children the last item in the sequence when they completed
previous items helped them. The study showed that there were times the method
worked, and the reason could be that the method might have lowered the cognitive
load of children. While playing the game, one needs to know how many colors left
to show, and, in these times, children might have been lost control over this
metacognitive process. The other explanation might be that children use their spatial
working memory to recall the last item. According to Gathercole et al. (2004), the
storage mechanism of visual material shows substantial changes at early school
years, and young children less than seven years generally use the visuospatial
sketchpad to store and recall visual information. Children of the study were younger

than seven years old, and they use visuospatial sketchpad typically. Thus, asking the
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last item in the sequence might have helped them because knowing the only
remaining item was the last one, they might have managed to recall it. Additionally,
serial-position effect, according to which recalling first (primacy) and last (recency)

items are easier than the ones in the middle, might have been a supporting factor.

Using the Opposite Rule: Children used the strategy of using the opposite rule in
Object Sorting game. The strategy was to consider the opposite of the first dimension
to match objects. In other words, if the first rule was to match according to the shape,
they matched different shaped objects in the second game, which suggests that they
failed to recognize that the objects match on more than a dimension. The strategy
might be one of the basic strategies about grouping objects learned in the class. In
other words, starting from simple, children might have learned to group objects as
conforming and non-conforming. The other explanation might be that children
understood the following instructions as to match objects that differ on the dimension
that they used to match objects at the previous level. However, either they understood
the instruction differently or used the previously learned strategy does not change
the probability that some children did not recognize that the objects also match on a
different dimension. A similar explanation was made by Diamond and Taylor (1996)
for the strategy use of children in Luria’s tapping test. According to Diamond and
Taylor (1996), older children may be better at the task because they have better
memories and probably use the strategy of simplifying the rule by doing the opposite
of the experimenter’s action. Other researchers such as Luria (1961) and Mischel and
Mischel (1983) noted probable strategy use between three to six years of age (as
cited in Diamond & Taylor, 1996).

A suggestion informing the design of the game, thus, could be that keeping distracter
dimension and matching dimension constant and changing only the matching rule
may not be a good practice because children may develop the mentioned strategy if
the purpose is to support children to recognize that the objects match on more than a

dimension (i.e., having children to think alternatives).
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5.3.2 Inappropriate Strategies

If the games have design flaws, children experience it and can find a workaround
method. Therefore, the game mechanism should be well-designed, and the rules
should be determined to make children play as intended. In the Light Order game,
for example, children used several tactics to complete levels. The first tactic was to
collect felt objects, which enabled them to complete the level without keeping color
sequence in the memory. The tactic resulted from deficient instructions as they were
not told not to collect felt pieces at first. The second tactic was not to consider the
same color count in the sequence. The children could play without considering the
count of consecutive colors that were the same because there was no negative
reinforcement sound in the first version of the game. Finally, they could use the trial-

and-error method because there was no limited attempt number in the game.

5.4 Perceived Usefulness of the Educational Games

54.1 Ideas for Variety

Enriching Stimuli: While interviewing teachers, they creatively produced new game
ideas and suggested new features for the games to advance them further. The first
suggestion was to enrich stimuli in the Light Order and Follow Pattern games. For
the Light Order game, the suggestion was to enrich the game in terms of feedback
and reinforcement variety. The game does not communicate with a tablet PC, and
the electronic components provide only limited stimuli. A similar material capable
of communicating with an application on a tablet PC can provide a richer experience
in visual and auditory stimuli. The teachers recommended increasing movement
diversity in the Follow Pattern game. Because of technical and feasibility
limitations, the wearable material detects only sit and stand movements. However,

the material can be redesigned to detect other movements such as jumping,
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crouching, turning, touching to a place on the body, raising and lowering the arms

by using different sensors and algorithms.

Providing Interactive Reinforcement: Another gameplay characteristic was that
children tried to interact with the game’s visual reinforcements. The results indicated
that children could be motivated by providing interactive reinforcements to them.
The games’ reward mechanism has an important place in keeping children’s
motivation high, and interactive feedback and reinforcements can be a part of it.
According to Buckleitner (2015), children keep away from activities that they have
no control over, and effective interactive media makes children feel that they have
control and their interactions make a difference. The author further notes that using
“tangible” methods, such as real life-like interactions, increase control feeling and

provided examples: “balloons pop, eyes follow, and letters sing” (p.10).

Teaching and Practicing Concepts: The study showed that teachers think that the
materials can be redesigned and used to teach different concepts. Teachers noticed
that the Light Order game could be used to teach or practice the pattern concept after
making little changes. However, as they stated, the redesign of the material according
to pattern teaching steps is required to use the material to teach pattern concept,
which is very feasible. Two game ideas came to the forefront, and both aim to
practice the pattern concept. The first one is allowing children to create their own
patterns and giving feedback accordingly. In this case, children are provided with
several colors and expected to create their patterns. Each time an object is put on the
sensor, a Neopixel is turned on and emits the same color as the object. In the end,
the system checks if a pattern was constituted correctly and provides feedback
accordingly. The second idea that teachers came up with was completing the missing
item on a pattern. Both ideas can be applied easily by little changes on the game
algorithm of UFO material. The Follow Pattern game inspired a teacher, and she
suggested that if the material is redesigned as a non-wearable one, it can be used to
teach direction concepts and spatial concepts such as below, under, above, and on.

The idea seems technically challenging to be applied, however.
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Regarding the Object Sorting game, a teacher noted that right and left concepts could
be studied with the material. Children use their right and left hands actively when
using the interactive belt. The idea can be accomplished by designing a new game

that works on the tablet PC, and the wearable material can be used as it is.

Which Colors Were There? A Working Memory Game: Gameplay styles of children
and the activities teachers did in the class provided information about new game
ideas and features. Children’s play styles point that the Light Order game can be
redesigned to require children to keep only colors in the Neopixel row or/and their
counts in the memory. As teachers noted, they already play similar activities in which
children try to keep several objects in the memory and recall them later. The idea
might make the game less challenging, and rewriting the material’s algorithms is

sufficient to make the game mechanism as mentioned.

54.2 Instructional Quality

Active Participation and Motivation: Wearable materials can be designed to provide
various interaction means. For example, the Follow Pattern game requires body
movements to perform tasks in the game. Teachers liked the idea of using body
movements to interact with a game on a tablet PC because children do not isolate
themselves from the psychical world while playing the game compared to playing
only with a tablet PC. A similar claim made by Kara and Cagiltay (2020) stresses
the importance of concentrating not only on virtual environment but also on other
options that do not disconnect children from the physical world. Teachers also noted
that bodily interaction takes the attention of children, and they can involve actively.
Developing games using wearable technologies is a new idea, and because children
are not familiar with games, they will sure take attention of them. Other technologies
in the market provide bodily interaction, such as Microsoft Kinect, Microsoft
HoloLens, and HTC VIVE. However, all these technologies are too expensive, have
readily-available hardware, and might not be appropriate for preschool children. That

is, it is not possible to develop a new interactive tool (i.e., hardware) that is suitable
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for preschool children to engage with it. Further, developing games or educational
materials with these technologies is much more complicated than developing games
with e-textile materials. E-textile products, however, are cheaper and much more
flexible regarding possibilities. A plush cube, for example, can easily be converted
into an interactive toy for children. When explaining the wearable qualities, Rosales
et al. (2015) noted that “Adding sensing and reactive technologies to everyday
garments or accessories extends their functionality and provides the potential for

creative use” (p. 48).

Nevertheless, it should be noted that all these technologies have their advantages and
disadvantages, and one does not superior to the other. Considering the needs, a
technology which serves best for the purposes should be chosen. In this regard, e-
textile technologies have the advantage of enabling the development of various
interactive toys and wearables, being easily modified, and being used together with
the materials of preschool children such as felt materials and toys. “The ability to
integrate smart textiles with everyday objects (e.g., clothes and toys) leverages the
familiarity and intuitiveness of the objects in which they are integrated enabling them

as friendly interfaces for the deployment of ICT services” (Vega-Barbas et al., 2015,
p.2).

Another advantage of bodily interaction is that it may help develop and enhance
brain-body coordination skills, distinguishing e-textile technologies from digital
screens. As Rosales et al. (2015) stated, children’s lives are getting more tightly
planned, and children are using digital screens for entertainment. In this manner, e-
textile based materials constitute an alternative for them. As Rosales et al. (2015)

stated

“Body sensors give children a new way to interact with their body,
quantifying its functions for games and competition, and thus enabling it to
be a play object. Feedback connects children with their own actions and that
connection can elicit positive emotional responses, such as pride and

pleasure, which can trigger creativity” (p.48).
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Appropriateness to the EF Purpose and ECE Objectives: The results showed that
ECE teachers approve that the games address and support related EF domains and
ECE objectives. The study also revealed that the ECE program determined by the
Ministry of Education includes educational outcomes related to EF skills to some
extent, especially the program includes working memory-related outcomes.
However, it is not possible to state the same for the other two EF domains, inhibition,
and cognitive flexibility. Nevertheless, the attention construct, which is viewed as
essential for the development of EFs through the preschool period (Garon et al.,
2008), was addressed in the program. According to Garon et al. (2008), the growth
of attentional capacity establishes a ground for the development of EF skills. Loher
and Roebers (2012) described conceptual similarities between definitions of
attention and EF components, and having controlled for the age, they reported almost
moderate relationships between sustained attention and all three EF components. The
authors added that performances being dependent on age might indicate common
underlying processes between EF and sustained attention. Veer et al. (2017) noted
that selective attention plays a vital role in the development of EFs. Attention is also
the common skill that the teachers claim that the games require even they stated the
issue before they were informed about the games’ purposes. Attention skills are
necessary to complete games, and as the challenge of the games increases, children
may need to have more control over attention. In this regard, a teacher also expressed

for a game that it can be used to increase children’s attention span.

The games were designed to help to achieve multiple outcomes, and in addition to
EF outcomes, they also aim to practice colors (the Light Order game), pattern
concept (the Follow Pattern game), grouping and matching (the Object Sorting
game), comprehending the meaning of what is listened/watched (the Do as | Say/Do
game), and the study suggests that the games can help to achieve the outcomes.
However, it should be noted that almost all teachers noted that the games are for
practicing abilities and knowledge, not for gaining them, because teaching related
skills and information requires additional instructional processes. The materials were

already developed for practicing.
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Creativity of the Materials: This study showed teachers’ opinions regarding the
materials and activities, and some teachers stated that the games are different and
creative. Teachers found the ideas of detecting colors, using body movements to
create patterns, the idea of adding distractors to traditional Deve-Ciice (Camel-

Dwarf) game, and making it digital creative.

Utilization of the Activities: The study revealed how developed games and activities
should be employed in the class environment. Because the games require giving
attention, they should be played individually instead of playing collaboratively.
Preschool children are active, curious, and sometimes have difficulty waiting for
their turn and keeping themselves away from interfering with another child’s play.
Because of that, teachers prefer having children to engage with an activity instead of
waiting by doing nothing. Thus, the teachers noted that the activities could be
employed as a part of the station rotation technique, in which children form groups
and engage with different activities or the same activity. If the groups are provided
with enough materials, they can engage with the materials by turns. Besides, the
activities can be done for a period, instead of a one-time activity, and children play
the games individually in play hours according to the teachers. An interesting idea
that a teacher suggested was to project digital games to a larger screen and allow

children to play with groups.

55 Lessons Learned

In this section important findings of the study are summarized and lessons learned

are provided under related themes.
Design and Development of the E-textile Materials
»  Use of E-textile Components

The advantages and disadvantages of e-textile materials were summarized in Table
5.1

259



Table 5.1 The pros and cons of e-textile materials used in the study

Component

Advantage

Disadvantage or Cautions

Bluetooth module

Allow interactions
similar to natural
play

Flexibility in body
movements

Delays pertaining to
communication should
be minimum

Color Sensor

Everyday objects can
be turned into
interaction means

Requires preliminary
work to define color
ranges

Physical position,
ambient lighting and
distance of the objects
to the sensor change
detected color values
considerably

Conductive Thread

Enables flexible and
washable circuits,
can be sewn on fabric

High resistance
Vulnerable to short
circuits

Is not as reliable as
insulated wire at data
transmission
Susceptible to
frictions
Connections at pin
pads should be
secured

Light Sensor

Can be used to
imitate buttons

Easy interaction

Unintended shadows
may cause problems
Ambient lightning can
affect how the sensor
works
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Table 5.1 The pros and cons of e-textile materials used in the study, continued

Component

Advantage

Disadvantage or Cautions

Neopixels

Easy to manage
Versatile as enables
produce of great
number of colors

Colors other than Red
Green and Blue may
not be as precise to
human eye

Colors of high RGB
values are eye-
straining and look
whiteish

Low RGB values do
not mix enough to
produce intended
color

9-DOF IMU

Versatile as detects
various position data
Can be used to detect
body movements

May require complex
algorithms and
calculations especially
in projects requiring
combined
measurements

Piezo Buzzer Element

Easy to use and code

Inability to produce
advanced and verbal
sounds

Produced sounds may
be too similar

= Usability

e Intuitive and real-life alike interactions foster easy use

e Wearable e-textile materials should be small enough not to restrict body

movements, adjustable, easy to use, and comfortable

e Non-wearable e-textile materials and components should be big enough

to promote easy use of preschool children

e Perceived responsiveness is a critical design component of the system

and directly affects the game flow and e-textile material use.

e Wearable e-textile materials should be stable and resist shifts caused by

movements.
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E-textile materials should be sturdy and durable, especially if the target

group is young children

» Visual Design

A simple design that highlights interactive components and hides adjunct
(e.g., the battery and circuits) should be adopted

A purpose-oriented component placement scheme should be adopted
The selection of appropriate colors should be of consideration.

Having a context or theme makes the material more attractive and rule
explaining easier

Visual elements in the design seem to have the potential to contribute to

the gameplay

Design and Development of the Educational Games

= Challenge Elements

Although DCCS-WCST inspired game mechanism is open to
enhancement, it seems to practice cognitive flexibility skills. However,
the two-option response mechanism has its own disadvantages, such as
the problematic performance determination.

The number of pre-switch trials is a factor affecting performance, as the
results may suggest (There was no evidence to reveal the magnitude and
direction of the effect because it is beyond the study’s scope). A shred of
guiding evidence is that children may have difficulty maintaining
attention in levels that include too many trials.

The results of the study support the notion that previously studied skills
can transfer to similar contexts.

The idea of requiring to conform to one type of stimuli while there is at
least another one is present serves to the inhibitory control of attention.
Depending on the idea, games can be designed as exemplified by the

current study.
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The relationship between inhibition and cognitive flexibility components
of EF can show itself in applications where consecutively played
inhibition games require different stimuli to conform at each game. In
this manner, an inhibition game can also address cognitive flexibility
Amount and structure of information (e.g., chunks) and the duration
given to encode it constitutes basic challenge components of WM games.
An adaptive challenge mechanism can define the right amount of
challenge by using a combination of these factors.

Several trials for keeping the same information in mind benefits
maintaining it even though it is just above children’s abilities. However,
several repetitions also play a role in proactive interference.

Information structure (e.g., distinct visual information or patterns) could
explain performance differences in WM games.

The game pace is a critical factor defining the challenge. An important
point for games that use body movements as inputs is that they should
allocate children enough time to think before act and to complete the body
movement.

The game mechanism should compensate for mistakes to some extent in
bodily interactive games.

Transferring component can be used to increase the challenge (e.g.,

different figures to represent the same thing)

Feedback and Reinforcement

Stimuli used to provide feedback should be clear, distinctive, and
enriched

Children should be provided with immediate feedback, and if possible,
verbal feedback should also be used

Visual and auditory feedback, when used together, can prevent
misinterpretations and contribute to the gameplay by reducing the
possibility of failing to notice stimuli, especially when bodily interaction

is present
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Level Mechanism

Children should be given a second chance to be successful

Clear goals help children maintain their attention and interest. Metaphors
can be used to depict goals

When designing levels, children’s current performance should be
considered either by providing adaptive challenge or adult supervision.
Simple-to-complex is a preferred design strategy stated by ECE teachers,
and the issue that level mechanism affects game pace should be

considered.

Other Design Elements

Visuals positing challenge that is not in line with the game purpose create
unnecessary cognitive load (e.g., not intended inhibition challenge) and
may lead to low performance

Visuals should be apparent and highlight the content. Using authentic
images helps children to get the meaning more easily.

Background sounds and stories contribute to the attractiveness of games.
It is easier to explain the goals and rules when a background story exists.
Individual differences in EF abilities and interest affect the game
performances considerably, and not all children can benefit from the
activity in the same way

Young children generally cognitively exhaust quickly and have difficulty
in maintaining attention for a longer period. When designing EF
activities, time devoted to the activity should be taken into account.
Individual engagement with EF activities may be required to get more
benefit from them

Instructions should be concise, clear, sufficient, and allow enough time
to practice what is asked before giving another instruction

Games should include training parts in which the wearable e-textile
material is introduced, game rules are stated, explanations are made, and

basic tasks for practicing are provided. Especially young children may
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need to be assisted in getting familiar with, attaching, and using the

wearable material.

Gameplay Characteristics

» Helpful Strategies

Verbalizing or hearing the verbalization of the information to be kept in
mind increases the performances of young children in several ways:
providing phonological input, using appropriate words, realizing
patterns, and chunking

Verbalizing is assumed to increase the control of attention.

Recall performances of children can be supported by providing clues
such as repeating phonological material that had already been
demonstrated and metacognitive information regarding the performance.
Children developed a simple strategy to play the Object Sorting game,
matching objects that were non-conforming according to the first rule.
Although the strategy is simple, it may indicate that children can also

develop other strategies.

» Inappropriate Strategies

Children may use strategies that are not appropriate for the purpose of the
games, such as trial-and-error, and might exploit design flaws such as

lack of feedback to complete the games.

Perceived Usefulness of the Developed Materials and Educational Games

» Ideas for Variety

Tablet PC —wearable material interaction can provide a richer experience
regarding the diversity of stimuli and, also, other various movements can
be added to the interaction

Providing reinforcements that allow authentic interactions can increase
the motivation of children by furthering the feeling of control.

E-textile based materials can be used to teach or practice concepts such

as patterns or right and left.
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= Instructional Quality
e The developed systems are appropriate to children’s developmental
level, ECE curriculum, and they can be integrated into educational
contexts by being a part of station-rotation activities.
e Using body movements to interact with a game and maintaining
connections with the physical world while playing are the liked

features.

5.6 Conclusion

The purpose of this study was to reveal characteristics of designing and developing
educational materials that address both ECE curriculum objectives and three EF
domains (i.e., cognitive flexibility, inhibition, and WM) using wearable and non-
wearable e-textile technologies. Using DBR as the methodology, it was aimed that
the study also reveals characteristics and issues regarding designing and developing
wearable and non-wearable e-textile materials and digital games; and contributes the

EFs literature.

This study revealed how educational materials that are appropriate for preschool
children could be developed using e-textile materials. E-textile materials can be
employed both wearable and non-wearable; each has its advantages and
disadvantages. A wide range of electronic components for developing e-textile
materials provide great variety in terms of possibilities; however, components come
with their limitations to consider while developing educational materials. The main
advantages of e-textile materials are that they can be designed according to needs,
integrated into toys and everyday objects appropriate for preschool children, and
allow various interaction styles. The study also showed that the visual design of e-
textile material is a crucial element of the design process. Highlighting interactive
components, applying purpose-oriented placement according to a theme, and

contributions of visual elements to gameplay are the main points of the visual design.
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In this study, three digital games that work with the developed wearable e-textile
materials were developed, and the study revealed the issues belong to the design and
development of these digital games. Today’s preschool children are used to play with
digital games on tablet PCs and mobile phones by touching or using gestures.
However, this study demonstrated a new way to interact with digital games, bodily
motions, and children had no difficulty in interacting with the games. The main
advantage of using e-textile materials is that children do not lose contact with the
psychical world while playing; they can practice brain-body coordination skills and

use everyday objects as interaction tools.

The study also showed what features e-textile-based materials and digital games
should have to support EF skills and curriculum objectives. In this manner, challenge
components belong to each EF game were defined within the context of e-
textile/wearable technology integrated game systems. Challenge components of the
cognitive flexibility game include the availability of various response options, the
number of the pre-switch trials, and whether the near-transfer effect is present. In the
current study, requiring to conform one type of stimuli while there is another one is
used to address inhibitory control of attention. When it comes to the WM games, as
the study indicated, several essential features such as the amount and structure of
information (e.g., chunks), engaging with the same information multiple times, and
the encoding duration defined the challenge. Game pace and requirement of
generalization (i.e., transferring) were two common challenge components. Bodily

interaction has a vital role in defining the game pace.

The use of e-textile technologies, especially the wearable ones, requires introducing
materials to preschool children and helping them wear and use them. Children’s
comfort while wearing these materials constitutes an essential part of the wearable
material design. Another issue was that these materials should be sturdy enough and

do not cause safety problems.

The current study also noted the close relationship among EF components. Working

memory skills are used in the activities developed for the other two domains too.

267



Activities that aim to provide cognitive flexibility skills may require keeping
characteristics belong to old situations to adapt to the new one easily. In the same
way, an activity for inhibition skills may require keeping the rule in mind. While
consecutively playing an inhibition game according to opposite rules activates
cognitive flexibility skills, a working memory game that requires suppression of a
stimulus or its one feature activates inhibition skills. In a cognitive flexibility game,
resisting to match according to the wrong dimension calls for inhibition skills.
However, as the study results showed, children exhibited individual differences
regarding their abilities and capabilities. Also, their individual performances at
different games show differences too. In other words, while a child can be successful
at a game, s’/he may not be as successful in another, which indicates these

components differentiate although they may share a common ground.

The characteristics of EF components guide other design features such as visuals,
game duration, activity type, and gameplay characteristics. Visuals can posit extra
challenges when they are not appropriate to children’s schemas or are not authentic
enough to represent the purpose clearly. Young children’s inability to maintain a
high level of engagement and the fact that they can exhaust quickly suggest that
game durations either be short or include breaks if the game mechanism allows.
Another decision is to be made regarding activity type, individual or collaborative
play. Individual play is encouraged, considering both facts that children often
interfere with each other, and gains are seen when the participant’s abilities are
pushed. The individual play can provide an opportunity to engage with the activities
that further challenge the children. Issues related to the gameplay disclosed that
verbalization of information not only provides phonological input for the
phonological store but also helps to realize the structure of the information (e.g.,
patterns). In the same vein, hearing the verbalization of information helps by guiding
in using appropriate words to verbalize and forming chunks. Besides, verbalization
also functions as helping controlling attention was claimed. Related to that, recalling

the last part of the information was easier for children when they heard the first part.
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Also, metacognitive information related to the performance such as saying only the

last item remained, helped children to recall the last item.

Another critical issue regarding the gameplay characteristics was the strategies
developed by children. The cognitive flexibility component requires adapting
changing rules and, thus, requires developing new strategies. In this particular
example, children typically could not realize that objects match on more than a
dimension. This may imply that children developed a simple strategy, matching
objects that would be wrong according to the previous level’s rule. This, in turn, is

especially illuminating in showing that children may develop other strategies.

Another design issue is employing a theme or providing a context for games. Having
a theme or context makes the game exciting and makes it easier to explain its rules.
Physical components can be designed to create such a context as well as digital

environments.

As Garon et al. (2008) stated, increased attentional resources support the
development of EF skills. As the study showed, being successful in the games require
effective use of attention skills. In the same way, playing three core EF games also

contribute to attention.

EF skills can be supported by the activities developed specifically for that purpose
as well as they can be incorporated into other activities. In this study, for example,
ECE curriculum objectives were considered, and several ones, pattern concept,
colors, matching and grouping skills, and comprehending instructions, were selected,
and the games were designed to support both these objectives and EF skills. In the
EF literature, the effects of various EF training paradigms were investigated.
However, how training implementations can be shaped, what characteristics should
be considered while designing interventions were the topics that did not take much
attention. This study provided the EF literature by revealing several design issues, a
new educational system that allows bodily-interactive games (i.e., exergames), new

game mechanisms designed according to EF literature.
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5.7  Practical Implications for Early Childhood Education

The importance of developing solid EF skills during the preschool period has been
stressed by many in the literature. Thus, it is also important to design and develop

educational materials and games to support these skills.

One of the debated issues regarding EF training in the literature is whether the effects
of training transfer or not. Some authorities argue that EF skills should be supported
in as many aspects of life as possible, in different contexts and situations. In this
manner, one way of realizing applicable practices is to use educational games.
Developing educational games that provide bodily and physical interactions using e-
textile materials is the current study’s purpose. E-textile technologies, as
demonstrated by the current study, have the capability to be used for educational
purposes. The developed materials can be used in the preschool period to practice
targeted EF skills. The study also revealed design principles that can guide future
materials and interactive game systems to be used in ECE. Disclosing the strength
and weaknesses of e-textile components, the study provided enlightening
information about utilizing the e-textile technology. Thus, future e-textile materials
aiming preschool period can benefit from this study’s results. The study also
explained design characteristics attributed to EFs within the educational game

context. These features can be considered in designing EF games and activities.

In sum, the results of the study contribute to the ECE in that a) educational materials
similar to the those developed in this study can be used to practice EF skills, b) how
e-textile technologies can be utilized to develop interactive educational materials for
preschool, c) how to design activities or games that support EFs using characteristics

revealed by the study.

5.8  Practical Implications for Instructional Designers

Using the findings of this study, instructional designers can design and develop

similar educational materials and systems and work on the effectiveness of such
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systems. The lessons learned provided by the study can guide the design and
development of similar games and materials, especially for young children. Also, the
study is important in producing design principles and knowledge contributing

applications of EFs framework using the strengths of DBR.

Besides, characteristics regarding e-textile technologies can guide future projects
using these technologies. Findings belong to the bodily interactive game design is
especially important because this study is among the first studies demonstrating the
use of e-textile technologies together with a tablet PC to create a bodily interactive

system.

59  Suggestions for Future Research

Aiming at three core EFs, this study provided exhaustive information regarding
designing and developing educational games using e-textile technology. The study
also revealed design principles from a broad perspective considering more than
several aspects and provided lessons learned to utilize e-textile materials for

educational purposes.

e The sessions were completed in a separate room, outside of the class. Thus,
the authenticity of the classroom environment was not present during
implementations. Future studies may investigate the issues in the class
environment to increase ecological validity.

e The researcher guided, assisted, and managed the whole implementation
process. The teachers could be involved in these processes, and they could
be asked to use the materials. The teachers’ experiences could contribute to
the results and allow the researcher to observe teacher-children-material
interactions.

e The issue of utilizing the games as assessment tools for EFs can be

investigated
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In this study, several game and material ideas were realized, and a limited
number of technological components were used. E-textile technologies
provide various other components. The capabilities of other electronic
components can be investigated in new creative projects.

The developed systems did not record performances. The games can be
designed to store children’s performances and produce profiles for each child
to monitor children’s development. Further, these performances can be
recorded to cloud, which enables seeing performances of children in different

classes, schools, or even of those who play these games at home.
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APPENDICES

A. Do as | Say/Do Final Game Scenario

Sahne 1: Giris Sahnesi

Bagsla’ya basildiginda baglant1 saglanir. Baglanti saglandiktan sonra arka planda eglenceli bir
miizik baslar. Oyuna baglamadan sol alt taraftaki ayarlar butonu ile oyun ayarlari yapilabilir. Sag
alt taraftaki ¢ikis butonu ile oyundan ¢ikilabilir.

[D1s Ses]: Merhaba. Simdi seninle deve ciice oyununu oynayacagiz. Deve deyince kalkman,
ciice deyince oturman gerekiyor. Haydi Baslayalim.

Sahne 2: Tanitim Asamasi (Ciice)
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[D1s Ses]: Ciice. Simdi oturmalisin

Uygulama c¢ocuk dogru hareketi yapana kadar bekler. Cocugun dogru cevabi vermesi icin belirli
bir stire yoktur.

Dogru hareketi yapinca sdzel olmayan olumlu ses, rastgele olumlu s6zel doniit ve olumlu gorsel
alir

Rastgele Olumlu Sbézel DonlUt (Aferin-Tebrikler-Bravo-Harika-Cok guzel-Muhtesem-
Mukemmel)

Olumlu Gorsel: Dénen ve kaybolan yildizlar

Sahne 3: Tanitim Asamasi (Deve)

[D1s Ses]: Deve. Simdi kalkmalisin.

Uygulama ¢ocuk dogru hareketi yapana kadar bekler. Cocugun dogru cevabi vermesi igin belirli
bir surre yoktur.

Dogru hareketi yapinca sozel olmayan olumlu ses, rastgele olumlu s6zel doniit ve olumlu gérsel
alir.

Sahne 4: Oyun Asamasi
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olarak oyun tarafindan belirlenir. Buna ilaveten bir de sesli uyaran dizisi bulunmaktadir. Cocuga
gorsel hareket (uzaylinin oturmasi ya da kalkmast) ve isitsel uyaran (deve ya da ciice) ayni anda
verilir ve ¢cocuktan sadece kurala gore hareket etmesi istenir. Oyunda iki adet kural bulunmaktadir
ve ayarlar meniisiinden kural degistirilebilmektedir. Ilk kural sdyledigimi yap ve ikinci kural ise
yaptigimi yap’tir. Oyundaki amag bir uyariciy1 engelleyip digerine odaklanmaktir. Klasik deve
clice oyunundan farki gorsel ve isitsel uyaricilarin birlikte sunulmasidir. Kural soyledigimi yap
secildiginde ¢ocugun ckrandaki karakterlerin hareketlerini dikkate almamasi ve sadece sesli
uyarana tepki verilmesi istenir. Kural yaptigim: yap segildiginde ¢ocuktan sesli uyaranlari dikkate
almamasi ve sadece ekrandaki karaktere gore hareket etmesi beklenir. Oyun esnasinda kurala gore
ekrandaki karakter ya da sesli uyaran ¢ocugu 10 hareketin besinde ¢eldirmeye ¢alismaktadir. Bu
say1 ayarlar meniisiinden degistirilebilmektedir. Cocugun ilerlemesini gostermek iizere ekranin
ortasina sayag¢ ve sag tarafina kupalar eklenmistir. Sayag setteki o ana kadar ki dogru sayisint
gostermektedir. Set basariyla tamamlandiginda 6diil olarak kupa, rastgele olumlu gorsel doniit ve
rastgele olumlu ses verilir. 10 hareketin 6’sin1 dogru yapan gocuk o sette basarili sayilir. Gorsel
uyaranlarin, isitsel uyaranlarin ve ¢eldiricilerin siralari sistem tarafindan rastgele belirlenir. Ayrica
sistem ayni sesli uyaranin ve gorsel uyaranin iist liste cok defa gelmemesini saglayacak sekildedir.
Birinci kural igin yonerge:

[D1s Ses]: Biraz eglenmeye ne dersin? Simdi sadece soyledigimi yapmahisin. Séyledigim
hareketin tersini yapabilir ve seni sasirtabilirim, dikkat et.

Ikinci kural igin yonerge:

[D1s Ses]: Biraz eglenmeye ne dersin? Simdi sadece yaptigimi1 yapmalisin. Yaptigim
hareketin tersini sdyleyebilir ve seni sasirtabilirim, dikkat et.

Yanlis yaptiginda doniit:

[D1s Ses]: Sadece yaptigimi1 yapmalisin / Sadece séyledigimi yapmalisin

Sahne 5: Oyun Asamasi ({lk Set Basaril1)
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Sahne 7: Oyun Sonu (Tiim Setler Basarilr)
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[D1s Ses]: Tebrikler! Oyunu tamamladin.

Olumlu Gorsel Donit: Ekranda Rastgele Beliren Kalpler

Olumlu Gorsel Donut: Ekranda Rastgele Beliren Giilen Yildizlar
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Olumlu Gorsel Doniit: Ekranda Donen ve Kaybolan Yildizlar
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Sahne 7: Ayar Paneli
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Yepivgun Yep

Celcdiviel Sayen

ses )

Temans

o

£

Ayar panelinde ii¢ ayar bulunmaktadir. Tlk ayar kural “Soyledigimi Yap” tir. Bu ayar segili iken
¢ocugun sadece sesli uyaranlara gore hareket etmesi istenir. Butonun iizerine tiklandiginda kural
degismektedir ve “Yaptigimi Yap” olmaktadir. Bu kural segili iken ¢ocugun sesli uyaranlari
dikkate almamasi ve gorsel uyaranlara tepki vermesi beklenmektedir. Tkinci ayar ¢eldirici sayisidir.
Sesli uyaran ile gorsel uyaranin 10 hareketlik bir sette ka¢ defa ¢elisecekleri buradan
belirlenebilmektedir. Celdirici sayis1 0 ile 8 arasinda ayarlanabilmektedir. Ust simir kullanilan
algoritma geregi 8 ile sinirlidir. Son ayar ise ses ayaridir. Hoparlor simgesine tiklanarak arka plan
miizigi agilip ya da kapatilabilir. Tamam butonu ile ana ekrana doniilmektedir.
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B. Follow Pattern Final Game Scenario

Sahne 1: Girig Ekrani

Bagla diigmesine basildiginda baglanti saglanir. Baglant1 saglandiktan sonra arka planda eglenceli
bir miizik baslar. Baglat diigmesi kaybolur.

[D1s Ses]: Simdi seninle birlikte bir oyun oynayacagiz. Ekranda cocuk resimleri ¢ikacak.
Ekrandaki ¢ocuklarin yaptig1 hareketleri soyleyip sen de aynisim1 yapabilir misin?

Sahne 2: Tanitim Asamasi (Kalk)

o e

[D1s Ses]: Cocuk ayakta. Haydi, simdi sen de ayaga kalk.
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Uygulama ¢ocuk dogru hareketi yapana kadar bekler. Cocugun dogru cevabi vermesi i¢in bir siire
sinirlamasi yoktur. Dogru cevabi verince seviyeyi tamamlar.

Seviyeyi tamamlayinca sozel olmayan seviyeyi tamamlama sesi, rastgele olumlu sézel doniit,
rastgele olumlu gorsel doniit alir.

Rastgele Olumlu Sézel Donat (Aferin-Tebrikler-Bravo-Harika-Cok guizel-Muhtesem-
Mikemmel)

Rastgele Olumlu Gorsel Doniitler (Ucan balonlar, donen ve kaybolan yildizlar, rastgele
beliren kalp, cicek ya da giilen yildizlar)

Sahne 3: Tanitim Asamasi (Otur)

o 3ttt At

* Gitng

[D1s Ses]: Cocuk oturmus. Haydi, simdi sen de otur.

Uygulama ¢ocuk dogru hareketi yapana kadar bekler. Cocugun dogru cevabi vermesi i¢in bir siire
sinirlamasi yoktur. Dogru cevabi verince seviyeyi tamamlar.

Seviyeyi tamamlayinca sézel olmayan seviyeyi tamamlama sesi, rastgele olumlu s6zel donut,
rastgele olumlu gorsel doniit alir.
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Sahne 4: Tanitim Asamas1 (Kalk-Otur)

o s

[D1s Ses]: Cocuk ayakta. Haydi, simdi sen de ayaga kalk.

Uygulama ¢ocuk dogru hareketi yapana kadar bekler. Cocugun dogru cevabi vermesi igin siire
sinirlamasi yoktur.

Dogru cevabi verince olumlu doniit alir: S6zel olmayan olumlu ses (Tek 6ge i¢in dogru cevap sesi)
Dogru cevabi verince kirmizi dikdortgen sonraki karaktere geger.

Sahne 4: Tanitim Asamasi (Kalk-Otur) Devami

* Grtirng

[D1s Ses]: Cocuk oturmus. Haydi, simdi sen de otur.
Dogru cevabi verince olumlu doniit alir: S6zel olmayan olumlu ses (Tek 6ge igin dogru cevap sesi)
Son karakteri de dogru yaptiginda seviyeyi tamamlar.
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Seviyeyi tamamlayinca sozel olmayan seviyeyi tamamlama sesi, rastgele olumlu sozel doniit,
rastgele olumlu gorsel doniit alir.

Sahne 5: Tanitim Asamasi (Kalk-Otur-Kalk-Otur)

[D1s Ses]: Kalk otur, kalk otur. Haydi, simdi sen de oriintiiyii soyle ve aynisin1 yap.
Uygulama ¢ocuk dogru hareketi yapana kadar bekler. Cocugun dogru cevabi vermesi igin siire
sinirlamasi yoktur.

Dogru cevabi verince olumlu doniit alir: S6zel olmayan olumlu ses (Tek 6ge icin dogru cevap sesi)
Dogru cevabi verince kirmizi dikdortgen sonraki karaktere gecer. Son karakteri de dogru
yaptiginda seviyeyi tamamlar.

Seviyeyi tamamlayinca s6zel olmayan seviyeyi tamamlama sesi, rastgele olumlu sézel doniit,
rastgele olumlu goérsel doniit alir.
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Sahne 6: Tanitim Asamasi (Oriintii Tamamlama Kalk-Otur-Kalk-Otur)

[D1s Ses]: Bu oriintiide bir hareket eksik. Haydi, simdi 6riintiiyii soyle ve eksik olan hareketi
tamamla.

Uygulama ¢ocuk dogru hareketi yapana kadar bekler. Cocugun dogru cevabi vermesi igin siire
sinirlamasi yoktur. Bu asamada ¢ocugun dort 6geli ve bir 6gesi eksik Oriintllyii tamamlamasi
beklenmektedir.

Dogru cevabi verince olumlu doniit alir: S6zel olmayan olumlu ses (Tek 6ge i¢in dogru cevap sesi)
Dogru cevabi verince kirmizi dikdortgen sonraki karaktere gecer. Goriinmeyen karakterler dogru
cevap verildiginde goriiniir olur. Son karakteri dogru yaptiginda seviyeyi tamamlar.

Seviyeyi tamamlayinca s6zel olmayan seviyeyi tamamlama sesi, rastgele olumlu sézel doniit,
rastgele olumlu gorsel doniit alir.
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Sahne 7: Alistirma Asamasi (Oriintii Tamamlama Kalk-Otur-Kalk-Otur)

* Giling

[D1s Ses]: Bu oriintiide iki hareket eksik. Oriintiiyii soyle ve eksik olan hareketleri tamamla.
Uygulama ¢ocuk dogru hareketi yapana kadar bekler. Cocugun dogru cevabi vermesi igin siire
sinirlamas1 yoktur. Bu asamada ¢ocugun alt1 6geli ve iki 0gesi eksik Orilintliyli tamamlamasi
beklenmektedir.

Dogru cevabi verince olumlu doniit alir: S6zel olmayan olumlu ses (Tek 6ge i¢in dogru cevap sesi)
Dogru cevabi verince kirmizi dikdortgen sonraki karaktere geger. Goriinmeyen karakterler dogru
cevap verildiginde goriiniir olur. Son karakteri dogru yaptiginda seviyeyi tamamlar.

Seviyeyi tamamlayinca sézel olmayan seviyeyi tamamlama sesi, rastgele olumlu sézel doniit,
rastgele olumlu gorsel doniit alir.
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Sahne 8: Aligtirma Asamasi (Siireli Otur-Kalk)

C

o s

Bu agamada ¢ocugun belirli bir siire i¢inde her bir hareketi tamamlanmasi beklenmektedir. Cocugu
belirli bir siire icerisinde hareketi tamamlamasi gerektigine alistirmak amaglanmistir.

[D1s Ses]: Simdi, ¢ocuklarin yaptiklar: hareketleri soyle ve hareketlerin sirasimi aklinda tut.
Cocuklar kaybolduktan sonra sen de sirayla aym hareketleri yap. Hareketi dogru yaptiginda
cocugu goreceksin. Unutma kirmizi ¢erceve dolmadan hareketi tamamlamalisin.

Karakterler ekranda 5 saniye goriinmektedir. Cocuk 5 saniye boyunca karakterlere bakar. Daha
sonra karakterler kaybolur ve her bir karakteri tamamlamak igin siire baslar.
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Sahne 8: Alistirma Asamasi (Siireli Otur-Kalk) Devami

s EGthimt Atte

o s

[D1s Ses]: Hareketleri hatirliyor musun? Simdi sira sende, haydi basla.

Siire gegtikce kirmizi g¢ergeve dolar. Siire sonunda dogru hareket yapilmigsa olumlu doniit,
yapilmamigsa olumsuz déniit verilir. Hareketi tamamlamak igin verilen siire 3,5 saniyedir. Ilk iki
saniye dizlikten gelen veriler hesaba katilmaz ve diisiinme siiresi olarak degerlendirilir. Bu siire
iginde yapilan yanlislar da hesaba katilmaz. iki saniyelik diisiinme siiresinde yeni bir harekete
gecen ¢ocuk fiziksel olarak hazirlanma firsati bulur.

Dogru cevabi verince olumlu doniit alir: S6zel olmayan olumlu ses (Tek 6ge i¢in dogru cevap sesi)
Dogru cevabi verince kirmizi dikdortgen sonraki karaktere gecer.

Yanlis cevap verilirse seviye basarisiz sayilir ve olumsuz doniit alir: Sézel olmayan olumsuz ses,
farklt olumsuzluk bildiren gorseller arasindan rastgele segilen bir gorsel ve bigimlendirici sozel
donat verilir. Bigimlendirici doniitler: Hareketleri zamaninda ve sirayla yapmalisin.
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Seviye tamamlanamazsa ayni hareketler farkli karakterlerle tekrar sunulur.

Son karakteri dogru yaptiginda seviyeyi tamamlar.

Seviyeyi tamamlayinca sézel olmayan seviyeyi tamamlama sesi, rastgele olumlu sézel doniit,
rastgele olumlu gorsel doniit alir.

Sahne 9: Alistirma Asamasi (Siireli Otur-Kalk-Otur-Kalk)

Bu asamada ¢ocugun belirli bir siire iginde her bir hareketi tamamlanmas1 beklenmektedir. Onceki
asamadan farki dort 6geden olugmasi ve bir oriintii olusturmasidir.

[D1s Ses]: Simdi, cocuklarin yaptiklar1 hareketlerden olusan ériintiiyii sdyle ve aklinda tut.
Cocuklar kaybolduktan sonra sen de sirayla ayni hareketleri yap.

Karakterler ekranda 5 saniye gorinmektedir (Yonerge verilirken de karakterler ekranda
goriinmektedir. Yonerge bittikten sonra karakterler 5sn kalmaktadir). Karakterler kaybolduktan
sonra

[D1s Ses]: Simdi, sira sende. Haydi basla

Doniit mekanizmast Sahne 8’deki gibidir.
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Sahne 10: Oyun Agamasi (Oriintiil: Kalk-Otur-Kalk-Otur-Kalk-Otur)

o e

Oyun asamasinin ilk sahnesidir. Oyun agamasi toplam 10 driintiiden olugmaktadir. Bunlarmn ilk
ikisi iki 6geden olusan oriintiilerdir ve kalanlari ise ii¢ 6geden olusmaktadir. Toplamda 8 farkli
Oriintii bulunmaktadir ve son iki oriintii iki kez belirmektedir. Boylece oyun toplamda 10 6riintiiden
bulunmaktadir. Oriintiiler kolaydan zora siralanmugtir. {lerlemeyi gdstermek igin ekranin ortasinda
saya¢ ve sag tarafina kupalar bulunmaktadir. Her dogru tamamlanan oriintii icin sayag¢ bir
artmaktadir. Oyun 3. 6. 8. ve 10. asamalar sonunda olmak iizere toplam 4 kupa vermektedir. Dort
kupay1 alan ¢ocuk oyunu bitirmis sayilir.

[D1s Ses]: Haydi, cocuklarin yaptiklar: hareketleri sdyle ve aklinda tut

Oyun asamasinda karakterler ekranda 10 saniye goriinmektedir. Bakma siiresi ayarlardan
degistirilebilmektedir. Daha sonra karakterler kaybolur ve her bir karakteri tamamlamak i¢in siire
dis sesin verdigi yonerge ile baslar.

[D1s Ses]: Haydi basla

Donit mekanizmasi Sahne 8’deki gibidir.
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Sahne 11: Oyun Agamasi (Oriintii2: Otur-Kalk-Otur-Kalk-Otur-Kalk)

o e

[D1s Ses]: Simdi, ¢ocuklarin yaptiklari hareketleri soyle ve hareketlerin sirasim1 aklinda tut.
10 saniye sonra
[D1s Ses|: Haydi basla

Sahne 12: Oyun Asamasi (Oriintii 3: Otur-Kalk-Kalk-Otur-Kalk-Kalk)

* Cifiug

Bu seviyede yonerge verilmemektedir. Sadece 10 saniye sonra ¢ocugun hareketleri yapmaya
baglamas1 gerektigi belirtilir.
[D1s Ses|: Haydi basla
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Sahne 13: Oyun Asamasi (Oriintii 4: Kalk-Kalk-Otur-Kalk-Kalk-Otur)

o e

Bu seviyede yonerge verilmemektedir. Sadece 10 saniye sonra ¢ocugun hareketleri yapmaya
baslamasi gerektigi belirtilir.
[D1s Ses]: Haydi basla

Sahne 14: Oyun Asamasi (Oriintii 5: Otur-Otur-Kalk-Otur-Otur-Kalk)

* Calengg

Bu seviyede yonerge verilmemektedir. Sadece 10 saniye sonra ¢ocugun hareketleri yapmaya
baglamas1 gerektigi belirtilir.
[D1s Ses]: Haydi basla
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Sahne 15: Oyun Asamasi (Oriintii 6: Kalk-Otur-Otur-Kalk-Otur-Otur)

o e

Bu seviyede yonerge verilmemektedir. Sadece 10 saniye sonra ¢ocugun hareketleri yapmaya
baslamasi gerektigi belirtilir.
[D1s Ses|: Haydi basla

Sahne 16: Oyun Asamasi (Oriintii 7: Kalk-Otur-Kalk-Kalk-Otur-Kalk)

* Caleng

Bu seviyede yonerge verilmemektedir. Sadece 10 saniye sonra ¢ocugun hareketleri yapmaya
baslamas1 gerektigi belirtilir.
[D1s Ses]: Haydi basla
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Sahne 17: Oyun Agamasi (Oriintii 8: Otur-Kalk-Otur-Otur-Kalk-Otur)

o e

Bu seviyede yonerge verilmemektedir. Sadece 10 saniye sonra ¢ocugun hareketleri yapmaya
baslamasi gerektigi belirtilir.
[D1s Ses]: Haydi basla

Sahne 18: Oyun Asamasi (Oriintii 9: Kalk-Otur-Kalk-Kalk-Otur-Kalk)

Bu seviyede yodnerge verilmemektedir. Sadece 10 saniye sonra ¢ocugun hareketleri yapmaya
baglamas1 gerektigi belirtilir.
[D1s Ses]: Haydi basla
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Sahne 19: Oyun Asamasi (Oriintii 10: Otur-Kalk-Otur-Otur-Kalk-Otur)

* Caleng

Bu seviyede yonerge verilmemektedir. Sadece 10 saniye sonra ¢ocugun hareketleri yapmaya
baslamasi gerektigi belirtilir.
[D1s Ses]: Haydi basla

Sahne 20: Oyun Sonu

[D1s Ses]: Tebrikler! Oyunu tamamladin
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Rastgele Segenegi Aktif Tken Ornek Oyun Asamasi (Oriintiil: Kalk-Otur-Kalk-Otur-Kalk-Otur)

o e

Rastgele Segenegi Aktif Tken Ornek Oyun Asamasi (Oriintii2: Otur-Kalk-Otur-Kalk-Otur-Kalk)

* Caleng
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Olumlu Gorsel Doniit: Ekranda Donen ve Kaybolan Yildizlar

Olumlu Gérsel Dénit: Ekranda Rastgele Beliren Kalpler
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Olumlu Gorsel Donut: Ekranda Beliren Rastgele Segilmis Karakter

Olumlu Gorsel Doniit: Ekranda Rastgele Beliren Giilen Yildizlar
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Olumlu Gérsel Donut: Ekranda Rastgele Beliren Cigekler

Olumlu Gorsel Donuat: Ugan Balonlar

* Gilig
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Olumsuz Gérsel Donut: Uzgin Yiiz 1

Olumsuz Gérsel Déniit: Uzgiin Yiiz 3
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Ayar Mendsu

Belimie Sorest 10

A
v

Ava Stvesl

Resigele Med D

Temem

Ayarlar diigmesine basildiginda bu pencere agilir. Bu pencerede oyuna iligkin ayarlar
yapilabilmektedir. Bunlar: Oriintiiye bakma siiresi, iki seviye arasindaki bekleme siiresi, biitiin
Ortntlyu olusturan karakterlerin Sriintiiniin yapisinit bozmayacak sekilde rastgele belirmesi i¢in bir
buton ve arka planda ¢alan miizigi agip kapatma diigmesi. Varsayilan olarak 6 karakterden olugan
orlintiiytli seslendirip zihninde tutmasi igin verilen siire 10 saniyedir. Bu siire 6grencinin seviyesine
gore arttirilip azaltilabilir. Tamamlanmis bir 6riintiiden sonra diger 6riintii belirmeden gegen siire
de yine 10sn olarak belirlenmistir. Bu siirenin arttirilip azaltilmasi ile oyunun akis hizi
degistirilebilir. Rastgele 6zellik oyunun zorlugunu arttirmak i¢in eklenmistir. Bu mod aktif
edildiginde Oriintiiyii olusturan karakterler oriintiiniin yapisin1 bozmayacak sekilde rastgele olarak
gelirler. Bu 6zellik egitim asamasinda ¢aligmamaktadir. Son olarak oyunun ayarlari yapildiginda
ana ekrana dénmek i¢in tamam diigmesine basilir.
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C. Object Sorting Final Game Scenario

Sahne 1: Giris Sahnesi

SO

« 5
Cling

Basla diigmesine basildiginda baglanti saglanir. Baglanti saglandiktan sonra arka planda eglenceli
bir miizik baslar ve Basla diigmesi kaybolur.

[Dis Ses]: Merhaba, simdi seninle bir eslestirme oyunu oynayacagiz. Once oyunun
kurallarim 6grenelim.
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Sahne 2: Oyun Kurallarinin Ag¢iklanmast

Egtitat Atfa
* Ciling

Ekrandaki kirmizi dikdortgen yanip soner. Bir siire beklenir (Yaklagik 5 saniye). Bu esnada oyun
acgiklamalart baglar.

[D1s Ses|: Her oyunda, bulutlarin arasinda, bir sekil ¢cikacak. Bu seklin rengine, bicimine ve
sayisina bak.

Sahne 2: Oyun Kurallarinin A¢iklanmast Devami

® C >

St At
o e

Ekrandaki kirmizi dikdortgenler yanip soner. Bu esnada agiklamalar devam eder.
[D1s Ses|: Daha sonra, asagidakilerden uygun olanla eslestir.
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Sahne 3: Egitim Asamas1 (Durum 1 — Sekle Gore Gruplandirma / Rengi Baskilama)

Ty WD
T TH.

[D1s Ses]: Sekli soldaki ile eslestirmek icin kemerin solundaki daireyi kapatmalisin.
Sagdakiyle eslestirmek icin kemerin sagindaki daireyi kapatmalisin. Haydi, simdi birlikte
deneyelim. Yukaridaki sekille aym olam bul. Kemerin iizerinde aym taraftaki daireyi
kapat.

Durum 1’de ¢ocugun ekranin ortasindaki gekil ile ayni olan sekli segmesi beklenmektedir.
Celdirici olarak ayni1 renkte farkli bir nesne sunulur. Boylece cocugun renk 6zelligini bastirmasi
ve sekle gore siniflandirma yapmasi beklenir.

Genel Ozellikler:

e  Biitiin oyunda ekranin ortasindaki nesne siiflandirilacak olan nesnedir.

e Egitim agsamalarinda (Sahne 3-8) eslestirmeyi yapmak igin belirli bir siire yoktur.
Cocugun kurala gore eslesen taraftaki sekli bulmasi ve kemerin iizerinde ayni taraftaki
dairenin iizerini kapatmasi beklenir.

e Oyun asamasinda ekranin ortasindaki nesne boruya diismeden eslestirmenin yapilmasi
gerekmektedir.

e  Egitim asamalar1 dahil biitiin oyunda ekrandaki renkler ve sekiller ve sekil sayis1t oyun
tarafindan kurala gore rastgele belirlenmektedir.

e Dogru cevap verildiginde olumlu doniit alir: S6zel olmayan olumlu ses ve rastgele
olumlu sdzel doniit ve eslestirmeyi gosteren olumlu bir gorsel doniit (animasyon).

e Oyundaki Olumlu Sézel Déoniitler: Aferin, Bravo, Cok Giizel, Harika, Harikasin,
Muhtesem, Miikemmel

Yanlig cevap verildiginde olumsuzluk bildiren bir ses, olumsuz gérsel donit ve bigimlendirici
sozel dondit verilir: Yukaridaki sekille ayn1 olam se¢melisin.
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Sahne 4: Egitim Asamas1 (Durum 2 — Renge Gore Gruplandirma / Sekli Baskilama)

N F D
T TH.

[D1s Ses|: Yukaridaki sekil ile ayni renkte olani bul.

Durum 2’de kural ortadaki nesneyi rengine gore siniflamaktir. Celdirici olarak farkli renkte ve
ayni sekilde bir nesne sunulur. Boylece ¢ocugun sekil 6zelligini bastirmasi ve renge gore
siniflandirma yapmasi beklenir.

Dogru cevap verildiginde Sahne 3’teki doniit mekanizmasi kullanilir.

Yanlis cevap verildiginde olumsuzluk bildiren bir ses, olumsuz gorsel doniit ve bigimlendirici
sozel dont verilir: Yukaridaki sekil ile aym renkte olani se¢melisin.

Sahne 5: Egitim Asamas1 (Durum 3 — Sekle Gore Gruplandirma / Sekil Sayisin1 Baskilama)

A

Ciling

. i

A

[D1s Ses]: Yukaridaki sekil ile ayn1 olan1 bul
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Durum 3’de kural ortadaki nesneyi sekline gore siniflamaktir. Bu seviyede ¢eldirici olarak ayni
sayida ancak farkli sekilden/sekillerden olusan bir nesne grubu sunulur. Béylece ¢ocugun say1
Ozelligini bastirmasi ve sekle gore siniflandirma yapmasi beklenir.

Dogru cevap verildiginde Sahne 3’teki doniit mekanizmasi kullanilir.

Yanlig cevap verildiginde olumsuzluk bildiren bir ses, olumsuz gorsel donit ve bigimlendirici
sOzel donit verilir: Yukaridaki sekil ile aymi olani se¢melisin.

Sahne 6: Egitim Asamas1 (Durum 4 — Sekil Sayisina Gore Gruplandirma / Sekli Baskilama)

SOB R
A

[D1s Ses]: Yukaridaki sekil ile ayni sayida olam bul

Durum 4’de kural ortadaki sekli nesne sayisina gore siniflamaktir. Bu seviyede ¢eldirici olarak
farkli sayida ancak ayni sekillerden olusan bir nesne grubu sunulur. Béylece g¢ocugun sekil
6zelligini bastirmasi ve nesne sayisina gore siniflandirma yapmasi beklenir.

Dogru cevap verildiginde Sahne 3’teki doniit mekanizmasi kullanilir.

Yanlis cevap verildiginde olumsuzluk bildiren bir ses, olumsuz gorsel doniit ve bigimlendirici
sozel donit verilir: Yukaridaki sekil ile ayni sayida olam segmelisin.
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Sahne 7: Egitim Asamasi (Durum 5 — Renge Gore Gruplandirma / Sekil Sayisini Baskilama)

o

[D1s Ses]: Yukaridaki sekil ile ayni renkte olani bul

Durum 5’de kural ortadaki nesneyi rengine gore smiflamaktir. Bu seviyede celdirici
simiflandirilacak nesne ile ayni sayida sekil igerir ancak farkli renktedir. Boylece ¢cocugun say1
ozelligini bastirmasi ve renge gore siniflandirma yapmasi beklenir.

Dogru cevap verildiginde Sahne 3’teki doniit mekanizmasi kullantlir.

Yanlis cevap verildiginde olumsuzluk bildiren bir ses, olumsuz gorsel doniit ve bigimlendirici
sozel dont verilir: Yukaridaki sekil ile aym renkte olani se¢melisin.

Sahne 8: Egitim Asamas1 (Durum 6 — Sekil Sayisina Gore Gruplandirma / Rengi Baskilama)

o

[D1s Ses]: Yukaridaki sekil ile aym sayida olam1 bul
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Durum 6’de kural ortadaki nesneyi, sekil sayisina gore siniflamaktir ve sekil olarak ayni nesne
sunulur. Bu seviyede celdirici siniflandirilacak nesne ile ayni renkte ancak farkli sayida nesne
icerir. Boylece ¢ocugun renk 6zelligini bastirmasi ve nesne sayisina gore siniflandirma yapmasi
beklenir.

Dogru cevap verildiginde Sahne 3’teki doniit mekanizmasi kullanilir.

Yanlis cevap verildiginde olumsuzluk bildiren bir ses, olumsuz gorsel doniit ve bigimlendirici
sOzel dont verilir: Yukaridaki sekil ile aym sayida olani se¢melisin.

Oyun Akis1 (Gorsel Durum 1°e aittir)

2O RN

*
ETTH.

Tiim Seviyelerin Genel Yapisi

Oyun asamasi egitim asamasi ile aynidir ancak oyun asamasinda ortadaki nesne asagiya dogru
hareket etmektedir. Hareket eden nesnenin boruya diismeden siniflandirilmas: gerekmektedir.
Aksi takdirde yanlis cevap vermis sayilacaktir. Seviye degistiginde bagka bir kurala gore
eslestirme yapilmasi gerektigi sdylenir ancak kural sdylenmez:

e Simdi yukaridaki seklin baska bir 6zelligine gore eslestirme yapmalisin
Alman doniite gore o seviyeye ait kuralin kesfedilmesi beklenir. Dogru cevabin yeri her
denemede rastgele olarak belirlenmektedir.
Ogrenci yanlis cevap verdiginde olumsuzluk bildiren bir ses, olumsuzluk bildiren gorsel ve
asagidaki sozel doniitlerden rastgele segilen bir tanesi verilir:

e Baska neleri benzer?

o Bagka sekilde benzerler

e Bagka bir ozelligine gore eslestirmeyi denemelisin

e Bagka hangi 6zelligi benziyor?
Ogrenci eslestirmeyi yukaridaki nesne asag1 diismeden yapamadig1 takdirde olumsuzluk bildiren
bir ses, olumsuzluk bildiren bir gérsel ve sézel dondit verilir:

¢ Yukaridaki sekil asag1 diismeden eslestirmeyi bitirmelisin.
Ogrenci dogru cevap verdiginde olumlu bir ses, olumlu bir gorsel (eslesme animasyonu) ve
rastgele sozel donit verilir.
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Seviye basari ile tamamlandiginda olumlu bir ses, olumlu gorsel doniit ve olumlu sézel doniit
verilir. Seviyeyi basari ile tamamlamak icin ayarlar kisminda bulunan her durumun igerdigi
deneme sayisinin bir fazlas1 dogru cevap vermek gerekmektedir. Varsayilan olarak her seviye 12
deneme igermektedir. Oyunda toplamda 6 seviye bulunmaktadir ve basari ile tamamlanan her
seviye i¢in bir kupa verilmektedir. Ekranin sag iist kisminda kazanilan kupalar goriilmektedir.
Ekranin sol iist tarafinda o seviyede verilen dogru cevap sayisi goriilmektedir.

Seviye basar1 ile tamamlanamazsa olumsuzluk bildiren gorsel bir doniit, olumsuzluk bildiren bir
ses verilir.

Ekrandaki ile benzer yapida olacak sekilde rastgele se¢ilmis sekil ve renk grubundan olugmak
iizere deneme sayisi kadar durum sunulur.

Seviye 2 Tamamlanmis Ornek Oyun Ekran Goriintiisii
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Ornek Oyun Sonu Ekran Gériintiisi
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Olumlu Gérsel Pekistireg: Ekranda Rastgele Beliren Cigekler

Olumlu Gorsel Donut: Ekranda Beliren Karakter veya Nesne

B

.A , o
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Olumsuzluk Bildiren Gorsel: Uzgiin Yz 1

Olumsuzluk Bildiren Gorsel: Uzgiin Yiiz 2

@

=
m .

@
17
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Ayarlar Mendsu

lier Blekovelv 12 kere eyna

Gt sesne craswda 6

¢

Oyunun ayarlar meniisiinde degistirilebilecek 3 adet ayar vardir. Birinci ayar her bir kuralin kag
defa oyananacagini belirler. Varsayilan ayar olarak her bir seviye 8 defa oynanmaktadir. Ikinci
ayar ise oyunun hizin belirlemek i¢in kullanilabilir. Bu ayar ile bir seviyeye ait iki durum arasinda
beklenen siireyi ayarlamak i¢in kullanilir. Bu siire ¢ocuk dogru ya da yanlis cevap verdikten sonra
baslar ve varsayilan ayar 5 saniyedir. Ugiincii ayar ise oyun basladiginda arka planda calan
miizikleri agip kapatmaya yarayan ses diigmesidir.
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D. Interview Protocol for Do as | Say/Do Game

Tarih: Goriismeci:

Merhaba, adim Ersin Kara. ODTU Bilgisayar ve Ogretim Teknolojileri Egitimi
Boliimii’nde arastirma gorevlisiyim ve ayni zamanda doktora 6grencisiyim. Sizinle
doktora tezim kapsaminda yiiriittigim ¢aligma ile ilgili gériismek amaciyla burada
bulunmaktayim. Tez konum okul 6ncesi 6grencilerinin yUrGtlcu islevler becerilerini
desteklemek i¢in egitsel e-tekstil tasarimi ve gelistirilmesidir. Bu amacla prototipleri
gelistirilen e-tekstil materyaller, oyunlar ve amaglar1 hakkinda okul Oncesi
ogretmenlerinin  goriis ve Onerilerini aliyorum. Bu konudaki tecrubeleriniz,
gorisleriniz ve Onerileriniz arastirmam i¢in biiylik bir 6nem tasimaktadir.

Bu gorlisme sadece aragtirma amacl kullanilacak olup, verileri tezimde ve akademik
caligmalarda kullanilacaktir. Kisisel bilgileriniz gizli tutulup hicbir sekilde
kullanilmayacaktir. Goriismeden 6nce sormak istediginiz sorular varsa sorabilirsiniz.

Gorligmeden once c¢ocuklarin materyallerle etkilesimlerini gozlemleyecegiz/
etkilesirken alinms video Kkayitlarmmi izleyecegiz. Ayrica siz de e-tekstil
materyalleri inceleyebilirsiniz.

Sizin i¢in bir sakincasi yoksa goriismemizi ses kayit cihazi ile kayit etmek istiyorum.
Uygun goriirseniz ¢aligmaya baslayabiliriz. Calismaya katildiginiz i¢in ¢ok tesekkiir
ederim.

1. Deve Ciice oyunun tasarimi hakkinda ne diisiiniiyorsunuz?

2. Deve Ciice oyunun begendiginiz yonleri nelerdir?

3. Deve Ciice oyununun okul dncesi ¢ocuklarinin seviyesine uygunlugu
hakkindaki goriisleriniz nelerdir?

4. Deve Ciice oyunu asagidaki okul dncesi kazanimlarina uygun olarak
gelistirilmistir. Oyunun bu kazanimlara uygunlugu hakkinda ne
diistiniiyorsunuz?

e Verilen yonergeye uygun davranislar sergiler
e Dikkatini olay durum ve nesneye verir

5. Deve Ciice oyunu ayn1 zamanda okul 6ncesi ¢ocuklarinin ketleme (gorsel
ve isitsel iki uyarandan yalnizca birine odaklanma) becerilerini
desteklemeyi amag¢lamaktadir. Oyunun bu amaca uygunlugu hakkinda ne
diisiiniiyorsunuz?

6. Deve Ciice oyunun okul 6ncesi egitimde kullanilabilirligi hakkinda ne
diisiiniiyorsunuz?

7. Deve Ciice oyunun gelistirilmesi gereken yonleri nelerdir?
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E. Interview Protocol for Follow Pattern Game

Tarih: Goriismeci:

Merhaba, adim Ersin Kara. ODTU Bilgisayar ve Ogretim Teknolojileri Egitimi
Boliimii’nde arastirma gorevlisiyim ve ayni zamanda doktora 6grencisiyim. Sizinle
doktora tezim kapsaminda yiiriittigim calisma ile ilgili gériismek amaciyla burada
bulunmaktayim. Tez konum okul 6ncesi 6grencilerinin yiriticu islevler becerilerini
desteklemek icin egitsel e-tekstil tasarimi ve gelistirilmesidir. Bu amagcla prototipleri
gelistirilen e-tekstil materyaller, oyunlar ve amaglari hakkinda okul Oncesi
ogretmenlerinin goriis ve Onerilerini aliyorum. Bu konudaki tecriibeleriniz,
goriisleriniz ve Onerileriniz arastirmam igin biiyiik bir 6nem tagimaktadir.

Bu gorlisme sadece aragtirma amacl kullanilacak olup, verileri tezimde ve akademik
caligmalarda kullanilacaktir. Kisisel bilgileriniz gizli tutulup hicbir sekilde
kullanilmayacaktir. Gériismeden 6nce sormak istediginiz sorular varsa sorabilirsiniz.

Gorligmeden once c¢ocuklarin materyallerle etkilesimlerini gozlemleyecegiz/
etkilesirken alinmis video kayitlarmmi izleyecegiz. Ayrica siz de e-tekstil
materyalleri inceleyebilirsiniz.

Sizin i¢in bir sakincasi yoksa goriigmemizi ses kayit cihazi ile kayit etmek istiyorum.
Uygun goriirseniz ¢aligmaya baslayabiliriz. Calismaya katildiginiz i¢in ¢ok tesekkiir
ederim.

1. Orlntii oyunun tasarimi hakkinda ne diisiiniiyorsunuz?

2. Oriintii oyununun begendiginiz yonleri nelerdir?

3. Oriintii oyununun okul ncesi ¢ocuklarinin seviyesine uygunlugu
hakkindaki goriisleriniz nelerdir?

4. Oriintii oyunu asagidaki okul 6ncesi kazanimlarina uygun olarak
gelistirilmistir. Oyunun bu kazanimlara uygunlugu hakkinda ne
diisiiniiyorsunuz?

e Nesne/durum/olaya dikkatini verir.
e Algiladiklarim hatirlar.
e Nesnelerle oriintii olusturur.

5. Oriintii oyunu ayn1 zamanda okul éncesi cocuklarmin ¢alisan bellek
becerilerini desteklemeyi amaglamaktadir. Oyunun bu amaca uygunlugu
hakkinda ne diisiiniiyorsunuz?

6. Oriintii oyunun okul éncesi egitimde kullanilabilirligi hakkinda ne
diisiiniiyorsunuz?

7. Oriintii oyunun gelistirilmesi gereken yonleri nelerdir?
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F. Interview Protocol for Light Order Game

Tarih: Goriismeci:

Merhaba, adim Ersin Kara. ODTU Bilgisayar ve Ogretim Teknolojileri Egitimi
Boliimii’nde arastirma gorevlisiyim ve ayn1 zamanda doktora 6grencisiyim. Sizinle
doktora tezim kapsaminda yiiriittigim ¢aligma ile ilgili gériismek amaciyla burada
bulunmaktayim. Tez konum okul 6ncesi 6grencilerinin yurituci islevler becerilerini
desteklemek icin egitsel e-tekstil tasarimi ve gelistirilmesidir. Bu amagla prototipleri
gelistirilen e-tekstil materyaller, oyunlar ve amaglar1 hakkinda okul Oncesi
Ogretmenlerinin gorlis ve Onerilerini aliyorum. Bu konudaki tecriibeleriniz,
gorisleriniz ve Onerileriniz arastirmam igin biiyiik bir 6nem tagimaktadir.

Bu gorlisme sadece aragtirma amacl kullanilacak olup, verileri tezimde ve akademik
caligmalarda kullanilacaktir. Kisisel bilgileriniz gizli tutulup hicbir sekilde
kullanilmayacaktir. Gériismeden 6nce sormak istediginiz sorular varsa sorabilirsiniz.

Gorligmeden once c¢ocuklarin materyallerle etkilesimlerini gozlemleyecegiz/
etkilesirken alinmis video kayitlarimi izleyecegiz. Ayrica sSiz de e-tekstil
materyalleri inceleyebilirsiniz.

Sizin i¢in bir sakincasi yoksa goriismemizi ses kayit cihazi ile kayit etmek
istiyorum. Uygun goriirseniz ¢alismaya baslayabiliriz. Calismaya katildigimiz i¢in
cok tesekkiir ederim.

1. Isik Sirasin1 Hatirlama oyununun tasarimi hakkinda ne diisiintiyorsunuz?

2. Isik Sirasin1 Hatirlama oyununun begendiginiz yonleri nelerdir?

3. Isik Sirasin1 Hatirlama oyununun okul dncesi ¢ocuklarinin seviyesine
uygunlugu hakkindaki goriisleriniz nelerdir?

4. Isik Sirasin1 Hatirlama oyununun asagidaki okul 6ncesi kazanimlarina
uygun olarak gelistirilmistir. Oyunun bu kazanimlara uygunlugu hakkinda
ne disliniiyorsunuz?

e Nesne/durum/olaya dikkatini verir.
e Algiladiklarini hatirlar.

5. Isik Sirasii Hatirlama oyunu ayni1 zamanda okul dncesi gocuklarinin
calisan bellek becerilerini desteklemeyi amaglamaktadir. Oyunun bu amaca
uygunlugu hakkinda ne diisiiniiyorsunuz?

6. Isik Sirasini1 Hatirlama oyununun okul 6ncesi egitimde kullanilabilirligi
hakkinda ne diisiiniiyorsunuz?

7. TIsik Sirasin1 Hatirlama oyununun gelistirilmesi gereken yonleri nelerdir?
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G. Interview Protocol for Object Sorting Game

Tarih: Goriismeci:

Merhaba, adim Ersin Kara. ODTU Bilgisayar ve Ogretim Teknolojileri Egitimi
Boliimii’nde arastirma gorevlisiyim ve ayni zamanda doktora 6grencisiyim. Sizinle
doktora tezim kapsaminda yiiriittigim calisma ile ilgili gériismek amaciyla burada
bulunmaktayim. Tez konum okul dncesi 6grencilerinin yUritlc islevler becerilerini
desteklemek icin egitsel e-tekstil tasarimi ve gelistirilmesidir. Bu amagcla prototipleri
gelistirilen e-tekstil materyaller, oyunlar ve amaglari hakkinda okul Oncesi
Ogretmenlerinin gorlis ve Onerilerini aliyorum. Bu konudaki tecriibeleriniz,
goriisleriniz ve Onerileriniz arastirmam igin biiyiik bir 6nem tagimaktadir.

Bu gorlisme sadece aragtirma amacl kullanilacak olup, verileri tezimde ve akademik
caligmalarda kullanilacaktir. Kisisel bilgileriniz gizli tutulup hicbir sekilde
kullanilmayacaktir. Gériismeden 6nce sormak istediginiz sorular varsa sorabilirsiniz.

Gorligmeden once c¢ocuklarin materyallerle etkilesimlerini gozlemleyecegiz/
etkilesirken alinmis video kayitlarmmi izleyecegiz. Ayrica siz de e-tekstil
materyalleri inceleyebilirsiniz.

Sizin i¢in bir sakincas1 yoksa goriismemizi ses kayit cihazi ile kayit etmek istiyorum.
Uygun goriirseniz ¢caligmaya baglayabiliriz. Calismaya katildiginiz i¢in ¢ok tesekkiir

ederim.

1. Nesneleri siniflandirma oyunun tasarimi hakkinda ne diistiniiyorsunuz?

Nesneleri siniflandirma oyunun begendiginiz yonleri nelerdir?

3. Nesneleri siiflandirma oyununun okul 6ncesi ¢ocuklarimin seviyesine
uygunlugu hakkindaki goriisleriniz nelerdir?

4. Nesneleri smiflandirma oyunu asagidaki okul dncesi kazanimlarina uygun
olarak gelistirilmistir. Oyunun bu kazanimlara uygunlugu hakkinda ne
diisiiniiyorsunuz?

e Nesne veya varhklar ozelliklerine gore gruplar.

5. Nesneleri siniflandirma oyunu ayni zamanda okul dncesi ¢ocuklarinin
biligsel esneklik becerilerini (Yeni durumlara ve kurallara uyum saglama)
desteklemeyi amaglamaktadir. Oyunun bu amaca uygunlugu hakkinda ne
diisiiniiyorsunuz?

6. Nesneleri siniflandirma oyunun okul dncesi egitimde kullanilabilirligi
hakkinda ne diisiiniiyorsunuz?

7. Nesneleri siniflandirma oyunun gelistirilmesi gereken yonleri nelerdir?

N
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H. Video Data Analysis Form

File Name:

Duration:

Participant:

Game:

Time
Stamp

Observation/Behavior

Comment
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I. Data Analysis Form for Do as | Say/Do Game

Bu form okul oncesi &grencilerinin ketleme becerilerini desteklemek igin gelistirilen
materyal ve oyunun uygulamasina yonelik durumlari incelemek i¢in olugturulmustur. Liitfen
ilgili videoyu izlemeden 6nce asagidaki maddeleri okuyunuz. Videoyu izlerken belirtilen
durumlan1 videoda gozlemlediyseniz Evet’e goézlemlemediyseniz Hayir’a, durum
gerceklesmediyse Uygun Degil’e X isareti koyunuz. Ag¢iklama boliimiine ise durum ile ilgili
goriislerinizi belirtebilirsiniz. Formda bulunmayan bir durum goézlemlerseniz formun en
altindaki diger kismina bu gbzlemlerinizi yazabilirsiniz.

Ornek: Videoda g¢ocuk hareketi tamamlamakta gecikti§inde arastirmaci ge¢ kaldigini
soylediyse Evet’e, s6ylemediyse Hayir’a ya da ¢ocugun ge¢ kalma durumu ilgili videoda
gozlemlenmediyse Uygun Degil’e X isareti konulur.

Gozlem Evet | Hayir | Uygun | A¢iklama
Degil

Dondtler

Cocuk hareketi dogru yapmadiginda
arastirmaci kurali hatirlattt

Cocuk hareketi dogru yaptiginda
arastirmaci olumlu doniit verdi
Cocuk hareketi tamamlamakta gec
kaldiginda aragtirmaci ge¢ kaldigini
soyledi

Verilen sire igerisinde ¢ocuk
hareketi dogru yapmasina ragmen
olumsuz doniit ald1.

Verilen sire icerisinde ¢ocuk
hareketi yanlis yapmasma ragmen
olumlu déniit ald1.

Giyilebilir Materyal

Cocuk dizlige dokundu, tuttu veya
elini Uzerine koydu.

Oyun esnasinda dizlik kaydi ya da
pozisyonu bozuldugu icin
arastirmaci oyuna ara verdi
Oynama Sireci

Arastirmaci ilk birka¢ hareketi
tamamlamasi i¢in c¢ocuga yardim
etti.

Cocuk  bir sonraki uyariciy1
beklerken oyuna yonelik olmayan
fiziksel hareketler yapti (Ornegin
sallanmak, baska yone bakmak vb.

gibi)
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Cocuk dis ses ile etkilesime gecerek
dis sesin sordugu sorulara cevap
verdi

Cocuk gorseldeki  karakterlerle
tipatip aymi sekilde oturmaya ya da
kalkmaya calistt

Cocuk oturma kalkma hareketlerini
farkli sekillerde yapti (Bacaklarini
acarak, dizlerini hareket ettirerek
vh. gibi)

Cocuk seviye sonunda verilen
doniitlerle etkileserek tablet PC’ye
dokundu

Cocuk yoruldugu icin hareketi
tamamlayamadi ya da yanlis yapti

Hareketi tamamlamast ile
materyalin doniit vermesi arasinda
gecen siirede c¢ocuk  sikildigini
gosterecek bir davranista bulundu
ya da bir ifade kullandi

Kural degigsmesine ragmen c¢ocuk
onceki kurala gore oynamaya galisti.

Yonerge ve Uyaricilar

Aragtirmaci kurallari agikladi

Arastirmaci oyunu ne kadar siire
oymas1 gerektigi ile ilgili bir amag
sundu (Ornegin 4 kere yaptiginda
oyunu kazanacaksin gibi)

Arastirmac1 oyun hakkinda bilgi
verdi

Ayni uyarici ¢ok defa iist liste geldi

Cocuk oyuna ne zaman
baglayacagini bilemedi ve baglamak

i¢in aragtirmacinin  talimatini
bekledi

Cocuk bazi uyaricilarin ne ifade
ettigini anlamadi
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J. Data Analysis Form for Follow Pattern Game

Bu form okul 6ncesi 6grencilerinin ¢aligsan bellek becerilerini desteklemek igin gelistirilen
materyal ve oyunun uygulamasina yonelik durumlari incelemek i¢in olugturulmustur. Liitfen
ilgili videoyu izlemeden 6nce asagidaki maddeleri okuyunuz. Videoyu izlerken belirtilen
durumlan1 videoda gozlemlediyseniz Evet’e goézlemlemediyseniz Hayir’a, durum
gerceklesmediyse Uygun Degil’e X isareti koyunuz. Ag¢iklama boliimiine ise durum ile ilgili
goriislerinizi belirtebilirsiniz. Formda bulunmayan bir durum goézlemlerseniz formun en
altindaki diger kismina bu gbzlemlerinizi yazabilirsiniz.

Ornek: Videoda gocuk (st iiste ayn1 &riintii tipi geldiginde cocuk sikildigini belirten bir
ifade kullandi ya da davranig sergilediyse Evet’e, sergilemediyse Hayir’a ya da {ist iiste aymi
oOrlntd tipi gelme durumu ilgili videoda g6zlemlenmediyse Uygun Degil’e X isareti konulur.

Gozlem Evet | Hayir | Uygun | Agiklama
Degil

Giyilebilir Materyal

Oyun esnasinda dizlik kaydi

Cocuk dizlige dokundu

Oynama Sureci

Arastirmact oturup kalkma
hareketinin nasil uygun bir sekilde
yapilmasi gerektigini géstermistir
Cocuk birden fazla karakterin
hareketini ~ verilen stirede tekrar

edemedi
Cocuk hareketi zamaninda
tamamlayamadi

Cocuk oyunda amag aradigina iligskin
“oyun ne zaman bitecek” gibi bir ifade
kullandi ya da numerik gostergeyi
takip etti.

Karakterler arasindaki gec¢is slresi
kisa oldugu i¢in gocuk bir karakterin
hareketini  tamamladiktan  sonra
digerine gegmede sikint1 yasadi

Ust iiste ayn1 oriintii tipi geldiginde
cocuk sikildigin1 belirten bir ifade
kulland1 ya da davranis sergiledi
Yonergeler

Yonergelerle ilgili bir sorun ya da
durum oyun akisii  olumsuz
etkilemistir

Aragtirmaci yoOnerge/yonergeler
vermistir.
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Aragtirmact oyunun amacini sozel
olarak belirtmistir.

Gorsel Ogeler
Cocuk  ekrandaki karakterlerin
pozisyonunu (oturuyor-ayakta)

algilamakta giicliik ¢ekti

Cocuk  ekrandaki  isaret¢ilerden
(kirmiz1 dikdortgen, isaret eden el,
dikdortgen Uzerindeki kiguk dcgen,
dolan daire) bir ya da daha fazlasim
anlamakta giclik cekti.

Oriunta

Cocuk ilk defa gordiigii 6riintii tirtini
algilamakta veya  seslendirmekte
gucluk cekti

Cocuk  orintiyu  sesli  olarak
s0ylemeyi tamamlayamadi

Ikiden fazla farkli karakter iceren
orantuyd seslendirmesi iki
karakterden olusan Orlintliyii
seslendirmesine goére daha fazla
zaman ald1

Oriintii otur-kalk ya da kalk-otur
olmamasina ragmen ¢ocuk Oriintliyii
bunlardan birisi gibi seslendirmis ya
da oynamaya caligmigtir.
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K. Data Analysis Form for Light Order Game

Bu form okul 6ncesi 6grencilerinin ¢aligsan bellek becerilerini desteklemek igin gelistirilen
materyal ve oyunun uygulamasina yonelik durumlari incelemek i¢in olugturulmustur. Liitfen
ilgili videoyu izlemeden 6nce asagidaki maddeleri okuyunuz. Videoyu izlerken belirtilen
durumlan1 videoda gozlemlediyseniz Evet’e goézlemlemediyseniz Hayir’a, durum
gerceklesmediyse Uygun Degil’e X isareti koyunuz. Ag¢iklama boliimiine ise durum ile ilgili
goriislerinizi belirtebilirsiniz. Formda bulunmayan bir durum gozlemlerseniz formun en
altindaki diger kismina bu gbzlemlerinizi yazabilirsiniz.

Ornek: Videoda cocuk gocuk seviye yenileme butonunu kolayca kullandi ise Evet’e,
kullanamadi ise Hayir’a ya da butonu kullanma durumu ilgili videoda gdzlemlenmediyse
(kullanmadiysa) Uygun Degil’e X isareti konulur.

Ac¢iklama Evet | Haywr | Uygun | Aciklama
Degil

Donutler

Materyalin olumsuz donat

vermemesi problemlere yol agt1.
Yonerge ve Uyaricilar

Arastirmact cocugu renkleri
unuttugunda hatirlamasi igin tesvik
etti

Aragtirmact  ¢ocugun  dikkatini
oyunda tutmak icin sozel uyaricilar
verdi

Arastirmaci renkleri hatirlayabilmesi
icin g¢ocuga tamamlanan renkleri
tekrar etti (Ornegin: Dort renkli bir
seride ilk iki rengi gosteren ¢ocuga
gosterdigi kadar rengi tekrar edip
kalanin1 hatirlamasini beklemek)
Arastirmact renkleri sdylemeden
renk dizisine ait baska bir ipucu
verdi.

Aragtirmacinin  verdigi yonergeler
acik degildi ve ¢ocuk yonergelerden
kaynakli1 hatalar yapti

Cocuk renk atlayip
tamamlayamadiginda  arastirmact
renk atladigini sdyledi

Cocuk materyalin trettigi olumlu
doniit sesi ile ilgili sorun yasadi
Cocuk materyalin irettigi olumsuz
donut sesi ile ilgili sorun yasadi

338



Cocuk materyalin trettigi Seviye
tamamlama sesi ile ilgili sorun
yasadi

Cocuk olumlu doénit sesini seviye
tamamlama sesi ile karigtirdi.

Materyal

Cocuk seviye yenileme butonunu
kolayca kullandi.

Cocuklar sistemin renkleri
algilamas1 ile ilgili bir sorun
yasadilar

Materyal Uzerindeki bir veya daha
fazla 6ge cocugun dikkatini dagitti

Materyal ve 0&geleri ¢ocuklarin
kolayca kullanabilecekleri boyutta
degildi. Cocuklar materyali
kullanmada materyalin boyutundan
kaynakli problem yasadilar.

Materyaldeki 1siklarin renkleri ayirt
edici degildi. Cocuklar renkleri ayirt
etmekte gucluk cektiler.

Oyun Sireci

Arastirmact ~ gocuktan  renkleri
sOylemesini  istediginde  gocuk
renklerin sirasmi dikkate almadan
sadece hangi renklerin oldugunu
soyledi

Bir seviyedeki renkler orlnti
olusturdugu i¢in ¢ocuk kisa siirede
tamamladi.

Cocugun dikkati kegelerle oynama,
soru sorma, hata yapma vb. gibi
nedenlerle dagildi

Cocuk ayni sayida 0ge iceren bir
diziyi daha onceden
tamamlayamamasina ragmen
seslendirdikten sonra tamamladi.

Cocuk deneme yanilma yoluyla
seviyeyi tamamlamaya calist1.

Cocuk dogru cevap verdigini ve
materyalin algilamadigin1 diisiiniip
renk sensorii iizerine gereginden
fazla baski uyguladi

Cocuk dogru cevap verdigini
zannedip gereginden fazla bekledi /
ve renkleri unuttu

Cocuk oyunun akigin1 engelleyen bir
davranis sergiledi.
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Cocuk renkler sénmeden keceleri
toplayip siraya dizdi.

Cocuk renkleri akillarmnda tutmay1
kolaylastiracak bir strateji kullandi.

Cocuk renkleri tersten seslendirmeye
ya da gostermeye calisti (Ornegin
renk dizisi sari mavi yesil iken
¢ocugun seslendirmeye vya da
gostermeye yesilden baglamasi gibi)

Cocuk seviyeyi yeniledikten sonra
kaldig1 yerden devam etmeye c¢alistt

Cocuk keceleri renk sensoriiniin
renkleri algilamasina firsat
vermeden sensoriin Gzerinden cekti

Cocugun renklere bakma ve
seslendirme siiresi yeterli degildi.

Ug ya da daha az 6geli seviyelerde
seviyeler arasindaki bekleme siiresi
uzun oldugu i¢in ¢ocuklarm dikkati
dagildi
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L. Data Analysis Form for Object Sorting Game

Bu form okul 6ncesi 6grencilerinin ¢alisan bellek becerilerini desteklemek igin gelistirilen
materyal ve oyunun uygulamasina yonelik durumlari incelemek i¢in olugturulmustur. Litfen
ilgili videoyu izlemeden 6nce asagidaki maddeleri okuyunuz. Videoyu izlerken belirtilen
durumlan videoda gozlemlediyseniz Evet’e goézlemlemediyseniz Hayir’a, durum
gerceklesmediyse Uygun Degil’e X isareti koyunuz. Ag¢iklama boliimiine ise durum ile ilgili
goriislerinizi belirtebilirsiniz. Formda bulunmayan bir durum goézlemlerseniz formun en
altindaki diger kismina bu gbzlemlerinizi yazabilirsiniz.

Ornek: Videoda gocuk gocuk seviye yenileme butonunu kolayca kulland: ise Evet’e,
kullanamadi ise Hayiwr’a ya da butonu kullanma durumu ilgili videoda gdzlemlenmediyse
(kullanmadrysa) Uygun Degil’e X isareti konulur.

Gozlem Evet | Hayir | Uygun | A¢iklama
Degil

Oynama Sireci

Cocuk dairelerin Gstunii kapatma
isleminde zorland1 veya bir sikinti
yasadi

Cocuk kemer Gzerindeki bir daireyi
kapattiktan sonra yeni sekil
gelmeden kaldirmay1 unuttu.
Cocuk kemer Uzerindeki daireyi
tam olarak kapatamadi.

Cocuk  kemere fazla baski
uyguladi, vurdu ya da ovaladi.
Cocuk dijital oyunu zorlanmadan
tamamladi

Cocuk giyilebilir materyali
kullanmakta zorluk yasamadi
Yonergeler ve Uyaricilar
Arastirmac1 dogru cevaplar igin
sozel olarak olumlu pekistireg
verdi.

Aragtirmaci yanlig cevaplar igin
sOzel olarak bilgilendirici donit
verdi.

Ayni tip uyarici ¢ok fazla iist iiste
geldigi icin ¢ocuk oyundan
sikildigmmi ~ belirten  bir ifade
kulland1 ya da davranis sergiledi.
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N. Informed Consent Form

Bu arastirma, ODTU &gretim elemanlarindan Prof. Dr. Kiirsat CAGILTAY danismanliginda
Ars. Gor. Ersin Kara tarafindan yuritilmektedir. Bu form sizi arastirma kosullari hakkinda

bilgilendirmek i¢in hazirlanmistir.
Calismanin Amaci Nedir?

Bu calismanin amaci egitsel e-tekstil teknolojileri kullanilarak okul 6ncesi 6grencilerinin
ylruticu islev becerilerini destekleyecek materyaller ve etkilesimli oyunlar tasarlamak ve
gelistirmektir. Bu amagla tasarim sirecine iliskin durumlar, e-tekstil teknolojilerinin

kullanimi ve kullanilabilirlik durumlarinin arastirilmasi amaclanmistir.

Bize Nasil Yardimci Olmanizi isteyecegiz?

Arastirmaya katilmayl kabul ederseniz, okul 6ncesi egitimde teknoloji kullanimi,
Ogrencilerin yiritict islev becerilerine iliskin 6zellikleri, gelistirilen e-tekstil tabanli
materyaller ve oyunlar ile ilgili géris ve onerilerinize iliskin bilgi toplamak lzere sizinle
milakat yapilacaktir. Yaklagik olarak 30-40 dakika siirmesi beklenen miilakat arastirmaci

tarafindan ses kaydi ile kayit altina alinacaktir.
Sizden Topladigimiz Bilgileri Nasil Kullanacagiz?

Arastirmaya katiliminiz tamamen gondllilik temelinde olmalidir. Milakatta sizden kimlik
veya calistiginiz kurum/boélim/birim belirleyici hicbir bilgi istenmemektedir. Cevaplariniz
tamamiyla gizli tutulacak, sadece arastirmacilar tarafindan degerlendirilecektir.
Katilimcilardan elde edilecek bilgiler toplu halde degerlendirilecek ve bilimsel yayimlarda
kullanilacaktir. Sagladiginiz veriler gonilla katilim formlarinda toplanan kimlik bilgileri ile

eslestirilmeyecektir.

Katiliminizla ilgili bilmeniz gerekenler:

Calisma, genel olarak kisisel rahatsizlik verecek sorular icermemektedir. Ancak, katilim
sirasinda sorulardan ya da herhangi baska bir nedenden otliri kendinizi rahatsiz

hissederseniz cevaplama isini yarida birakip ¢ikmakta serbestsiniz. Boyle bir durumda

calismayi uygulayan kisiye, calismadan ¢ikmak istediginizi soylemek yeterli olacaktir.
Aragtirmayla ilgili daha fazla bilgi almak isterseniz:

Bu calismaya katildiginiz i¢in simdiden tesekkir ederiz. Calisma hakkinda daha fazla bilgi
almak icin ODTU o&gretim (yelerinden Prof. Dr. Kiirsat CAGILTAY (E-posta:
kursat@metu.edu.tr) ya da Arastirma Gorevlisi Ersin KARA (E-posta: ekara@metu.edu.tr)

ile iletisim kurabilirsiniz.
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Yukaridaki bilgileri okudum ve bu ¢alismaya tamamen géniillii olarak katiliyorum.

(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Adi Soyadi Tarih imza
YA
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O. Parent Approval Form

Sayin Veliler, Sevgili Anne-Babalar,

Orta Dogu Teknik Universitesi Bilgisayar ve Ogretim Teknolojileri Egitimi BSlimi dgretim
tiyesi Prof. Dr. Kiirsat CAGILTAY danismanliginda Ars. Gor. Ersin KARA tarafindan yiiriitiilen
bu calismanin adi Okul Oncesi Ogrencilerinin Yénetici islev Becerilerini Desteklemek igin
Egitsel E-Tekstil Materyallerinin Tasarlanmasi ve Gelistirilmesi’dir.

Bu ¢alismanin amaci nedir?

Bu calismanin amaci egitsel e-tekstil teknolojileri kullanilarak okul 6ncesi 6grencilerinin
ylriticl islev becerilerini destekleyecek materyaller ve etkilesimli oyunlar tasarlamak ve
gelistirmektir. Bu amagla tasarim sirecine iliskin durumlar, e-tekstil teknolojilerinin

kullanimi ve kullanilabilirlik durumlarinin arastirilmasi amacglanmistir.

Sizin ve gocugunuzun katilimci olarak ne yapmasini istiyoruz?

Calismanin amacini gergeklestirebilmek i¢in c¢ocuklarinizin e-tekstil teknolojileri ile
hazirlanmis 6grenme materyalini giymesi ve etkilesimli oyunlari oynamasi gerekmektedir.
E-tekstil teknolojileri kullanilarak gelistirilen giyilebilir materyal elektronik islemci ve
sensorler ile gesitli verileri toplayabilen, basit bir glic kaynagi (6rnegin bir pil) ile calisabilen
bir materyaldir. Bu teknolojiler kemer, sapka, t-shirt, ceket lGizerine dikilebilirler. Halihazirda
cesitli kullanim alanlari mevcuttur ve saghga herhangi bir zararn yoktur. Materyaller
arastirmaci tarafindan saglanacaktir. Katilmasina izin verdiginiz takdirde ¢ocugunuz
aktivitelere ve oyunlara okulda ders saatinde katilacaktir ve oyunlari oynarken goriintileri
kaydedilecektir. Sizden ¢ocugunuzun katimci olmasiyla ilgili izin istedigimiz gibi, calismaya
baslamadan ¢ocugunuzdan da so6zlii olarak katilimiyla ilgili nzasi mutlaka alinacaktir.

Cocugunuzdan alinan bilgiler ne amagla ve nasil kullanilacak?

Sizden aldigimiz bilgiler ve cocugunuzun gorintileri kesinlikle gizli tutulacak ve bu bilgiler
sadece bilimsel arastirma amaciyla kullanilacaktir. Cocugunuzun ya da sizin isminiz, kimlik
bilgileriniz ve video kayitlari hicbir sekilde kimseyle paylasiimayacaktir. Arastirma
sonuglarinin 6zeti tarafimizdan okula ulastirilacaktir. Saglayacaginiz bilgiler ve izin ile
¢ocugunuzun akademik ve sosyal becerilerinin gelisimini etkileyen ylritici islevlerine dair
bilgi edinmemize ve bu becerilerin gelisimine yonelik aktivite ve oyun tasarlayip
gelistirmemize blylk katki saglamis olacaksiniz.

Cocugunuz ya da siz ¢alismayi yarida kesmek isterseniz ne yapmalisiniz?

Geligtirilen oyunlarin ve materyallerin ¢ocugunuzun psikolojik gelisimine ve saglgina
olumsuz etkisi olmayacagindan emin olabilirsiniz. Yine de bu formu imzaladiktan sonra hem
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siz hem de ¢ocugunuz katihmciliktan ayrilma hakkina sahipsiniz. Herhangi bir uygulama ile
ilgili ya da baska bir nedenden 6tlrl ¢ocugunuz kendisini rahatsiz hissettigini belirtirse, ya
da kendi belirtmese de arastirmaci ya da 6gretmeni cocugun rahatsiz oldugunu 6ngorirse,
calismaya derhal son verilecektir. Sayet siz cocugunuzun rahatsiz oldugunu hissederseniz,
boyle bir durumda calismadan sorumlu kisiye c¢ocugunuzun c¢alismadan ayrilmasini
istediginizi sdylemeniz yeterli olacaktir.

Bu ¢alismayla ilgili daha fazla bilgi almak isterseniz: Arastirmayla ilgili sorularinizi asagidaki
e-posta adresini kullanarak bize yoneltebilirsiniz.

Saygilarimizla,

Ars. GOr Ersin KARA
Bilgisayar ve Ogretim Teknolojileri Egitimi B6Iimii
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