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This study aims to explore how gamified robotics activities affect the
cognitive and affective skills of gifted students. Using a mixed-methods
design, it employed a straightforward experimental setup with a single
group, measuring before and after the intervention. The research
examined cognitive flexibility, computational thinking, motivation, and
satisfaction throughout the process. The sample included 24 gifted
middle school students. Data collection involved the player type
determination scale, the middle school computational thinking scale, the
cognitive flexibility scale, written opinion, and observational forms
during activities. The activities, based on design principles, were carried
out using LEGO EV3 educational robot kits. Results showed no
significant change in cognitive competencies from pre- to post-test.
However, students were actively engaged, and gamification elements
boosted their motivation and satisfaction. Fun content positively
influenced students, though challenges such as competition, coding
difficulties, and intra-group conflicts were also noted.
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Introduction

Please use in today's information age, individuals need to possess both cognitive and

affective skills (Geisinger, 2016). In this context, information processing, thinking, and

cognitive flexibility skills are identified as two distinct competencies in the cognitive domain

(Schafer et al., 2024). Information processing thinking skills are defined as systematic thinking

skills employed in resolving complex problems and analyzing data, grounded in the

fundamental principles of computer science (Wing, 2006). Seymour Papert, on the other hand,

expressed the concept of computational thinking in his 1980 book Mindstorms, emphasising

the need to use this skill not only in programming or computer use but also in solving

problems encountered in daily life (Papert, 1980). Today, this skill is recognized as a reflection

of the combined use of skills such as tinkering, creating, debugging, persevering, and

collaborating (Sirakaya, 2019). In the literature, different approaches are followed in teaching
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individuals this skill. Technology-focused approaches (computer programming, STEM,
FeTeMM activities) and robotics (educational robots) are frequently preferred in education
aimed at developing computational thinking skills, while non-computer-based approaches
using tools such as pen and paper may also be preferred depending on the characteristics of
the relevant environment and the cognitive levels of individuals (Selguk, 2023). Today, due to
changes in business processes and daily life, research in the scientific world has focused on
computational thinking skills (Arslanhan & Artun, 2021). Nowadays, the proficiency in
computational thinking skills is considered an important indicator among 21st-century skills
in solving complex problems (Kaya et al., 2025; Tadeu et al., 2025).

Cognitive flexibility is defined as an individual's ability to generate alternative
solutions in a problem situation, adapt to changing conditions, and discard old thought
models when necessary (Giiner & Gokge, 2021). Cognitive flexibility is considered a critical
skill that begins to develop at an early age and is refined through learning from mistakes
(Gliner & Gokge, 2021). In summary, computational thinking skills are the ability to develop
systematic solutions to problems and draw logical conclusions, while cognitive flexibility is
the ability to generate different solutions under varying conditions (Kalelioglu et al., 2016;
Karababa, 2025). These skills are among the most important competencies individuals will
need to develop solutions to the problems they will encounter throughout their lives (Schafer
et al., 2024).

Gifted individuals demonstrate superiority over their peers in one or more areas, learn
quickly, are creative, and have leadership tendencies (Demirgelik et al., 2017). These students,
who are cognitively more advanced than their peers, can demonstrate higher-order thinking
skills, such as problem-solving, critical thinking, creativity, and information processing, at an
early age (Bebek, 2021). These individuals require education beyond the standard curriculum
due to their high proficiency in cognitive, social, or artistic areas (Atesgdz, 2024). This need
requires that educational programs and environments be differentiated and organized in a
way that maximizes the potential of these individuals (Ministry of National Education
[MoNE], 2021). In educational processes designed for exceptional students, grouping students
with similar abilities (Bebek, 2021), acceleration that enables the curriculum to be covered more
quickly (Civelek, 2019), enrichment with in-depth content that attracts the student's interest
(Avcu, 2019), and mentoring aimed at revealing potential through guidance (Oztiirk, 2019).

Additionally, STEM and engineering design-based education stand out as practical
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approaches that support these students' problem-solving, creative thinking, and collaboration
skills (Jamali, 2019). In education programs designed for gifted students, it is essential to
consider the individual differences of students and provide content that is tailored to their
learning speeds, interests, and abilities (Avcu, 2019). While these individuals are open to group
work and collaborative learning processes, content that is prepared in a meaningful and
engaging manner is more motivating for them (Kulegel & Topsakal, 2021). On the other hand,
it is necessary to support not only the cognitive but also the social and emotional development
of these students (Arnstein et al., 2023). The educational activities to be prepared should be
structured to include real-life problems in order to contribute to the development of their
thinking and problem-solving skills (Dailey, 2017), and functional teaching environments and
processes should be created where students can realise their potential, with careful
consideration given to time and resource planning (Bebek, 2021).

Differentiation, a teaching approach used in activities designed for gifted individuals,
aims to meet the individual needs of students (Yalg¢in, 2024). There is a need for teaching
programmes that develop problem-solving skills, support creativity, and take into account
individual differences, especially for gifted students (Kaya & Mertol, 2022). In this context,
content, processes, and related materials must be prepared in a way that takes into account
students' interests, needs, and learning styles. Although studies on gifted individuals have
increased in recent years, there are limited studies examining the effectiveness of differentiated
teaching models with international inclusivity (Yalgin, 2024). When examining the Science and
Art Center (BILSEM) guidelines (MoNE, 2021), which provide education to gifted students in
cognitive and social areas, the emphasis on the necessity of differentiating the curriculum for
gifted students is noteworthy (Yalgin, 2024). The high cognitive abilities, creativity, and
scientific curiosity of gifted students increase the need for flexible and enriched learning
environments (Tekcan, 2024). Therefore, it is of great importance that teaching activities
appropriate to students' interests and potential are offered in suitable teaching environments
(MoNE, 2021). Research indicates that activities conducted outside the classroom (Ates, 2020)
and differentiated learning environments have positive effects on student motivation and
attitudes toward the course (Kaya et al., 2022). Based on the fact that gifted students tend to
struggle in areas they are not interested in (Davis et al., 2011), it is recommended that

differentiation strategies be employed in teaching activities (Tekcan, 2024).
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Taking individual differences into account in education is of great importance
(Pratama et al., 2022). In this context, the inclusion of gamification techniques in the teaching
process in recent years has emerged as one of the approaches used to enhance student
participation (Martinez-Hita et al., 2021) and motivation (Fotaris et al., 2016). However, it is
stated that gifted individuals are inclined to solve complex problems (Caglar, 2019) and
therefore teaching activities should be structured accordingly (Renzulli, 1999). Considering
the activities carried out, it has been observed that digital tools such as Kahoot, Quizizz, and
Duolingo are frequently used to support competition and motivation during this process
(Sercanoglu et al., 2021). However, elements such as points, badges, and leaderboards used in
the gamification process without appropriate user analysis and theoretical basis can lead to
loss of motivation and negative outcomes in learning outcomes among students (Berber, 2018).
Therefore, it is crucial to consider individual student differences in the gamification process
and to identify player types through the necessary analyses (Kocadere & Caglar, 2018). When
considering the literature on the determination of player types, it is seen that individuals are
categorised into different player types (Bartle, 1996). The most commonly used player type
categories in the literature are generally highlighted as achievers, explorers, socialisers, and
killers. Developing gamified environments based on these player profiles can motivate
students and meet their learning needs (Manzano-Ledn et al., 2021). Gamification, which is
considered an engaging and motivating strategy for students who are moving away from
traditional teaching methods (Peconio et al., 2021), can support the active participation and
cognitive processes of gifted students in their learning processes, particularly in terms of the
need for differentiated teaching practices (Alali & Wardat, 2024). Motivating and sustaining
motivation in gifted students requires more effort than in other students (Peconio et al., 2021).
This situation necessitates the creation of high-quality learning environments that support
gifted students in reaching their full potential. In this regard, identifying player types is
considered crucial in supporting student participation in activities, sustaining their
motivation, completing tasks, and creating appropriate levels of difficulty (Peconio et al.,
2021). These cases demonstrate the importance of utilising a range of tools and techniques in
enriched and differentiated learning environments for gifted individuals. In this context,
computer-based applications can be used as an effective method for individualising the

education of these individuals (Sur, 2022).
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In contrast, it has been observed that design-oriented activities are incorporated to
facilitate the transformation of gifted students' potential into observable performance (inan,
2023). The design-oriented approach is characterized by its student-centered nature, to create
creative and meaningful learning environments that foster empathy, creative thinking,
collaboration, and trial-based learning (Razzouk & Shute, 2012). The most frequently cited
model in the extant literature consists of five stages: the establishment of empathy, the
definition of the problem, the generation of solution ideas, the testability of the selected ideas,
and the testing of these ideas (Plattner et al., 2009). This cyclical process has a structure that
supports continuous learning and improvement (Liika, 2020). Design-oriented thinking
processes, developed with these considerations in mind, have been shown to contribute to
both the differentiation of teaching activities and the development of students' skills, such as
computational thinking and cognitive flexibility (Kaba, 2024).

In summary, teaching environments planned according to the interests and needs of
gifted students can be effective in bringing out their potential. It is anticipated that gamified
design-oriented robotics activities can support the development of cognitive skills, such as
information processing and cognitive flexibility, by enabling students to utilize their cognitive
capacities, and that the learning process will be more participatory and satisfying for them.
Although both skills are frequently studied in various student groups (Zhang & Gary, 2023),
it is acknowledged that research on gifted student groups is limited (Avcu & Ayverdi, 2020).
In this context, the study aims to evaluate the effect of gamified design-oriented learning
activities on the cognitive flexibility and information processing thinking skills of gifted
middle school students, as well as their experiences related to the process. Within this
framework, the study aimed to address the following research questions.

1. What is the effect of gamified design-oriented robotics activities on the cognitive flexibility
of gifted middle school students?

2. What is the effect of gamified design-oriented robotics activities on the computational
thinking skills of gifted middle school students?

3. What are the opinions of gifted students regarding gamified design-oriented robotics

activities?

Method

Research Design
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This study was conducted using a sequential explanatory design within the mixed-
methods research framework. In this design, qualitative data are collected and analyzed to
explain and examine in detail the primarily emphasized quantitative data. In brief, this
research design is particularly important when significant and unexpected findings emerge
from the analysis of quantitative data and require in-depth explanation (Creswell & Clark,
2018). In this study, the player types scale was employed for the initial categorisation of gifted
students. Quantitative data on students' computational thinking skills and cognitive flexibility
were collected using pre-tests administered prior to the implementation of the applications
and post-tests administered thereafter. The qualitative data obtained from written opinion
form and observation forms conducted during and after the application process were used
both to support the quantitative data and to evaluate students' experiences regarding the

implemented application.

Pre-test Process Post-test
e Computer thinking eImplementation of e Computer
scale promotionnal activities and thinking scale
« Cognitive flexibility gamified activities *Cognitive
scale * Weekly data collection with flexibility scale
*Player type performance observation for: * Written opinion
identification scale *Weekly data collection with form
design observation form

Figure 1. Application and data collection process

Sample Group

The study was conducted in *** province at a coding centre affiliated with the Ministry
of National Education, with a single group of 24 gifted middle school students in grades 5-6
and 7. The students who participated in the activities were accepted into the coding centre
based on a test measuring cognitive skills conducted throughout the province. The students
included in the study were selected from among the volunteer students who continued to
attend the coding centre in the second semester. All participating students were male, and
parental consent was secured as part of the ethical approval process. Students in the research
group are enrolled in a four-semester course program over two years. In the first semester,
they take courses in Information Technology, Algorithm Design, and 3D Modeling; in the
second semester, they take courses in Visual Coding, Basic Electronics, and Basic Robotics
Applications; in the third semester, they take courses in Basic Robotics Applications, Mobile

Application Development, and Text-Based Programming in C, and in the fourth semester,
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Mobile Application Development, Graphic Design and Animation, and Online Multimedia
Development.

Among the students, some are preparing for project competitions organised by
Tiibitak, Teknofest, and MoNE. Students who take Information Technology classes at their
schools continue their education at the coding centre on weekends. The activities within the
scope of this research were carried out as extracurricular activities following the classes
attended by the students on weekends.

Application Process

The gamified design-oriented robotics activities implemented during the research
process were prepared in line with the D6 design framework (Werbach & Hunter, 2012) in the
context of gamification. The D6 design framework encompasses theoretical aspects related to
potential environments where gamification can be applied, as well as the design process. The
framework consists of six steps, beginning with D. Table 1 presents the steps of the D6
gamification design framework.

Table 1. D6 gamification design framework

Steps of D6 Scope

Defining business This is the first step and consists of determining the goals that the gamification
objectives system must achieve.

Identification of target These are supportive of the gains and express the behaviours that are expected to
behaviours be performed.

Identifying player types It refers to understanding players' behaviour and preferences, as well as
identifying situations that will affect their motivation.

Planning event cycles It refers to cyclical situations such as players competing in a competitive
environment, evaluating themselves and their group after the competition to
prepare for the next competition, advancing to the next level by demonstrating
success, and winning. The actions taken by players provide feedback to the player
through elements such as leaderboards, scoring, levels, and success status,
enabling a motivating environment.

Addition of The gamification environment must have a flexible structure that encompasses all

entertainment elements players in terms of entertainment type. Although it is not easy to determine the
entertainment situation, defining the characteristics of the group to be applied in
advance will help the implementer.

Use of appropriate It refers to the integration of gamification elements deemed appropriate in line

vehicles with the defined player types and characteristics. When using these elements,
attention should be paid to the characteristics of the tools and equipment. It is
recommended that the materials used are consistent with the objectives and cover
students of different levels and characteristics.

In the study, the learning outcomes associated with the first activity to be carried out

within the context of the D6 gamification design framework were determined. When
determining the learning outcomes, the learning outcomes included in the Block-Based
Robotics and Coding Course Programme prepared by the Ministry of National Education's

Directorate General of Lifelong Learning were taken into consideration. The selection of
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learning outcomes was determined by aligning the programme's objectives with both the
needs of the students and the goals of the activities being conducted. In this regard, the selected
programme includes modules that contain outcomes consistent with our objectives, such as
individuals acquiring basic knowledge about problem solving and algorithms, gaining
knowledge and skills about the mechanical, electromechanical, and electronic components of
educational robots, and being able to produce solutions to problems they may encounter using
block-based programming environments. Sample outcomes are provided in Table 2.

Table 2. Example job gains
Gains

Possess basic knowledge of problem solving and algorithms.

You will acquire knowledge and skills related to mechanical, electromechanical, and electronic
components in educational robots.

Effectively uses block-based robot programming software and environments.

It produces solutions to problems that may arise in everyday life.

In the second step, target behaviours were determined. Examples of indicators
describing target behaviours include students' ability to connect with the robot by learning the
properties of mechanical parts in activities and their ability to use task-oriented sensors
correctly. The activities carried out during the weeks when the application was implemented,
the tasks that students were required to perform, the robotic components used, and the related
learning outcomes are presented in Table 3.

Table 3. Relationship between activity, task, gain, and robotic component

2 Event Held Task Gain Robot
3 components used
=
— Introduction Implementation of a mechanical Identifies mechanical and Mechanical
";é) week design electromechanical components in components
= educational robots.
Stop If You Robot that stops closest to the Learn the basic structure and Large motor,
: Can: The wall wins. operating principles of block-based buttons, and
g software. Establish a connection mechanical
= between the computer and the robot components
being developed.
Wheel or Idea? The team that comes closest to Learn the basic structure and Large motor,
: the finish line with their design,  operating principles of block-based medium motor,
g created without using wheels, software. Establish a connection buttons, and
= wins the race. between the computer and the robot mechanical
being developed. components
Win by The robot that touches the Uses structures appropriate for Ultrasonic sensor,
j Spinning obstacle near the wall and movement, appearance, sound, data, large motor,
3 returns to the starting line wins and events. Uses structures buttons,
= the game. appropriate for perception, mechanical
processing, and robotics. components
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A meteorite

The team that reaches the finish

Uses structures appropriate for

Ultrasonic sensor,

o may fall. line without hitting obstacles movement, appearance, sound, data, large motor,

4 randomly placed by the and events. Uses perception, buttons,

%’ opponent along a processing, and robot-specific mechanical

predetermined route wins. structures appropriately. Uses control =~ components
structures appropriately.
Traffic Cards Robots that follow the rules Uses structures appropriate for Colour sensor,

© indicated by green, yellow, and =~ movement, appearance, sound, data, ultrasonic sensor,

4 red lines on a predetermined and events. Uses perception, large motor,

%" route win the race. processing, and robot-specific buttons,
structures appropriately. Uses control ~ mechanical
structures appropriately. components

Robopark The winner is the one who Uses structures appropriate for Colour sensor,

~ parks their robot in the specially movement, appearance, sound, data, ultrasonic sensor,

4 marked coloured area. and events. Uses perception, large motor,

§ processing, and robot-specific buttons,
structures appropriately. Uses control =~ mechanical
structures appropriately. components

Escape from The player who completes the Uses structures appropriate for Colour sensor,

© the Maze maze in the shortest time wins. movement, appearance, sound, data, ultrasonic sensor,

4 and events. Uses perception, large motor,

%’ processing, and robot-specific buttons,
structures appropriately. Uses control =~ mechanical
structures appropriately. components

In the third stage, the participant students were classified according to their player

types using the player type determination scale developed by Fis Ertimit et al. (2021). The

player types identified for the students as a result of the evaluation are presented in Table 4.

Table 4. Distribution of students' weighted player types

Number
Player Types of Player Type Distribution
Students
Explorers = Socialisers 9 S9 S17 S18 S19 S21 S11  S14 S6 S22
Explorers  Killers 8 S3 S12  Sl6 S23  S7 S8 S2 54
Explorers = Achievers 3 S13 S15 S5
Achievers Socialisers 3 S1 S10 S24
Killers Socialisers 1 S20
Achievers = Killers 0
Overall 24
S:Student

Adjustments were made to the activities based on the findings of the player type

identification scale. In this context, tasks and gamification elements appropriate for the
activities were added. In each activity, gamification elements that appeal to all player types
have been included; activity designs that focus on only one player type have been avoided.
Although there were no students in some player types at the beginning, it was anticipated that
participants could exhibit behaviours specific to different player types during the activity
process. In line with this possibility, gamification elements targeting player types that are not
represented in terms of numbers have been integrated into all activities, just as they are for
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other player types. Thus, the inclusivity of the activities has been increased, and a balanced
learning environment that appeals to the motivational sources of each student has been
created. The tasks and gamification elements added to the activities, according to the defined
player types, are listed in Table 5.

Table 5. Integration of gamification elements into activities according to player types
Added Gamification Elements

£ Level
E’ 2 Teams Progress  Competition
3 ~ s % Collaboration Tasks Winning Scoring
e ° g S Transactions Resource situation Leaderboard
z
E ..i; E § < _.% Queue gathering Challenge Awards
= E = 2 S s Avatar Accessing Fighting
A z ~ U < = content
They enjoy Exploration
exploringand  and
social collaboration
9 interaction. tasks, social v
58 They are open  learning
= % to learning new
&g things through
=D teamwork.
They love to Competitive
5 explore and are exploration
= epe ..
S5 8 also competitive missions v v
S =
5 g by nature.
They love to Exploration
explore and are missions,
' motivated to innovative
5% 3 : . . v v v
55 achieve their solutions, and
g5 goals. success
M < criteria
They enjoy Teamwork
social tasks, social
interaction and interaction,
£ 5 3 aim to succeed common v v v
2 % by working goals, and
5 'g with others. success
<A criteria
They enjoy Competitive
competing and  group tasks
social
interaction, and
1 v v
5 they also value
n .
L= teamwork in
Q.8 .
= g order to achieve
NS

success.
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They focuson ~ Competitive
success and tasks, success
enjoy criteria
competing.

They have a

desire to

outperform

other players.

Achiever-
Killer

In the fourth step, the cycle of activities created was prepared in line with design-
oriented thinking, enabling students to empathize, define, design, create prototypes, and
evaluate through testing during the process. The completion of tasks created during these
cycles and the acquisition of new tasks as a result serve as an example of a level system, while
also aiming to strengthen the connection between motivation, feedback, and actions, thereby
supporting competition and collaboration.

In the fifth step, situations in which students could have fun were identified, and
elements of fun were added to the activities using data obtained from the scale. However,
Lazzaro (2009) stated in his study that players could enjoy different types of fun contrary to
what was determined. For example, a player who wants to compete or complete tasks may
have come to the activity area that day simply to spend time with friends and relieve stress.
Therefore, the activity included tasks and elements aimed at the general group as much as
possible, and efforts were made to minimize differences among players.

In the sixth and final step, activities were conducted using the LEGO EV3 educational
robot, taking into account the characteristics of the students, teachers, environment, and
available tools. In particular, it can be said that it contributed to the process because there were
no compatibility issues between the parts, it had add-ons that helped gamification, it was an
inclusive tool for students of different levels, it was durable and valuable, it supported
collaborative activities, and it laid the groundwork for achieving the goals. The aim was to
create an environment conducive to group work by providing spacious tables and fostering a
competitive and collaborative atmosphere through themed activities.

Introduction and basic setup week: Students were given pre-tests on computational
thinking and cognitive flexibility scales. Students were informed about the purpose and
process of the application. Lego EV3 parts and equipment were introduced, and students were
asked to design simple vehicles. Then, information was provided about the LEGO EV3 coding

environment interface, block structures, and features.
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Figure 2. Recognizing lego EV3 parts (left), plugin and block introduction (right)
First Activity (Stop If You Can): Students were asked to stop their robots at specific points
using distance measurement-based tasks. The tasks were performed using non-standard
measurements made with Lego pieces and motor blocks. The teams' success in the task was

made tangible by adding Lego pieces to the evaluation towers in each round.

Figure 3. Evaluation towers and team avatars (left), table layout (right)

Second Activity (Wheel or Idea): Students were asked to develop alternative movement
mechanisms that do not rely on wheels. They were asked to brainstorm within their groups to
create original designs and test the performance of their robots in the competition area.
Depending on the distance to the target area, additions were made to the evaluation towers in
each round. At the end of the activity, a success ranking was determined based on the height
reached by the towers next to the teams' avatars.

Third Activity (Win with a Tour): Students were trained in the use of sensors and robot
guidance. Students were asked to turn their robots around using ultrasonic sensors and large
motors, then return them to their designated starting position. Groups were ranked based on
their performance in completing the task.

Fourth Activity (Meteorite Fall): Students were asked to guide their robots to designated
points without being affected by meteorite obstacles. Students were asked to use ultrasonic
sensors and large motors to avoid obstacles and move within the designated area. Guidance
was provided to students on properly connecting sensors and conducting technical checks.

Groups were ranked based on scoring related to task success.

J. Comp. Educ. Res, 14, e2614055 https://doi.org/10.18009/jcer. 1819628
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Figure 4. Competition area and obstacles (left), sample theme tools (right)

Fifth Activity (Traffic Cards): Students were asked to stop their robots on the correct color
cards while performing color recognition tasks. Group avatars and scores were associated with
colors to support visual learning. After all rounds, the teams were ranked, starting with the
team that scored the highest.

Sixth Activity (Robopark): Students were asked to direct their robots to designated
parking areas and were paid symbolic “Lego units” based on their success in parking. The
group that spent the fewest Lego units was deemed successful. Depending on their success,

groups were given hints as rewards that they could use in subsequent tasks.

Figure 5. Parking spaces (left), Competition area reference points (right)

Seventh Activity (Escape from the Maze): Students were asked to guide their robots out of
a maze. Groups were awarded Lego units based on their exit times. The group that
accumulated the most Lego units was deemed successful. At the end of the activity,
computational thinking and cognitive flexibility scales were administered as post-tests.

Data Collection and Analysis

The following tools were used to collect data during the research process: Player Type
Determination Scale, Cognitive Flexibility Scale, Computerised Thinking Scale (for secondary
schools), Written Opinion Form, Performance Observation Form, and Design Observation
Form.

Player Type Determination Scale: The scale created by Fis Ertimit et al. (2021) builds on
Bartle’s player types and includes 32 items divided into six factors, with each item offering
two response options. Its design is based on the idea that most players do not have a single

dominant type; instead, they may show traits of multiple types. Therefore, the scale features
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six separate categories representing paired player types. Cronbach’s alpha reliability scores
for these types range from 0.663 to 0.772, suggesting a normal distribution. This scale was
administered as an online form before the study to assess the player-type traits of participating
students.

Computational Thinking Scale (For Middle School Level): Developed by Korkmaz, Cakir,
and Ozden (2015), this scale aims to assess middle school students' computational thinking
skills. It features 22 items organized into five factors, designed as a 5-point Likert scale. The
overall reliability, indicated by Cronbach’s alpha, is .809. This online scale was administered
both before and after the intervention to measure students” computational thinking abilities.

Cognitive Flexibility Scale: Celikkaleli (2014) performed an adaptation and reliability
analysis of the Cognitive Flexibility Scale, originally created by Martin and Rubin (1995). After
adaptation, the Turkish version of the scale was finalized with 11 items, down from the initial
12. It uses a 6-point Likert scale, with “Strongly disagree” at 1 and “Strongly agree” at 6. The
scale’s split-half reliability is .77. This survey was conducted online, both before and after the
intervention, to assess students” cognitive flexibility.

Written Opinion Form: The written opinion form was distributed to students online after
the study was carried out. Before use, it was prepared based on a review of relevant literature,
aligned with the study's theoretical framework and sub-problems, and considering the
implementation process. The form was then revised based on feedback from instructional
technology experts. After linguistic and semantic review by Turkish language specialists, it
was finally administered online to the participating students.

Performance Observation Form: Developed in the form of a graded scoring key to
evaluate the performance of student groups during the research process. The form, developed
through a design-oriented thinking process (Plattner et al., 2009), comprises interconnected
stages, including empathy, definition, idea generation, prototyping, and testing. The form
consists of 5 categories and positive rating criteria ranging from 1 to 3.

Design Observation Form: Developed in the form of a graded scoring key to evaluate
products developed by design groups. The form consists of seven categories: task status,
mobility, code blocks, durability, appearance, accessibility, and innovation, with positive
scoring criteria ranging from 1 to 3. The performance observation form was used to evaluate

the products created by design groups at the end of the activity process.
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The performance and design observation forms were developed with consideration of
the study's theoretical structure, purpose, and the target outcomes of the activities. Both forms
were presented to field experts with academic studies in coding, robotics, and computational
thinking skills during the draft stage to obtain feedback and suggestions. Following the
feedback and suggestions, the revisions were implemented, and the text was then reviewed
by experts trained in Turkish education to spot any linguistic and semantic inconsistencies.

In the study, the cognitive flexibility scale developed by Martin and Rubbin (1995) and
adapted into Turkish by Celikkaleli (2014) was administered as a pre-test at the beginning of
the study and as a post-test at the end of the study to assess students' levels of cognitive
flexibility in the context of the first sub-problem. To determine whether the data met the
conditions for parametric tests, the Shapiro-Wilk normality test, as well as kurtosis and
skewness values, were analyzed, along with outlier detection. For the pre-test, the Shapiro-
Wilk normality test yielded a p-value of .146 (p > .05); the kurtosis value was 0.029, the
skewness value was -1.329, and no outliers were detected. For the final test, the Shapiro-Wilk
normality test result was p = 0.318 (p > 0.05), the kurtosis value was 0.542, the skewness value
was -0.294, and again, no outliers were found. Since all values were within the accepted range
(-1.5 to +1.5) and the normality test results were not significant, it was assumed that the pre-
test and post-test data were normally distributed. In the reliability analysis conducted on the
data obtained from the scale, Cronbach's alpha coefficients were found to be 0.625 for the pre-
test and 0.593 for the post-test. Since the coefficients were close to the acceptable limit, the
measurements were considered reliable. Following these checks, the pre-test and post-test
results were analyzed using the paired samples t-test.

In the study, the Computational Thinking Scale, developed by Korkmaz and colleagues
(2015), was used to assess students' computational thinking skills about the second sub-
problem. In parallel with the data analysis process applied to the cognitive flexibility scale, the
parametric test assumptions were also examined for this scale. For the pre-test, the Shapiro-
Wilk normality test yielded a p-value of 0.765 (p > 0.05); the kurtosis value was calculated as -
0.190, and the skewness value was -0.499. No outliers were identified. For the final test, the
Shapiro-Wilk normality test yielded a p-value of 0.208 (p > 0.05); the kurtosis value was 0.509,
the skewness value was -0.748, and again, no outliers were detected. Since all values were
within the accepted range (-1.5 to +1.5) and the normality test results were not significant, it

was assumed that the pre-test and post-test data were normally distributed. In the reliability
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analysis conducted on the data obtained from the scale, Cronbach's alpha coefficients were
found to be 0.861 for the pre-test and 0.831 for the post-test; these values fall within the
excellent range (0.80-0.90), indicating that the measurements are reliable. After all controls
were performed, the pre-test and post-test results were analyzed using a paired samples t-test.

In the context of the study's third sub-problem and considering the distribution of
dominant player types in the participant group (see Table 4), opinions on the implementation
process were gathered through a written interview form from six students randomly chosen
from each category. The analysis revealed that student opinions were grouped under three
main themes: motivation, satisfaction, and suggestions for the process. The motivation theme
was classified into two subheadings: supportive elements and challenging elements. The
findings were presented in pairs of themes and codes, supported by examples of student
statements.

Findings
In this study, the impact of gamified design-oriented learning activities was
analyzed in terms of cognitive flexibility, information processing skills, and student opinions,
and the data obtained was converted into findings.

The findings obtained from the analyses conducted on the effect of the implemented
application process on students' cognitive flexibility showed that there was no significant
difference between students' cognitive flexibility after the study and their cognitive flexibility
before the study (t=-,083, p>.05). The average cognitive flexibility score of the students before
the implementation was X=4.88, while the average final test score after the implementation
was X=4.87. The results obtained are presented in Table 6.

Table 6. t-test findings regarding pre-test and post-test scores on the cognitive flexibility scale

Measurement N X S sd t P
Pre-test 24 4.88 512 23 -.083 934
Post-test 24 4.87 498

The distribution of results related to students' cognitive flexibility averages before and

after the study is presented in Figure 6.
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Pre-test and post-test average scores for cognitive flexibility
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Figure 6. Students' average cognitive flexibility scores before and after the study

When examining the averages shown in Figure 6, although variations were observed
in the students' averages on the cognitive flexibility scale before and after the study, these
variations did not reveal any significant differences. In summary, this study suggests that the
application process based on gamified design-oriented activities within a robotic framework
did not have a significant effect on the cognitive flexibility of gifted students.

As a result of the analyses, it was determined that there was no significant difference
between the pre-test and post-test scores of students' computational thinking skills (t=.390,
p>.05). The mean pre-test score of students' computational thinking skills before the
application was X'=4.06, while the mean post-test score was X= 4.03. The results obtained are
presented in Table 7.

Table 7. t-test findings regarding pre-test and post-test scores on the computational thinking
scale

Measurement N X S sd t P
Pre-test 24 4.06 487 23 .390 .700
Post-test 24 4.03 A77

The distribution of results regarding students' average scores on the computational

thinking scale before and after the study is presented in Figure 7.
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Pre-Test and post-test average scores for computational thinking
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Figure 7. Average scores on the computational thinking scale before and after the study

The analyses revealed no significant change between the measurements taken before
and after the implementation process. Furthermore, when the averages were examined, it was
observed that the pre-test and post-test averages were almost identical. In summary, the
implementation process based on gamified design-oriented activities within the framework of
robotics did not have a significant effect on students' computational thinking skills.

As a result of the content analysis conducted on the data obtained through the written ~ 1g
opinion form, student opinions were grouped under three main themes: motivation,
satisfaction, and suggestions for the process. The motivation theme was organized under two
subheadings: supportive factors and challenging factors that affect motivation. Figure 8 below

shows the factors that support students' motivation during the implementation process.

Supporting elements
Teamwork/Collaborative work
Involving competition
Sense of achievement
Entertaining content
Taking responsibility
Become a team member
Intergroup equality of opportunity

Equal opportunities within the group

Figure 8. Factors supporting student motivation (n=6)
According to Figure 8, the elements that most support student motivation during the
application process are cooperation, competition, and the feeling of winning. These are

followed by activities that are both fun and instill responsibility, teamwork, and provide equal
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opportunities. These findings indicate that the activities are perceived as fun, motivating, and
participatory by students. Below are examples of student statements regarding this issue.
S6: "Working with my friend motivated me.”
S3: "We found the activities easy since my friends and I completed them together.”
520: “We showcased improved teamwork.”
The game's level and progression features effectively motivated players and encouraged ambition.
524: “Taking turns allowed the groups to perform measurements in a calm and orderly fashion.”
S1: “The activity scoring system motivated us to concentrate on earning points.”
The elements identified as challenging to student motivation during the
implementation process are presented in Figure 9 below.
Challenging factors
Coding operations
Competitive environment
In-task calculation operations

On-the-job barriers

Fear of loss

Figure 9. Factors that hinder motivation during the implementation process in the
context of student opinions (n=6)
According to Figure 9, coding tasks, competitive environment, computational

requirements, obstacles in the task, and fear of failure are among the factors that challenge
students' motivation. The competitive environment is perceived as both a supportive and
challenging factor, suggesting that students respond differently to competition based on their
player types. These findings indicate that motivational factors can vary depending on the type
of player. Among the challenging factors, coding tasks were the most frequently mentioned,
with students stating that they had difficulty remembering and using the codes correctly.
Additionally, some students mentioned that losing repeatedly in a competitive environment
had a negative impact on their motivation. Below are examples of student statements
regarding this issue.
S6: “It was challenging because the codes weren’t in Turkish.”

S1: "It was challenging to remember the purpose of each code.”

513: “The competitive environment was quite uncomfortable because the other teams appeared to dislike

”

us.
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513: “The measurement and calculation procedures needed for the activities were quite challenging.”

520: "Going through multiple losses in a row during the activities fostered a feeling of hopelessness.”

Student opinions regarding satisfaction are organized under two separate
subheadings: positive and negative. In this context, the codes identified for positive situations

that support satisfaction are presented in Figure 10.

Positive situations
Learning while having fun |
Learning new information |

Competition

Acting and thinking together |
Sense of achievement _
Tips/fecdbacks |

0 1 2 3

Figure 10. Situations perceived positively in terms of satisfaction (n=6)

According to Figure 10, the factors that increase student satisfaction the most are
learning through fun and collaborative teamwork. Competition and the desire to win have
supported both motivation and satisfaction. Additionally, the variety of activity topics and the
hints provided when students struggle with tasks are also factors that contribute to
satisfaction. It is observed that competition improves coding skills, while group work
strengthens mutual understanding. Below are examples of student statements regarding this
issue.

524: “Participating in robotics activities and competing with other teams is very enjoyable.”

51: “Working together as a team strengthens the feeling of achieving a shared understanding.”

53: “The robotics activities were fun because they took place in a competitive setting.”

S6: "The activities are easier when the teacher provides assistance.”

524: “Because the groups compete, more effective codes develop.”

Although there are some negative opinions regarding satisfaction, no significant
negative situation is expressed intensely by students when examining the frequencies.

Therefore, negative opinions are limited and are presented in Figure 11.
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Negative situations
Chalenging activities |
working as 2 group |

Long activities

Long preparation phase. |
Too much competition _
Material limitations _

0 1 2 3
Figure 11. Situations perceived negatively in terms of satisfaction

According to the data in Figure 11, some students negatively evaluated the difficulty
of the activities (513: “The codes were difficult”), the complexity of the tasks (S24: “The tasks
were difficult”), and the incomprehensibility of the activities (S1: “I could not fully understand
the activities”). Additionally, the student coded as S1 mentioned that there were occasional
disagreements during group work (S1: “We sometimes could not agree as a group”) and S3
mentioned that the activities sometimes took too long (53: “The activities sometimes took too
long”). Another negative situation was related to the inadequacy of materials needed for some
tasks (524: “The materials were not enough for everyone”). These negative views are limited
in number and are not generalizable.

Consistent with the first two research questions, it appears that the activities did not
lead to substantial improvements in students’ computational thinking and cognitive
flexibility. Nonetheless, students rated the activities positively regarding satisfaction and
motivation. The results suggest that incorporating gamification elements into design-focused
tasks, alongside team-based activities, enhanced students” motivation and satisfaction. In fact,
data from student performance assessments and activity design forms during implementation
reinforce this conclusion. Based on the performance and design observation forms, students
generally took active roles in the tasks during the activities. Tables 8 and 9 show the average
scores for the performances of the working groups during the implementation process and the
designs they created.

Table 8. Average scores from the performance observation form (n=24)
Activity Activity  Activity = Activity  Activity = Activity  Activity

App. Stages 1 » 3 4 5 6 ”

Empathy 2,88 3,00 3,00 3,00 2,67 2,83 3,00
Definition 2,63 2,57 2,43 2,63 3,00 2,83 3,00
Idea Generation 2,75 2,71 2,43 2,63 2,83 2,83 3,00
Prototyping 2,75 2,43 2,29 2,63 2,67 2,50 3,00
Testing 3,00 2,86 2,57 3,00 3,00 3,00 3,00
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Notably, they collaborated closely during empathy, idea generation, prototyping, and
testing stages. In the initial empathy phase, some students hesitated to share their opinions.
During the definition stage, while most students followed the rules, a few behaved outside the
established guidelines. However, with the guidance provided during the activities, students
showed improved ability to adapt and participate effectively. As activities advanced, students
showed growth in intra-group collaboration, technical skills, and task completion. During the
idea generation phase, solution-focused and broadly accepted ideas became more common
within groups, although some dominant members occasionally ignored others' opinions.
However, this issue lessened over time as the implementation continued, and all members'
contributions increased. In the prototyping and testing stages, most students took active roles,
and there were improvements in task sharing and technical abilities. The testing phase was
particularly engaging, with students showing the highest interest, likely driven by the
competitive element and scoring system that boosted motivation. Overall, as the tasks moved
forward, students” success rates improved, demonstrating notable progress across all groups.
In the final activity, students scored full or nearly full points at all stages. However, in the
earlier activities, their average scores were somewhat lower.

Table 9. Average scores from the design observation form (n=24)
Activity Activity Activity  Activity = Activity  Activity = Activity

Indicators

1 2 3 4 5 6 7

Task

2,88 1,86 2,43 2,63 2,67 2,50 3,00
Performance
Mobility 2,75 1,71 3,00 2,88 2,67 2,83 3,00
Code Blocks 2,88 2,14 2,43 2,75 2,50 2,50 3,00
Durability 2,88 3,00 3,00 3,00 2,83 2,83 3,00
Appearance 2,88 1,43 2,86 3,00 3,00 3,00 3,00
Accessibility 2,88 2,14 2,86 3,00 3,00 3,00 3,00
Innovation 2,13 2,00 2,00 2,00 2,33 3,00 2,00

In terms of the products that emerged after the activities, it was determined that a
process parallel to student performance development emerged. For example, it was observed
that students initially made mistakes in the robot design and coding process, assembling some
parts incorrectly or misusing the required codes. Over time, these errors observed during the
design process decreased, and students showed a more careful attitude. Initial assembly and
coding errors gradually decreased. At the same time, when analyzing the average scores on
the design observation form, this pattern was distinctly evident in the second activity. While
the durability of the robots designed for these activities increased with the careful assembly of

the parts, sensor failures and part dislocations negatively impacted the product's performance.
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As the process progressed, the errors observed in the products decreased due to the increase
in students' attention levels. It was noticed that hardware problems (deteriorating sensors,
easily detached parts) sometimes negatively affected students' interaction with the robot and
the success of the activities. However, it was observed that students were able to intervene in
these situations over time and started to act more consciously in the maintenance and repair
processes of robots. In this context, it was observed that the average scores on the design
observation form, similar to those on the performance observation form, neared full scores in
the last two activities.
Discussion and Conclusion

Numerous studies on gamification and robotics emphasize that they support problem-
solving and higher-order thinking skills, and their effectiveness in developing these skills
(Buckley & Doyle, 2014). In this study of gifted students in informatics, there was no significant
difference between pre-test and post-test scores for students' cognitive flexibility and
computational thinking skills. This result reflected the fact that the study group consisted of
gifted students who also attended various computer science courses concurrently. The
students' high pre-test scores on both skills may have limited the intervention's observable
effects. This situation is similar to studies that have found high pre-test performance can mask
the effects of intervention studies (Liu et al., 2016). These studies suggest that when students
begin intervention studies with a strong academic foundation, it is challenging to observe the
expected improvements in their performance. On the other hand, the nature of cognitive
flexibility may also influence the observed results. Considering that cognitive flexibility is the
ability to adapt one is thinking to new and unexpected situations, it is stated that it would be
quite challenging to prepare the training necessary for individuals with high cognitive
flexibility skills to develop them further (Montrieux & Schellens, 2018). Schroer and Thomas
(2020) draw attention to the teaching strategies employed during the implementation process
and emphasize that problem-based and adaptive learning technologies should be utilized to
challenge students' pre-existing thought patterns directly. Similarly, Koca (2023) and Giirbiiz
(2022) emphasize that cognitive flexibility can be enhanced through application-based
activities. In this case, it is considered that the “ceiling effect” (Nalliah & Allareddy, 2014),
which is expressed in the literature as the difficulty of statistically detecting any additional

learning gains as students approach the upper limit of their abilities, directly affects the
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emergence of the result in this study. The stability of the high pre-test scores in the post-test
supports this view.

Interest and motivation play an important role in the development of cognitive
abilities. For example, in their studies on the cognitive flexibility of middle school students,
Isler (2023) found that student motivation is positively correlated with cognitive flexibility. In
this study as well, students revealed that robotics activities incorporating gamification support
competition, cooperation, and motivation. Competition is recognized as a powerful motivator
in gamified learning environments. In a study by Herndndez-Fernandez et al. (2020), it is noted
that classroom gamification increases student motivation and satisfaction through various
competitive elements and can enhance the learning experience when managed effectively.
Many studies emphasize that when coding skills activities are conducted in ways that require
collaboration in competitive environments, this approach positively influences student
engagement and performance (Qiao et al, 2022). These results support the idea that
instructional environments that incorporate collaboration and competition can contribute
positively to students' learning needs. Another situation that is reflected positively in student
opinions is the evaluation of gamified robotics activities as fun. For example, Sanz-Martos et
al. (2024) concluded that gamification increases student satisfaction and motivation by
highlighting the enjoyment of fun experiences in educational environments. In this study, it
was found that robotic activities that were considered fun by gifted students positively
affected their satisfaction and participation in the process. This result is similar to the findings
of Sar1 and Altun's (2016) study on gamification, which was integrated into a computer course.
In addition, the fact that students stated that competing with their friends increased their sense
of competition and being fun increased their motivation is in line with Tiirkan's (2019) finding
that competition increases the desire to win. Collaborative and competitive elements are
essential in developing a rich teaching environment. Chen et al. (2020) emphasize that robotics
education is an effective way to develop 2lst-century competencies, especially when
competitive elements are added. The literature suggests that robotics activities should
incorporate healthy competition alongside collaborative principles to maximize student
engagement and skill development. Moreover, it is emphasized that when students are given
responsibilities in educational activities, this increases their intrinsic motivation and
commitment to learning goals (Mohamed et al., 2024). As a result, the findings regarding

cooperation, competition, and fun in supporting motivation in gamified design-oriented
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robotics activities are consistent with the existing literature, which states that these
components enhance student engagement and learning outcomes.

The findings of this study indicated that some students were motivated by competition,
while others were motivated by entertaining content. This finding aligns with the research of
Aydogan and Aydogan (2020) on player types. It is understood that gamification strategies
tailored to different player types create an engaging and motivating environment, especially
for gifted students. However, the findings of this study also showed that gamified systems can
cause stress, anxiety, and loss of motivation in some students. This finding aligns with the
results obtained by Kog¢ and Siitcii (2023) in their study on grammar lesson implementation,
which revealed that failing to win creates negative feelings in some students. For example,
unlike competitive students, others may be more participatory in collaborative work-based
environments (Aksu & Durak, 2019). This finding suggests that the competition element
should be used with caution. Similarly, in this study, some students viewed the competitive
environment as a factor that supported motivation, while others saw it as negative. This can
be interpreted as competitive environments do not yield positive results for all students.
Similarly, Ziadat and Sakarneh (2021) concluded that although the competitive environment
in gamification supports motivation and participation for gifted students, failures that may
occur in overly competitive environments will negatively affect the process. However, the
same scenarios have also been observed to evoke adverse emotions in response to failure or
loss. This is especially salient in the context of competition, underscoring the need for
practitioners to consider how different types of players respond to competitive stimuli.

Another prominent issue in the study is the difficulties students emphasized with the
coding processes in the activities carried out. The most frequently mentioned difficulty among
students was related to coding procedures. Students reported difficulties in remembering the
code and using it correctly. These findings are similar to those of studies that highlight the
challenges students encounter during the transition to complex coding concepts. For example,
Hebda (2023), in his study on the development of coding skills with gifted students,
emphasized that students become anxious when they encounter obstacles that negatively
affect their progress in the process. Therefore, he emphasized that activities that require high-
level thinking skills, such as coding, can be considered a challenging factor for gifted students
(Hebda, 2023). Similarly, Mese and Dursun (2019) state that mixed tasks may weaken the

pedagogical aspect of activities that include gamification, which can reduce student
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participation. Another situation that was stated negatively during the implementation process
was in-group cooperation. The existence of disagreements within the group work
(“Sometimes we do not get along as a group”) is similar to the study by Clegg et al. (2018),
which examines cooperation in educational environments. Clegg et al. (2018) emphasize that
conflicts may occur between participants when roles within the group are not clearly defined.
Students' mention of activity durations illustrates another critical aspect of gamified tasks.
Long activities can contribute to cognitive overload and negatively affect motivation. Aratijo
and Carvalho (2022) concluded that the allocation of time for task completion is closely related
to students' engagement and overall satisfaction, and is a prerequisite for effective
gamification. This finding highlights the importance of time planning for organized tasks.
Therefore, it can be argued that shorter, well-structured tasks can facilitate more profound
learning experiences without overwhelming students and contribute to all students having a
similar level of satisfaction with the implementation process. Another noteworthy aspect of
the research is the adequacy of the robotic materials. Among the findings from the written
interview form, one student's statement that the robotic materials used were inadequate drew
attention. Although expressed by only one student, this situation highlights the importance of
planning and conducting robotics activities. In the context of resources for Gamified Robotics
activities, Zainal (2023) notes that careful planning will enable the participation of all students.
A similar emphasis is also noted in Dindar et al.'s (2020) study on English vocabulary learning
in a collaborative and competitive environment. Researchers highlight the adequacy of
resources for achieving the desired learning outcomes in gamified activities. The gamified,
design-oriented robotics activities, the subject of this study, were conducted in an institutional
coding center that is structured and actively utilized in robotics and coding. All the robotic
elements necessary for each organized group to perform their assigned tasks were available at
the center. The researcher checked the robot kits and auxiliary materials to be used before each
application and kept them ready for use. However, during the application, it was observed
that the sensors in some LEGO robotic sets, albeit limited, could malfunction, or some parts
could come loose from their intended positions. It was reported that these negativities, albeit
limited, caused students to experience some difficulty in maintaining and repairing the robot.
However, unlike the initial activities, it was observed that the students were better able to cope
with such problems in the later activities and were able to quickly replace the parts that caused

issues in the robot's structural development. In summary, it is evaluated that students
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improved in areas such as technical skills, teamwork, attention, and problem-solving during
the activities.

The findings of this study highlight the importance of critical elements, including fun
learning, collaborative teamwork, competition, group dynamics, time management, resource
allocation, and special support mechanisms, in gamified design-oriented robotics activities for
gifted students. As can be understood from the literature, it is evident that educational
activities should maintain a balanced level of difficulty to sustain motivation and engagement
in students. When tasks are perceived as overwhelming or confusing, as indicated by the
students' statement “the codes were difficult”, it can detract from the intended benefits of
gamified experiences and lead to a hostile learning atmosphere. In this context, it can be
inferred that an effective combination of these factors is effective in increasing both student
satisfaction and motivation. On the other hand, the challenges identified in gamified design-
oriented robotics activities reflect the importance of cognitive demands, emotional responses
to competition, and individual student differences. Educators should consider these factors
when designing robotics activities to increase motivation among gifted students. A balanced
approach that incorporates various competitive elements, provides adequate coding support,
fosters a positive learning environment, and acknowledges individual differences can create a
more motivating and practical educational experience for gifted students in the field of
informatics. On the other hand, eliminating the difficulties reported in the study will
contribute to the effectiveness of gamified design-oriented activities. The findings suggest that
the success of gamified design-based robotics activities is closely related to creating
environments that balance difficulty and comprehensibility, take into account student
participation and satisfaction, and facilitate both collaboration and resource availability.

Author Contribution Statement

Ozkan KOMAR: Literature review, data analyses

Alper SIMSEK: Conceptualization, methodology

Acknowledgement

The article has been generated from the PhD thesis of the first author, who supervised by the
second author.

Ethical Committee Permission Information

Name of the board that carries out ethical assessment: Trabzon University Social and

Humanities Scientific Research and Publication Ethics Committee

J. Comp. Educ. Res, 14, e2614055 https://doi.org/10.18009/jcer.1819628

27


https://orcid.org/0000-0002-9439-0876

Komar & Simsek

The date and number of the ethical assessment decision: E.81614018

References

Aksu, F. N. & Durak, G. (2019). Robotics in education: Examining information technology
teachers’ views. Journal of Education and E-Learning Research, 6(4), 162-168.
https://doi.org/10.20448/journal.509.2019.64.162.168

AlAli, R., & Wardat, Y. (2024). Exploring the impact of Kahoot! as a collaborative gamified
mathematics learning platform for Jordanian junior school gifted students. Journal of
Asian Scientific Research, 14(2), 227-236. https://doi.org/10.55493/5003.v14i2.5061

Aragjo, I. and Carvalho, A. A. A. (2022). Enablers and difficulties in the implementation of
gamification: A case study with teachers. Education Sciences, 12(3), 191.

Arnstein, K. B., Desmet, O. A., Seward, K., Traynor, A. & Olenchak, F. R. (2023).
Underrepresented students in gifted and talented education: Using positive psychology
to identify and serve. Education Sciences, 13(9), 1-14.

Arslanhan, A. & Artun, H. (2021). Teacher opinions on integration of information processing
skills into science education. Egitim Bilim ve Arastirma Dergisi, 2 (2), 108-121.

Ates, H. (2020). Sosyal bilgiler 6gretiminde iistiin yetenekli cocuklar icin zenginlestirilmis program
onerisi (Yiiksek lisans tezi) [An enriched program proposal in teaching social studies for
gifted children] [Master's thesis]. Yildiz Teknik Universitesi.

Atesgoz, N. N. (2024). Dijital cagda 6zel yeteneklilerin egitimi [Education of the gifted in the
digital age]. In F. Ayaz, D. Turan-Eroglu, & H. Ayaz (Eds.), Dijital kiiltiir bir degisim
Oykiisii (medya, iletisim ve egitim arastirmalari) (pp. 145-162). Egitim Yayinevi.

Avcu, Y. E. (2019). Ozel yetenekli 6§renciler icin bilisim teknolojileri ve yazilim alanina yénelik bir
ogretim tasarmminin gelistirilmesi (Doktora tezi) [Developing an instructional design for
gifted and talented students towards the field of ICT and software] [Doctoral
dissertation]. Balikesir Universitesi.

Avcy, Y. E,, & Ayverdi, L. (2020). Examination of the computer programming self-efficacy's
prediction towards the computational thinking skills of the gifted and talented students.
International Journal of Educational Methodology, 6(2), 259-270.

Aydogan, S. K., & Aydogan, A. (2020). Determining the gamification user types of gifted
children and their parents, and examining them in terms of motivation. I[JASOS-
International e-journal of Advances in Social Sciences, 6(16), 332-339.

Ayvac, H. $., Kiiglik, M. & Bebek, G. (2021). Determination of mental models of gifted students
about alternative energy sources. Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 53, 378-
402

Bartle, R. (1996). Hearts, clubs, diamonds, spades: Players who suit MUDs. Journal of MUD
Research, 1(1), 19.

Berber, 1. A. (2018). Oyunlastirma-oynayarak bagarmak: Temel oyun ve oyunlastirma sozliigii
ile [Gamification-achieving through play with a fundamental glossary of games and
gamification]. Seckin Yayincilik.

Buckley, P. G. & Doyle, E. (2014). Gamification and student motivation. Interactive Learning
Environments, 24(6), 1162-1175. https://doi.org/10.1080/10494820.2014.964263

Caglar, D. (2019). Ustiin zekali cocuklarin 6zellikleri [Characteristics of gifted children] Ankara
University Journal of Faculty of Educational Sciences (JFES), 5(3), 95-110.

Chen, C,, Yang, C., Huang, K., & Yao, K. (2020). Augmented reality and competition in robotics
education: Effects on 21st century competencies, group collaboration and learning
motivation. Journal of Computer Assisted Learning, 36(6), 1052-1062.

J. Comp. Educ. Res, 14, e2614055 https://doi.org/10.18009/jcer.1819628

28


https://orcid.org/0000-0002-9439-0876
https://doi.org/10.20448/journal.509.2019.64.162.168
https://doi.org/10.55493/5003.v14i2.5061
https://doi.org/10.1080/10494820.2014.964263

Komar & Simsek

Civelek, M. (2019). Robotik kodlama egitiminde akran ogretici olarak Ozel yetenekli dgrencilerin
etkisinin degerlendirilmesi (Yiiksek lisans tezi) [Evaluation of the effect of gifted students
as a peer educators in robotic coding education] [Master's thesis]. Trabzon Universitesi.

Clegg, B., Orme, R., Owen, C., & Albores, P. (2018). Analysis of a train-operating company's
customer service system during disruptions: conceptual requirements for gamifying
frontline staff development. Journal of Rail Transport Planning &Amp; Management, 8(1),
56-77. https://doi.org/10.1016/j.jrtpm.2017.12.002

Celikkaleli, O. (2014). The validity and reliability of the cognitive flexibility scale. Education and
Science, 39, 339-346. https://doi.org/10.15390/EB.2014.3466

Dailey, D. (2017). Using engineering design challenges to engage elementary students with
gifts and talents across multiple content areas. Gifted Child Today, 40(3), 137-143.

Davis, G. A., Rimm, S. B. & Siegle, D. (2011). Education of the gifted and talented. Pearson.

Demirgelik, E., Karacabey, A. S., & Cenan, E. D. (2017). Examination of leadership skills of
special talented students in terms of some variables. OPUS Uluslararast Toplum
Arastirmalart Dergisi, 7(13), 399-425. https://10.26466/0pus.361971

Deniz, $. (2025). A systematic research on exploring how differentiated instruction can provide
a remedy to facilitate and promote learning. Kastamonu Education Journal, 33(3), 513-522.

Dindar, M., Ren, L., & Jarvenoja, H. (2020). An experimental study on the effects of gamified
cooperation and competition on english vocabulary learning. British Journal of
Educational Technology, 52(1), 142-159. https://doi.org/10.1111/bjet.12977

Fis Ertimit, S., Silbir, L., Ertimit, A. K., & Karal, H. (2021). Determination of player types
according to digital game playing preferences: Scale development and validation study.
International Journal of Human—Computer Interaction, 37(11), 991-1002.

Fotaris, P., Mastoras, T., Leinfellner, R., & Rosunally, Y. (2016). Climbing up the leaderboard:
An empirical study of applying gamification techniques to a computer programming
class. Electronic Journal of e-learning, 14(2), 94-110.

Geisinger, K. F. (2016). 21st century skills: What are they and how do we assess them? Applied
Measurement in Education, 29(4), 245-249.

Giiner, P., & Gokge, S. (2021). Linking critical thinking disposition, cognitive flexibility and
achievement: Math anxiety’s mediating role. The Journal of Educational Research, 114(5),
458-473. https://doi.org/10.1080/00220671.2021.1975618

Giirbiiz, O. (2022). The investigation of the effect of UbD-based mathematics implementations
on students' creative thinking skills, cognitive flexibility and enduring understanding
[Master’s thesis]. Bahcesehir Universitesi.

Hebda, M. R. (2023). Technology talent development: Beyond an hour of code. Gifted Child
Today, 46(2), 108-118. https://doi.org/10.1177/10762175221149256

Hernandez-Fernandez, A., Torre, N. O., & Pefa, M. (2020). Is classroom gamification opposed
to performance?. Sustainability, 12(23), 9958.

Inan, E. (2023). Maker modeli ile hazirlanan farklilastirilmis geometri etkinlikleri ve dzel yetenekli
ogrenciler (Yiiksek Lisans Tezi) [Differentiated geometry activities prepared with the
maker model and gifted students] [Master dissertation]. Balikesir Universitesi.

Isler, E. (2023). Ortaokul ogrencilerinin akademik motivasyon, oz yeterlik inanglar1 ve biligsel esneklik
diizeyleri aralarindaki aracilik iliskisinin incelenmesi (Yliksek Lisans Tezi) [Examination of
secondary school students' academic motivation, self-efficacy beliefs and cognitive
flexibility and mediation among them] [Master’s thesis]. Yildiz Teknik Universitesi.

Jamali, U. A. Y. (2019). Fostering creativity using robotics among gifted primary school
students. Gifted and Talented International, 34(1-2), 71-78.

J. Comp. Educ. Res, 14, e2614055 https://doi.org/10.18009/jcer.1819628

29


https://orcid.org/0000-0002-9439-0876
https://doi.org/10.1016/j.jrtpm.2017.12.002
https://doi.org/10.15390/EB.2014.3466
https://10.0.103.98/opus.361971
https://doi.org/10.1111/bjet.12977
https://doi.org/10.1080/00220671.2021.1975618
https://doi.org/10.1177/10762175221149256

Komar & Simsek

Kaba, O. S. (2024). Tasarum temelli 6grenme etkinliklerinin 6grencilerin problem ¢ézme becerilerine ve
programlama 0z-yeterliklerine etkisi. (Yiiksek Lisans Tezi) [The effect of design-based
learning activities on students' problem solving skills and programming self-efficacy]
[Master’s thesis]. Gazi Universitesi.

Kalelioglu, F., Giilbahar, Y., & Kukul, V. (2016). A framework for computational thinking
based on a systematic research review. Baltic Journal of Modern Computing, 4(3), 583-596.

Karababa, B. (2025). Relationship between cognitive flexibility and critical thinking tendency:
A study on sports sciences faculty students. Journal of Computer and Education Research,
13(26), 1066-1075. https://doi.org/10.18009/jcer.1667605

Kaya, D., Yasar, A. O., Cetin, 1., & Kutluca, T. (2025). The relationship between the 21st century
skills and computational thinking skills of prospective mathematics and science
teachers. Journal of Pedagogical Research, 9(1), 73-95.

Kaya, N. G. & Mertol, H. (2022). The importance of technology in the education of gifted in the
context of 21st century skills. Journal of Computer and Education Research, 10(19), 18-25.
https://doi.org/10.18009/jcer.1061877

Kaya, N. G., Mertol, H., Turhan, G., Araz, D., & Ugar, H. (2022). Examination of postgraduate
thesis on applications of differentiation and enhancement in education of gifted
students. Dicle Universitesi Ziya Gokalp Egitim Fakiiltesi Dergisi, (41), 102-114.

Koca, M. (2023). Egitsel robotik uygulamalar ve tasarim odakli diisiinme etkinliklerinin ortaokul 7.
simif dgrencilerinin bilissel esneklik, bilimsel siire¢ becerileri ve Stem tutumlarima etkisi.
(Doktora Tezi) [The effects of educational robotic applications and design thinking
activities on cognitive flexibility, scientific process skills and STEM attitudes of 7th grade
secondary school students] [Doctoral Dissertation]. Firat Universitesi.

Kocadere, S. A., & Caglar, S. (2018). Gamification from player type perspective: A Case Study.
Educational Technology & Society, 21 (3), 12-22.

Kog, G, & Siitgli, S. S. (2023). The impact of gamification on secondary school students'
grammar proficiency. Educational Policy Analysis and Strategic Research, 18(1), 31-49.
Korkmaz, O., Cakir, R. & Ozden, M. Y. (2015). Computational thinking levels scale (CTLS)

adaptation for secondary school level. Gazi eitim Bilimleri Dergisi, 1(2), 67-86.

Kulegel, S., & Topsakal, U. U. (2021). Investigating perceptions and skills of gifted students in
STEM education. World Journal of Education, 11(3), 39-46.

Lazzaro, N. (2012). Why we play: Affect and the fun of games—Designing emotions for games,
entertainment interfaces, and interactive products. In J. A. Jacko (Ed.), Human computer
interaction handbook (3rd ed., p. 23). CRC Press.

Liu, S., Lebeau, J.C., & Tenenbaum, G. (2016). Does exercise improve cognitive performance?
a conservative message from lord's paradox. Frontiers in Psychology, 7.

Liika, I. (2020). Design thinking in pedagogy. Journal of education culture and society, 5(2), 63-74.
https://doi.org/10.15503/jecs20142.63.74

Martin, M. M., & Rubin, R. B. (1995). A new measure of cognitive flexibility. Psychological
Reports, 76(2), 623-626.

Manzano-Leon, A., Camacho-Lazarraga, P., Guerrero, M. A., Guerrero-Puerta, L., Aguilar-
Parra, J. M., Trigueros, R., & Alias, A. (2021). Between level up and game over: A
systematic literature review of gamification in education. Sustainability, 13(4), 2247.

Martinez-Hita, M., Gomez-Carrasco, C.J. & Miralles-Martinez, P. (2021). The effects of a
gamified project based on historical thinking on the academic performance of primary
school children. Humanit Soc Sci Commun 8, 122.

J. Comp. Educ. Res, 14, e2614055 https://doi.org/10.18009/jcer.1819628

30


https://orcid.org/0000-0002-9439-0876
https://doi.org/10.18009/jcer.1667605
https://doi.org/10.18009/jcer.1061877
https://doi.org/10.15503/jecs20142.63.74

Komar & Simsek

Plattner, H., Meinel, C., & Leifer, L. (2009). Design thinking research. In H. Plattner, C. Meinel,
& L. Leifer (Eds.), Design thinking: Understand—improve—apply. Springer.

Mese, C. & Dursun, O. O. (2019). Effectiveness of gamification elements in blended learning
environments. Turkish Online Journal of Distance Education, 20(3), 119-142.

Ministry of National Education [MoNE], (2022). Bilim ve sanat merkezi yonergesi. Tebligler
Dergisi. 85 (2771), 8-37

Mohamed, K. A. El-Naggar, M. E.,, & Alazab, G. S. (2024). Effectiveness of gamified
cooperation and competition in blended learning environment for EFL business writing
in TVET. ESI Preprints, 20(17), 107-107.

Montrieux, H., & Schellens, T. (2018). The impact of tablet devices on high school students’
cognitive load and learning. In INTED2018 Proceedings (Vol. 1, pp. 1591-1596). IATED.

Nalliah, R. P., & Allareddy, V. (2014). Weakest students benefit most from a customized
educational experience for Generation Y students. Peer], 2, e682.

Oztiirk, S. C. (2019). Matematik 6gretmenlerinin ozel yetenekli dgrencilerle ilgili karsilastiklart
sorunlar ve ¢oziim yaklagimlar: (Yiiksek lisans tezi) [Problems and solution approaches of
mathematics teachers about gifted students] [Master’s thesis]. Anadolu Universitesi.

Papert, S. (1980). Mindstorms: Children, computers and powerful ideas. Basic Books.

Peconio, G., Nardacchione, G., & Doronzo, F. (2021). Gifted students: From identification to
the use of educational technologies. In teleXbe (2).

Pratama, L. D., Faizah, E., & Ramadhan, M. P. D. (2022). Kahoot: Is it efective for online
learning in Indonesia?. Supermat: Jurnal Pendidikan Matematika, 6(1), 35-49.

Qiao, S., Yeung, S. S., Zainuddin, Z., Ng, D. T. K., & Chu, S. K. W. (2022). Examining the effects
of mixed and non-digital gamification on students' learning performance, cognitive
engagement and course satisfaction. British Journal of Educational Technology, 54(1), 394-
413. https://doi.org/10.1111/bjet. 13249

Renzulli, J. S. (1999). What is this thing called giftedness, and how do we develop it? A twenty-
tive year perspective. Journal for the Education of the Gifted, 23(1), 3-54.

Razzouk, R. and Shute, V. (2012). What is design thinking and why is it important?. Review of
Educational Research, 82(3), 330-348. https://doi.org/10.3102/0034654312457429

Sanz-Martos, S., Alvarez-Garcia, C., Nieto, C. A., Lopez-Medina, I. M., Lopez-Franco, M. D.,
Fernandez-Martinez, M. E., ... & Ortega-Donaire, L. (2024). Effectiveness of gamification
in nursing degree education. Peer], 12, e17167.

Sari, A., & Altun, T. (2016). Examination of students’ perceptions about computer lessons
carried out with gamification. Turkish Journal of Computer and Mathematics Education, 7(3),
553-577.

Schifer, J., Reuter, T., Leuchter, M., & Karbach, J. (2024). Executive functions and problem-
solving: The contribution of inhibition, working memory, and cognitive flexibility to
science problem-solving performance in elementary school students. Journal of
Experimental Child Psychology, 244, 105962. https://doi.org/10.1016/j.jecp.2024.105962

Schroer, J. & Thomas, R. D. (2020). Learning the law of reflection: event-related potentials of
children aged 6-12 during educational video game play. Mind, Brain, and Education,
14(4), 361-375. https://doi.org/10.1111/mbe.12259

Selguk, V. (2023). Makine ogrenmesi etkinliklerinin ogrencilerin bilgi islemsel diisiinme becerisini
gelistirme potansiyellerinin belirlenmesi (Yiiksek lisans tezi) [Determining the potentials of
machine learning activities to improve students' computational thinking skills] [Master’s
thesis]. Trabzon Universitesi.

J. Comp. Educ. Res, 14, e2614055 https://doi.org/10.18009/jcer.1819628

31


https://orcid.org/0000-0002-9439-0876
https://doi.org/10.1111/bjet.13249
https://doi.org/10.3102/0034654312457429
https://doi.org/10.1016/j.jecp.2024.105962
https://doi.org/10.1111/mbe.12259

Komar & Simsek

Sercanoglu, M., Bolat, Y. I, & Goksu, I. (2021). Kahoot! as a gamification tool in vocational
education: More positive attitude, motivation and less anxiety in EFL. Journal of Computer
and Education Research, 9(18), 682-701.

Sirakaya, D. A. (2019). The effect of programming teaching on computational thinking. Tiirkiye
Sosyal Arastirmalar Dergisi, 23(2), 575-590.

Sur, M. (2022). Ozel yetenekli cocuklarn ailelerinin, okul egitimine iliskin goriis ve beklentileri.
(Yiiksek Lisans Tezi) [Opinions and expectations of families of special talent children on
school education][Master’s thesis]. Bahcesehir Universitesi.

Tadeu, P., Kaya, D., & Kutluca, T. (2025). Enhancing computational thinking in preservice
elementary math teachers through design-based learning. Millenium—Journal of
Education, Technologies, and Health, 2(27), Article e40841.

Tekcan, S. A. (2024). Makine dgrenmesi etkinlikleri ile programlama o6gretiminin ozel yetenekli
ogrencilerin programlama, yaratici diisiinme, problem ¢ozme becerileri ve iist biligsel farkindalik
diizeylerine etkisi [The effect of programming teaching with machine learning activities
on the programming, creavite thinking, problem solving skills and metacognivite
awareneless levels of gifted students] [Doctoral dissertation]. Gazi Universitesi.

Tiirkan, A. (2019). Oyunlastirma yonteminin ortaokul 6grencilerinin akademik basar:, motivasyon ve
tutumlarima etkisi (Yiiksek Lisans Tezi) [The effect of gamification method on the
academic achievements, motivations and attitudes of secondary school students]
[Master’s thesis]. Atatiirk Universitesi.

Werbach, K., & Hunter, D. (2012). For the win: How game thinking can revolutionize your business.
Wharton Digital Press.

Wing, J. M. (2006). Computational thinking. Communications of the ACM, 49(3), 33-35.

Yalgin, H. (2024). REAPS modelinin ozel yetenekli 6grencilerin bilimsel yaraticiliklarina ve problem
cozme becerilerine etkisi (Doktora Tezi) [The effect of the REAPS model on the scientific
creativity and problem solving skills of specially talented students] [Doctoral
dissertation]. Adiyaman Universitesi.

Zainal, N. (2023). University students” perspectives on gamification in vocabulary learning: a
literature review. Malaysian Journal of Social Sciences and Humanities (MJSSH), 8(5),
€002314. https://doi.org/10.47405/mjssh.v8i5.2314

Zhang, S., & Gary, K. W. (2023). Exploring the underlying cognitive process of computational
thinking in primary education. Thinking Skills and Creativity, 48, 101314.

Ziadat, A. H. & Sakarneh, M. A. (2021). Online design thinking problems for enhancing
motivation of gifted students. International Journal of Learning, Teaching and Educational
Research, 20(8), 91-107. https://doi.org/10.26803/ijlter.20.8.6

Copyright © JCER

JCER's Publication Ethics and Publication Malpractice Statement are based, in large part, on the guidelines and standards developed

by the Committee on Publication Ethics (COPE). This is an Open Access article distributed under the terms of the Creative Commons
Attribution 4.0 International License (CC-BY 4.0) https://creativecommons.org/licenses/by /4.0,

J. Comp. Educ. Res, 14, e2614055 https://doi.org/10.18009/jcer.1819628

32


https://orcid.org/0000-0002-9439-0876
https://doi.org/10.47405/mjssh.v8i5.2314
https://doi.org/10.26803/ijlter.20.8.6
https://creativecommons.org/licenses/by/4.0/

