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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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enhancement, c) 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 Noël 

(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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Table 3.1 ECE teachers participated to the study 

Teacher Age Gender Teaching 
Experience 
(Year) 

School Technology 
Use at 
School 

Cycle 
1 

Cycle 
2 

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 

Code Age 
(Month)  Gender Code Age 

(Month)  
Gender 

C1 59 M C2_C1 66 M 
C2 61 F C2_C2 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_C6 62 M 
C7 58 F C2_C7 67 M 
C8 60 F C2_C8 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. 
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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 I 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 I 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 I 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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Figure 3.2 Data collection timeline 
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Table 3.4 ECE teachers and the evaluated games by them in Cycle 1 

Code Light 
Order  

Follow 
Pattern 

Object Sorting Do as I Say/Do 

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 
Order  

Follow 
Pattern 

Object Sorting Do as I Say/Do 

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 

Code Follow 
Pattern Light Order  Object 

Sorting 
Do as I 
Say/Do 

C1 X X X - 
C2 X X X X 
C3 X X X X 
C4 X X X X 
C5 X X X - 
C6 X X X X 
C7 X X X X 
C8 X X X X 
C9 X X X X 
C10 X X X - 
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Table 3.7 Children and the games they played in Cycle 2 

Code Follow 
Pattern Light Order  Object 

Sorting 
Do as I 
Say/Do 

C2_C1 X X - X 
C2_C2 X - X X 
C2_C3 X X X X 
C2_C4 X X X X 
C2_C5 X X X X 
C2_C6 X X X X 
C2_C7 X X X X 
C2_C8 - X X - 
C2_C9 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 I 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 3.5 A child playing the Follow Pattern game 

 

Figure 3.6 A child playing the Do as I Say/Do game 
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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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a 12x12 mm button was used. In Cycle 2, six children, C1_I2, C3_I2, C4_I2, C5_I2, 

C6_I2, and C9_I2, 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. 

 

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 I 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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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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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. 

 

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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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.  

4.2.1.4.1 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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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 I 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 I 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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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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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 I Say/Do Game 

Although both versions of Do as I 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 I 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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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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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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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. 

5.1.2 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 
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5.2 Design and Development of the Educational Games 

5.2.1 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.g., 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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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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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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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 

5.4.1 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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Olumlu Görsel Dönüt: Ekranda Rastgele Beliren Çiçekler 
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Olumsuz Görsel Dönüt: Üzgün Yüz 1 

 

 

Olumsuz Görsel Dönüt: Üzgün Yüz 3 
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Olumsuzluk Bildiren Görsel: Üzgün Yüz 1 

 
 
Olumsuzluk Bildiren Görsel: Üzgün Yüz 2 
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H. Video Data Analysis Form 

File Name: 
Duration:  
Participant:  
Game:  
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Stamp 

Observation/Behavior Comment 
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M.  Permisson Letter from METU HSEC 
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N. Informed Consent Form 
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���µ�� �����o�f�”�u���Ç���� �l���š�f�o���f�R�f�v�f�Ì�� �]���]�v�� �”�]�u���]�����v�� �š���”���l�l�º�Œ�� �������Œ�]�Ì�X�� �����o�f�”�u���� �Z���l�l�f�v������ �����Z���� �(���Ì�o���� ���]�o�P�]��

���o�u���l�� �]���]�v�� �K���d�m�� �‚�R�Œ���š�]�u�� �º�Ç���o���Œ�]�v�����v�� �W�Œ�}�(�X�� ���Œ�X�� �<�º�Œ�”���š�� �����)�/�>�d���z�� �~��-posta: 
kursat@metu.edu.tr�•���Ç�������������Œ���”�š�f�Œ�u�����'�‚�Œ���À�o�]�•�]�����Œ�•�]�v��KARA (E-posta: ekara@metu.edu.tr) 
�]�o�����]�o���š�]�”�]�u���l�µ�Œ�����]�o�]�Œ�•�]�v�]�Ì�X�� 

mailto:ekara@metu.edu.tr
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�z�µ�l���Œ�f�����l�]�����]�o�P�]�o���Œ�]���}�l�µ���µ�u���À�������µ�������o�f�”�u���Ç�����š���u���u���v���P�‚�v�º�o�o�º���}�o���Œ���l���l���š�f�o�f�Ç�}�Œ�µ�u�X�� 

(Formu doldurup imzalad�f�l�š���v���•�}�v�Œ�����µ�Ç�P�µ�o���Ç�f���f�Ç�����P���Œ�]���À���Œ�]�v�]�Ì�•�X 

 

�����f���^�}�Ç�����f    Tarih          �7�u�Ì����  
               ---/----/----- 
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O. Parent Approval Form 

�^���Ç�f�v���s���o�]�o���Œ�U���^���À�P�]�o�]�����v�v��-Babalar, 

�K�Œ�š�������}�R�µ���d���l�v�]�l���m�v�]�À���Œ�•�]�š���•�]�����]�o�P�]�•���Ç���Œ���À�����P�R�Œ���š�]�u���d���l�v�}�o�}�i�]�o���Œ�]�����R�]�š�]�u�]�����‚�o�º�u�º���‚�R�Œ���š�]�u��
�º�Ç���•�]���W�Œ�}�(�X�����Œ�X���<�º�Œ�”���š�������)�/�>�d���z�������v�f�”�u���v�o�f�R�f�v���������Œ�”�X���'�‚�Œ�X�����Œ�•�]�v���<���Z�����š���Œ���(�f�v�����v���Ç�º�Œ�º�š�º�o���v��
���µ�� �����o�f�”�u���v�f�v�������f���K�l�µ�o�� �P�v�����•�]�� �P�R�Œ���v���]�o���Œ�]�v�]�v�� �z�‚�v���š�]���]�� �7�”�o���À�� ���������Œ�]�o���Œ�]�v�]�� �����•�š���l�o���u���l�� �7���]�v��
���R�]�š�•���o����-�d���l�•�š�]�o���D���š���Œ�Ç���o�o���Œ�]�v�]�v���d���•���Œ�o���v�u���•�f��v�����'���o�]�”�š�]�Œ�]�o�u���•�]�[dir.  

���µ�������o�f�”�u���v�f�v�����u�����f���v�����]�Œ�M�� 

���µ�� �����o�f�”�u���v�f�v�� ���u�����f�� ���R�]�š�•���o�� ��-�š���l�•�š�]�o�� �š���l�v�}�o�}�i�]�o���Œ�]�� �l�µ�o�o���v�f�o���Œ���l�� �}�l�µ�o�� �‚�v�����•�]�� �‚�R�Œ���v���]�o���Œ�]�v�]�v��

yürütücü �]�”�o���À�����������Œ�]�o���Œ�]�v�]�������•�š���l�o���Ç�������l���u���š���Œ�Ç���o�o���Œ���À�������š�l�]�o���”�]�u�o�]���}�Ç�µ�v�o���Œ���š���•���Œ�o���u���l���À����

�P���o�]�”�š�]�Œ�u���l�š�]�Œ�X�� ���µ�� ���u�����o���� �š���•���Œ�f�u�� �•�º�Œ�����]�v���� �]�o�]�”�l�]�v�� ���µ�Œ�µ�u�o���Œ�U�� ��-tekstil teknolojilerinin 
�l�µ�o�o���v�f�u�f��ve �l�µ�o�o���v�f�o�����]�o�]�Œ�o�]�l�����µ�Œ�µ�u�o���Œ�f�v�f�v�����Œ���”�š�f�Œ�f�o�u���•�f�����u�����o���v�u�f�”�š�f�Œ�X 

Sizin ve çocu�R�µ�v�µ�Ì�µ�v���l���š�f�o�f�u���f���}�o���Œ���l���v�����Ç���‰�u���•�f�v�f��istiyoruz?  

�����o�f�”�u���v�f�v�� ���u�����f�v�f�� �P���Œ�����l�o���”�š�]�Œ�����]�o�u���l�� �]���]�v�� ���}���µ�l�o���Œ�f�v�f�Ì�f�v��e-tekstil teknolojileri ile 
�Z���Ì�f�Œ�o���v�u�f�”���‚�R�Œ���v�u�����u���š���Œ�Ç���o�]�v�]���P�]�Ç�u���•�]���À�������š�l�]�o���”�]�u�o�]��oyunlar�f �}�Ç�v���u���•�f gerekmektedir. 
E-�š���l�•�š�]�o�� �š���l�v�}�o�}�i�]�o���Œ�]�� �l�µ�o�o���v�f�o���Œ���l�� �P���o�]�”�š�]�Œ�]�o���v�� �Piyilebilir materyal ���o���l�š�Œ�}�v�]�l�� �]�”�o���u���]�� �À����
�•���v�•�‚�Œ�o���Œ���]�o���������”�]�š�o�]���À���Œ�]�o���Œ�]���š�}�‰�o���Ç�����]�o���v, �����•�]�š�����]�Œ���P�º�����l���Ç�v���R�f���~ö�Œ�v���R�]�v�����]�Œ���‰�]�o�•��ile �����o�f�”�����]�o���v��
bir materyaldir. ���µ���š���l�v�}�o�}�i�]�o���Œ���l���u���Œ�U���”���‰�l���U���š-�•�Z�]�Œ�š�U�������l���š���º�Ì���Œ�]�v�������]�l�]�o�����]�o�]�Œ�o���Œ�X���,���o�]�Z���Ì�f�Œ������
�����”�]�š�o�]�� �l�µ�o�o���v�f�u�� ���o���v�o���Œ�f�� �u���À���µ�š�š�µ�Œ�� �À�����•���R�o�f�R�����Z���Œ�Z���v�P�]�� ���]�Œ�� �Ì���Œ���Œ�f�� �Ç�}�l�š�µ�Œ�X��Materyaller 
���Œ���”�š�f�Œ�u�����f�� �š���Œ���(�f�v�����v�� �•���R�o���v�������l�š�f�Œ�X���<���š�f�o�u���•�f�v���� �]�Ì�]�v�� �À���Œ���]�R�]�v�]�Ì�� �š���l���]�Œ������ ���}���µ�R�µ�v�µ�Ì��
ak�š�]�À�]�š���o���Œ�����À�����}�Ç�µ�v�o���Œ�����}�l�µ�o�����������Œ�•���•�����š�]�v�������l���š�f�o�������l�š�f�Œ���À�����}�Ç�µ�v�o���Œ�f���}�Ç�v���Œ�l���v��görüntüleri 
kaydedilecektir. �^�]�Ì�����v�����}���µ�R�µ�v�µ�Ì�µ�v���l���š�f�o�f�u���f���}�o�u���•�f�Ç�o�����]�o�P�]�o�]���]�Ì�]�v���]�•�š�����]�R�]�u�]�Ì���P�]���]�U�������o�f�”�u���Ç����
�����”�o���u�������v�����}���µ�R�µ�v�µ�Ì�����v���������•�‚�Ì�o�º���}�o���Œ���l���l���š�f�o�f�u�f�Ç�o�����]�o�P�]�o�]���Œ�f�Ì���•�f���u�µ�š�o���l�������o�f�v�������l�š�f�Œ. 

���}���µ�R�µ�v�µ�Ì�����v�����o�f�v���v�����]�o�P�]�o���Œ���v�������u�����o�����À�����v���•�f�o���l�µ�o�o���v�f�o�������l�M  

�^�]�Ì�����v�����o���f�R�f�u�f�Ì�����]�o�P�]�o���Œ���À�������}���µ�R�µ�v�µ�Ì�µ�v���P�‚�Œ�º�v�š�º�o���Œ�]���l���•�]�v�o�]�l�o�����P�]�Ì�o�]���š�µ�š�µ�o�������l���À�������µ�����]�o�P�]�o���Œ��
�•���������������]�o�]�u�•���o�����Œ���”�š�f�Œ�u�������u�����f�Ç�o�����l�µ�o�o���v�f�o�������l�š�f�Œ�X�����}���µ�R�µ�v�µ�Ì�µ�v���Ç�����������•�]�Ì�]�v���]�•�u�]niz, kimlik 
���]�o�P�]�o���Œ�]�v�]�Ì�� �À���� �À�]�����}�� �l���Ç�f�š�o���Œ�f �Z�]�����]�Œ�� �”���l�]�o������ �l�]�u�•���Ç�o���� �‰���Ç�o���”�f�o�u���Ç�������l�š�f�Œ�X�����Œ���”�š�f�Œ�u����
�•�}�v�µ���o���Œ�f�v�f�v�� �‚�Ì���š�]�� �š���Œ���(�f�u�f�Ì�����v�� �}�l�µ�o���� �µ�o���”�š�f�Œ�f�o�������l�š�f�Œ�X�� �^���R�o���Ç�������R�f�v�f�Ì�� ���]�o�P�]�o���Œ�� �À���� �]�Ì�]�v�� �]�o����
���}���µ�R�µ�v�µ�Ì�µ�v�����l�������u�]�l���À�����•�}�•�Ç���o�����������Œ�]�o���Œ�]�v�]�v���P���o�]�”�]�u�]�v�]�����š�l�]�o���Ç���v���Ç�º�Œ�º�š�º���º���]�”�o���À�o���Œ�]�v���������]�Œ��
���]�o�P�]�� �����]�v�u���u�]�Ì���� �À���� ���µ�� ���������Œ�]�o���Œ�]�v�� �P���o�]�”�]�u�]�v���� �Ç�‚�v���o�]�l�� ���l�š�]�À�]�š���� �À���� �}�Ç�µ�v�� �š���•���Œ�o���Ç�f�‰��
�P���o�]�”�š�]�Œ�u���u�]�Ì�������º�Ç�º�l���l���š�l�f���•���R�o���u�f�”���}�o�������l�•�f�v�f�Ì�X 

���}���µ�R�µ�v�µ�Ì���Ç�����������•�]�Ì�������o�f�”�u���Ç�f���Ç���Œ�f�������l���•�u���l���]�•�š���Œ�•���v�]�Ì���v�����Ç���‰�u���o�f�•�f�v�f�Ì�M  

�'���o�]�”�š�]�Œ�]�o���v���}�Ç�µ�v�o���Œ�f�v ve materyallerin ���}���µ�R�µ�v�µ�Ì�µ�v�� �‰�•�]�l�}�o�}�i�]�l�� �P���o�]�”�]�u�]�v���� �À���� �•���R�o�f�R�f�v����
�}�o�µ�u�•�µ�Ì�����š�l�]�•�]���}�o�u���Ç�������R�f�v�����v�����u�]�v���}�o�����]�o�]�Œ�•�]�v�]�Ì�X���z�]�v����de ���µ���(�}�Œ�u�µ���]�u�Ì���o�����f�l�š���v���•�}�v�Œ�����Z���u��
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�•�]�Ì���Z���u�����������}���µ�R�µ�v�µ�Ì���l���š�f�o�f�u���f�o�f�l�š���v�����Ç�Œ�f�o�u�����Z���l�l�f�v�����•���Z�]�‰�•�]�v�]�Ì�X��Herhangi bir uygulama ile 
ilgili ya da �����”�l�������]�Œ���v�������v�����v���‚�š�º�Œ�º�����}���µ�R�µ�v�µ�Ì���l���v���]�•�]�v�]���Œ���Z���š�•�f�Ì���Z�]�•�•���š�š�]�R�]�v�]�������o�]�Œ�š�]�Œ�•���U���Ç����
�������l���v���]�������o�]�Œ�š�u���•�������������Œ���”�š�f�Œ�u�����f���Ç�����������‚�R�Œ���š�u���v�]�����}���µ�R�µ�v���Œ���Z���š�•�f�Ì���}�o���µ�R�µ�v�µ���‚�v�P�‚�Œ�º�Œ�•���U��
�����o�f�”�u���Ç���������Œ�Z���o���•�}�v���À���Œ�]�o�������l�š�]�Œ�X���b���Ç���š���•�]�Ì�����}���µ�R�µ�v�µ�Ì�µ�v���Œ���Z���š�•�f�Ì���}�o���µ�R�µ�v�µ hissederseniz, 
���‚�Ç�o���� ���]�Œ�� ���µ�Œ�µ�u������ �����o�f�”�u�������v�� �•�}�Œ�µ�u�o�µ�� �l�]�”�]�Ç���� ���}���µ�R�µ�v�µ�Ì�µ�v�� �����o�f�”�u�������v�� ���Ç�Œ�f�o�u���•�f�v�f��
�]�•�š�����]�R�]�v�]�Ì�]���•�‚�Ç�o���u���v�]�Ì���Ç���š���Œ�o�]���}�o�������l�š�f�Œ�X�� 

���µ�������o�f�”�u���Ç�o�����]�o�P�]�o�]�������Z�����(���Ì�o�������]�o�P�]�����o�u���l���]�•�š���Œ�•���v�]�Ì�W�����Œ���”�š�f�Œ�u���Ç�o�����]�o�P�]�o�]���•�}�Œ�µ�o���Œ�f�v�f�Ì�f�����”���R�f�����l�]��
e-posta adresini kullanarak bize yöneltebilirsiniz.   

�^���Ç�P�f�o���Œ�f�u�f�Ì�o���U 

���Œ�”�X���'�‚�Œ�����Œ�•�]�v���<���Z�� 

���]�o�P�]�•���Ç���Œ���À�����P�R�Œ���š�]�u���d���l�v�}�o�}�i�]�o���Œ�]�����R�]�š�]�u�]�����‚�o�º�u�º 

�K�Œ�š�������}�R�µ���d���l�v�]�l���m�v�]�À���Œ�•�]�š���•�]�U�����v�l���Œ�� 

e-posta: ekara@metu.edu.tr 

 

���}���µ�R�µ�v�µ�Ì�µ�v�� ���µ�� ���Œ���”�š�f�Œ�u���Ç���� �l���š�f�o�u���•�f�v�f�� �l�����µ�o�� �����]�Ç�}�Œ�•���v�f�Ì�� �o�º�š�(���v�� ���”���R�f�����l�]�� �l�f�•�f�u�o���Œ�f��

���}�o���µ�Œ�µ�‰�� �]�u�Ì���o���Ç�f�v�f�Ì�X�� �7�•�š���u�]�Ç�}�Œ�•���v�f�Ì�� �(�}�Œ�u�µ�� ���}�”�� ���f�Œ���l�f�v�f�Ì�X��Her iki durumda da lütfen bu 

formu ���}���µ�R�µ�v�µ�Ì�o�����}�l�µ�o�����P���Œ�]���P�‚�v����riniz. 

 

���µ�����Œ���”�š�f�Œ�u���Ç�����š���u���u���v���P�‚�v�º�o�o�º���}�o���Œ���l��velis�]�l�À���•�]�•�]���}�o���µ�R�µ�u���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�[�v�f�v��

�l���š�f�o�f�u���f���}�o�u���•�f�v�����]�Ì�]�v���À���Œ�]�Ç�}�Œ�µ�u�X�������o�f�”�u���Ç�f���]�•�š�����]�R�]�u���Ì���u���v���Ç���Œ�f�������l���•�]�‰�����f�Œ���l�����]�o�������R�]�u�]��

���]�o�]�Ç�}�Œ�µ�u���À�����À���Œ���]�R�]�u�����]�o�P�]�o���Œ�]�v�����]�o�]�u�•���o�����u�����o�f���}�o���Œ���l���l�µ�o�o���v�f�o�u���•�f�v�f���l�����µ�o�������]�Ç�}�Œ�µ�u�X 

 

Veli/Vasi �����f-Soy�����f: ........................................               Tarih: 

�Y�X�X�X�l�Y�X�X�X�l�Y�X�X�Y�X 

�7�u�Ì���W���Y�Y�Y�Y�Y�Y�Y 
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