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Abstract

This research analyzes the effect of design thinking-based robotic activities on the planning skills of
elementary school students and student experiences regarding the process. 28 fourth-grade students
participated in the study. The quantitative dimension of the study, which was modeled using an explanatory
sequential mixed method design, was conducted by a one-group pretest-posttest quasi-experimental design
while the qualitative dimension was carried out the using phenomenological model. The planning skills of
the students were examined by the 4-Disc Tower of London Test. The qualitative data were obtained using
a semi-structured interview method. Data were analyzed using One-Way Repeated Measures ANOVA and
content analysis. Results show that design thinking-based robotic activities significantly increase the time
students spend on planning, their planning skills, and the number of problems solved during three attempts.
The number of problems solved at the first attempt did not show any significant increase. There was no
significant difference in the gender variable in any one of the planning skill-related measurements. Results
show that the students' perceptions of robotic activities changed, and awareness increased due to the
involvement of coding, and although they found the mechanics dimension of the activities challenging,
they had more fun than they had expected.
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Tasarim Odakh Diisiinmeye Dayali Robotik
Etkinliklerin Planlama Becerisine Etkisit
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Bu aragtirmada tasarim odakli diisiinmeye dayali robotik etkinliklerin ilkokul 6grencilerinin
planlama becerilerine olan etkisi ve siirece iligkin 6grenci deneyimleri incelenmistir. Arastirma
28 ilkokul 4. smif 6grencisinin katilimiyla gerceklestirilmistir. Agiklayici ardisik karma
desende modellenen aragtirmanin nicel boyutu, 6n test son test tek gruplu yari deneysel
modelde, nitel boyutu ise fenomenolojik desende yiiriitiilmiistiir. Ogrencilerin planlama
becerileri Londra Kulesi Testi 4 diskli dijital versiyonu kullanilarak 6l¢tilmiistiir. Nitel veriler
ise yar1 yapilandirilmis goriisme yontemi ile saptanmustir. Aragtirma verilerinin analizinde
tekrarh 6lgtimler i¢in tek yonlii ANOVA ve igerik analizi tercih edilmistir. Aragtirma sonuglart
tasarim odakli diigiinmeye dayali robotik etkinliklerin &grencilerin planlamaya ayirdiklar
zaman, planlama becerisi ve li¢ deneme iginde ¢oziilen sorun sayilarini anlaml bir gekilde
artirdigmi  gostermektedir. Ilk denemede ¢oziilen sorun sayisinda ise anlamli bir etki
saptanamamigtir. Planlama becerisine iligkin tim ol¢iimlerde de cinsiyet degiskenine iligkin
anlaml bir fark bulunamamistir. Bulgular, 6grencilerin robotik etkinliklere iligkin algilarinin
degisim gosterdigini, kodlamaya bagli olarak robotik farkindaliklarimin arttigini; etkinliklerin
mekanik boyutunu zorlayici, siirecin genelini ise sandiklarindan daha eglenceli bulduklarini
gostermektedir.

Anahtar sozciikler: Tasarim odakli diigiinme, egitsel robotik etkinlikler, yonetsel fonksiyonlar,
planlama
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Effect of Design Thinking-Based Robotic Activities on the
Planning Skill

Educational robotic activities present themselves as one of the important tools
that may contribute to the process of building skills for becoming successful in the
21st century (Khanlari, 2013). Early education in robotic coding, especially in
elementary school, is a fun way to introduce information and communication
technologies; besides, it contributes to the development of children's logical and
linguistic skills, always focusing on pedagogical rather than technological issues
(Scaradozzi et al., 2015). Robotic activities encourage the students to cope with the
difficulties they encounter in problem-solving by way of designing, building, and
programming processes and thus bring their creative and designer aspects in the
learning environment into the forefront (Lathifah et al., 2019). Robotics design
activities with open-ended questions and problem-solving situations based on real-life
events provide active learning environments enabling the students to create their
unique meanings based on the constructivist approach, whereby the creativity and
curiosity of the students are stimulated (Amo et al., 2021). Educational robotic
activities ensure that the children are engaged in computer sciences at an early age by
encouraging the use of skills that require coding, e.g., programming, on one hand, and
non-coding skills such as creativity and abstraction on the other (Anwar et al., 2019).

Educational robotic activities and robotics competitions are the most popular
activities lately and they stimulate the critical thinking and problem-solving skills of
the students (Menekse et al., 2017). Robotics competitions stimulate the students’
intrinsic motivations for innovation and creativity, and at the same, these settings
provide an ideal venue that nourishes children’s lifelong learning skills through
curiosity, observation, and interactive activities (Anwar et al., 2019). As educational
robotic activities, on the one hand, require planning, sequential thinking, logical
reasoning, and hypothesis generation, and the planned action, on the other hand,
allows immediate feedback and hypothesis-testing; they enable the students to make
self-evaluation and reasoning for their performance and potential mistakes, and at the
same time to update their decisions and re-plan their future steps (Bargagna et al.,
2019; La Paglia et al., 2018). From this aspect, educational robotic activities could be
characterized as a learning process that empowers and reinforces executive function
skills.

Executive function skills express a series of necessary and complicated cognitive
control skills that stand out due to their day-to-day functionality (Marzocchi et al.,
2020). Das and Misra (2014) suggest that there are various definitions for executive
function skills, and yet the components of these definitions are all similar: planning,
decision-making, reasoning, and self-perception skills. Executive function skills start
to develop during the first years of life while significant developmental changes
correspond to childhood and adolescence (Best & Miller, 2010). It is stated that these
changes can be observed in problem-related tasks requiring planning, inhibition, and
flexible thinking (Knapp & Morton, 2017).
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Planning skill refers to the system that is responsible for three main components
of executive function skills, i.e., controlling and organization of behaviors, selection
and generation of strategies, and monitoring of performance (Das & Misra, 2014).
Planning is explained as a higher-order component placed at the center of executive
function skills (Will et al., 2014). Similarly, Tunstall (1999) also states that the
prominent skill in executive function-related definitions and processes is the planning
skill. Some researchers define planning together with the problem-solving skill and
interpret it as a mental representation and a part of the problem-solving process
(Hayes-Roth & Hayes-Roth, 1979; Juric et al., 2013; Zelazo et al., 1997). With a
similar perspective, Lezak et al. (2004) define planning skill as the capacity of
defining and organizing a set of stages to attain a goal. Shallice and Burgess (1991)
addressed the planning skill in the executive attention model as a metacognitive
function including such components as noticing, defining a problem, goal-oriented
planning, execution of the plan, monitoring of the results, and the use of feedback to
make changes. Tunstall (1999), who developed the Four Disc Version of the Tower
of London Test (TLT4) method which was used for measuring the planning skill
within the scope of this study, addressed planning as pre-planning which takes place
before the action and simultaneous planning which takes place during the action.

What makes executive function skills outstanding and subject to the present
study in case of planning skill is that executive function skills were associated with
the diagnosis and prevention of learning disorders (Friedman et al., 2014; Holm et al.,
2018; Toll et al., 2011) and neurodevelopmental disorders (Crisci et al., 2021;
Otterman et al., 2019). Executive function skills, which are accompanied by higher-
order thinking processes like planning and problem-solving that require staying goal-
oriented, resistance to anti-stimuli and distractions, and making an effort to achieve
positive, rather than short-term and immediate, results (Marzocchi et al., 2020) may
have an impact on the individual's performance in learning processes. At this point, it
is considered that the aforementioned skills have an aspect that accompanies the
execution of robotic activities and allows for strengthening the same throughout and
after the process. It is pointed out that to efficiently implement the planning skill, an
individual needs to notice the changes resulting from the existing conditions,
objectively examine his/her environment as well as his/her interaction with that
environment, recognize the alternatives and their weights, make choices, analyze
sequential and hierarchical ideas making up a conceptual structure that will lead the
implementation of a plan, have good impulse control, and maintain memory and
attention (Lezak et al., 2004). Executive function skills in case of the planning skill
subject to the present study may be regarded as a facilitating tool of learning processes
and at the same the desired output thereof.

When it comes to the development of executive function skills, five main
approaches have come to the forefront recently: game- and curriculum-based
approach, technology-based approach, physical activity-based approach, strategy-
based approach, and causal mechanism-based approach (Marzocchi et al., 2020). It is
pointed out that the intervention programs to be formulated must include cognitive,
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affective, and motivational dimensions of executive function skills (Marzocchi et al.,
2020). Hence, within the scope of the study, it is considered that educational robotic
activities should be examined concerning the development of planning skills since
they involve approaches standing out in executive function-related training.

Raobotic programming activities require the prediction of each action, each step
and its consequences, the selection of appropriate commands, and the constant
repetition of such steps in the process of attaining the goal (Di Lieto et al., 2017).
These thinking processes that continue in a cognitive cycle have the potential to
strengthen planning, inhibition, and working memory skills (Di Lieto et al., 2017).

Among the studies in which the effect of coding and educational robotic
activities on cognitive skills is examined, one can observe that the effect on the
following variables is predominantly analyzed: visual-spatial skills, mental rotation,
visual memory (Brainin et al., 2022); verbal comprehension, visual perception,
working memory (D’Amico & Guastella, 2019); sustained attention, visual and
temporal perception, self-regulation (Encarnagdo et al., 2014); problem-solving
(Caligkan, 2020; Gratani et al., 2021); reflective problem-solving (Budak et al., 2021;
Kalelioglu, 2015); sequencing skill (Kazakoff et al., 2013); computational thinking
and creativity (Noh and Lee, 2020); story writing and visual-spatial skill (Peretti et
al., 2020) In this regard, the focus is mostly on studying the effect of educational
robotic activities on cognitive skills recently; on the contrary, the effect thereof on
executive function skills, which is among cognitive skills, has been analyzed in a
limited number of studies.

In the studies where the effect of educational robotic activities on visual-spatial
memory and inhibition skills in early childhood (Di Lieto et al., 2017) as well as on
inhibition skills of children with special needs (Di Lieto et al., 2020) is examined, it
was observed that comments were made on the impact on planning skill, but the effect
on planning skill was not specifically analyzed. Furthermore, as these studies enrolled
small-age children, robotic activities in the physical learning environment, rather than
robotic activities in the virtual environment, were carried out.

The study by Arfé et al., (2020) in which the effects of structured coding and
STEM (non-coding) activities on the students' executive function skills in the virtual
learning environment are compared, yielded different results depending on the tests
used. In this study, a significant change in inhibition skill (planning time) was
observed in the group in which STEM activities were applied while the group in which
coding activities were applied did not show any significant change. It can be pointed
out that the effect of coding activities on executive skills remains to be investigated.
Indeed, Arfé et al. (2020) state that their study, which was conducted with the
participation of first-grade students, would have a more significant effect on the
executive function skills of the students if carried out in older-age groups in a way to
include less structured creative problem-solving activities. Unlike the aforementioned
studies, robotic coding activities were carried out in virtual and physical learning
environments simultaneously in the present study. Different from digital and social
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games, physical robotic activities provide the students with concrete feedback
concerning rule perception and inhibition of impulsive attempts (Di Lieto et al., 2017).
This, in turn, potentially contributes to the students' direct observation of the
consequences of their attempts and the planning of new attempts.

Similar to the present study, the results of the study by La Paglia et al. (2018),
conducted with the participation of fifth-grade students, showed a desirable change in
planning skills and the number of attempts of the educational robotics activities group
due to the intervention program. In a study by Aratjo and Azoni (2020), in which the
effect of educational robotic activities on executive function skills of 15 and 16-year-
old students, a significant effect on the planning skill was observed. In the
aforementioned studies, however, the explanation as to how the students experienced
the process creating such change; the findings related to the variables of planning
time, the number of problems solved at the first attempt, and the number of problems
solved at three attempts, which give important clues about the planning time; and the
framework of pedagogical understanding within which educational robotic activities
are conducted, is lacking.

In that vein, the object of the present study is to extend and deepen the results of
the studies conducted by Araujo and Azoni (2020), Arfé et al., (2020); Di Lieto et al.,
(2017), Di Lieto et al., (2020) and La Paglia et al., (2018). While doing so, it was
aimed to provide an experimental example of the use of a specific pedagogical
approach in the implementation of educational robotic activities as well as detailed
data as to student experiences.

It has been set forth that structuring the training aiming at developing executive
function skills with the game- and curriculum-based perspective involving the
simultaneous use of new technologies and different disciplines should incite the
cognitive and affective aspects of executive function skills extending to daily life
(Marzocchi etal., 2020). Design thinking is defined as an analytic and creative process
that engages a person in opportunities to experiment, create and prototype models,
gather feedback, and redesign (Razzouk & Shute, 2012). It has been suggested that
design thinking should be regarded as the main thinking model in school activities
and that the main focus should be designing and ideation (idea-generation) processes
rather than focusing on teaching the existing reality and principles (Li et al., 2019). It
is believed that a design-oriented robotic process involving art, music, and cultural
elements within the scope of the study will direct the students toward using planning
skills beyond the stages of coding and algorithm writing. The study by Marzocchi et
al. (2020), where intervention programs for executive function skills were analyzed,
revealed that the most positive results were obtained in training where training
activities forced the students to go beyond the virtual environment and play games.
From this point of view, this study aims to examine the effect of design thinking-based
robotic activities on planning skills and to illuminate the questions from previous
research on planning skills using the data including student experiences.
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Amo et al. (2021) have observed that studies on the use of educational robotics
covered the methods of problem-solving-based learning, exploration-based learning,
competency-based learning, cooperative learning, experience-based learning, and
simulation-based learning; among which learning by practicing/experience was the
most common followed by project-based learning. The present study, different from
the literature, applies design thinking-based robotic activities and measures the effect
thereof. There is a need for alternative approaches involving the participation of
students in robotic activities by covering computer sciences perspective, i.e., robot
programming and designing, within the process in a balanced manner since
educational robotic activities are often associated with STEM subjects and the existing
studies are confined to an area in which different robotic Kits are used (Jung & Won,
2018; Kay, 2003). It has been expressed that not only robotics technologies but the
curriculum, teaching, theory, method, and approaches should also be addressed in
educational robotics studies with an understanding of shifting from technology
towards educational robotics; and that research that reveals how the students learn and
envisage changes in their interaction with technology should be conducted (Alimisis,
2012; Jung &Won, 2018; Kay, 2003).

The present study differs from the existing studies in that the process is not
confined to technical subjects like coding, but a specific pedagogical approach that
integrates design thinking into robotic learning processes and engages executive
function skills in the process is employed. It is aimed to present an example of
adopting an understanding, in the teaching of educational robotic activities, that
activates and at the same time nourishes higher-order thinking skills sensitive to the
interests and expectations of the students which are expected to be used in the learning
process. Accordingly, the model formulated by Meltzer (2014), which envisages
bringing executive function skills to the classroom environment, is interpreted
together with the design thinking model developed by Doorley et al. (2018) under the
guidance of the Stanford University Center for Design Research, and thus an effort
was made to present a pedagogical approach suitable to the objectives of the study.
As Meltzer (2014) states, a classroom environment engaging executive function skills
involves goal setting, flexible thinking, organizing, prioritizing, memorizing and the
self-monitoring processes. Doorley et al. (2018), on the other hand, points out that
design thinking is made up of the following stages: empathy, defining, ideation,
prototype building, and testing. Design thinking is considered an efficient teaching
strategy that develops the 21st-century skills of elementary school students and offers
a learning experience based on interaction and cooperation (Van Gompel, 2019). It
has been expressed that executive function skills, which enable us to play with
thoughts, flexibly adjust to changing conditions, and maintain our focus by resisting
distractions, have critical importance for many desired skills and success in the 21st
century (Diamond, 2013). Accordingly, it can be stated that an approach that engages
executive function skills and puts forward design thinking is needed when it comes to
reflecting educational robotic activities in the classroom environment in a way to
employ 21st-century skills, going beyond technical skills. In this respect, the
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conceptual framework offered by Doorley et al. (2018) and Meltzer (2014) was
adapted to our study, the details being interpreted as presented in the sections below.
It is thus aimed to introduce a pedagogical approach that covers educational robotic
activities more comprehensively, i.e., such that cognitive skills will be encompassed,
and to test its model implementation under experimental conditions.

Educational robotic activities often engage computational thinking in a way that
requires the use of six dimensions thereof, i.e., decomposition, abstraction, algorithm
design, debugging, iteration, and generalization. Learning computational thinking,
especially problem-solving, depends on the ability to handle the problem and
determine its components and possible solutions, which may be developed through
collaboration, and collaboration, by its nature, is gender-driven (Ardito et al., 2020).
Studies have revealed that gender variable plays an important role in participating and
showing an interest in robotic activities (Gomoll et al., 2016; Witherspoon et al.,
2016). Studies show that the confidence of girls when it comes to robotic activities is
relatively less than that of boys (Kiigiik & Sisman, 2020; Nourbakhsh et al., 2004).

In a study by Ardito et al. (2020) in which student experiences of robotic
activities were investigated, it was specified that boys mainly focused on the
operational aspect of robotic activities, i.e., coding, and building, while the girls
experienced the activities through group dynamics. In another study investigating the
use of educational robotics (Angeli & Valanides, 2020), it was shown that boys
benefited more from the individualistic, kinesthetic, spatially oriented, and
manipulative-based activities while girls benefited more from the collaboration-based
activities. This makes us think that students' experience, interest, and expectations
may be affected by the gender variable, and thus the efficiency of the activities might
be increased by taking this variable into account. From this viewpoint, the students'
experiences in design-oriented robotic activities were addressed in terms of the gender
variable.

Ardito et al. (2020) point out that stereotypes have an important role in girls' and
boys' showing interest and participating in robotic activities. As a striking finding that
proves the effect of stereotypes on the robotic process, in the study by Sullivan and
Bers (2016), the students said that the robotic kits and other materials used in the
activities did not have 'girly' colors but they more looked like cars and the activities
did not appeal to girls. In the study by Gomoll et al. (2016), the students' participation
and motivation were stated to be higher in learning environments where the students
can reflect their interests, personalize their robots, and which allows autonomy. In this
context and within the scope of the study, a design thinking-based process was
established, and thus the students were enabled, after programming stages, to design
the physical appearance of the robots as well as their environment by way of music,
art, and culture, and to personalize their products. Studies show that human-centered
robotic activities which emphasize the social aspect of science and technology are a
factor that enhances the girls' participation in the process (Gomoll et al., 2016). At this
point, it was aimed to prevent the limitation of the students' vision due to a prejudice
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that robots look like cars and to broaden their points of view by emphasizing different
areas of use of robots by incorporating daily life problems and activities intended for
facilitating the lives of disabled persons into project activities. It has been pointed out
that the employed teaching strategies directly affect the confidence, attitude,
participation, and utilization ratios of girls and boys when it comes to robotic activities
(Angeli &Valanides, 2020; Ardito et al., 2020; Nourbakhsh et al., 2004). The study
by Nourbakhsh et al. (2004) found that a learning environment including teamwork
and collaboration has a positive effect on the attitude and confidence of girls and boys
in robotic activities. Furthermore, design thinking-based STEAM activities were
detected to have an impact on the confidence, participation, and carrier planning levels
of girls in relation to STEAM activities (Kijima et al., 2021).

It was thus aimed to create a design thinking-based robotic training process in
which girls and boys will participate and benefit at the highest level possible,
considering the fact that the gender variable was shown in the literature to affect the
efficiency of robotic activities. As a result, the goal is to include other data in the
literature on gender-related inhibiting and facilitating factors. The knowledge as to
under what conditions and with what experiences an intervention program are carried
out is as important as the efficiency of it is thought to be to the benefit of new practices
and possible problems. First, one needs to hear the voices of children in order to clarify
learning processes related to robotics technologies and find the meaning behind their
learning and failures (Jung & Won, 2018). As for the dependent variable, planning
skill, of the study, Marzocchi et al. (2020) express that the studies to be conducted on
executive function skills need to be specifically addressed as to what works for whom
and under what conditions. Therefore, within the scope of the research, quantitative
and qualitative study methods were used together and an in-depth analysis of the
experience of female and male students on design thinking-based robotic activities
was aimed. According to this, the questions to be responded to within the scope of the
study are as follows.

e s there a significant difference between the planning time pretest-posttest
scores of girls and boys?

e Is there a significant difference between pretest-posttest measurements of
girls and boys as to the number of problems solved at the first attempt?

e s there a significant difference between pretest-posttest measurements of
girls and boys as to the number of problems solved at three attempts?

e |s there a significant difference between the planning skill pretest-posttest
scores of girls and boys?

e How do the girls and boys evaluate their experiences with educational robotic
activities?
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Method

This section covers the information on the research model, study group, data
collection tools, application-data collection process, and data analysis.

Research Model

This study was modeled in a mixed design wherein quantitative and qualitative
research methods are used together. Among mixed design types, the explanatory
sequential design was preferred to detect how the students experienced the process
creating the effect of design thinking-based robotic activities on planning skills. This
pattern, in which quantitative data was collected and analyzed at the first stage and
qualitative data was collected depending on the quantitative data during the second
stage, is recommended in cases when the characteristics of the sample in the
quantitative dimension are taken into account for the selection of the sample to be
included in the qualitative dimension of the research (Creswell & Plano Clark, 2011;
Creswell et al., 2003).

The quantitative dimension of the study was modeled in a one-group pretest-
posttest quasi-experimental design. The qualitative dimension, on the other hand, was
designed using the phenomenological model. In phenomenological research, the focus
is on the perceptions, perspectives, and experiences of the participants with the
phenomenon as well as how they describe their experiences (Tekindal & Uguz Arsu,
2020). Hence, the robotics experiences of the students participating in design-oriented
robotic activities were analyzed using the phenomenological model.

Study Group

The research study group was selected from among 30 students studying in
schools located in Samsun province and participating in the “Primary School Robot
Adventure” project subsidized by TUBITAK [Scientific and Technological Research
Council of Turkey], for the academic year 2017-2018. Thirty (30) students were
selected by lot from the province-wide 90 applications to the announcement of the
project. Due to the partial absence of 2 students for participation in the activities, the
experimental group of the research consisted of 28 elementary school fourth-grade
students, 14 girls and 14 boys, aged 9-10 years (9.3+£0.6). The reason why elementary
school fourth-grade students were selected for the study is the statements in literature
specifying that executive function-related inhibition skill starts to develop between 6
and 8 years of age, but it can only be completed at the age of 10 (Passler et al., 1985).
Thus, the students aged 9-10, who are expected to complete their executive function-
related developmental maturity, were enrolled in the study in an attempt to limit the
effect of developmental stages on the intervention program.

For the selection of the students included in the qualitative dimension of the
study, purposeful sampling was the preferred method, and after the analysis of the
quantitative data, voluntary students with low, medium, and high-level changes in
post-implementation planning skills were included in the sample. Consequently,
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qualitative data was collected for the study with a total of 18 students (female:9;
male:9), 6 from each level.

Ethical Committee Approval

This research was conducted with the permission of Ondokuz Mayis University
Social and Human Sciences Board, dated 27.12.2017 and numbered 2017/ 272-322

Data Collection Tools

Within the scope of the research, the Four Disc Version of the Tower of London
Test was used to measure students' planning skills, and a semi-structured interview
form was used to determine their experiences with educational robotic activities.

Four Disc Version of the Tower of London Test (TLT4)

The Tower of London Test, the original version of which comprises 4 discs, was
developed by Shallice (1982) to measure the planning skill during the studies
regarding the so-called Executive Attention Systems brain functions. Taking the
color-blindness variable into consideration, Tunstall (1999) developed the TLT4 by
changing the number and colors of the discs as well as the difficulty level of the
problems.

The TLT4, which contains 10 items of problem situations with increasing
difficulty, is scored as follows: the number of problems solved at the first attempt, the
number of problems solved at three attempts, the total score, and planning time
(Tunstall,1999). The number of problems solved at the first attempt, at three attempts,
and the total score measure the planning skill while planning time measures the
executive function skills (Tunstall, 1999).

Planning time is calculated by averaging the time spent for each problem until
touching the first disc. Planning time score measures, for the pre-planning process,
patterning abilities such as conceptualization (coding the problem), construction
(generating possible solutions), and inhibition skills (inhibiting inappropriate
responses) (Tunstall, 1999).

The number of problems solved at the first attempt score measures the accuracy
of the first plans while the number of problems solved at three attempts score measures
the skills of using feedback, monitoring actions, modifying incorrect plans, and
adjusting plans (Tunstall,1999).

The total score is calculated by scoring the problems solved at the first attempt
as 3, the problems solved at the second attempt as 2, the problems solved at the third
attempt as 1, and the unsolved problems as 0 (Tunstall, 1999). The total score, which
ranges from 0 to 30, measures the planning skill (Tunstall, 1999).

During the validity and reliability studies carried out by Tunstall (1999) while
developing the LKT.4, the split-half reliability was determined as .60 and the test-retest
reliability as .71. In the version by Tunstall (1999), the TLT4 with color beads was
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employed by Giiven Demir and Oksiiz (2021) after transferring to the digital
environment. The digital version of the TLT4 developed by Giiven Demir and Oksiiz
(2021) based on the replacement of blue, black, yellow, and white beads based on
certain rules and which does not comprise a cultural component was applied to the
Turkish sample, thereby conducting item analysis and reliability studies. As in the
first study, this study also collected data in child and adult samples, and in the former
sample group, the mean difficulty level of LKT, was found to be .58, the
discrimination level .33, the Cronbach Alpha value .60, and the split-half reliability
value .62 (Giiven Demir & Oksiiz, 2021). According to the results of the item analysis
within the scope of the study, the average item difficulty level was found to be .70,
the average item discrimination level .31, and the internal consistency coefficient .76

Semi-Structured Interview Form

To determine the experiences of the students with educational robotic activities,
a semi-structured interview form was prepared within the scope of the study. The
conceptual framework of the study by Nourbakhsh et al. (2004) was taken as a
reference for determining the students' experiences with robotic activities. In this
context, semi-structured interview questions intended for taking student opinions on
the activities of the study were planned in a way to comprise the dimensions of
Coding, Mechanics, Teamwork, Problem-solving, Robotic view, and Self-Evaluation
on Science and Technology. For the content validity of the interview form, the
conceptual framework employed in the study of Nourbaksh et al. (2004) and the
questions prepared in line with said framework were presented to the opinion of two
experts specialized in science education and robotic activity. After getting the experts'
opinions stating that the questions in the interview form fulfilled the targeted
dimensions, the semi-structured interview form was finalized by pre-application of
the questions with 2 female and 2 male students. Moreover, method triangulation was
applied as working with small-age groups and post-process interviewing could result
in possible data loss, and to prevent such loss and increase reliability. Consequently,
student responses in the forum where daily questions were asked were utilized to
determine and confirm the consistency of the data obtained from the interview
method.

Implementation and Data Collection Process

Under the title of the implementation process, the implementation process of the
educational robotic activities carried out within the scope of the research is explained.
Under the data collection process title, explanations about how data collection tools
were used during the research data collection are given.

Implementation Process

The study was conducted with the participation of 28 students studying in
schools located in Samsun province and participating in the “Primary School Robot
Adventure” project subsidized by TUBITAK, for the academic year 2017-2018.
Within the scope of implementations which lasted for 39 course hours, the students
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were trained for algorithm development and coding using the IDEA visual
programming software, and for a robotic design using the O-bot robot kit. Among the
tools used for the implementation of physical and virtual robotic applications within
the framework of the study, the O-bot robot kit was opted for due to its ease of use for
small-age groups; and the IDEA software was preferred since it is free of charge and
allows for running the codes in a virtual environment via a simulation program
without any need for physical material. With the interpretation, in line with the
objectives of the present study, of models envisaging the use of robotics training,
design thinking and executive function skills, the effects of which are investigated,
the conceptual framework containing the following stages was planned. The approach
of design thinking-based robotic activities, which was established within the scope of
the present study based on the approaches of Doorley et al. (2018) and Meltzer (2014),
consists of the stages of exploring, defining the problem, ideation, organizing,
prototyping, and testing. Detailed information as to the stages and implementation
process is provided below.

Exploring: As Doorley et al. (2018) state, the first stage of design thinking is to
observe the behavior of those experiencing the target situation, interact with them, and
empathize with them in an attempt to live the same experience as them. At this stage,
as to the problem situation, the students are expected to recognize the difficulties,
needs and expectations of others and their own during their daily lives. Within the
scope of the research and in relation to this stage, some activities included web search,
gathering information from the social environment, group discussion, and creative
drama studies. For example, in a robotic design task intended for facilitating the daily
lives of visually impaired people, a creative drama activity was performed so that
students can recognize the needs of visually impaired people and empathize with
them. Another activity was the janissary (mehter) band/music activity, in which the
students were asked to make web research about the garments of historical janissary
band members and their occupations. Similarly, the students were encouraged to make
a web search at the ideation stage of the robotic project, which illustrated the architect
and practitioner of the Turkish War of Independence Atatiirk's journey to Samsun and
his meetings in various cities of Tiirkiye. Thus, it is aimed to turn the ideation process
into an exploration process of research, questioning, and empathy, prior to the stages
of designing and robotic coding.

Problem Defining: At the stage of problem defining, an in-depth understanding
of the target group and their needs is expected to be developed (Doorley et al., 2018).
This stage also includes the stage of goal setting, which was employed in the model
suggested by Meltzer (2014). The students having experienced an efficient goal-
setting stage recognize the sub-goals of their goals, concretize the stages towards the
target, review their time and sources, and get the opportunity to specify their points of
view within the big picture (Meltzer, 2014). At this stage, the students were asked to
interpret the information they obtained via research-questioning, brainstorming, group
discussion, and creative drama techniques and to define their starting points for the
project they were to prepare, within the scope of the study.
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Ideation: At this stage, which is associated with the flexible thinking stage of
Meltzer (2014) within the scope of this study, the students were asked to form a wide
range of solutions concerning the problem situation the lines of which were defined
during the previous stage (Doorley et al., 2018). The main point here is to stimulate
the strengths of group members in a way to boost the innovative potential of their
solution offers, within a fluent and flexible understanding (Doorley et al., 2018).
Flexible thinking allows for different perspectives, adapting to and switching between
unexpected situations, and integrating different representations into their solutions
(Meltzer, 2014). At this stage, the students were asked to determine, together with
their group friends, the solution offers, starting points, and justifications of the
problem situation they are given, and to share them with their teachers.

Organizing: The students having clarified the solution offers are asked to plan
the solution processes and stages as well as to prioritize the stages and sub-goals.
Systemizing and sequencing the information enables students to use the available
resources, materials, and time in an efficient and target-oriented manner (Mertz,
2014). At this stage, they are asked to share the flowchart indicating the stages of their
work with their teachers. Within the framework of said planning, students were also
expected to determine the sensors and actuators they will use in the robotic design
process.

Prototyping: This stage was structured interpreting Mertz's (2014) memorizing
and Doorley et al.'s (2018) prototyping stages together. The prototyping process
allows the students to analyze and locate different possibilities (Doorley et al., 2018).
At this stage, students are expected to keep the principal points in their minds while
at the same time dealing with the details (Mertz, 2014). The students were asked to
formulate the coding algorithm they will use on paper. The aim of the algorithm
design process, starting on paper, is to increase the interaction between group
members and develope the prototype of solution offers. After the completion of the
algorithms formulated as a draft on paper after the approval of group members,
implementation using IDEA visual programming software was started. The students
were requested to run, test, and find the potential errors of their algorithm via the
IdeaSim Robot Simulator. This stage involves, as envisaged by Mertz's (2014) model,
frequent access to short-term memory.

Testing: This stage requires the students to transfer the programs they prepared
on IDEA software to O-bots and test them. After the O-bot stage, they were asked to
proceed with the stage of creating their robots and auxiliary materials (floor,
decoration, etc.). Testing is the stage at which the students get feedback and observe
the present situation concretely. What is expected from the students by adapting the
self-monitoring stage of Mertz (2014) to the testing stage of Doorley et al. (2018) is
to ensure that the students review their performances and direct their efforts
differently whenever needed. The self-monitoring approach involves the students'
evaluation of their strategies and performances by way of engaging metacognitive
skills, throughout the learning process (Mertz, 2014). The scope of the testing stage
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was expanded within the scope of the present study, incorporating the dimension of
sharing with others. Accordingly, after each activity, the groups were allowed to
present their projects to their peers and teachers. Hence, it was targeted, in addition to
getting feedback, to enable the students to recognize different perspectives and expand
their visions of creativity. On the other hand, it was aimed to allow them to address
their self-monitoring behaviors from a broader perspective.

Within the scope of the study, a forum was created, and the students were asked
questions daily to direct the interaction and communication among students on
robotics-related issues through planned themes and to collect process-related data.
This study, which aimed to enable the students to make evaluations of the day and
ensure their readiness for the subject, took 5 days. The students' posts and messages
were archived within the scope of the study.

Data Collection Process

Before the implementation, the digital version of LKT4 was applied as a pre-test,
and then the design thinking-based robotic training, which lasted 39 course hours, was
initiated. Student responses to the questions asked in the forum throughout the process
were archived as secondary qualitative data within the scope of the study. Once the
activities were completed, the TLT4 posttest was applied and then proceeding with
data analysis. After the quantitative data analysis, the students with whom semi-
structured interviews were to be conducted were determined and semi-structured
interviews were performed with voice records taken.

Data Analysis

The equivalence of female and male students participating in the study in terms
of pretest scores was tested with a t-test for independent groups. A one-way ANOVA
test was used for repeated measurements to compare the changes in the students' PT,
FP, TP, and PS scores before and after the experimental application (if any) together
with the gender variable. Shapiro-Wilks and Kolmogorov Smirnov tests were used for
the assumption of normality, which is one of the assumptions of the parametric tests,
and it was found that only the distribution of FP scores in male and female groups was
significant (p<.05). At this point, skewness-kurtosis values were checked, and it was
specified that the skewness-kurtosis values of the FP pretest and posttest data were
between the values +1 and -1. As Bilyiikoztiirk, Cokluk, and Kokli (2010) state, the
skewness and kurtosis values within the limits of +1 can be interpreted as the lack of
excessive data deviation as compared to normal values. Once the Shapiro-Wilks and
Kolmogorov Smirnov tests as well as the skewness and kurtosis values were analyzed,
it was concluded that the data showed a normal distribution within the group. As the
Mauchly Sphericity Test assumption of the ANOVA test was neglected for repeated
measurements, the Greenhouse-Geiser correction was conducted. The assumption of
the equality of variance-covariance matrices was tested using the Box's M test. The
analysis results showed that the covariance matrices of PT, FP, TP, and PS scores
were equal. Within the scope of the study, for the measurement of independent
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variables' impact on dependent ones, the P value with a 0.05 margin of error and 95%
confidence level as well as the eta-squared (n2), a measure of effect size, was used.

The conceptual framework of the study by Nourbakhsh et al. (2004) was taken
as a reference for qualitative data analysis of the study, adopting a deductive content
analysis approach. Accordingly, student opinions were examined on the themes of
Coding, Mechanics, Teamwork, Problem-solving, Robotic view, and Self-Evaluation
in Science and Technology. The configured codes and themes were examined by two
researchers and the level of inter-coder consistency was calculated. To that end, the
formula of A= C = (C +0)x100 (wherein A: reliability coefficient, C: the number of
subjects/terms agreed upon, O: the number of subjects/terms not agreed upon)
conceptualized as the inter-coder agreement in Miles and Huberman model was
employed (Baltaci, 2017). According to this, the inter-coder agreement was found to
be 98%.

Data triangulation was utilized to increase the validity and reliability of
qualitative data and for the analysis of interview questions, the students' daily
messages and posts on the topics shared on the forum created for the research were
made use of.

Findings

Within the scope of the research, findings related to the effect of design thinking-
based robotic activities on students' planning skills and educational robotic activity
experiences were obtained.

Findings Related to Planning Skill Data

The descriptive statistics results of the participants' pre-test and post-test scores
are presented in Table 1.

Table 1
Descriptive statistics results of the participants' pretest-posttest scores
Dependent Variables Groups N Pretest Posttest
X SD X SD
Planning time (PT) Girls 14 669 137 813 362
Boys 14 685 177 86 42.3
Total 28 677 156 836 387
The number of problems solved at Girls 14 035 04 021 0.4
the first attempt (FP) Boys 14 078 08 042 0.7
Total 28 .57 .69 .32 .61
The number of problems solved at Girls 14 6.7 14 7.2 11
three attempts (TP) Boys 14 5.9 1.8 7.2 1.4
Total 28 6.3 1.6 7.2 1.3
Planning Skill (PS) Girls 14 194 35 214 27
Boys 14 16.7 5 20.9 4

Total 28 18 44 211 3.3
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As shown in Table 1, there is an increase in average scores of girls and boys in
planning time, the number of problems solved at three attempts, and the planning skill.
However, there is a decrease between the pretest and posttest averages in terms of the
number of problems solved at the first attempt. The detailed findings as to the above
changes are included in the following sections. The analysis results regarding the
change in the planning time scores of the students are given in Table 2.

Table 2

ANOVA results for repeated measurements of planning time
Source of Variation Sum of Degrees of Mean F p UK

Squares Freedom Square

Intergroup
Group (F/M) 136.920 1 136.920 118 734 005
Error 30083.728 26 1157.066
Intragroup
Measurement 3561.065 1 3561.065 5455 027" 173
(Pretest-Posttest)
Group*Measurement 32.657 1 32.657 .050 .825 .002
Error 16972.223 26 652.778

*p< 0.05

As shown in Table 2, the group effect was not statistically significant as a result
of the variance analysis performed on the planning time mean scores of female and
male students (F(1-26)=.118; p>.05). Accordingly, it can be suggested that there is no
significant difference between the mean planning time of girls and boys, without
making any distinction between pretest and posttest measurements of the students.
Moreover, as Seen in Figure 1, there is a statistically significant difference between
planning time-related pretest-posttest averages of the students, without making any
distinction between the groups (F(1-26)=.5.455, p<.05, n%=.173). According to this,
without making any distinction between genders, 17% of the variation in PT mean
scores of the students may result from the experimental procedure. When gender and
PT pretest-posttest measurements (group*measurement) were analyzed together, the
common effect was concluded not to be significant (F(1-26)=.050,p>.05).



932 Elif Giiven Demir and Irfan Giimiis

Figure 1
PT score change of female and male students
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The analysis results regarding the change in the number of problems solved in
the students' first attempt are given in Table 3.

Table 3

ANOVA results for repeated measurements of the number of problems solved at the
first attempt

Source of Variation Sum of Degrees of Mean F p n 12,
Squares Freedom Square

Intergroup

Group (F/M) 723 1 723 2525 124 .089

Error 7.446 26 0.286

Intragroup

Measurement 875 1 875 3519 .072 .119

(Pretest-Posttest)

Group*Measurement 161 1 161 .646 429 .024

Error 6.464 26 .249

“p< 0.05

As shown in Table 3, the group effect was not statistically significant as a result
of the variance analysis performed on the FP mean scores of female and male students
(F(1-26)=.2.525; p>.05). Accordingly, it can be suggested that there is no significant
difference between mean FP scores of girls and boys, without making any distinction
between pretest and posttest measurements of the students. Furthermore, there was no
statistically significant difference between FP score-related pretest-posttest averages
of the students, without making any distinction between the groups (F(1-26)=.3.519,
p>.05). When gender and pretest-posttest measurements (group*measurement) were
analyzed together, the common effect was concluded not to be significant (F(1-
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26)=.646, p>.05). The analysis results regarding the change in the number of problems
solved at the three attempts of the students are given in Table 4.

Table 4

ANOVA results for repeated measurements of number of problems solved at three
attempts

Source of Variation Sum of Degrees of Mean F p n 12,
Squares Freedom Square

Intergroup

Group (F/M) 2.571 1 2.571 .884 356 .033

Error 75.643 26 2.909

Intragroup

Measurement 12.071 1 12.071 7.589 .011" .226

(Pretest-Posttest)

Group*Measurement 2.571 1 2.571 1617 215 .059

Error 41.357 26 1.591

"p<0.05

As shown in Table 4, the group effect was not statistically significant as a result
of the variance analysis performed on the TP mean scores of female and male students
(F(1-26)=.884; p>.05). Accordingly, it can be suggested that there is no significant
difference between the mean TP of girls and boys, without making any distinction
between pretest and posttest measurements of the students. Moreover, as Seen in
Figure 2, there is a statistically significant difference between the TP score-related
pretest-posttest averages of the students, without making any distinction between the
groups. (F(1-26)=7.589, p<.05, n%=.226). According to this, without making any
distinction between genders, 22% of the variation in TP mean scores of the students
may result from the experimental procedure. Also, when gender and pretest-posttest
measurements (group*measurement) were analyzed together, the common effect was
concluded not to be significant (F(1-26)=1.617, p>.05).
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Figure 2
TP score change of female and male students
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The analysis results regarding the change in the planning skill scores of the
students are given in Table 5.

Table 5

ANOVA results for repeated measurements of planning skill
Source of Variation Sum of Degrees of Mean F p n 12,

Squares Freedom Square

Intergroup
Group (F/M) 18.080 1 18.080 1.856 .185 .067
Error 253.232 26 9.740
Intragroup
Measurement 135.161 1 135.161 12.110 .002" .318
(Pretest-Posttest)
Group*Measurement 17.161 1 17.161 1538 226 0.56
Error 290.179 26 11.161

"p<0.05

As shown in Table 5, the group effect was not statistically significant as a result
of the variance analysis performed on the PS mean scores of female and male students
(F(1-26)=1107.2; p<.05). Accordingly, it can be suggested that there is no significant
difference between the mean PS of girls and boys, without making any distinction
between pretest and posttest measurements of the students. Moreover, as Seen in
Figure 3, there is a statistically significant difference between the PS score-related
pretest-posttest averages of the students, without making any distinction between the
groups. (F(1-26)=12.110, p<.05, n%=.318). According to this, without making any
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distinction between genders, 31% of the variation in PS mean scores of the students
may result from the experimental procedure. Also, when gender and pretest-posttest
measurements (group*measurement) were analyzed together, the common effect was
concluded not to be significant (F(1-26)=1.538, p>.05).

Figure 3
PS score change of female and male students
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Findings Obtained from Semi-Structured Interview

The opinions of the students participating in the study on design thinking-based
robotic activities were analyzed in line with the themes comprising process
components. Accordingly, student opinions were examined within the context of
themes of “coding, mechanics, teamwork, problem-solving, robotic view, and self-
evaluation on science and technology” covered by the conceptual framework of
Nourbakhsh et al. (2004). As in quantitative data, there was no difference in the data
obtained from interview questions pointing to the gender variable and shaping the
themes obtained from qualitative data. Therefore, no gender distinction was made in
the presentation of themes obtained from interview questions, and an evaluation of
the opinions of all the students participating in the study was conducted. Under each
theme, however, the opinions of female and male students were quoted in an attempt
to present robotic activity-related opinions of the students shaped under the same
theme in spite of the gender differences.

Coding Theme-Related Findings

This theme includes the students' experiences with the coding process they
conducted in the IDEA software and tested in the IDEA simulation program
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throughout the study. Accordingly, the students associated the coding process with
the categories of Necessity of Coding, Competencies in Coding and Algorithm
Writing. The categories and codes accessed under the coding theme within the scope
of the research are presented in Table 6.

Table 6
Categories and codes related to coding theme
Categories Codes f
Necessity of coding Controlling the robot 10
Communicating with the robot 8
Algorithm Writing Incorrect commands change the result 7
Each step within coding is important 6
A movement has many stages 5
Competencies in Coding Coding is not very difficult 14
Learning detailed thinking 7

Study results show an increase in students' awareness of the necessity of coding
in the experimental application process in terms of the coding theme. The students
indicated that they had thought that robots have mechanisms that can make
autonomous decisions and that they realized the importance of the coding process that
defines the movements of the robots by way of the activities. Apart from that, they
considered coding as a process that enables communication with robots and by which
they determine the moves defining the robots' movements. It was observed that, under
the coding theme, some of the student opinions gathered in the category of algorithm
writing. In this category, the students expressed their opinion that there are many
stages presenting a movement within the process of algorithm writing; each stage is
equally important; and incorrect commands change the result. Student opinions under
the coding theme indicate that design thinking-based robotic activities increase
coding-related competencies. It was observed that they associated such thoughts with
the codes of 'Coding is not very difficult' and 'Learning detailed thinking'. Student
responses in relation to findings are directly quoted as follows.

“I thought robots were very smart and they would do what we wanted; | didn't
think we were to program them. | supposed they would get what we say, but it turns
out that we must perform coding” (S10: Male).

“I can now communicate with the robot through coding; for example, move one
square to the right, turn 360 degrees.” (S17: Male)

“I experienced when you make a mistake in the algorithm, all the other correct
algorithms may be affected.” (S15: Male)

“Algorithm writing is what | liked most, when my robot did not move, | realized
I skipped some of the steps.” (S1: Female)
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“I had no idea about coding, and it is easier than | thought, we can do anything
via coding.” (S9: Female)

“Coding is easier than | expected, only you must think slowly and in a detailed
way, and it is important not to skip some parts.”(S4: Female)

Mechanics Theme Related Findings

This theme covers the student opinions on sensors and actuators, which are
mechanic components of the O-bot, throughout the activities. Accordingly, in terms
of the mechanical dimension of robotic activities, the students presented their opinions
on the functions of the components making up the robot and having some knowledge
of robots. The categories and codes accessed under the mechanics theme within the
scope of the research are presented in Table 7.

Table 7
Categories and codes related to mechanics theme
Categories Codes f
Knowledge of robots Perception of robots 12
Sensors 8
Actuators 6
Each component has an individual ~ The hardest part 15
function Proper installation 9
Using the right mechanism 6

The codes and categories about mechanics theme represent: the students'
perception of robots has changed, their awareness of the sensors and actuators of the
robots has increased, and they think that the selection of the component with the right
function as well as proper installation thereof is necessary. The findings show that the
robotic perception of the students has changed due to their experiences with the
mechanical aspect of the robots and their awareness of mechanical parts and their
functions has increased. Moreover, according to the students' opinion, it was the
mechanics dimension that the students had the most difficulty throughout the activity.
In this regard, student responses obtained from student opinions are directly quoted
as follows.

I have learned that robots have the ability to see. There are more parts of the
robots than | have seen in the movies. You have the know the names and
functions of the sensors. You have to insert them in the right place, this is both
important and very difficult (S3: Female)

It was difficult to join the cables and learn where they belong. Sometimes | got
confused and the robot did not do as | command. For example, | did not know
the location of the Sim card on the robot before the class ( S12: Male)
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“Connecting the mechanisms, in fact finding the right mechanism, was quite
hard. It was also difficult to decide what to choose, line tracking or light sensor. You
have to think well and make a thorough decision.” (518: Male)

Teamwork Theme-Related Findings

This theme includes the student opinions on group work applied in the activities.
In this respect, it was found that the students experienced group work through
cooperation, fun learning, and socialization as well as the tasks they assumed in the
group. The categories and codes accessed under the teamwork theme within the scope
of the research are presented in Table 8.

Table 8
Categories and codes related to teamwork theme
Categories Codes f
Cooperation Recognition of bad codes 4
Asking about what is not 3
understood 2
Supporting
Fun learning Far from boring 10
Different opinions 8
Socialization New friendships 9
Harmony 1
Group task Coding 6
Mechanics 5
Artistic design 3
Problem-solver 3
Spokesman 1

The student opinions on teamwork are associated with the categories of
cooperation, fun learning, socialization, and group task. Students stated that the
activity was beneficial in terms of the realization of bad codes, asking about what is
not understood by other students, and obtaining social support in this sense,
particularly within the coding stage of the group work conducted during design
thinking-based activities. Apart from that, it was expressed that teamwork made
learning fun; however, when it comes to the design dimension, different opinions were
sometimes facilitating and sometimes difficult. In addition, they stated that they made
new friends through group work and during the processes in which they shared their
projects. When asked about their overall role in group work, task sharing in different
components of the project was stated to be as follows: coding, mechanic tasks,
designing, solution development, and presentation of the project; and the students
associated themselves with specific tasks. In this regard, student responses obtained
from student opinions are directly quoted as follows.
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“Working on one's own would have been boring and difficult; working
cooperatively is more fun.” (S5: Female)

“Asking questions about the robot and sending/receiving messages via the forum
was nice, it was a social environment. Asking questions to our friends and helping
each other was nice.”. (S8: Female)

“Chatting with my friends on robots, even in the school bus, is very nice. There
are numerous ideas.... Sometimes it is not easy to do what everyone wants.” (S13:
Male)

“.... In some projects, we had to cooperate with another student, for example, we
had to be in harmony when taking the rabbit robot to its burrow.” (S11: Male)

“As | am good at drawing, decorating, and clothing the robot was generally my
task, and of course, my friends helped me.” (S6: Female)

Problem-solving Theme Related Findings

This theme covers the student opinions on problem-solving processes they
experienced during the project tasks they are given within the scope of the study. The
categories and codes accessed under the problem-solving theme within the scope of
the research are presented in Table 9.

Table 9
Problem-solving theme related findings
Categories Codes f
Research Detailed thinking 7
Web search 5
Puzzle 3
Imagination 7
There is more than one 7
answer
Creativity Realizing how they would 5
feel
Empathy Drama 3
Discussion 2

The student opinions on the theme of problem-solving were determined to be
associated with the categories of research, creativity, and empathy. Thus, the students
point to the fact that the opportunity to web search on problem situations regarding
their project tasks was quite beneficial, ensuring the ability to detailed thinking and
learning. Likening the problem-solving process to a puzzle, the students stated that
robotic design required imagination and different points of view to lead to better work.
Some students expressed that drama activities made it easier for them to understand
individuals with different needs, and thus they could find various solutions. In this
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regard, student responses obtained from student opinions are directly quoted as
follows.

“Sometimes, | have to use my imagination for problem-solving. | realized that
imagination is important.” (S14: Male)

“Sometimes, a problem is like a puzzle. You have to think piece by piece.” (S16:
Male)

“It was easier to come up with an idea when I understood what visually impaired
people went through.” (S7: Female)

“Web search gave us new ideas.” (S2: Female)

“The problems may have different solutions; | do not think that there is only one
answer.” (S1: Female)

Robotic View Theme-Related Findings

This theme includes student opinions on changing perspectives on robots
throughout the whole process, from coding to design. The categories and codes
accessed under the robotic view theme within the scope of the research are presented
in Table 10.

Table 10
Robotic view theme related findings
Categories Codes f
Robotic image Fun process 14
Robotic control 10
Creativity 7
Sensors and actuators 6
Change of robotic perception 18
Robot awareness Level of knowledge 18
Recognizing the robots in their 9

surrounding

The student opinions on robotic view were associated with the categories of
robotic image and robot awareness. Accordingly, it was observed that the pre-study
robotic image of students was a single type, generally in the form of a car, due to the
movies they watched while their perceptions of robots and their capabilities changed
post-study. The students indicated a change of opinions since they did not realize
robotic aspects other than car races, i.e., the aspect of them playing bowling, dancing,
and being used in the representation of cultural and historical elements. Further, they
gave examples of a functioning robotic process behind many technological
instruments they come across during their daily lives, associating them with the
activities. In addition to these, opinions indicating that they had specific awareness of
the elements of the robots were shared, with their level of knowledge on the subject
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being developed. In this regard, student responses obtained from student opinions are
directly quoted as follows.

“It was fun to upload the code | wrote into the robot and see it move as |
command. | started to like robots even more.” (S10: Male)

“It was the first time | saw a real, moving robot. Robots are lovelier than | see in
movies, they do not look like boring car robots or fighting transformers.” (S3: Female)

“l had so much fun when it was us who moved the robots. It was nice to
experience robot-making closely. Robots are not normally so smart, but when we
upload, they work.” (S13: Male)

Coding the robots and making them dance was fun, I did not expect it to be fun,
but thanks to this project | realized it. ..... It was so much fun to make the robot
play bowling; the janissary band activity was very surprising. (S8: Female)

“I realized that we were able to make the same caterpillar train as in the malls.
Actually, it was a robot too.” (S2: Female)

“Before | thought the robots only worked, but now I know that they can also play
games.” (S6: Female)

“Making robots is exciting, so | was excited. | liked the janissary band and
caterpillar train most. Robots can do anything; you just need to code them as you
want.” (S17: Male)

Findings Related to the Theme of Self-Evaluation in Science and Technology

This theme covers student opinions on science and technology through their
experiences during the activities. The categories and codes accessed under the self-
evaluation on science and technology theme within the scope of the research are
presented in Table 11.

Table 11
Categories and codes of self-evaluation on science and technology
Categories Codes f
Self-sufficiency Desire to build his/her robot 18
Level of knowledge 18
Increase in interest and effort 14
Increase in computer skills 7
Increased confidence 18
Technological awareness Importance of details 16
Curiosity in computer sciences 8
Artificial intelligence 2
Future and carrier planning Participation in courses and 14
competitions 4

Becoming a scientist
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The student opinions were determined to be associated, in relation to the theme
of self-evaluation in science and technology, with self-sufficiency, technological
awareness, and future and carrier planning categories. Accordingly, the students
desired and targeted to design their robots in their houses after the activities, which
they associated with the increase in their level of information and skills. Moreover, it
was found that their awareness, especially of computers and robotic technologies,
increased and they planned to work on artificial intelligence. The students associated
their experiences throughout the activities with the goals of developing their
competencies by attending new courses, displaying their skills in national
competitions, and being a scientist. In this regard, student responses obtained from
student opinions are directly quoted as follows.

“I realized | had to be careful about details. When | found out that the food
processor is not a robot, | was surprised, now | know the difference.” (S4: Female)

“I've never been this involved in technology before. It was actually a fun job.”
(S9: Female)

“ The world of technology is interesting. My computers skills increased.” (S5:
Female)

“I want to be witty in computer-related issues. | want to give fast answers to the
questions asked. I can now make my own robot.” (S15: Male)

“I want to make a robot that looks like me, because I can.” (S11: Male)

“I can now buy a robot and program it. | want to be a scientist when | grow up.
I will make a robot capable of thinking by itself.” (S18: Male)

Discussion, Conclusion and Suggestions

The findings of the study show that there is a change between the pretest and
posttest mean planning times of the students, 17% resulted from the applied
experimental model. According to this finding, it can be advocated that design
thinking-based robotic activities increased the planning time-related student scores.
In other words, the students, while deciding on their first moves in relation to the
target problem, needed to spend more time post-implementation even though they had
spent less time pre-study. The planning time covers the time spent coding the problem,
generating potential solutions, and selecting the appropriate one whereas the
conceptualization includes the generation of visuospatial structures, potential
solutions, analysis, and inhibiting inappropriate responses (Tunstall, 1999). From this
point of view, it can be suggested that design thinking-based robotic activities
increased the time the students spend on planning. Indeed, the results of studies in
which different robotic activities were applied in different age groups revealed that
the robotic activities increased the time spent on planning (Di Lieto et al., 2017; Di
Lieto et al., 2020). However, in the study by Arfé et al. (2020), where the effect of
coding and STEM activities on executive function skills was investigated, it was
found that STEM activities resulted in a significant impact on planning time while
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coding activities did not have a significant effect on planning time. Taking the
similarities and differences with the literature into account as a whole, the outcome
obtained within the scope of our study may have resulted from the process created by
design thinking. When the finding reached by Arfé (2020) is interpreted with that of
our study, it is possible to articulate that the variable that created the effect on planning
time is the design thinking. Indeed, it stands out as an integral part of the STEM
training process, revealing a mutual advantage relationship between them that requires
design thinking, and nurturing one another (Alashwal, 2020; Li et al., 2019; Margot
& Kettler, 2019).

Empathy is addressed as an important component of design thinking due to its
aspect that facilitates understanding the essence of the problem being worked on
(Voigt et al., 2019). With the implemented activities, the students who have to think
more comprehensively, empathize with the groups experiencing the target problem
when necessary, and review their needs in social life, may have to spend more time
on planning. The students who have to consider, beyond coding, the robots' function
in social life as well as the design of the physical environment emphasizing this
situation may tend to restrain from faulty moves to reduce workload and thus spend
more time on planning. The processes engaging design thinking direct the students to
take such questions as “What if I did this?”” and “What needs to be done if ...?” into
consideration and construct the process on their minds first (Carroll et al., 2010). From
this point of view, it can be suggested that design thinking-based robotic activities
increased the time the elementary school students spend on planning, which finding
is corroborated by other study results. Among qualitative study findings, the students'
deduction that design thinking-based robotic activities require detailed thinking,
research, and attaching importance to each stage supports the quantitative finding
related to spending more time on planning.

Research findings reveal that there is no change in the pretest-posttest scores of
the students in terms of the number of problems solved at the first attempt, due to the
experimental model. The number of problems solved at the first attempt measures the
accuracy of the individuals' first plans (Tunstall, 1999). In this context, it may be
articulated that design thinking-based robotic activities do not create an impact that
will increase the accuracy of the students' first plans. Contrary to the present study
findings, La Paglia et al. (2018), in their study where they tested the effect of robotic
activities involving the use of Lego Mindstorms on the planning skill, found that there
was a decrease in the number of moves/attempts made by the students while problem-
solving. This may result from the fact that the designing process is time-consuming
and has a progressive structure, due to which it creates an effect occupying the
working memory. It was pointed out in various studies that complex tasks increase
cognitive load; the increasing working memory demands affect the planning behavior
of the individual, thereby triggering simultaneous planning tendency rather than the
first plans; and that simultaneous planning decreases the working memory load
(Brown & Schmitter-Edgecombe, 2020; Davies, 2003; Kostering et al., 2014). Phillips
et al. (2001) found that the individual processes of analyzing the problem, defining
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sub-goals, generating solutions, and evaluating the action plan are affected by the
limitations of memory. It was stated that correct planning was more dependent on
simultaneous planning than mental planning, to a substantial extent (Phillips et al.,
2001). The fact that the robotic activities applied within the scope of the study do not
have an impact on the accuracy of first plans might as well result from the tendency
of planning our daily experiences. Our daily life plans change spontaneously, and we
find ourselves in a situation to modify our plans and decisions simultaneously (Cohen
& Conway, 2007; Phillips et al., 2001). In this regard, the duration of the activities
included in the study may not be enough to change this general tendency, and long-
term studies might be needed. Moreover, because the overall activity duration is
shorter than the duration in which the activities of the study are applied in the study
by La Paglia et al. (2018), it can be said that the activity time may not alone be
sufficient to account for this finding related to the lack of a change in the number of
problems solved at the first attempt.

The data obtained from the study display that there is a 22% change, due to
experimental activities, in the number of problems solved by the students at three
attempts pre- and post-application. It was thus found that the number of problems
solved by the students at three attempts showed an increase owing to design thinking-
based robotic activities. It was expressed that the number of problems solved at three
attempts measure the skills of recognizing and compensating for the mistakes,
monitoring actions, generating feedback, and making use of said feedback while
setting strategies (Tunstall, 1999). Hence, it can be said that design thinking-based
robotic activities improve simultaneous planning skills. This may result from the fact
that the progressive, sequential pedagogical approach adopted in the study encourages
the students to make their plans based on their experiences in every step, rather than
making an overall plan. Design and planning processes may have directed the students
towards testing and compensating for their mistakes and planning their new moves
accordingly. It was pointed out that the children using simultaneous planning included
the characteristics of the problem in their plans to a greater extent (Case, 1985, as
cited in Tunstall, 1999). Indeed, it was detected that programming skills are highly
associated with metacogpnitive skills like self-regulation and monitoring (Robertson et
al., 2020). Oztiirk (2020) has found that the better the self-regulation skills of the
students, the better their proportional reasoning skills. At this point, the reasoning skill
which is addressed as logical thinking, making judgments and deductions (Dinger &
Cantiirk Glinhan, 2020), may represent the skill they engage in the increase in the
number of problems solved at three attempts. The findings of the present study might
be said to be consistent with the findings of other studies. The study by Socratous and
loannou (2019) found that the robotic activities implemented in STEM classrooms
affected the skills of regulation of cognition, e.g., meaning monitoring and debugging
strategies. The results from other studies indirectly reveal, in a way to corroborate the
study findings, educational robotics and coding activities improve the skills of critical
thinking (Gorakhnath & Padmanabhan, 2020; Tonbuloglu & Tonbuloglu, 2019) and
algorithmic thinking (Chiazzese et al., 2019; Tonbuloglu & Tonbuloglu, 2019)
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The study findings indicate that design thinking-based robotic activities has led
to a 31% change in the pre- and post-application planning skills of the students. Hence,
it can be advocated that the basic hypothesis of the study has been confirmed and
design thinking-based robotic activities improve the students’ planning skills. This
finding appears to be compatible with the findings obtained by other studies in the
literature (Aratjo and Azoni, 2020; Arfé et al., 2020; La Paglia et al., 2018).
Consistent with the existing findings, the findings of the present study reveal that
design thinking-based robotic activities improve the students' planning skills. At this
point, differing from the other studies, it can be articulated that a pedagogical
approach intended for the application of robotic activities has been experimentally
proven to be efficient within the scope of the present study.

Study findings point to the fact that there was no gender-related difference in
planning time, the number of problems solved at the first attempt, the number of
problems solved at three attempts, and total score levels. This may be interpreted as
the girls and boys experiencing the application activities in the same way. The
findings from other studies in the literature also show that there is no significant
gender-related effect on the performance with robotic activities (Castro et al. 2018;
Sullivan & Bers, 2016; Taylor & Baek, 2019). This may have resulted from the fact
that the pedagogical approach adopted in the study as well as the design thinking
process enabled the students, girls and boys equally, to use the most suitable strategy
for them during robotic activities. Angeli and Valanides (2020) found that girls and
boys participated in the process applying different strategies. Furthermore, the robotic
activities, the effects of which are investigated within the scope of the study, have
been performed adopting an approach that engages design thinking; wherein each
stage of the employed model requires teamwork and cooperation. The finding
obtained by the study of Kii¢lik and Sigsman (2020) indicating that gender is not a
variable having an impact on teamwork and STEM attitude emphasizes the role of
design thinking in our study findings. The design dimension covered by educational
robotic activities may have eliminated the potential effect of gender on the utilization
of the activities. However, it was found in the study by Sullivan and Bers (2013) that
there was no significant difference between girls and boys in terms of overall robotic
tasks while there was a difference in mechanics and coding performances. This, in
turn, emphasizes the importance of the pedagogical model applied in the delivery of
educational robotic activities. The activities which are conducted with a focus on
technical subjects, and which do not involve a planned pedagogical understanding,
but serve as a transfer of technology may cause gender-related variables such as
prejudices, stereotypes, and lack of experience in technical subjects, to have more
impact on the learning process. It has been stated that a developmental gender-
sensitive robotic learning environment will enable both female and male students to
have a positive learning experience (Angeli & Valanides, 2020). When evaluated as
a whole, all the above can be interpreted as follows: a gender-based change in the
students' planning skills was not observed and the students experienced the learning
process equally, i.e., without any gender-related distinction. However, among the
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qualitative findings, the robotic perception that robots can be made to dance and play
games was surprising and was entirely attributable to the girls' opinions. Besides, the
fact that those who state that imagination is important in robotic activities were the
boys makes one consider that the dimensions nourishing female and male students'
awareness of design thinking-based activity process may vary. It is noteworthy that
all the students referring, among qualitative findings, to cooperation in the teamwork
theme and 'there is more than one answer' in the problem-solving theme were all girls.
Angeli and Valanides (2020) found that female students preferred more cooperative
interaction in robotic activities than male students did. It may be set forth, however,
that it did not reach levels creating a gender-based change in planning skills and
learning process-related experiences of the students. This may reveal the aspect of a
design thinking-based process that activates the executive function skills, meeting
student needs, and expectations regardless of gender, and improving metacognitive
skills from this standpoint.

The findings regarding how the students experienced design thinking-based
robotic activities within the scope of the study display that the students' perceptions
and self-sufficiency opinions on robotic subjects have changed. It has been found that
the change in students' perception of robots is connected to the coding process and
that their awareness of the necessity of coding and the stages it involves has increased.
For instance, the students' perception that the robots can do everything they are told
has turned into one that the robots can do everything they are coded for. A similar
outcome was observed in the study by Mayerova et al. (2019), wherein the students'
perception of the technical capacity of the robots and the limitations of their
capabilities was found to have changed.

The mechanical dimension of the activities was determined to be evaluated as
the most challenging and complicated part. In the robotic activity conducted with
elementary school students by Tatlisu (2020), the students stated that they had
difficulty with the tasks involving mechanical parts. As the teamwork dimension-
related findings show; the students experienced a difficult subject like robotics by
asking questions to and helping one another made the process more fun for them;
however, differing opinions were challenging and the students assumed specific roles
while performing their projects. Atmatzidou and Demetriadis (2014) found in their
study that the students liked group work and assumed various roles within the group.
Similarly, in Durak et al.'s (2018) study, it was determined that the students
experienced group work in robotic activities with the concepts of cooperation and
sharing.

It was found, in relation to the problem-solving dimension, that the students
considered research, creativity, and empathy beneficial in achieving a solution. It may
be asserted that the student opinions on research, creativity, and empathy might have
resulted from the pedagogical approach adopted within the scope of the study whereas
their opinions on progressive thinking and the necessity of action may have stemmed
from the experiences of algorithm writing. In the study by Tatlisu (2020), it was found
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that robotic activities directed the students to progressive thinking in solving problems
and had an impact on problem-solving approaches.

The most outstanding among the qualitative findings is the observable change in
the students' awareness of robotics. It could be asserted that after the activity, the
students' misconceptions about robotics were corrected, their image and mindscape of
robotics changed, and they started to show an interest in robotic technologies, with
more flexibility in thinking Particularly, it can be said that their perspective on what
they can do with robots has changed in a way to go beyond possible stereotypes and
be reflected in their plans for science and technology. Likewise, there exist study
findings in the literature that foresee the students' future-carrier plans being associated
with robotics-related targets after the robotic activity (Atmatzidou & Demetriadis,
2014; Tatlisu, 2020). This may have resulted from the aspect of the design dimension
incorporated into the study, which brings the process closer to daily life and children's
world, beyond mere programming and mechanics. In addition, the students shared
opinions on their improved computer use, coding, and robotic skills, associating their
plans with this notion of self-sufficiency. Durak et al. (2018) also found that post-
robotic activity student opinions on self-evaluation came forth in the codes of
computer use, robotic design, and programming.

Study results indicate that the employed model yielded an increase in the skills
of debugging, making use of feedback, and action monitoring, which are interpreted
with the increase in the number of problems solved at three attempts. Although it
presents an overall idea, this result makes it compulsory to conduct novel studies using
different measurement tools with a view to the determination of which of these sub-
skills present(s) the effect to a higher level. It has been found that design thinking-
based robotic activities improved the planning skill, and yet working with the students
of the same age group within the scope of the study does not make it possible to
exclude the implicit effect of the age factor and developmental characteristics of the
period on sub-skills like inhibition. Future studies could investigate the effect of the
developed robotic activities on different age groups, with the same pedagogical
understanding. The fact that the implemented activities do not have a significant
impact on the accuracy of the students’ first plans could be examined in terms of the
activities' cognitive load and the causative factors. Novel studies compare the same
activities to another group in which they are performed without design thinking stages
to observe the pure effect of design thinking on such results.

One limitation of the study is that design thinking-based robotic activities subject
to the study were tested using a one-group pretest-posttest design in addition to the
lack of another group making comparison an option. Planning skill was measured
using the TLT4 test, and the obtained results were limited to the precision and
competence of the measuring tool in terms of measurement of the planning skill. The
planning skill-related pretest scores of the students in the study group are equivalent,
and the fact that skills such as using the right hand and algorithmic thinking that could
affect the process were not excluded is considered a limitation.
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Tasarim Odakh Diisiinmeye Dayal Robotik Etkinliklerin
Planlama Becerisine Etkisi

Egitsel robotik etkinlikler, 21. yilizyilda basarili olmay:1 saglayan becerilerin
gelistirilmesi silirecine katki saglayabilecek, onemli araglardan biridir (Khanlari,
2013). Nitekim erken yaslarda, 6zellikle ilkokulda verilen robotik kodlama egitimi
bilgi ve iletisim teknolojilerinin tanitiminin eglenceli bir yolu olmanin yaninda; teknik
konulardan ¢ok egitimbilimsel hedeflere odaklanilarak, ¢ocuklarin mantiksal ve dilsel
becerilerinin gelisimine de katki sunmaktadir (Scaradozzi ve dig., 2015). Robotik
etkinlikler tasarim, olusturma ve programlama siiregleri ile Ogrencileri, sorun
¢ozmede karsilastiklar1 zorluklarla bas etmeye 6zendirerek, 6grenme ortamindaki
iiretici ve tasarimci konumlarini dne ¢ikarmaktadir (Lathifah ve dig., 2019). Gergek
yasam durumlarma dayali acik uglu sorular ve sorun ¢ézme durumlar ile robot
tasarlama etkinlikleri, 6grenci yaraticiligi ve merakinin giidiilendigi, yapilandirmaci
yaklagima dayali olarak, dgrencilerin kendi biricik anlamlarimi yaratmalarina olanak
saglayan etkin (aktif) 6grenme cevreleri sunmaktadir (Amo ve dig., 2021). Egitsel
robotik etkinlikler, bir yandan programlama gibi kodlama gerektiren, bir yandan da
yaraticilik, soyutlama gibi kodlama gerektirmeyen becerileri kullanmaya 6zendirerek;
cocuklarin erken yaslarda bilgisayar bilimi ile mesgul olmalarini saglamaktadir
(Anwar ve dig., 2019).

Nitekim egitsel robotik etkinlikler ve robot yarigmalari son donemlerin popiiler
etkinlikleri olup, 6grencilerin elestirel diisiinme ve sorun ¢dzme becerilerini harekete
gegirmektedir (Menekse ve dig., 2017). Robotik yarigmalar bir yandan dgrencilerin
yenilige ve yaraticiliga iligkin i¢sel giidiilenmelerini harekete gegirirken, bir yandan
da merak, gozlem ve etkilegimi igse kosarak yasam boyu 6grenme becerilerini besleyen
bir alan yaratmaktadir (Anwar ve dig., 2019). Egitsel robotik etkinlikler bir yandan
planlama yapmay1, eylemlerin sonuglarini tahmin etmeyi, uygun hamleleri segmeyi,
hipotez liretmeyi gerektirmesi; bir yandan da planlanan eylemin aninda doniit almaya
ve hipotezi test etmeye olanak vermesi nedeniyle 6grencinin edimini, olasi hatalarina
iliskin bir 6z degerlendirme ve muhakeme yapmasini, kararlarini giincellemesini ve
atacagi adimlari tekrar planlamasini saglamaktadir (Bargagna ve dig., 2019; La Paglia
ve dig., 2018). Bu yoniiyle egitsel robotik etkinliklerin yonetsel fonksiyon becerilerini
ise kosan ve pekistiren bir 6grenme siireci olusturdugu sdylenebilir.

Yonetsel fonksiyon becerileri, giinlilk yasamdaki islevselligi ile 6ne ¢ikan bir
dizi gerekli ve karmasgik biligsel kontrol becerisini belirtmektedir (Marzocchi ve dig.,
2020). Das ve Misra (2014) yonetsel fonksiyon becerilerine iliskin ¢cok sayida tanimin
bulundugunu; ancak bu tanimlarin temel bilesenlerinin benzer olup planlama, karar
verme, muhakeme ve kendilik algisi becerilerine karsilik geldigini belirtmektedir.
Yonetsel fonksiyon becerileri, yasamin ilk yillarinda gelismeye baslamakta olup,
belirgin gelisimsel degisim, ¢ocukluk ve ergenlik yillarinda ortaya ¢ikmaktadir (Best
ve Miller, 2010). Bu degisimleri ise planlama, ketleme ve esnek diisiinme gerektiren
sorun durumlarina iliskin gorevlerde gozlemlemenin olanakli oldugu belirtilmektedir
(Knapp ve Morton, 2017).
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Planlama becerisi, yonetsel fonksiyon becerilerini olusturan ii¢ temel sistemden
davranislarin kontrolii, diizenlenmesi, stratejilerin se¢imi, olusturulmasi ve edimin
izlenmesinden sorumlu olan sistemi belirtmektedir (Das ve Misra, 2014). Planlama,
yonetsel fonksiyon becerilerinin merkezinde konumlandirilmis iist diizey bir bilesen
olarak belirtilmektedir (Will ve dig., 2014). Benzer olarak Tunstall (1999) da yonetici
fonksiyonlara iliskin tanimlamalarda ve siire¢lerin tamaminda dne ¢ikan becerinin,
planlama becerisi oldugunu belirtmektedir. Bazi arastirmacilar planlamay: sorun
¢dzme becerisi ile birlikte tanimlayarak, sorun ¢dzme siirecinin zihinsel bir temsili,
bu siirecin bir pargasi olarak yorumlamiglardir (Hayes-Roth ve Hayes-Roth, 1979;
Juric ve dig., 2013; Zelazo ve dig., 1997). Benzer bir bakis agist ile Lezak ve dig.,
(2004) planlama becerisini bir amaca ulagmak i¢in bir dizi asamay1 tanimlayabilme
ve diizenleyebilme kapasitesi olarak tanimlamigtir. Shallice ve Burgess (1991)
yonetici dikkat sistemleri modelinde planlama becerisini sorunu fark etme, sorunu
tanimlama, hedefe erismek i¢in plan yapma, plani uygulama, sonuglari izleme,
degisiklik yapmak i¢in geri bildirimlerden yararlanma seklinde bilesenleri olan {ist
biligsel bir fonksiyon olarak ele almiglardir. Aragtirma kapsaminda planlama
becerisinin 6l¢iilmesinde kullanilan Dort Diskli Londra Kulesi Testi (LKTa4) ni
gelistiren Tunstall (1999) ise planlamay1, eylemden 6nce ger¢eklesen 6n planlama ve
eylem sirasinda gerceklesen es zamanli planlama olarak ele almistir.

Planlama becerisi 6zelinde yonetsel fonksiyon becerilerini énemli ve bu
aragtirmaya konu kilan yonii ise ¢esitli arastirmalarda yonetsel fonksiyon becerilerinin
6grenme bozukluklar1 (Friedman ve dig., 2014; Holm ve dig., 2018; Toll ve dig.,
2011) ve noro gelisimsel bozukluklarin saptanmasi ve Onlenmesi ile
iliskilendirilmesidir (Crisci ve dig., 2021; Otterman ve dig., 2019). Hedef yonelimli
kalma, karsit diirtiilere ve dikkat dagiticilara direnme, kisa ve acil sonuglara degil;
olumlu sonuglara ulagsma gabasini gerektiren, planlama ve sorun ¢ézme gibi iist diizey
diistinme siireglerinin eslik ettigi yonetsel fonksiyon becerileri (Marzocchi ve dig.,
2020), bireyin 6grenme siireclerindeki edimini etkileyebilir. Bu noktada s6z konusu
becerilerin robotik etkinliklerin yiiriitiilmesine eslik eden, siire¢ boyunca ve sonunda
pekistirilmesine olanak saglayan bir yonii oldugu diisiiniilmektedir. Planlama
becerisinin verimli bir sekilde uygulanabilmesi igin bireyin varolan kosullardan
kaynaklanan degisiklikleri fark edebilmesi, i¢ginde bulundugu ¢evreyi ve gevreyle olan
etkilesimini nesnel olarak irdeleyebilmesi, secenekleri ve agirliklari fark
edebilmesi, se¢im yapabilmesi, bir planin uygulanmasina yon verecek kavramsal bir
yapiyl olusturan sirali ve siradizinsel fikirleri ¢oziimleyebilmesi, iyi bir diirtii
kontrolii, hafiza ve dikkati siirdiirebilmesi gerektigi belirtilmektedir (Lezak ve dig.,
2004). Bu yoniiyle arastirmaya konu edilen planlama becerisi 6zelinde yonetsel
fonksiyon becerileri, 6grenme siireglerinin kolaylagtirict bir aract ve ayni zamanda
arzu edilen ¢iktisi olabilir.

Yonetsel fonksiyon becerilerinin gelistirilmesi ile ilgili alanyazinda son yillarda
oyun ve Ogretim programi temelli yaklasim, teknoloji temelli yaklasim, fiziksel
etkinlige dayal1 yaklasim, strateji temelli yaklagim ve nedensel mekanizmalara dayali
olmak tizere bes temel yaklagimin 6n plana ¢iktig1 goriilmektedir (Marzocchi ve dig.,
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2020). Olusturulacak olan miidahale programlarmin y6netsel fonksiyon becerilerinin
biligsel, duyussal ve motivasyonel boyutlarini igermesi gerektigi belirtilmektedir
(Marzocchi ve dig., 2020). Buradan hareketle arastirma kapsaminda, yonetsel
fonksiyonla ilgili egitimlerde 6ne ¢ikan yaklagimlari da icermesi agisindan, egitsel
robotik etkinliklerin planlama becerisini gelistirme noktasinda incelenmesi gerektigi
diigiiniilmektedir.

Robotik programlama etkinlikleri gergeklestirilecek her eylemin, her adimin ve
sonuglarinin 6ngoriilmesini, uygun komutlarin se¢imini ve hedefe ulagma siirecinde
bu adimlarin stirekli tekrar edilmesini gerektirmektedir (Di Lieto ve dig., 2017).
Biligsel bir dongii i¢inde devam eden bu diisiinme siiregleri planlama, ketleme ve
calisan bellek becerilerini gliglendirme potansiyeline sahiptir (Di Lieto ve dig., 2017).

Kodlama ve egitsel robotik etkinliklerin biligsel beceriler tizerindeki etkisinin
test edildigi arastirmalar incelendiginde; agirlikli olarak goérsel uzamsal beceriler,
zihinsel rotasyon, gorsel bellek (Brainin ve dig., 2022); sozlii anlama, gorsel algi,
calisan bellek (D’ Amico ve Guastella, 2019); siirekli dikkat, goérsel ve zamansal algi,
0z diizenleme (Encarnacgdo ve dig., 2014); sorun ¢ézme (Caliskan, 2020; Gratani ve
dig., 2021); yansitict sorun ¢ézme (Budak ve dig., 2021; Kalelioglu, 2015); siralama
becerisi (Kazakoff ve dig., 2013); bilgi islemsel diislinme ve yaraticilik (Noh ve Lee,
2020); hikaye olusturma ve gorsel uzamsal beceri (Peretti ve dig., 2020) degiskenleri
iizerindeki etkisinin incelendigi goriilmektedir. Bu baglamda son yillarda egitsel
robotik etkinliklerin biligsel beceriler iizerindeki etkisinin arastirilmasina yonelik
ilginin yogun oldugu, ancak biligsel becerilerden olan yonetsel fonksiyon becerileri
iizerindeki etkisinin sinirl sayida ¢alismada incelendigi sdylenebilir.

Egitsel robotik etkinliklerin erken g¢ocukluk dénemindeki ¢ocuklarin gorsel
uzamsal bellek, ketleme (Di Lieto ve dig., 2017) ve 6zel gereksinimli ¢ocuklarin
ketleme becerilerine (Di Lieto ve dig., 2020) etkisinin arastirildigi ¢alismalarda,
planlama becerisine olan etkisine iliskin yorum getirilmekle birlikte, 6zel olarak
planlama becerisi lizerindeki etkisinin incelenmedigi goriilmektedir. Bunun yani sira
s0z konusu calismalarda, kiiciik yas grubu ile ¢alisilmasi nedeiyle fiziksel 6grenme
ortaminda robotik etkinlikler gergeklestirilmis olup, sanal ortamda robotik
etkinliklere yer verilmemistir.

Arfé ve dig., (2020) sanal 6grenme ortaminda yapilandirilmis kodlama ve STEM
(kodlama igermeyen) etkinliklerinin 6grencilerin yonetsel fonksiyon becerilerine olan
etkisini karsilastirdiklart aragtirmanin sonuglari, kullanilan testlere gore farklilik
gostermistir. S6z konusu arastirmada STEM etkinliklerinin uygulandig1 grupta
ketleme becerisi (planlama zamani) agisindan anlamli bir degisim gozlenirken;
kodlama etkinliklerinin uygulandigi grupta anlamli bir degisim olusmamistir. Bu
noktada kodlama etkinliklerinin ydnetsel becerilere olan etkisinin arastirilmaya
muhtag noktalar1 oldugu sdylenebilir. Nitekim Arfé ve dig., (2020) ilkokul 1. siif
Ogrencileriyle yiiriittiikleri bu arastirmanin, daha biiyiik yas grubunda ve daha az
yapilandirilmig yaratici sorun ¢ézme etkinliklerini igerecek sekilde yiiriitiilmesinin,
Ogrencilerin yonetsel fonksiyon becerileri iizerinde daha biiyiik bir etki yaratacagim
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belirtmektedirler. S6z konusu aragtirmalardan farkli olarak bu arastirmada robotik
kodlama etkinlikleri sanal ve fiziki O0grenme ortamlar birlikte kullanilarak
gerceklestirilmistir. Dijital ve sosyal oyunlardan farkli olarak fiziki robotik
etkinlikler, 6grencilere kurallar1 algilamaya ve diirtiisel hamleleri ketlemeye yonelik
somut geri doniitler vermektedir (Di Lieto ve dig., 2017). Bu durum &grencilerin
hamlelerin sonuglarint dogrudan gézlemleyip, yeni hamlelerini planlamalarina ek
katk1 sunma potansiyeli yaratmaktadir.

Arastirma konusu ile benzer olarak La Paglia ve dig., (2018) tarafindan ilkokul
5. smuf dgrencileri ile yiiriitiilen ¢aligmada, egitsel robotik etkinlik uygulanan grubun
planlama becerisi ve hamle sayilarinda miidahale programindan kaynakli istendik bir
degisim oldugu saptanmistir. Araujo ve Azoni (2020) tarafindan egitsel robotik
etkinliklerin 15-16 yas grubu 6grencilerin yonetsel fonksiyon becerileri tizerindeki
etkisinin arastirildigi c¢alismada planlama becerisi iizerinde anlamli bir etki
gozlemlenmistir. Bununla birlikte sozii edilen arastirmalarda, bu degisimi yaratan
stireci Ogrencilerin nasil deneyimlediklerine, planlama becerisi hakkinda onemli
ipuglar1 veren planlama zamani, ilk denemede ¢6ziilen sorun sayist, iic deneme iginde
¢oziilen sorun sayisi degiskenlerine iliskin bulgulara, egitsel robotik etkinliklerin
hangi egitimbilimsel anlayis c¢ercevesinde gergeklestirildigine yonelik yeterli
aciklamaya yer verilmemistir.

Buraya kadar iizerinde durulanlardan hareketle bu arastirmanin amaci Aratjo ve
Azoni (2020), Arfé ve dig., (2020); Di Lieto ve dig., (2017), Di Lieto ve dig., (2020)
ve La Paglia ve dig., (2018) tarafindan gerceklestirilen arastirmalarin sonuglarini
genisletmek ve derinlestirmektir. Bunu yaparken belirli bir egitimbilimsel yaklagimin
egitsel robotik etkinliklerin uygulanmasi siireglerinde kullanimina iliskin deneysel bir
ornek ve ayni zamanda 6grenci deneyimlerine yonelik ayrintili bir veri sunmak
amaglanmistir.

Yonetsel fonksiyon becerilerini gelistirmeye yonelik egitimlerin oyun ve
Ogretim programi temelli, yeni teknolojileri ve farkli disiplinleri birlikte kullanmay1
iceren bir perspektifle yapilandirilmasinin, yonetsel fonksiyon becerilerinin giinliik
yasama uzanan biligsel ve duyussal yonlerini 6zendirmesi gerektigi belirtilmektedir
(Marzocchi ve dig., 2020). Tasarim odakli diigiinme, bireyin deneme, yaratma,
modelleme, geri bildirimleri toplama ve yeniden diizenleme becerilerini ise kosan
analitik ve yaratict bir siire¢ olarak belirtilmektedir (Razzouk ve Shute, 2012).
Tasarim odakli diisinmenin okul etkinliklerinde yer verilen temel diisiinme modeli
olarak ele alinmasi, yalnizca hali hazirdaki mevcut gerceklik ve ilkeleri 6gretmeye
odaklanmanin o&tesinde tasarim, disiince iretimi siireglerine agirlik verilmesi
onerilmektedir (Li ve dig., 2019). Arastirma kapsaminda yaratilmaya calisilan sanat,
miizik ve kiiltiir 6gelerinin yer aldig1 tasarim odakli bir robotik siirecin, 6grencileri
kodlama ve algoritma yazma agsamalarinin diginda da planlama becerilerini
kullanmaya yonlendirecegi diisiiniilmektedir. Marzocchi ve dig., (2020) yonetsel
fonksiyon becerilerine yonelik miidahale programlarint inceledigi ¢aligmasinda en
olumlu sonuglarin, etkinliklerin dgrencileri sanal ortamin disina ¢ikmaya ve oyun
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oynamaya zorladigi egitimlerde ortaya ¢iktigini belirtmektedir. Bu noktadan hareketle
bu arastirmada tasarim odakli diisiinmeye dayali robotik etkinliklerin planlama
becerisine olan etkisinin arastirilmasi; planlama becerisine iliskin dnceki
aragtirmalardan gelen sorularin 6grenci deneyimlerini iceren veriler ile aydinlatiimasi
amaclanmaktadir.

Amo ve dig., (2021) egitsel robotik kullanimina iligkin arastirmalarda, en ¢ok
yaparak yasayarak 6grenme ve ikinci olarak da proje tabanli 6grenme olmak iizere
sorun ¢dzme tabanli 6grenme, kesif tabanli d6grenme, yetkinlik temelli 6grenme,
igbirlikli 6grenme, deneyim temelli 6grenme ve simiilasyon temelli 6grenme gibi
yontemlere yer verildigini belirlemiglerdir. Bu noktada alanyazindan farkli olarak
tasarim odakli disiinmeye dayali robotik etkinliklerin uygulandigi ve etkisinin
6l¢iildiigii bu calisma gergeklestirilmistir. Alanyazinda egitsel robotik etkinliklerin
siklikla STEM konulari ile iliskilendirildigi ve ¢alismalarin farkli robotik kit tiirlerinin
kullanimi gibi bir alana sikistigi; robotlar1 programlama ve dizayn etme gibi
bilgisayar bilimi perspektifinin de dengeli bir sekilde siirece dahil edilerek,
ogrencilerin robotik etkinliklere katilimini 6ngdren farkli yaklasimlara gereksinim
duyuldugu belirtilmektedir (Jung ve Won, 2018; Kay, 2003). Egitsel robotik
aragtirmalarda teknolojiden egitimbilime kayan bir anlayisla, yalmzca robotik
teknolojiler degil; 6gretim programi, 6gretim kuram, yontem ve yaklagimlarin ele
alimmasi, Ogrencilerin nasil 6grendiklerini ortaya koyan, teknolojiyle olan
etkilesimlerinde degisiklik yaratilmasini 6ngoren arastirmalarin yapilmasi gerektigi
belirtilmektedir (Alimisis, 2012; Jung ve Won, 2018; Kay, 2003).

Mevcut ¢alismalardan farkli olarak bu ¢alismada, kodlama gibi teknik konularla
stire¢ smirlandirilmayip, tasarim odakli diisinmeyi robotik 6grenme siireglerine
entegre eden ve yonetsel fonksiyon becerilerini bu siiregte ise kosan 6zel bir
egitimbilimsel yaklasim esas alinmigtir. Buradaki amag¢ 6grenci ilgi, beklentilerine
duyarli ve 6grenme siirecinde kullanilmasi beklenen iist diizey diisiinme becerilerini
harekete geciren ve ayni zamanda bunlar1 besleyen bir anlayisin, egitsel robotik
etkinliklerin 6gretiminde kullanimina bir 6rnek sunabilmektir. Buna goére ydnetsel
fonksiyon becerilerini sinif ortamina tagimayi dngoéren ve Meltzer (2014) tarafindan
olusturulan model, Stanford Universitesi tasarim enstitiisiiniin rehberliginde Doorley
ve dig., (2018) tarafindan gelistirilen tasarim odakli disiinme modeli ile birlikte
yorumlanarak, arastirmanin amaglarina uygun pedagojik bir yaklagim ortaya
cikarilmaya calisilmistir. Meltzer (2014) yonetsel fonksiyon becerilerini ise kosan bir
smif ortaminin hedef belirleme, esnek diisiinme, organize etme, oncelikleme, hafizada
tutma ve kendini izleme siireclerini icerdigini belirtmektedir. Doorley ve dig., (2018)
ise tasarim odakli diisiinmeyi empati, tanimlama, fikir olusturma, prototip olusturma,
test etme agamalarindan olustugunu belirtmektedir. Tasarim odakli diisinmenin
ilkokul 6grencilerinin 21. yiizy1l becerilerini gelistiren, etkilesime ve isbirligine dayali
Ogrenme deneyimi sunan, etkili bir 6gretim stratejisi oldugu belirtilmektedir (Van
Gompel, 2019). Diigiincelerle oynamamiza, degisen kosullara esnek bir sekilde uyum
saglamamiza, dikkat dagiticilara direng gdstererek odagimizi siirdiirmemize olanak
veren yonetsel fonksiyon becerilerinin, pek ¢ok istendik beceri ve 21. yiizyilda basar1
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icin 6nemli bir yere sahip oldugunu belirtmektedir (Diamond; 2013). Bu noktadan
hareketle egitsel robotik etkinliklerin teknik becerilerin 6tesine gegip, 21. yiizyil
becerilerini ise kosacak sekilde sinif ortamina yansitilmasinda, yonetsel fonksiyon
becerilerini ise kosan ve tasarim odakli diistinmenin 6ne ¢ikarildig1 bir yaklagima
gereksinim duyuldugu soylenebilir. Bu baglamda Doorley vd,. (2018) ve Meltzer
(2014) tarafindan sunulan kavramsal ¢erceve, ayrintilari ilerleyen boliimlerde sunulan
sekliyle yorumlanarak arastirmamiza uyarlanmistir. Boylece egitsel robotik
etkinliklerin iist biligsel becerileri de icerecek sekilde, daha genis bir kapsamda ele
alan egitimbilimsel bir yaklasimin ortaya konulmasi ve buna iliskin 6rnek
uygulamanin deneysel kosullarda test edilmesi amaglanmaktadir.

Egitsel robotik etkinlikler siklikla sorunu pargalarina ayirma, soyutlama,
algoritma olusturma, hata ayiklama, yineleme ve genelleme olmak tizere alti boyutunu
kullanmalarin1 gerektirecek sekilde bilgi islemsel diisiinmeyi ise kogmaktadir
(Chevalier ve dig., 2020; Shute ve dig., 2017). Bilgi islemsel diisiinmeyi, 6zellikle de
sorun ¢Ozmeyi Ogrenme, soruni ele alma, bilesenlerini ve olasi ¢dziim yollarini
belirleyebilme becerisine baghdir, dyle ki bu isbirligi ile gelistirilebilmektedir,
isbirligi ise dogas1 geregi cinsiyet giidiimliidiir (Ardito ve dig., 2020). Arastirmalar
robotik etkinliklere katilim ve ilgide cinsiyet degiskeninin 6nemli bir role sahip
oldugunu ortaya koymaktadir (Gomoll ve dig., 2016; Witherspoon ve dig., 2016).
Aragtirmalar kiz o6grencilerin robotik etkinliklere iligkin Ozgiivenlerinin erkek
ogrencilere gorece daha diisiik diizeyde oldugunu gostermektedir (Kiiglik ve Sisman,
2020; Nourbakhsh ve dig., 2004).

Ardito ve dig., (2020) tarafindan yapilan robotik etkinliklerle ilgili dgrenci
deneyimlerinin arastirildig1 arastirmada, erkek dgrencilerin daha ¢ok kodlama, kurma
gibi robotik etkinliklerin operasyonel yoniine odaklandiklari, kiz 6grencilerin ise daha
¢ok grup dinamigi iizerinden etkinlikleri deneyimledikleri saptanmistir. Bunun yani
sira egitsel robotik kullanimina iligkin baska bir ¢aligmada da erkek dgrencilerin
bireysel, kinestetik, mekansal yonelimli ve materyal odakli, kiz &grencilerin ise
igbirligine dayali etkinliklerden daha ¢ok faydalandigi saptanmistir (Angeli ve
Valanides, 2020). Bu durum robotik etkinliklerde &grenci deneyiminin, ilgi ve
beklentilerinin cinsiyet degiskenine bagli olarak degisim gosterebilecegini,
dolayisiyla da gergeklestirilecek etkinliklerin verimini bu degisken géz Oniinde
bulundurularak artirmanin olanakli olabilecegini diigiindiirmektedir. Bu noktadan
hareketle 6grencilerin tasarim odakli robotik etkinliklere iliskin deneyimleri cinsiyet
degiskeni agisindan ele alinmistir.

Ardito ve dig., (2020) kalip yargilarin kiz ve erkek 6grencilerin  robotik
etkinliklere olan ilgi ve katiliminda 6nemli bir role sahip oldugunu belirtmektedir.
Nitekim kalip yargilarin robotik siireglere olan dogrudan etkisini gostermesi i¢in
carpici bir bulgu olarak, Sullivan ve Bers (2016) tarafindan yapilan g¢aligmada,
ogrenciler kullanilan robot kitinin ve diger malzemelerin kiz renklerinde olmadigi,
daha ¢ok arabaya benzedigi ve etkinliklerin kizlarin sevecegi tiirden olmadigini
belirtmislerdir. Gomoll ve dig., (2016) tarafindan yapilan ¢aligmada 6grencilerin
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ilgilerini yansitabildikleri, robotlarin1 kisisellestirebildikleri ve otonomiye imkan
veren dgrenme ortamlarinda &grenci katiliminin ve giidiilenmesinin yiiksek oldugu
saptanmistir. Bu baglamda arastirma kapsaminda tasarim temelli diisiinmeye dayali
bir siire¢ olusturularak, programlama agamalarinin ardindan 6grencilerin robotlarinin
fiziksel goriiniimiinii i¢inde bulundugu ¢evreyi miizik, sanat, kiiltlir alanlar1 agisindan
tasarlamalarina, tirinlerini kisisellestirmelerine olanak verilmistir. Arastirmalar bilim
ve teknolojinin sosyal yoniinii 6ne ¢ikaran insan merkezli robotik etkinliklerin, kiz
Ogrencilerin siirece katilimini artiran bir faktor oldugunu gostermektedir (Gomoll ve
dig., 2016). Bu noktada proje etkinlikleri arasinda giinliik yasam sorunlarina, engelli
bireylerin yasamlarini kolaylastirmaya yonelik etkinliklere yer verilerek, robotlarin
arabaya benzedigi gibi bir 6n yargimin, 6grencilerin bakis agilarini sinirlandirmasini
engellemek ve robotlarin farkli kullanim alanlarmna iliskin bakis agilarini genisletmek
amaglanmistir. Kullanilan &gretim stratejilerinin kiz ve erkek 6grencilerin robotik
etkinliklerle ilgili 6zgiiven, tutum, katilim ve yararlanma oranlarina dogrudan etki
ettigi belirtilmektedir (Angeli ve Valanides, 2020; Ardito ve dig., 2020; Nourbakhsh
ve dig., 2004). Nourbakhsh ve dig., (2004) tarafindan yapilan calismada takim
calismasi ve isbirligi iceren bir 6grenme ortaminin, kiz ve erkek dgrencilerin robotik
etkinliklere iligkin tutum ve 6zgiivenini olumlu yonde etkiledigi belirlenmistir. Bunun
yant sira tasarim odakli diisiinmeye dayalit STEAM etkinliklerinin kiz dgrencilerin
STEAM etkinliklerine iligskin 6zgiiven, katilim ve kariyer planlama diizeylerine etki
ettigi saptanmustir (Kijima ve dig., 2021).

Alanyazindaki cinsiyet degiskeninin robotik etkinliklerin verimine olan etkisine
yonelik ¢ikarimlardan hareketle, kiz ve erkek 6grencilerin miimkiin olan en yiiksek
diizeyde katilim gosterebilecekleri ve yarar elde edebilecekleri tasarim odakli
diisinmeye dayali bir robotik egitim siirecinin yaratilmasi planlanmistir. Boylece
cinsiyete bagl engelleyici ve kolaylastirict 6gelere iliskin bir verinin daha literatiire
kazandirilmasi amaglanmistir. Nitekim bir miidahale programinin etkililigi kadar,
hangi kosullar altinda ve hangi deneyimlerle gergeklestirildiginin de bilinmesinin yeni
uygulamalara ve olasi sorunlara yarar saglayacagi diisliniilmektedir. Cocuklarin
robotik teknolojilere iliskin 6grenme siireglerini netlestirmek, 6grenmeleri ve
basarisizliklarinin  arkasindaki anlami bulmak i¢in, Once seslerini duymak
gerekmektedir (Jung ve Won, 2018). Arastirmanin bagimli degiskeni olan planlama
becerisi ile ilgili olarak da, Marzocchi ve dig., (2020) yonetsel fonksiyon becerilerine
yonelik olarak yapilacak ¢aligmalarin neyin, kimin igin ve hangi kosullar altinda ise
yaradiginin 6zellikle ele alinmasi gerektigini belirtmektedir. Bu nedenle arastirma
kapsaminda nicel ve nitel aragtirma yontemleri birlikte kullanilarak, etkisi arastirilan
tasarim odakli diisiinmeye dayali robotik etkinliklerin kiz ve erkek 6grencilerce nasil
deneyimlendiginin derinlemesine incelenmesi amaglanmigtir. Buna gore arastirma
kapsaminda yanit aranan sorular asagidaki sekildedir.

e Kizve erkek 6grencilerin, planlama zamani 6n test son test puanlar1 arasinda
anlamli fark var midir?
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o Kiz ve erkek 6grencilerin, ilk denemede ¢oziilen sorun sayisina iligkin 6n
test son test dl¢limleri arasinda anlamli fark var midir?

o Kiz ve erkek 6grencilerin, ii¢ deneme iginde ¢dziilen sorun sayisina iligkin
On test son test 6l¢iimleri arasinda anlamli fark var midir?

e Kiz ve erkek Ogrencilerin, planlama becerisi 6n test son test puanlari
arasinda anlamli fark var midir?

o Kiz ve erkek Ogrenciler, egitsel robotik etkinliklere iliskin deneyimlerini
nasil degerlendirmektedirler?.

Yontem

Bu boliimde arastirma modeli, ¢alisma grubu, veri toplama araglari, uygulama-
veri toplama siireci ve veri analizine iliskin bilgilere yer verilmistir.

Arastirma Modeli

Bu arastirma nicel ve nitel arastirma yontemlerinin birlikte kullanildigi karma
desende modellenmistir. Karma desen tiirleri arasindan ise tasarim odakli diigiinmeye
dayali robotik etkinliklerin planlama becerisi lizerinde yarattig1 etkiyi olusturan siireci
ogrencilerin nasil deneyimlediklerini tespit etmek amaciyla agiklayici ardisik desen
secilmigtir. Bu desen ilk asamada nicel verilerin toplandig1 ve analiz edildigi; ikinci
asamada ise nicel verilere gore nitel verilerin toplandig1 bu desen, aragtirmanin nitel
boyutunda yer alacak Orneklemin seciminde nicel boyutta yer alan 6rneklemin
ozelliklerinin dikkate alindigi durumlarda onerilmektedir (Creswell ve Plano Clark,
2011; Creswell ve dig., 2003).

Arastirmanin nicel boyutu 6n test son test tek gruplu yar1 deneysel modelde
desenlenmistir. Nitel boyutu ise olgubilimsel yontem benimsenerek tasarlanmigtir.
Fenomenolojik aragtirmalarda T{izerinde ¢alisilan fenomene yonelik olarak
katilimeilarin - algilari, bakis acilari, deneyimleri ve bu deneyimlerini nasil
betimledikleri iizerine odaklanilmaktadir (Tekindal ve Uguz Arsu, 2020). Buna gore
tasarim odakli robotik etkinliklere katilan &grencilerin robotik deneyimleri
fenomenolojik yontem araciligryla incelenmistir.

Calisma Grubu

Arastirmanin ¢alisma grubu 2017-2018 &gretim yilinda Samsun iline bagl
okullarda dgrenim géren ve TUBITAK tarafindan desteklenen “ilk-Okul Robot
Maceram” projesine katilan 30 Ogrenci arasindan seg¢ilmistir. Projeye iligkin il
genelinde yapilan duyuruya gelen 90 basvuru iginden kura yontemiyle secilen 30
Ogrenci arastirmaya dahil edilmistir. 2 6grencinin etkinliklere katilimda gosterdigi
kismi devamsizlik sebebiyle, arastirmanin deney grubunu 9-10 yas araligindaki 14 kiz
ve 14 erkek olmak iizere toplam 28 ilkokul 4. smif 6grencisi olusturmaktadir
(9.3£0.6). Arastirmada ilkokul 4. Smif &grencilerinin se¢ilmis olmasmin nedeni,
alanyazinda yonetsel fonksiyonlarla ilgili ketleme becerisinin 6-8 yas araliginda
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gelismeye bagladiginin; ancak 10 yas dolayinda gelisiminin tamamlanabileceginin
belirtilmesidir (Passler ve dig., 1985). Buradan hareketle yonetsel fonksiyonlara
iligkin gelisimsel olgunluga erismesi beklenen 9-10 yas araligindaki &grenciler
arastirmaya dahil edilerek, gelisimsel evrelerin uygulanan miidahale programina olan
etkisi sinirlandirilmaya ¢alistlmistir.

Arastirmanin nitel boyutunda yer alan Ogrencilerin se¢iminde ise amagh
ornekleme yontemi tercih edilmis, nicel verilerin analizinin ardindan uygulama
sonrasi planlama becerisindeki degisimi diisiik, orta ve yiiksek diizeyde olan goniillii
ogrenciler 6rnekleme alimmugtir. Buna gore her bir seviye grubundan 6 olmak {izere
toplam 18 o6grenci (kiz: 9, erkek: 9) ile arastirmanin nitel boyutuna iliskin veri
toplanmustir.

Etik Kurul Karan

Bu arasgtirma, Ondokuz Mayis Universitesi Sosyal ve Beseri Bilimler Etik
Kurulu’nun 27.12.2017 tarihli 2017/ 272-322 sayil1 izniyle yiiriitilmiistiir.

Veri Toplama Araglar

Arastirma kapsaminda dgrencilerin planlama becerisinin dl¢iimiinde 4 Diskli
Londra Kulesi Testi, egitsel robotik etkinliklere iliskin deneyimlerini saptamak i¢in
yar1 yapilandirtlmig goriisme formu kullanilmastir.

Dért Diskli Londra Kulesi Testi (LKT4)

Ozgiin versiyonu 3 diskten olusan Londra Kulesi Testi, Shallice (1982)
tarafindan “Yonetici Dikkat Sistemleri” adi verilen beyin fonksiyonlarina iliskin
calismalar1 sirasinda planlama becerisini 6lgmek amaciyla gelistirilmistir. Renk
korliigli degiskeni de gbz oniinde bulundurularak disk renk ve sayisinin, sorularin
zorlugunun degistirildigi LK T4 ise Tunstall (1999) tarafindan gelistirilmistir.

Artan zorlukta sorunlari i¢ceren on maddeden olusan LKTy, ilk hamlede ¢6ziilen
sorun sayisl, ii¢ deneme iginde ¢6ziilen sorun sayisi, toplam puan ve planlama zamani
seklinde puanlanmaktadir (Tunstall, 1999). Ilk hamlede, ii¢c deneme iginde ¢oziilen
sorun sayist ve toplam puan planlama becerisini, planlama zamani ise yonetsel
fonksiyon becerilerine iligkin 6l¢iim yapmaktadir (Tunstall, 1999).

Planlama zaman1 her sorun i¢in ilk diske dokununcaya kadar gegen zamanimin
ortalamasinin almmastyla hesaplanmistir. Planlama zaman1 planlama 6ncesi siirece
iliskin Ol¢im yapmakta olup, kavramsallagtirma (sorunun kodlanmasi), yapinin
olusturulmast (olas1 ¢éziimlerin iiretilmesi) ve ketleme becerilerine (uygun olmayan
yanitlart ketleme) iligkin 6l¢iim yapmaktadir (Tunstall, 1999).

Ilk hamlede ¢oziilen sorun sayisi puani ilk planlarin dogrulugunu; ii¢ deneme
icinde ¢Ozillen sorun sayisi puani ise geribildirimlerden yararlanma, eylemlerini
izleme ve yanlig planlart gozden gegirme ve planlart diizenleme becerisini
Olgmektedir (Tunstall,1999).
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Toplam puan ise ilk denemede ¢ozilen sorunlerin 3, ikinci denemede
¢oziilenlerin 2 ve tigiincii denemede ¢6ziilen sorunlerin 1, ¢oziilemeyen sorunlerin ise
0 puan ile puanlanmasi ile hesaplanmaktadir (Tunstall,1999). 0-30 araliginda
puanlanabilen toplam puan planlama becerisini 6l¢gmektedir (Tunstall,1999).

Tunstall (1999) tarafindan LKT4’lin gelistirilmesi asamasinda gerceklestirilen
gegerlik ve giivenirlilik ¢aligmalarinda iki yar1 gilivenirligi .60, test tekrar test
giivenirligi ise .71 olarak saptanmistir. Tunstall (1999) tarafindan olusturulan
versiyonda renkli boncuklarin kullanildigi LKTs, Giiven Demir ve Oksiiz (2021)
tarafindan dijital ortama aktarilarak uygulanmistir. Kiiltiirel bir 6ge icermeyen ve
mavi, siyah, sart ve beyaz boncuklarin g¢esitli kurallar ¢ergevesinde yer
degistirilmesine dayanan LKTs{in Giiven Demir ve Oksiiz (2021) tarafindan
gelistirilen dijital versiyonu, Tiirk 6rneklemi lizerinde uygulanarak madde analizi ve
giivenirlik calismalarina yer verilmistir. Ik ¢aligmada oldugu gibi ¢ocuk ve yetiskin
ornekleminde verilerin toplandig ¢alismada ¢ocuk 6rnekleminde LKT4’lin ortalama
glicliik diizeyi .58, ayiricilik diizeyi .33, Cronbach Alfa degeri .60, iki yar1 giivenirlik
degeri ise .62 olarak saptanmustir (Giiven Demir ve Oksiiz, 2021). Bu arastirma
kapsaminda yapilan madde analizi sonuglarina gore ortalama madde giigliik diizeyi
.70, ortalama madde ayiricilik diizeyi ise .31, i¢ tutarlik kat sayisi .76 olarak
saptanmistir.

Yar1 Yapilandiridmis Goriisme Formu

Arastirmaya katilan Ogrencilerin  egitsel robotik etkinliklere iligkin
deneyimlerini saptamak amaciyla arastirma kapsaminda yar1 yapilandirilmis goriisme
formu hazirlanmistir.  Ogrencilerin  robotik etkinliklere iliskin deneyimlerinin
belirlenmesinde Nourbakhsh ve dig., (2004) tarafindan yapilan ¢aligmanin kavramsal
cercevesi temel (referans) alinmistir. Buna gore calisma kapsaminda yer verilen
etkinliklere iliskin 6grenci goriislerini belirlemeye yonelik yari yapilandirilmis
goriisme sorulari Kodlama, Mekanik, Takim Calismasi, Sorun Cézme, Robotlara
Bakis, Bilim ve Teknolojiye iliskin Oz Degerlendirme boyutlarini icerecek sekilde
planlanmistir. Gorligme formunun kapsam gegerligini saglamak amaciyla, Nourbaksh
vd.’nin (2004) calismasinda yer alan kavramsal gergeve ve bu cerceveye gore
hazirlanan sorular, fen egitimi ve robotik etkinlik konusunda deneyimli iki uzmanin
goriisiine sunulmustur. Uzmanlarm, goériisme formundaki sorularin hedeflenen
boyutlar1 karsilamasina iligkin goriislerinin ardindan; 2 kiz ve 2 erkek 6grenci ile
sorularin 6n uygulamasi yapilarak, yari yapilandirilmis goriisme formuna son bigimi
verilmistir. Bunun yani sira kiigiik yas grubu ile ¢alisiyor olmaktan kaynaklanan ve
goriismelerin siire¢ sonunda yapilmasinin, olasi veri kaybina neden olmasinin 6niine
geemek ve giivenirligi artirmak igin, yontem {iggenlemesine basvurulmustur. Buna
gore Ogrencilere giinliik sorularin soruldugu forumdaki 6grenci yanitlari, goriigme
yonteminden elde edilen verilerin tutarligiin saptanmasi ve teyitinde kullanilmistir.
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Uygulama ve Veri Toplama Siireci

Uygulama siireci basgligi altinda, arastirma kapsaminda gergeklestirilen egitsel
robotik etkinliklere iliskin uygulama siireci agiklanmistir. Veri toplama siireci baslig1
altinda ise aragtirma verilerinin toplanmasi agamasinda veri toplama araclarindan nasil
faydalanildigina iliskin a¢iklamalara yer verilmistir.

Uygulama Siireci

Arastirma 2017-2018 gretim yilinda Samsun iline bagh okullarda 6grenim
goren ve TUBITAK tarafindan desteklenen “ilk-Okul Robot Maceram” projesine
katilan 28 6grenci ile gerceklestirilmistir. 39 ders saati siiren uygulamalar kapsaminda
Ogrencilere idea gorsel programlama yazilimi kullanilarak algoritma gelistirme ve
kodlama, O-bot robot kiti kullanilarak da robotik tasarim egitimi verilmistir. O-bot
robot kitinin se¢ilmesinin nedeni kiigiikk yas gruplar tarafindan kullaniminin kolay
olmasi iken, idea programi licretsiz ve simiilasyon programiyla fiziksel materyale
gereksinim duymadan kodlarini sanal ortamda calistirmalarina olanak tanimasi
nedeniyle, arastirma kapsaminda fiziksel ve sanal robotik uygulamalarin
gerceklestirilmesinde yeglen mistir. Etkisi arastirilan robotik egitim, tasarim odakli
diisinme ve yonetsel fonksiyon becerilerinin egitimde kullanilmasimi 6n goéren
modellerin aragtirmanin amacina uygun olarak yorumlanmasi ile son hali asagidaki
asamalar1 igeren kavramsal ¢er¢eve kapsaminda planlanmistir. Doorley ve dig.,
(2018) ve Meltzer’in (2014) yaklagimlar1 esas alinarak bu arastirma kapsaminda
olusturulan tasarim odakli diisinmeye dayali robotik etkinlikler yaklagimi kesfetme,
sorunu tanimlama, fikir olugturma, diizenleme, prototip olusturma ve test etme
asamalarindan olugsmaktadir. Asamalara ve uygulama siirecine iliskin ayrintil bilgiye
asagida yer verilmistir.

Kesfetme: Doorley vd. (2018) tasarim odakli diisiinmenin ilk asamasi hedef
durumu deneyimleyen kisilerin davranislarint gézlemlemek, onlarla etkilesime
geemek ve aymi deneyimi yasamaya calisarak empati kurmak oldugunu
belirtmektedir. Bu asamada 6grencilerden verilen sorun durumu ile ilgili olarak
kendilerinin ya da baskalarinin giinlilk yasamda karsilastiklar giicliikleri, gereksinim
ve beklentileri fark etmeleri amaglanmaktadir. Bu asamayla ilgili olarak arastirma
kapsaminda bazi etkinliklerde webde arastirma, sosyal ¢evreden bilgi toplama, grup
tartigmasi ve yaratict drama caligmalarma yer verilmistir. Ornegin gérme engelli
bireylerin giinlik yasamini kolaylastirmaya ydnelik robotik bir tasarim goérevinde,
ogrencilerin 6ncelikle gorme engelli bireylerin gereksinimlerini fark etme ve onlarla
empati kurmalarini saglamaya yonelik yaratici drama ¢alismasi yapilmistir. Bagka bir
etkinlik olan mehteran takimi etkinliginde ise tarihi mehteran takimi iiyelerinin nasil
giyindigi ve neler yaptigi ile ilgili webde arastirma yapmalar1 istenmistir. Benzer
olarak Tiirk Kurtulus Savasinin mimar1 ve uygulayicis1 Atatiirk’iin Samsun’dan
baslayan yolculugunu ve Tiirkiye’nin ¢esitli yerlerindeki toplantilarini gdsteren
robotik projenin fikir asamasinda Ogrencilerin webde arama yapmalari olanag:
taninmistir. Boylece tasarimlarma ve robotik kodlamaya ge¢cmeden evvel fikir
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olusturma siirecini aragtirma sorgulamaya ve empatiye dayali bir kesif siirecine
doniistiiriilmesi amaglanmistir.

Soruni Tammmlama: Soruni tanimlama asamasinda hedef gruba ve
gereksinimlerine yonelik derin bir anlayis gelistirilmesi beklenmektedir (Doorley ve
dig., 2018). Bu agsama ayni zamanda Meltzer’in (2014) 6nerdigi modelde hedef
belirleme olarak ifade edilen asamayr igermektedir. Hedef belirleme asamasini
verimli geciren 6grenciler hedeflerinin alt amaglarini fark eder, hedefe giden yoldaki
asamalar1 somutlastirir, zaman ve kaynaklarini gozden gegirir ve biiyiik resmin i¢cinde
kendi bakis agilarin1 belirleme olanagi elde ederler (Meltzer, 2014). Bu asamada
arastirma kapsaminda ogrencilerden arastirma sorgulama, beyin firtinasi, grup
tartismasi, yaratict drama teknikleri ile elde ettikleri bilgileri yorumlamalari,
hazirlayacaklari projeye iliskin kendi hareket noktalarini tanimlamalar1 istenmistir.

Fikir Olusturma: Arastirma kapsaminda Meltzer’in (2014) esnek diisiinme
asamasl ile iliskilendirilen bu asama, bir 6nceki basamakta sinirlar1 belirlenen sorun
durumuna iliskin olarak, gesitlilik iceren genig bir ¢dziim yelpazesi olusturmalari
istenir (Doorley ve dig., 2018). Temas edilmek istenen esas nokta, akici ve esnek bir
anlayis igerisinde grup iiyelerinin giicli yanlarin1 ¢dziim Onerilerinin yenilikgi
potansiyelini artiracak sekilde harekete gegirebilmektir (Doorley ve dig., 2018).
Esnek diisiinme farkli bakis agilarina, beklenmeyen durumlara uyabilme, bunlar
arasinda gecis yapabilme ve farkli temsilleri ¢6ziimlerine uygulayabilmeyi
saglamaktadir (Meltzer, 2014). Bu asamada 6grencilerden grup arkadaslariyla birlikte
kendilerine verilen sorun durumuna iliskin ¢6ziim 6nerilerini, hareket noktalarini ve
gerekeelerini belirlemeleri ve 6gretmenleri ile paylagmalar istenmistir.

Diizenleme. Coziim 6nerilerini netlestiren 6grencilerden, ¢dziim siireglerini ve
asamalarini planlamalari, agsamalar1 ve alt amaglar1 6nceliklemeleri istenmektedir.
Sahip olduklari bilgileri sistematize etmek, siralamak 6grenciye elindeki olanaklari,
materyallerini ve zamanini verimli ve hedefe yonelik kullanma olanagi tanimaktadir
(Mertz, 2014). Bu asamada grup iiyelerinin ¢aligmalarinin agamalarini belirten akis
semasini 6gretmenleriyle paylasmalari istenmistir. Bu planlama i¢inde 6grencilerden
robotik tasarim siirecinde kullanacaklar1 algilayict ve eyleyicileri de belirlemeleri
beklenmistir.

Prototip olusturma. Bu asama Mertz’in (2014) hafizada tutma ile Doorley
vd.’nin (2018) prototip olusturma asamasi birlikte yorumlanarak yapilandirilmigtir.
Prototip olusturma siireci 6grencilerin farkli ihtimalleri inceleme ve gérmelerine
olanak vermektedir (Doorley ve dig., 2018). Bu asamada ogrenciler bir yandan
ayrintilarla ugrasirken bir yandan da temel noktalar1 zihinlerinde tutmak
durumundadirlar (Mertz, 2014). Bu asamada Ogrencilerden kodlama yaparken
kullanacaklar1 algoritmay1 kagit lizerinde olusturmalar1 istenmistir. Kagit tizerinde
baglayan algoritma olusturma siireci grup iyelerinin etkilesimini artirma ve ¢dziim
Onerilerinin prototipini gelistirme amaci tagimaktadir. Kagit iizerinde taslak olarak
olusturulan algoritmalarin grup iiyelerinin onayryla tamamlanmasinin ardindan idea
gorsel programlama yazilimi ile uygulanmasina gecilmistir. IdeaSim Robot
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Simiilatorii ile 6grencilerden algoritmalarini simiilatorde ¢aligtirmalari, test etmeleri
ve olasi hatalar1 fark etmeleri istenmistir. Bu asamada Mertz’in (2014) modelinde 6n
goriildiigii gibi sik sik kisa siireli bellege erisim s6z konusudur.

Test etme. Bu asamada idea yazilhiminda olusturduklari programlarini O-botlara
aktarmalar1 ve test etmeleri istenmistir. O-botlardaki asamanin ardindan ise
robotlarinin ve yardime1 materyallerin (zemin, siisleme vb.) olusturulmasi agamasina
gecmeleri istenmistir. Test etme asamasi Ogrencilerin hedeflerine iligkin doniit
aldiklar1 ve gelinen noktayr somut bir sekilde gozlemledikleri asamadir. Doorley
vd.’nin (2018) test etme asamasma Mertz’in (2014) kendini izleme asamasi
uyarlanarak, 6grencilerin kendi performanslarin1 gézden gegirmeleri ve gereksinim
halinde mevcut ¢abalarmi farkli sekilde yonlendirmeleri beklenmektedir. Kendini
izleme yaklasimi iist biligsel becerilerini ise kosarak 6grenme siirecine, kullandiklari
stratejiler ve performanslarina iliskin degerlendirme yapmalarini igermektedir (Mertz,
2014). Test etme asamasimmin kapsami aragtirma kapsaminda genisletilerek,
digerleriyle paylagma boyutu eklenmistir. Buna gore her etkinligin ardindan gruplarin
projelerini akranlarina ve 6gretmenlerine sunma olanagi verilmistir. Boylece doniit
almanin yani sira, 6grencilerin farkli bakis agilarini fark etmeleri, yaraticiliga iliskin
bakis acilarinin geniglemesi hedeflenmistir. Bir yandan da kendini izleme
davranislarini daha genis bir perspektifte ele almalar1 amaglanmastir.

Aragtirma kapsaminda 6grencilerin robotik konulardaki etkilesim ve iletigimini
planli temalar {izerinden yonlendirmek ve siirece iligkin veri toplamak amaciyla bir
forum acilarak, ogrencilere giinlik sorular sorulmustur. Ogrencilerin giiniin
degerlendirmesini ve yeni konuya hazir bulunuslugunu saglamaya yonelik bu galisma
bes giin siirmiistiir. Ogrenci paylasimlar1 ve iletileri arastirma kapsaminda
arsivlenmistir.

Veri Toplama Siireci

Uygulama oncesi LKT4’iin dijital versiyonu 6n test olarak uygulanmis ve
ardindan 39 ders saati siiren tasarim odakli diisinmeye dayali robotik egitime
gecilmistir. Arastirma kapsaminda siire¢ boyunca forumda sorulan sorulara gelen
Ogrenci yanitlari ikincil nitel veri olarak arsivlenmistir. Etkinliklerin sona ermesinin
ardindan LKTy’e iligskin son test uygulamasi yapilmis ve veri analizine gecilmistir.
Nicel veri analizinin ardindan yar1 yapilandirilmig goriismelerin gerceklestirilecegi
ogrenciler belirlenmis ve ses kaydi alinarak yar1 yapilandirilmig goriigmeler
gergeklestirilmistir.

Verilerin Analizi

Arastirmaya katilan kiz ve erkek 6grencilerin 6n test puanlari agisindan denkligi
bagimsiz gruplar igin t testi ile test edilmistir. Ogrencilerin PZ, iP, UP ve PB
puanlarindaki deneysel uygulama 6ncesi ve sonrasi (varsa) degisimlerinin cinsiyet
degiskeni ile birlikte karsilastirilmasi i¢in ise tekrarli l¢limler igin tek yonli ANOVA
testi kullanilmistir. Parametrik testlerin varsayimlarindan normallik varsayimi igin
Shapiro-Wilks ve Kolmogorov Smirnov testlerine basvurulmus ve yalmzca IP
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puaninin kiz ve erkek gruplarda dagiliminin anlamli oldugu bulunmustur (p<.05). Bu
noktada carpiklik basiklik degerleri kontrol edilerek IP &n test ve son test verilerinin
gruplar i¢i carpiklik-basiklilik degerlerinin +1 ile -1 degerleri arasinda yer aldigi
saptanmustir. Biiytikoztiirk, Cokluk ve Koklii (2010) carpiklik ve basiklik degerlerinin
+ 1 smuirlar1 iginde kaliyor olmasinin, verilerin normalden asir1 sapma gdstermedigi
seklinde yorumlanabilecegini belirtmektedir. Shapiro-Wilks ve Kolmogorov Smirnov
testleri ve carpiklik basiklik degerlerinin incelenmesinin ardindan verilerin grup
icinde normal dagilim gosterdigi kanisina ulagilmistir. Tekrarlanmis 6lgiimler i¢in
ANOVA testinin kiirsellik (Mauchly Sphericity Test) varsayimui ise ihlal edildigi i¢in
Greenhouse-Geiser diizeltmesi yapilmistir. Varyans kovaryans matrislerinin esitligi
varsayimi ise Box M testi ile test edilmistir. Analiz sonuglar1 PZ, iP, UP ve PB
puanlarmin kovaryans matrislerinin esit oldugunu gostermektedir. Arastirma
kapsaminda bagimsiz degiskenlerin bagimli degiskenler iizerindeki -etkisinin
Ol¢iilmesinde 0.05 hata payt ve %95 giiven diizeyi ile P degerinin yani sira etki
biiyiikliigii istatistiklerinden biri olan eta-kareden (n2) yararlanilmistir.

Arastirmanin nitel verilerinin analizinde ise tiimdengelimsel icerik analizi
yaklagimi benimsenerek, Nourbakhsh vd. (2004) tarafindan yapilan calisgmanin
kavram g¢ergevesi temel (referans) alinmistir. Buna gore 6grenci goriisleri Kodlama,
Mekanik, Takim Calismasi, Sorun Coézme, Robotlara bakis, Bilim ve Teknolojiye
iliskin Oz Degerlendirme temalarinda incelenmistir. Olusturan kod ve temalar iki
arastirmaci tarafindan incelenerek kodlayicilar arasi tutarlik diizeyi hesaplanmistir.
Bu amagla Miles ve Huberman modelinde kodlayicilar arasindaki goriis birligi olarak
kavramsallastirilan A= C+ (C +0)x100 formiilii kullanilmistir (formiilde, A giivenirlik
katsayisini, C ilizerinde goriis birligi saglanan konu/terim sayisini, 0 ilizerinde goriis
birligi bulunmayan konu/terim sayisini belirtmektedir) (Baltaci, 2017). Buna gore
kodlayicilar arasi goriis birligi %98 olarak saptanmustir.

Nitel verilerin gegerlik ve gilivenirligini artirmak amaciyla veri ¢esitlemesine
gidilerek, arastirma kapsaminda agilan forum iizerindeki konu bagliklarinda yer alan
Ogrencilere ait giinliik ileti (mesaj) ve paylasimlardan goriisme sorularinin analizinde
yararlanilmastir.

Bulgular

Arastirma kapsaminda tasarim odakli diislinmeye dayali robotik etkinliklerin
Ogrencilerin planlama becerisine etkisine ve Ogrencilerin egitsel robotik etkinlik
deneyimlerine iligkin bulgulara ulasilmistir.

Planlama Becerisi Verilerine Iliskin Bulgular

Katilimcilarin 6n test son test puanlarina iligkin betimleyici istatistik sonuglari
Tablo 1’de sunulmaktadir.
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Tablo 1
Katilimcilarin on test son test puanlarina iliskin betimleyici istatistik sonuclari
Bagimli Degiskenler Groups N Ontest Sontest
X Ss X Ss
Planlama zamani (PZ) Kiz 14 66.9 13.7 81.3 36.2
Erkek 14 68.5 17.7 86 423
Toplam 28 67.7 156  83.6 38.7
Ik denemede coziilen sorun sayis1  Kiz 14 0.35 0.4 0.21 0.4
(iP) Erkek 14 0.78 0.8 0.42 0.7
Toplam 28 .57 .69 .32 .61
Ug deneme iginde ¢oziilen sorun Kiz 14 6.7 14 7.2 11
sayist (UP) Erkek 14 5.9 1.8 7.2 1.4
Toplam 28 6.3 1.6 7.2 1.3
Planlama Becerisi (PB) Kiz 14 194 3.5 214 2.7
Erkek 14 16.7 5 20.9 4
Toplam 28 18 4.4 21.1 3.3

Tablo 1 incelendiginde kiz ve erkek dgrencilerin planlama zamani, ti¢ deneme
icinde ¢dziilen sorun sayist ve planlama becerisi puanlari ortalamalarinda artig
yoniinde bir degisimin olustugu goriilmektedir. Bununla birlikte ilk denemede
¢oziilen sorun sayisina iliskin 6n test ve son test ortalamalari arasinda azalma yoniinde
bir degisim saptanmistir. S6z konusu degisime iligkin ayrmntili bulgulara ilerleyen
boliimlerde yer verilmistir. Ogrencilerin planlama zamani puanlarinda meydana gelen
degisime iliskin analiz sonuglar1 Tablo 2’de verilmistir.

Tablo 2

Planlama zamanina iliskin tekrarli éiciimler icin ANOVA sonuclari
Varyansin Kareler Serbestlik Kareler F p n 12,
Kaynagi Toplami Derecesi Ortalamast
Gruplararasi
Grup (K/E) 136.920 1 136.920 118 734 .005
Hata 30083.728 26 1157.066
Gruplarigi
Olgiim (Ontest- 3561.065 1 3561.065 5.455 027" .173
Sontest)
Grup*Ol¢iim 32.657 1 32.657 .050 .825 .002
Hata 16972.223 26 652.778

*p< 0.05

Tablo 2 incelendiginde kiz ve erkek oOgrencilerin planlama zamani puan
ortalamalari iizerinde yapilan varyans analizi sonucunda grup etkisinin istatistiksel
acidan anlaml olmadigi saptanmistir (F(1-26)=.118; p>.05). Buna gore kiz ve erkek
Ogrencilerin On-test ve son-test dlgiimleri arasinda ayrim yapmaksizin, planlama
zamani ortalamalar1 arasinda anlamli bir fark bulunmadigi yorumu yapilabilir.
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Bununla birlikte, Sekil 1’de goriildiigi gibi, grup ayrimi yapmaksizin 6grencilerin
planlama zamanina iliskin 6n test ve son test ortalamalar1 arasinda istatistiksel agidan
anlaml bir fark oldugu saptanmistir (F(1-26)=.5.455, p<.05, n%=.173).

Sekil 1

Kiz ve erkek 6grencilerin PZ puanlarindaki degigim

Cinsiyet

20,00 ¥

— iz
erkek

85,00 Ve

80,001

75,00

Planlama Zaman1

70,00

65,00

&n test -Son Test

Buna gore cinsiyet ayrimi yapilmadiginda dgrencilerin PZ puan ortalamalarinda
gdzlenen varyansin %17 sinin deneysel islemden kaynaklandig1 sdylenebilir. Cinsiyet
ve PZ 6n test son test 6l¢iimleri (grup*6l¢iim) birlikte incelendiginde ise ortak etkinin
anlamli olmadig1 sonucuna varilmistir (F(1-26)=.050,p>.05). Ogrencilerin ilk
denemede ¢oziilen sorun sayist puanlarinda meydana gelen degisime iligkin analiz
sonuglari1 Tablo 3’de verilmistir.

Tablo 3

[lk denemede ¢éziilen sorun sayisina iliskin tekrarh élciimler icin anova sonuglar
Varyansin Kareler Serbestlik Kareler F p n 12,
Kaynagi Toplami Derecesi Ortalamast
Gruplararast
Grup (K/E) 723 1 123 2525 124 .089
Hata 7.446 26 .286
Gruplarigi
Olgiim (Ontest- .875 1 .875 3519 .072 .119
Sontest)
Grup*Olgiim 161 1 161 .646 429 .024
Hata 6.464 26 .249

“p<0.05
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Tablo 3 incelendiginde kiz ve erkek 6grencilerin IP puan ortalamalari {izerinde
yapilan varyans analizi sonucunda grup etkisinin istatistiksel agidan anlamli olmadig1
saptanmustir (F(1-26)=.2.525; p>.05). Buna gore kiz ve erkek 6grencilerin on test ve
son test dlgiimleri arasinda ayrim yapmaksizin, [P puan ortalamalar1 arasinda anlamli
diizeyde bir fark bulunmadigi yorumu yapilabilir. Bunun yani sira grup ayrimi
yapmaksizin dgrencilerin IP puanlarina iligkin &n test ve son test ortalamalar arasinda
da istatistiksel agidan anlamli bir fark bulunmamustir (F(1-26)=.3.519, p>.05).
Cinsiyet ve 0n test son test 6lgiimleri (grup*6l¢iim) birlikte incelendiginde de ortak
etkinin anlaml1 olmadig1 sonucuna varilmstir (F(1-26)=.646, p>.05). Ogrencilerin ii¢
deneme iginde ¢oziilen sorun sayisi puanlarinda meydana gelen degisime iliskin
analiz sonuglar1 Tablo 4’de verilmistir.

Tablo 4

U¢ deneme icinde ¢oziilen sorun sayisina iliskin tekrarl élgiimler icin ANOVA
sonuclart

Varyansin Kareler Serbestlik Kareler F p n3;
Kaynag Toplami Derecesi Ortalamasi

Gruplararasi

Grup (K/E) 2.571 1 2571 884 356 .033
Hata 75.643 26 2,909

Gruplarigi

Olgiim (Ontest- 12.071 1 12.071 7.589 .011" .226
Sontest)

Grup*Ol¢iim 2571 1 2571 1.617 .215 .059
Hata 41.357 26 1.591

"p<0.05

Tablo 4 incelendiginde kiz ve erkek dgrencilerin UP puan ortalamalar iizerinde
yapilan varyans analizi sonucunda grup etkisinin istatistiksel agidan anlamli olmadigt
saptanmistir (F(1-26)=.884; p>.05). Buna gore kiz ve erkek 6grencilerin on-test ve
son-test dlgiimleri arasinda ayrim yapmaksizin, UP ortalamalar1 arasinda anlamli
diizeyde bir fark bulunmadigi yorumu yapilabilir. Bununla birlikte Sekil 2’de
goriildiigii gibi grup ayrimi yapmaksizin 6grencilerin UP puanina iliskin 6n test ve
son test ortalamalar1 arasinda istatistiksel agcidan anlamli bir fark oldugu saptanmistir.
(F(1-26)=7.589, p<.05, n%=.226).
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Sekil 2

Kiz ve erkek égrencilerin UP puanlarindaki degisim

Cinsiyet

—hiz

erkek
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Ul¢ deneme iginde ¢oziilen problem sayisi

6,007

On test- Son test

Buna gére cinsiyet ayrimi yapilmadiginda 6grencilerin UP puan ortalamalarinda
gbzlenen varyansin %22’sinin deneysel islemden kaynaklandigi sdylenebilir.
Bununla birlikte cinsiyet ve On test son test Olglimleri (grup*dlgiim) birlikte
incelendiginde ortak etkinin anlamli olmadig1 sonucuna varilmistir (F(1-26)=1.617,
p>.05). Ogrencilerin planlama becerisi puanlarinda meydana gelen degisime iliskin
analiz sonuglar1 Tablo 5’de verilmistir.

Tablo 5

Planlama becerisine iliskin tekrarli dlciimler icin ANOVA sonuglar
Varyansin Kareler Serbestlik Kareler F P nj
Kaynag Toplami Derecesi Ortalamasi
Gruplararasi
Grup (K/E) 18.080 1 18.080 1856 .185 .067
Hata 253.232 26 9.740
Gruplarigi
Olgiim (Ontest- 135.161 1 135.161 12.110 .002" .318
Sontest)
Grup*Olgiim 17.161 1 17.161 1538 .226 0.56
Hata 290.179 26 11.161

"p<0.05
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Tablo 5 incelendiginde kiz ve erkek dgrencilerin PB puan ortalamalar iizerinde
yapilan varyans analizi sonucunda grup etkisinin istatistiksel agidan anlamli olmadigt
saptanmustir (F(1-26)=1107.2; p<.05). Buna gore kiz ve erkek dgrencilerin dn-test ve
son-test 6lgiimleri arasinda ayrim yapmaksizin, PB ortalamalar1 arasinda anlamli bir
fark bulunmadig1 yorumu yapilabilir. Bununla birlikte Sekil 3’te goriildiigii gibi grup
ayrimi yapmaksizin dgrencilerin PB puanina iliskin 6n test ve son test ortalamalari
arasinda istatistiksel agidan anlamlh bir fark oldugu saptanmustir. (F(1-26)=12.110,
p<.05, n%=.318).

Sekil 3

Kiz ve erkek 6grencilerin PB puanlarindaki degisim

Cinsiyet
22,007 ¥
k=

erkek

21,007

20,00

Planlama Becerisi
@
=
3
1
~

18,00

17,00

16,00

On test - Son Test

Buna gore cinsiyet ayrimi yapilmadiginda 6grencilerin PB puan ortalamalarinda
gbzlenen varyansin %3 1’°inin deneysel islemden kaynaklandigi sdylenebilir. Bununla
birlikte cinsiyet ve 6n test son test dlgiimleri (grup*6l¢iim) birlikte incelendiginde
ortak etkinin anlamli olmadigi sonucuna varilmstir (F(1-26)=1.538, p>.05).

Yar1 Yapilandirilmis Goriismeden Elde Edilen Bulgular

Arastirmaya katilan Ogrencilerin tasarim odakli diisiinmeye dayali robotik
etkinliklere iligkin goriisleri, siirecin bilesenlerini igeren temalar dogrultusunda
incelenmistir. Buna gore Ogrenci goriisleri Nourbakhsh vd. (2004) kavram
cercevesinde yer alan “kodlama, mekanik, takim ¢alismasi, sorun ¢6zme, robotlara
bakis, bilim ve teknolojiye iliskin 6z degerlendirme” temasi g¢ergevesinde
incelenmistir. Nicel verilerde oldugu gibi, goriisme sorularindan elde edilen verilerde
de cinsiyet degiskenini isaret eden ve nitel verilerden elde edilen temalart
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sekillendirecek bir farklilik saptanamamaistir. Bu nedenle gériisme sorularindan elde
edilen temalarin sunumunda, cinsiyet ayrimi yapilmayarak, arastirmaya katilan tiim
Ogrencilerin goriglerine yonelik degerlendirme yapilmigtir. Bununla birlikte, her
temanin altinda kiz ve erkek Ogrencilerin goriislerinden alintilar yapilarak;
ogrencilerin cinsiyet farkliliklarina karsin ayni tema altinda sekillenen robotik etkinlik
goriisleri ortaya ¢ikarilmaya ¢alisilmistir.

Kodlama Temasina Iliskin Bulgular

Bu tema 6grencilerin aragtirma siiresince idea yaziliminda gergeklestirdikleri ve
idea simiilasyon programinda test ettikleri kodlama siirecine iliskin deneyimlerini
igermektedir. Buna gore ogrenciler Kodlamanin Gerekliligi, Kodlamaya iliskin
Yeterlikler ve Algoritma Yazma Kategorileri ile kodlama siirecini
iliskilendirmiglerdir. Arastirma kapsaminda kodlama temasi altinda erisilen kategori
ve kodlar Tablo 6’da sunulmustur.

Tablo 6
Kodlama temasina iligkin kategori ve kodlar
Kategoriler Kodlar f
Kodlamanin Gerekliligi Robota yon vermek 10
Robotla iletisim 8
Algoritma Yazma Hatali komutlarin sonucu degistirmesi 7
Kodlamada her basamak 6nemli 6
Bir hareketin ¢ok sayida agamasi olmasi 5
Kodlamaya Iliskin Kodlamanin ¢ok zor olmamasi 14
Yeterlikler Ayrintih diisiinmeyi §grenme 7

Arastirma bulgulari, kodlama temasiyla iligkili olarak &grencilerin deneysel
uygulama siirecinde kodlamanin gerekliligine iliskin farkindaliklarm arttigini
gostermektedir. Ogrenciler robotlarn 6zerk karar verebilen mekanizmaya sahip
olduklarint diisiindiikleri, robotlarin hareketlerini tanimlayan kodlama siirecinin
O6nemini etkinlikler sayesinde fark ettiklerini belirtmiglerdir. Bunun yani sira
kodlamanin robotlarla iletisim kurmay1 saglayan ve robotlarin hareketini tayin eden
hamleleri belirledikleri bir siire¢ olarak degerlendirmislerdir. Kodlama temasi altinda
Ogrenci gorlslerinin  bir kisminin algoritma yazma kategorisinde toplandigi
goriilmiistiir. Bu kategoride dgrenciler algoritma yazma siirecinde bir hareketi ortaya
koyan ¢ok sayida basamak oldugu, her basamagin énemli oldugu ve hatali komutlarin
sonucu degistirdigi seklinde goriis belirtmislerdir. Kodlama temasi altinda 6grenci
goriisleri, tasarim odakli diisiinmeye dayali robotik etkinliklerin kodlamaya iligkin
yeterliklerini artirdig1 seklindedir. Bu diigiincelerini de kodlamanin ¢ok zor olmamasi
ve ayrintili diisiinmeyi 6grenme kodlar ile iligkilendirdikleri goriilmiistiir. Bulgulara
iligskin olarak 6grenci yanitlarindan yapilan dogrudan alintilar agsagidaki gibidir.
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“Robotlarin ¢ok akilli oldugunu, istedigimiz seyi yapacagint diisiinmiistiim,
programlayacagimizi  diisiinmemistim. Soyledigimde anlayacak sandim ama
kodlamamiz gerekiyormus.” (O10: Erkek)

“Kodlayarak artik irtibat kurabiliyorum robotla bir kare saga git, 360 derece don
diye.” (017: Erkek)

“Algoritmadaki bir yanlis yaptigimmiz diger tim dogrulari etkileyebildigini
gordiim.” (O15: Erkek)

“En ¢ok algoritma yazmay1 sevdim, robotum hareket etmeyince bazi asamalari
atladigimu fark ettim.” (O1: Kiz)

“Kodlamay1 daha dnce bilmiyorum, kodlamak diisiindiigiimden daha kolaymis
her seyi yapabiliriz kodlayarak..” (09: Kiz)

“Kodlama sandigimdan daha kolaymis, sadece yavas, detayli diisiinmek
gerekiyor, bazi yerleri atlamamak ¢ok dnemli.” (04: Kiz)

Mekanik Temasina Iliskin Bulgular

Bu tema ogrencilerin etkinlikler siiresince O-botun mekanik bilesenleri
algilayicilar ve eyleyiciler ile ilgili goriislerini icermektedir. Buna gore dgrenciler
robotik etkinliklerdeki mekanik boyuta iliskin olarak robotlar1 tanimak ve robotu
olusturan bilesenlerin gorevleri T{izerinden gorlis bildirmislerdir. Arastirma
kapsaminda mekanik temasi altinda erisilen kategori ve kodlar Tablo 7°de
sunulmustur.

Tablo 7
Mekanik temasina iligkin kategori ve kodlar
Kategoriler Kodlar f
Robot algisi 12
Robotlar1 tanimak Algilayicilar 8
Eyleyiciler 6
I . S En zor kisim 15
(I;lli:absllr bilesenin ayr1 bir islevi Dogru kurulum 9
Dogru mekanizmayi kullanmak 6

Mekanik temasiyla ilgili elde edilen kod ve kategoriler, 6grencilerin robotlara
iligkin algilarimin  degistigini, robotlarin algilayict ve eyleyicilerine iliskin
farkindaliklarinin olugtugunu, hedefe ulasmak i¢in dogru islevi igeren bileseni se¢gmek
ve dogru sekilde kurulumunu saglamak gerektigine iligkin goriislerini temsil
etmektedir. Bulgular 6grencilerin robotlarin mekanik yoniine iliskin deneyimlerinden
hareketle robot algilarmin degistigini, mekanik boyutunu olusturan parcalara ve
islevlerine iliskin farkindaliklarinin arttigin1 gostermektedir. Bununla birlikte, etkinlik
stiresince 0grencilerin en ¢ok zorlandiklar1 kisim olarak mekanik boyutunda goriis
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bildirdikleri saptanmistir. Buna iligkin olarak 6grenci goriislerinden yapilan dogrudan
alintilar asagidaki gibidir.

“Robotlarin gorebildigini 6grendim. Filmlerde gordiigiimden daha fazla pargasi
varmus robotlarmn. Algilayicilarin adlarint ve ne ige yaradiklarin bileceksin. Dogru
yere takmak gerekir, bu 6nemli, hem de ¢ok zor.” (O3: Kiz)

“Kablolar1 birlestirmek, o kablolarin nereye ait oldugunu bilmek kolay degildi.
Bazen karistt ve robot istedigimi yapmadi. Mesela sim kartin yerini bilmiyordum
robotta dersten dnce.” (O12: Erkek)

“Mekanizmalar1 baglamak, aslinda dogru mekanizmay: bulmak ¢ok zordu.
Hangisini segecegine karar vermek de zordu, ¢izgi takibi mi 1s1k sensorii mii? Iyi karar
vermek lazim, diisiinerek.” (O18: Erkek)

Takim Calismast Temasina Iliskin Bulgular

Bu tema etkinlikler siiresince uygulanan grup caligmalar ile ilgili goriislerini
icermektedir. Buna gore Ogrencilerin grup caligmalarini yardimlasma, eglenceli
O6grenme, sosyallesme ve grupta benimsedikleri gorevler {izerinden deneyimledikleri
saptanmistir. Arastirma kapsaminda takim ¢aligmasi temasi altinda erisilen kategori
ve kodlar Tablo 8’de sunulmustur.

Tablo 8
Takim ¢alismast temasina iligkin kategori ve kodlar
Kategoriler Kodlar f
Yardimlagsma Hatali kodlar fark etme 4
Anlasilmayan yerleri sorma 3
Destek 2
Eglenceli Ogrenme Sikiciliktan uzak 10
Farkl goriisler 8
Sosyallesme Yeni arkadagliklar 9
Uyum 1
Gruptaki gorev Kodlama 6
Mekanik 5
Sanatsal tasarim 3
Cozlim tretici 3
Sozcii 1

Takim calismasi temasina yonelik 6grenci goriigleri yardimlagsma, eglenceli
dgrenme, sosyallesme ve gruptaki gorev kategorileri ile iliskilendirilmistir. Ogrenciler
tasarim odakli diisiinmeye dayal1 etkinliklerde yiiriitiilen grup ¢alismasinin 6zellikle
kodlama asamasindaki hatali kodlar1 fark etme, anlagilmayan yerleri birbirlerine
sorma ve bu anlamda sosyal destek alma noktasinda yarar sagladigini belirtmislerdir.
Bunun yam sira takim g¢aligmasinin 0grenmeyi eglenceli duruma getirdigi ancak
ozellikle tasarim boyutunda farkli goriislerin zaman zaman kolaylastirici, zaman
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zaman da zorlastirict oldugunu belirtmektedirler. Ek olarak grup c¢alismasi ve
projelerini paylagtiklari siire¢lerde yeni arkadagliklar edindiklerini belirtmisglerdir.
Ogrencilere grup calismasindaki genel rollerinin ne oldugu soruldugunda ise
projelerinin farkli bilesenlerinde kodlamayi, mekanik goérevleri, tasarimi, ¢dziim
gelistirmeyi ve projelerini sunma seklinde gdrev paylasimi yaptiklari, 6grencilerin
belli gorevlerle kendilerini iliskilendirdikleri saptanmistir. Buna iliskin olarak 6grenci
goriiglerinden yapilan dogrudan alintilar agagidaki gibidir.

“Tek basma c¢aligmak sikict ve zor olurdu, birlikte yardimlasarak daha
eglenceli.” (05: Kiz)

“Forum {izerinden arkadaslarimla robotla ilgili sorulara yanit vermek,
mesajlasmak giizeldi, sosyal bir ortama girdim. Arkadaglarima sorular sormak ve
birbirimize yardim etmek giizeldi.” (O8: Kiz)

“Robotlarla ilgili arkadaglarimla, serviste bile sohbet etmek ¢ok iyi. Cok degisik
fikirler oluyor. ....Bazen herkesin istedigini yapmak kolay olmuyor.” (O13: Erkek)

“....Baz1 projelerde iki kisi birlikte hareket etmemiz gerekiyordu, mesela tavsan
robotu yuvasina gotiiriirken uyumlu olmamiz gerekiyordu.” (O11: Erkek)

“Resim yetenegim oldugu i¢in robotu siisleme, giydirme isini genelde benim
dedigim sekilde yaptik, tabi arkadaslarim da yardim etti.” (O6: Kiz)

Sorun Cozme Temasina Iliskin Bulgular

Bu tema arastirma kapsaminda ogrencilere verilen proje gorevlerinde
deneyimledikleri sorun ¢ézme siireglerine iliskin goriislerini icermektedir. Arastirma
kapsaminda sorun ¢ozme temas: altinda erisilen kategori ve kodlar Tablo 9°da
sunulmustur.

Tablo 9
Sorun ¢ozme temasina iligkin bulgular
Kategoriler Kodlar f
Aragtirma Yapma Ayrmtili diiglinme 7
Webde arastirma 5
Bulmaca 3
Hayal giicii 7
Tek dogrunun olmamasi 7
Yaraticilik Nasil hissederlerdi fark etmek 5
Empati Drama 3
Tartigsma 2

Sorun ¢ozme temasina yonelik olarak 6grenci goriislerinin arastirma yapma,
yaraticilik ve empati kategorileri ile iliskilendirildigi saptanmistir. Buna gore
ogrenciler kendilerine verilen proje gorevlerine iliskin sorun durumlarina iliskin
webde arastirma yapma olanaginin ¢ok yararli oldugunu, ayrintili diisinme ve
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ogrenmelerini sagladigin belirtmektedirler. Sorun ¢6zme siirecini bulmaca ¢ézmeye
benzeten Ogrenciler, robot tasarlamanin hayal giicii gerektirdigini, farkli bakis
acilarinin daha giizel ¢aligmalarin ortaya ¢ikmasini sagladigini belirtmislerdir. Bazi
Ogrenciler drama c¢aligmalarinin farkli gereksinimleri olan kisilerin beklentilerini
anlamalarm1  kolaylagtirdiginit  ve bdyle farkli ¢oziimler Dbulabildiklerini
belirtmislerdir. Buna iligkin olarak 6grenci goriislerinden yapilan dogrudan alintilar
asagidaki gibidir.

“Bazen sorun ¢dzmek ic¢in hayal giicinii kullanman gerekiyor. Hayal
giiclimiiziin iyi olmasi gerektigini fark ettim” (O14: Erkek)

“Bulmaca ¢dzmek gibi bazen sorunler. Parca parca diisiinmek gerekiyor.” (O16:
Erkek)

“Goremeyen insanlarin neler yasadigini anlaymca fikir bulmak daha kolay
oldu.” (O7: Kiz)

“Internette arastirma yaptigimzda yeni seyler aklimiza geldi.” (02: Kiz)

“Sorunlerin farkli ¢éziim yollar1 olabilir, tek dogru diye bir sey yok bence.” (O1:
Kiz)

Robotlara Bakis Temasina Iliskin Bulgular

Bu tema 6grencilerin kodlamadan tasarima kadar olan siirecte robotlara iliskin
bakis agilarindaki degisime iligkin goriislerini icermektedir. Arastirma kapsaminda
robotlara bakis temasi altinda erisilen kategori ve kodlar Tablo 10’da sunulmustur.

Tablo 10
Robotlara bakis temasina iligkin bulgular
Kategoriler Kodlar f
Robot imaj1 Eglenceli bir siire¢ 14
Robot kontrolii 10
Yaraticilik 7
Algilayici ve eyleyiciler 6
Robot algisinin degisimi 18
Robot farkindaligi Bilgi diizeyi 18
Cevresindeki robotlari fark etme 9

Robotlara bakis temasi altindaki 6grenci goriislerinin robot imaji ve robot
farkindalig1 kategorileri ile iliskilendirildigi saptanmigtir. Buna gore 6grencilerin
arastirma oncesi robot imajlarinin izledikleri filmlerden hareketle tek tip ve genelde
de araba formunda oldugu, aragtirma sonrasi ise robotlar ve yapabileceklerine iligkin
algilarmin degistigi saptanmstir. Ogrenciler robotlarin araba yaris1 disinda bowling
oynayan, dans eden, kiiltiirel ve tarihi 6gelerin temsilinde kullanilan yoniinii daha
once fark etmedikleri ve bu nedenle fikirlerinin degistigini belirtmislerdir. Bunun yani
sira giinlilk yagsamda karsilarma ¢ikan pekgok teknolojik aracin arkasinda isleyen
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robotik  bir siire¢ olduguna yonelik Ornekler vererek, etkinlikler ile
iligkilendirmiglerdir. Bunun yani sira robotlart olusturan o6gelere iliskin Gzel
farkindaliklarmin oldugu ve bilgi diizeylerinin gelistigine iliskin gorisleri
saptanmistir. Buna iligskin olarak &grenci goriislerinden yapilan dogrudan alintilar
asagidaki gibidir.

“Robota yazdigim seyi yiiklemek, benim istedigim gibi onun hareket ettigini
gormek ¢ok eglenceliydi, robotlar1 daha ¢ok sevmeye basladim.” (O10: Erkek)

“llk defa gergek, hareket eden bir robot gordiim. Robotlar, filmlerde
gordiigimden daha sevimliymis, sikici araba robotlara ya da kavga eden
transformerslara benzemiyor.” (03: Kiz)

“Robotlart hareket ettirmeyi kendimiz yapinca ¢ok eglendim. Robot yapmaya
daha yakindan yasamak giizeldi. Robotlar normalde ¢ok akilsizlar ama biz yiikleyince
calistyor.” (O13: Erkek)

“Robotlar1 kodlayip dans ettirmek ¢ok eglenceliydi, eglenceli olabilecegini
tahmin etmezdim ama bu proje sonrasinda eglenceli alabilecegini fark ettim.
...Robota bowling oynatmak ¢ok eglenceliydi, Mehter takimi yaptigimiz etkinlik de
cok sasirticrydi.” (08: Kiz)

“AVM’lerdeki tirtil trenin aynisini yapabildigimizi gérdiim. Ashnda o da
robotmus.” (O2: Ki1z)

“Robotlarin dnceden sadece is yaptiklarini diigiinliyordum ama gimdi oyun bile
oynayabildiklerini gordiim.” (06: Kiz)

“Robot yapmak heyecanli o yiizden heyecanlandim. Mehter takimi ve tirtil treni
cok sevdim. Robotlar her isi yapar, istedigin gibi kodlarsan.” (O17: Erkek)
Bilim ve Teknolojiye Iliskin Oz Degerlendirme Temasina Iliskin Bulgular

Bu tema 6grencilerin etkinlikler siiresince deneyimledikleri bilim ve teknolojiye
iliskin goriislerini igermektedir. Arastirma kapsaminda bilim ve teknolojiye iliskin 6z
degerlendirme temasi altinda erigilen kategori ve kodlar Tablo 11°de sunulmustur.

Tablo 11
Bilim ve teknolojiye iliskin 6z degerlendirme kategori ve kodlar
Kategoriler Kodlar f
Ozyeterlilik Kendi robotunu yapma istegi 18
Bilgi diizeyi 18
Ilgi ve caba artis1 14
Bilgisayar becerisinin artist 7
Ozgiiven artigt 18

(devam ediyor)
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Tablo 11 (devam)

Kategoriler Kodlar f

Teknoloji farkindalig: Ayrintilarin 6nemi 16
Bilgisayar bilimine merak 8
Yapay zeka 2

Gelecek ve kariyer planlama  Kurslara ve yarigmalara katilma 14
Bilim insan1 olma 4

Bilim ve teknolojiye iligkin 6z degerlendirme temasina iligkin olarak 6grenci
goriiglerinin 6z yeterlik, teknoloji farkindaligi, gelecek ve kariyer planlama
kategorileri ile iligkilendirildigi saptanmigtir. Buna gore 6grencilerin etkinliklerin
ardindan evde kendi robotlarini tasarlamaya yonelik istek ve hedeflerinin olustugu,
bunu ise daha g¢ok bilgi diizeylerinin ve becerilerinin artistyla iligkilendirdikleri
saptanmistir. Bunun yani sira, 6zellikle bilgisayar ve robotik teknolojilerine iliskin
farkindaliklarinin  arttig1, yapay zeka caligmalarini betimleyen planlamalarinin
olduguna yonelik bulgu elde edilmistir. Ogrenciler etkinlikler siiresince edindikleri
deneyimleri yeni kurslara katilarak gelistirmek, ulusal yarigmalarda becerilerini
sergilemek ve bilim insani1 olmaya yonelik kariyer hedefleri ile iliskilendirmislerdir.
Buna iligkin olarak 6grenci goriislerinden yapilan dogrudan alintilar agagidaki gibidir.

“Detaylar1 ¢ok iyi incelemem gerektigini fark ettim. Mutfak robotunun robot
olmadigin1 duyunca sasirdim ve farki artik anladim.” (O4: Kiz)

>

“Daha dnce teknolojiyle bu kadar ugragmamistim. Aslinda eglenceli bir ismis.’
(09: Ki1z)

“Teknoloji diinyas1 ¢ok ilgingmis. Bilgisayar becerim artt1.” (O5: Kiz)

“Bilgisayarla ilgili konularda daha hazir cevap olmak istiyorum. Sorulan
sorulara hemen cevap vermek istiyorum. Artik kendi robotumu yapabilirim.” (O15:
Erkek)

“Kendime benzeyen bir robot yapmak istiyorum, yapabilirim ¢iinkii.” (O11:
Erkek)

“Kendime bir robot alip onu programlayabilecegim artik. Bilim insan1 olacagim
biiyiince. Kendi kendine diisiinen robot yapacagim.” (O18: Erkek)

Tartisma, Sonu¢ ve Oneriler

Arastirma bulgular1 6grencilerin 6n test ve son test planlama zamani ortalamalari
arasinda, %17’si uygulanan deneysel modelden kaynaklanmak iizere bir degisim
oldugunu ortaya koymaktadir. Bu bulguya gore tasarim odakli diisiinmeye dayali
robotik etkinliklerin, 6grencilerin planlama zamanina iliskin puanlarinda artisa neden
oldugu soylenebilir. Bagka bir ifade ile ¢alismaya katilan 6grenciler, hedef sorunin
¢oziimiine iliskin ilk hamlelerine karar verirken uygulama 6ncesinde daha az zaman
harcarken, uygulama sonrasi daha fazla zaman harcama geregi hissettmiglerdir.
Planlama zaman1 sorunin kodlanmasi, olasi ¢oziimlerin iiretilmesi ve uygun olanin
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secilmesi i¢in harcanan zamani igermekte olup; kavramsallagtirma, gorsel-uzaysal
yapilarin, olasi ¢oziimlerin olusturulmasi, analiz ve uygun olmayan tepkileri ketleme
gibi oriintii becerilerini lgmektedir (Tustall, 1999). Bu noktadan hareketle tasarim
odakli diisinmeye dayali robotik etkinliklerin 6grencilerin planlama yapmaya
ayirdiklar1 zamani artirdig1 sdylenebilir. Nitekim farkli yas gruplarinda farkli tiirde
robotik etkinliklerin uygulandig1 arastirmalarin sonuglar1 da robotik etkinliklerin
planlamaya ayrilan zamani artirdigini ortaya koymustur (Di Lieto ve dig., 2020; Di
Lieto ve dig., 2017). Bununla birlikte Arfé vd. (2020) tarafindan kodlama ve STEM
etkinliklerinin yonetsel fonksiyon becerileri tizerindeki etkisinin arastirildig:
calisgmada, STEM etkinliklerinin planlama zamani iizerinde anlamli diizeyde etki
yarattig1; ancak kodlama etkinliklerinin planlama zamani iizerinde etkili olmadig1
saptanmistir. Alanyazinla benzesen ve ayrilan yonleri birlikte ele alindiginda,
aragtirma kapsaminda elde edilen bu bulgu, tasarim odakli diisiinmenin yarattigi
siiregten kaynaklanmis olabilir. Arfé (2020) tarafindan yiiriitilen arastirmanin
bulgusunu, arastirmanin bulgusu ile birlikte yorumlandiginda, planlama zamani
iizerinde etkiyi yaratan degiskenin tasarim odakli diisiinme oldugunu sdylemek
olanaklidir. Nitekim tasarim, STEM egitimi siirecinin 6nemli bir parcasi olarak dne
ctkmakta; aralarinda tasarim odakli diisiinmeyi gerektiren ve ayni zamanda
birbirlerini besleyen karsilikli bir yarar iliskisi ortaya ¢ikmaktadir (Alashwal, 2020;
Li ve dig., 2019; Margot ve Kettler, 2019).

Empatinin, iizerinde ¢aligilan sorunin 6ziinli anlamay1 kolaylastiran yoniiyle
tasarim odakli diisiinmenin 6nemli bir bileseni oldugu belirtilmektedir (Voigt ve dig.,
2019). Uygulanan etkinliklerle daha kapsaml diisiinmek, yeri geldiginde hedef soruni
yasayan gruplarla empati kurmak, sosyal yasam igerisindeki gereksinimlerini gozden
gegirmek durumunda kalan 6grenciler, planlamaya daha fazla zaman harcamak
durumunda kalabilirler. Kodlamanin 6tesinde robotlarinin sosyal yasam igindeki
fonksiyonunu, bu durumu vurgulayan fiziksel c¢evrenin tasarimini diisiinmek
durumunda kalan &grenciler, is yiikiinii azaltmak amaciyla hatali hamlelerden
kacinmaya ve bunun igin de planlamaya daha fazla zaman ayirma egiliminde
olabilirler. Tasarim odakli diisiinmeyi ise kosan siiregler “boyle yaparsam ne olur?”,
“eger ... olursa ne yapmak gerekir?” sorularini géz oniinde bulundurmak ve 6nce
stireci zihinlerinde olusturmak durumunda kalmalarini saglamaktadir (Carroll ve dig.,
2010). Buradan hareketle tasarim odakli diigiinmeye dayali robotik etkinliklerin
ilkokul &grencilerinin planlamaya ayirdiklari zamani artirdigi ve bu bulgunun diger
aragtirma sonuglariyla da desteklendigi séylenebilir. Nitel arastirma bulgularindan,
6grencilerin tasarim odakli diisiinmeye dayali robotik etkinliklerin ayrintili diisiinme,
aragtirma yapma, asamalari Onemsemeyi gerektirdigine iliskin ¢ikarimlari,
planlamaya daha fazla zaman ayirmaya yonelik nicel bulguyu desteklemektedir.

Arastirma bulgular1 6grencilerin ilk denemede ¢dziilen sorun sayisina iligkin 6n
test ve son test puanlarinda deneysel modelden kaynaklanan bir degisim olusmadigini
ortaya koymaktadir. Tlk denemede ¢dziilen sorun sayisi, bireylerin ilk planlarinin
dogrulugunu 6lgmektedir (Tustall, 1999). Bu baglamda tasarim odakli diisiinmeye
dayali robotik etkinliklerin, 6grencilerin ilk planlarin dogrulugunu artiracak bir etki



Tasarim Odakli Diisiinmeye Dayali Robotik Etkinliklerin Planlama Becerisine Etkisi 975

yaratmadigini sdylemek olanaklidir. Arastirma bulgusundan farkli olarak, La Paglia
vd. (2018) Lego Mindstorms kullanimini igeren robotik etkinliklerin planlama
becerisi lizerindeki etkisini test ettikleri arastirmalarinda, Ogrencilerin sorun
¢oziimiinde yaptiklar1 hamle sayilarinda azalma oldugunu saptamislardir. Bu durum
tasarim siirecinin zaman alan, asamali yapisi sebebiyle calisan bellegi mesgul eden bir
etki yaratmasindan kaynaklanmis olabilir. Cesitli arastirmalarda kompleks gorevlerin
bilissel yiikii artirdigi, artan ¢aligan bellek istemlerinin bireyin planlama davranigini
etkileyerek ilk planlardan ¢ok, eszamanli planlama egilimini tetikledigi, eszamanli
planlamanin ise ¢alisan bellek yiikiinii azalttig1 belirtilmektedir (Brown ve Schmitter-
Edgecombe, 2020; Davies, 2003; Kostering ve dig., 2014). Phillips vd. (2001)
bireylerin soruni ¢éziimleme, alt hedefleri tanimlama ve ¢dzliim liretme, eylem planini
degerlendirme siireglerinin hafiza smirliligindan etkilendigini saptamistir. Dogru
planlamanin biiyiik bir oranda, zihinsel planlamadan ¢ok eszamanli planlamaya bagl
oldugu belirtilmektedir (Phillips ve dig., 2001). Arastirma kapsaminda uygulanan
robotik etkinliklerin ilk planlarin dogrulugu iizerinde etkili olamayisi, giinliik yasam
deneyimlerimizdeki planlama egilimimizden de kaynaklaniyor olabilir. Giinliik
yasama iligkin planlamalarimizin anlik durumlara gore degisim gostermekte ve
planlarimizi, kararlarimizi e zamanli olarak bigimlendirmek durumunda kalmaktayiz
(Cohen ve Conway, 2007; Phillips ve dig., 2001). Bu baglamda aragtirma kapsaminda
yer verilen etkinliklerin siiresi, bu genel egilimi degistirmeye yetecek diizeyde
olmayabilir ve uzun soluklu arastirmalara gereksinim duyulabilecegi diisiiniilebilir.
Bununla birlikte La Paglia ve dig., (2018) tarafindan yapilan ¢alismada toplam
etkinlik siiresinin, arastirma etkinliklerinin uygulandigi siireden daha az olusu
nedeniyle, etkinlik siiresinin ilk denemede ¢oziilen sorun sayisinda bir degisim elde
edilemeyisine iligskin bu bulguyu agiklamakta yeterli olamayacagi s6ylenebilir.

Arastirmadan elde edilen veriler, 6grencilerin uygulama dncesi ve sonrasinda ii¢
deneme iginde ¢ozdiikleri sorun sayisinda deneysel etkinliklerden kaynaklanan %22
oraninda bir degisim yasadiklarini ortaya koymaktadir. Buna gore dgrencilerin ii¢
deneme iginde ¢ozdiikleri sorun sayisinin, tasarim odakli diisiinmeye dayali robotik
etkinliklerden kaynakli olarak artis gosterdigi saptanmustir. Ug deneme icinde ¢oziilen
sorun sayisinin hatalari fark etme ve telafi etme, eylemlerini izleme, doniit olusturma
ve strateji belirlerken doniitlerden yararlanma becerilerini 6lgtiigli belirtilmektedir
(Tunstall, 1999). Buna gore tasarim odakli diisinmeye dayali robotik etkinliklerin
eszamanli planlama becerilerini gelistirdigi sOylenebilir. Bu durum arastirma
kapsaminda uygulanan egitimbilimsel yaklagimin asamali, ardigiklik igeren ve
Ogrencileri genel bir plan yerine, her asamadan elde ettikleri deneyime gore bir
sonrakini planlamaya yonlendiren yapisindan kaynaklaniyor olabilir. Tasarim ve
programlama siiregleri Ogrencilerin hatalarin1 test etme, telafi etme ve yeni
hamlelerini buna gore planlama egilimine yonlendirmis olabilir. Es zamanl
planlamayi kullanan ¢ocuklarm planlarina sorunin 6zelliklerini daha yiiksek oranda
dahil ettiklerini belirtmektedir (Case, 1985, akt. Tunstall, 1999).  Nitekim
programlama becerilerinin 6z diizenleme, izleme gibi iist bilissel beceriler ile yliksek
diizeyde iligkili oldugu saptanmistir (Robertson ve dig., 2020). Oztiirk (2020),
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Ogrencilerin 6z diizenleme becerisi arttikga, orantisal akil yiirlitme becerilerinin de
artigin1 belirlemistir. Bu noktada mantiksal diisiinme, yargiya varma ve sonug
¢ikarma olarak belirtilen akil yiiriitme becerisi (Dinger ve Cantiirk Giinhan, 2020),
Ogrencilerin li¢ deneme icinde ¢ozdiikleri sorun sayisindaki artista ise kostuklari
beceriyi temsil ediyor olabilir. Arastirma bulgusunun alanyazindaki diger arastirma
bulgulariyla da uyumlu oldugu séylenebilir. Socratous ve loannou (2019) tarafindan
yapilan calismada STEM simifinda uygulanan robotik etkinliklerin anlam izleme, hata
ayiklama stratejileri gibi bilis diizenleme becerileri iizerinde etkili oldugu
saptanmistir. Diger arastirma sonuglar1 da dolayli bir sekilde arastirma bulgusunu
destekleyecek sekilde egitsel robotik ve kodlama etkinliklerinin elestirel diisinme
(Gorakhnath ve Padmanabhan, 2020; Tonbuloglu ve Tonbuloglu, 2019); algoritmik
disiinme (Chiazzese ve dig., 2019; Tonbuloglu ve Tonbuloglu, 2019) becerilerini
gelistirdigini ortaya koymaktadir.

Arastirma bulgulari, tasarim odakli diisiinmeye dayali robotik etkinliklerin
Ogrencilerin uygulama oncesi ve sonrasi planlama becerilerinde %31°lik bir degisime
neden oldugunu gostermektedir. Buna gore aragtirmanin temel hipotezinin
dogrulandigi, tasarim odakli diisiinmeye dayali robotik etkinliklerin 6grencilerin
planlama becerisini gelistirdigi sdylenebilir. Bu bulgunun alanyazindaki diger
arastirma bulgularryla da uyumlu oldugu goriilmektedir (Aratijo ve Azoni, 2020; Arfé
ve dig., 2020; La Paglia ve dig., 2018). Mevcut bulgularla uyumlu olmakla birlikte,
arastirma bulgumuz tasarim odakli diisiinmeye dayali robotik etkinliklerin,
ogrencilerin planlama becerisini gelistirdigini ortaya koymaktadir. Bu noktada diger
caligmalardan farkli olarak robotik etkinliklerin uygulanmasina yonelik pedagojik bir
yaklagimin etkililiginin, arastirma kapsaminda deneysel olarak kanitlandigini
sOylemek olanaklidir.

Aragstirma bulgular1 6grencilerin planlama zamani, ilk denemede ¢6ziilen sorun
sayisi, li¢ deneme iginde ¢dziilen sorun sayist ve toplam puan diizeylerinde, kiz ve
erkek olma durumlarindan kaynaklanan bir degisimin olmadigi yoniindedir. Bu
durum ki1z ve erkek 6grencilerin uygulama etkinliklerini ayn1 sekilde deneyimledikleri
seklinde yorumlanabilir. Alanyazindaki diger arastirma bulgular da cinsiyetin robotik
etkinliklere iliskin performans iizerinde anlamli bir etkiye sahip olmadigim
gostermektedir (Castro ve dig., 2018; Sullivan ve Bers, 2016; Taylor ve Baek, 2019).
Bu durum arastirma kapsaminda benimsenen pedagojik yaklagimin ve tasarim odakl
diisinme siirecinin kiz ve erkek 6grencilerin robotik etkinliklerde kendilerine uygun
olan stratejiyi kullanmalarina olanak vermesinden kaynaklanmis olabilir. Angeli ve
Valanides (2020) egitsel robotik etkinliklerde kiz ve erkek Ogrencilerin farkli
stratejiler uygulayarak siirece katildiklarini saptanmigtir. Bunun yani sira arastirma
kapsaminda etkisi arastirilan robotik etkinlikler tasarim odakli diisiinmeyi ise kosan
bir yaklagimla gergeklestirilmis olup, uygulanan modelin her agamasi takim ¢alismasi
ve isbirligini gerektirmektedir. Kiigiik ve Sigman (2020) tarafindan cinsiyetin takim
calismasi ve STEM’e yonelik tutum {izerinde etkili bir degisken olmadig1 yoniindeki
arastirma bulgusunun, tasarim odakli diisiinmenin arastirma bulgumuzdaki payim
vurguladigint sdylemek miimkiindiir. Egitsel robotik etkinlikler igerisinde tasarim
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boyutu cinsiyetin etkinliklerden yararlanma noktasindaki olasi etkisini ortadan
kaldirmis olabilir. Bununla birlikte Sullivan ve Bers, (2013) tarafindan yapilan
calismada, robotik gorevlerin geneline iliskin performanslarinda kiz ve erkek
Ogrenciler arasinda anlamli bir fark yok iken, mekanik ve kodlama performanslarinda
farklilik oldugu saptanmigtir. Bu durum egitsel robotik etkinliklerin verilmesinde
uygulanan egitimbilimsel modelin énemini vurgulamaktadir. Teknik konular1 odaga
alarak yiiriitiilen ve planl bir egitimbilimsel anlayis icermeyen teknoloji transferi
islevi goren etkinlikler, teknik konularda dnyargi, kalip yargi, deneyim eksikligi gibi
cinsiyetle iligkilendirilebilecek degiskenlerin, dgrenme siirecine daha fazla etki
etmesine neden olabilir. Gelisimsel cinsiyet olgusuna duyarli bir robotik 6grenme
ortaminin, hem kiz hem de erkek Ogrencilerin pozitif bir dgrenme deneyimi
yasamalarini saglayacagi belirtilmektedir (Angeli ve Valanides, 2020). Tiim bunlar
birlikte degerlendirildiginde, ogrencilerin planlama becerilerinde cinsiyetten
kaynaklanan bir degisimin gézlenmemesi, dgrencilerin 6grenme siirecini cinsiyet
acisindan esit sekilde deneyimledikleri seklinde yorumlanabilir. Bununla birlikte nitel
bulgular arasinda yer alan robotlarin dans ettirilebildigi, oyun oynatilabildigine iliskin
robot algisinin dgrencileri sasirttigina yonelik bulgularin tamami kiz 6grencilerin
goriiglerinden elde edilmistir. Bunun yani sira robotik etkinliklerde hayal giiciiniin
onemli oldugunu belirten Ogrencilerin erkek oOgrenciler olmasi, kiz ve erkek
Ogrencilerin tasarim odakli diisiinmeye dayali robotik etkinlik siirecine iliskin
farkindaliklarmi besleyen boyutlarin degisiklik gosterebilecegini diigiindiirmektedir.
Nitel bulgulardan takim ¢alismasi temasinda yardimlagmaya, sorun ¢6zme temasinda
tek dogrunun olmamasina yollamada (atifta) bulunan 6grencilerin tiimiiniin kiz
ogrenciler olmasi dikkat ¢ekicidir. Angeli ve Valanides (2020) robotik etkinliklerde
kiz ogrencilerin erkek ogrencilerden farkli olarak, daha ¢ok isbirligine dayali
etkilesimi tercih ettiklerini saptamistir. Bununla birlikte bu durumun 6grencilerin
planlamaya iliskin becerilerinde ve &grenme siirecine iliskin deneyimlerinde
cinsiyetten kaynaklanan bir degisim yaratacak diizeyde olmadigini soylemek
olanaklidir. Bu durum ydnetsel fonksiyon becerilerini harekete geciren tasarim odakli
diisinmeye dayali bir siirecin, 6grenci gereksinim ve beklentilerini cinsiyetten
bagimsiz olarak karsilayan ve bu ydniiyle de iist biligsel becerileri gelistiren yoniinii
ortaya cikartyor olabilir.

Arastirma kapsaminda &grencilerin tasarim odakli diisiinmeye dayali robotik
etkinlikleri o6grencilerin nasil deneyimlediklerine yonelik bulgular 6grencilerin
robotik konulara yonelik algi ve 6z yeterlik inanglarinin degistigini gostermektedir.
Ogrencilerin robotlara iliskin algilarindaki degisimin kodlama siireciyle baglantili
oldugu, kodlamanm gerekliligi ve igerdigi asamalara iligkin farkindaliklarinin arttig
saptanmistir. Ornegin; dgrencilerin robotlara yonelik sylenen her seyi yapabildigine
yonelik algilari, kodlayabildikleri her seyi yapabilecegine yonelik bir algiya
doniismistiir. Benzer bir bulgu Mayerova vd. (2019) tarafindan yapilan ¢alismada da
saptanmig, 6grencilerin robotlarin teknik kapasitesi ve yapabileceklerinin sinirina

iliskin algilarinin degistigi gézlemlenmistir.
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Etkinliklerin mekanik boyutunun kendilerini en ¢ok zorlayan ve en karisik
bolim olarak degerlendirdikleri saptanmustir. Tatlisu (2020) tarafindan ilkokul
ogrencileri ile yapilan robotik etkinliginde de &grenciler, mekanik pargalarla ilgili
gorevlerde zorlandiklarini belirtmislerdir. Takim ¢alismasi boyutu ile ilgili bulgular,
robotik gibi zor bir konuyu birbirlerine soru sorarak, yardimci olarak
deneyimlemelerinin dgrenciler i¢in siireci daha eglenceli duruma getirdigini; ancak
tasarim boyutunda farkli goriislerin zorlayici oldugunu, Ogrencilerin projelerini
gerceklestirirken belli rolleri iistlendiklerini gostermektedir. Atmatzidou ve
Demetriadis (2014) yaptig1 ¢alismada 6grencilerin grup ¢aligmasini sevdiklerini ve
grup icinde ¢esitli rolleri benimsediklerini belirlemistir. Benzer olarak Durak ve dig.,
(2018) tarafindan yapilan ¢alismada da Ogrencilerin robotik etkinliklerdeki grup
¢alismalarini yardimlagsma ve paylagma kavramlariyla deneyimledikleri saptanmustir.

Sorun ¢6zme boyutuna iliskin olarak grencilerin arastirma yapma, yaraticilik
ve empatiyi ¢dziime ulasmada yararli bulduklar saptanmistir. Ogrencilerin arastirma
yapma, yaraticilik ve empatiye iligkin goriislerinin ise aragtirma kapsaminda
uygulanan egitimbilimsel yaklagimdan; asamali diisiinme ve hareket etmenin
gerekliligine iliskin goriislerinin ise algoritma yazma deneyimlerinden kaynaklandigi
sOylenebilir. Tatlisu (2020) tarafindan yapilan ¢alismada da robotik etkinliklerin
Ogrencileri sorun ¢odziimiinde asamali diisiinmeye yonlendirdigi, sorun ¢dzme
yaklagimlarma etki ettigi saptanmugtir.

Nitel bulgular arasinda en dikkat ¢ekici bulgu ise dgrencilerin robotige iliskin
farkindaliklarinda gdzlenen degisimdir. Ogrencilerin etkinlik sonrasi robotige iliskin
kavram yanilgilarinin diizeltildigi, robotige iliskin imaj ve diisiince kaliplarmin
degistigi, daha esnek bir bakis agisiyla robotik teknolojilerine ilgi duymaya
basladiklar1 séylenebilir. Ozellikle robotlarla yapilabileceklere iliskin bakis agilarmin
olasi kalip yargilarinin 6tesine gececek; bilim ve teknolojiye iliskin gelecek planlarina
yansiyacak sekilde degistigini sOylemek olanaklidir. Benzer olarak alanyazinda
robotik etkinlik sonrasi dgrencilerin gelecek kariyer planlarinin robotik hedeflerle
iligkilendirildigi arastirma bulgulari mevcuttur (Atmatzidou ve Demetriadis, 2014;
Tatlisu, 2020). Bu durumun arastirmaya dahil edilen tasarim boyutunun, siireci salt
programlama ve mekanikligin 6tesine, giinliik yasama ve ¢ocuk diinyasina yaklastiran
yoniinden kaynaklandig1 soylenebilir. Bunun yani sira Ogrencilerin bilgisayar
kullanim, kodlama ve robotik becerilerinin gelistigine yonelik goriis bildirmis ve
gelecek planlarini bu 6z yeterlik inanglari ile iligkilendirmislerdir. Durak vd. (2018)
de robotik etkinlik sonras1 6z degerlendirmeye iliskin 6grenci goriislerinin bilgisayar
kullanim, robot tasarlama, programlama kodlarinda ortaya ¢iktigini saptamustir.

Arastirma sonuglart uygulanan modelin ii¢ deneme iginde ¢oziilen sorun
sayisindaki artig ile yorumlanan hata ayiklama, doniitlerden yararlanma, eylemleri
izleme becerilerinde artis yarattigini gostermektedir. Bu sonug¢ genel bir fikir
vermekle birlikte, mevcut etkinin bu alt becerilerin hangisinde daha fazla oranda
goriildiigiine iliskin farkli 6lgme araglart ile yeni c¢alismalarin yapilmasini
gerektirmektedir. Tasarim odakli diislinmeye dayali robotik etkinliklerin planlama
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becerisini artirdig1 saptanmakla birlikte, arastirma kapsaminda ayni yas grubundaki
ogrencilerle calisilmasi, yas faktoriiniin ve donemin gelisimsel 6zelliklerinin ketleme
gibi alt becerilere olan ortiik etkisini dislamay1 olanakli kilmamaktadir. Bagka
calismalarda ayni egitimbilimsel anlayisla gelistirilen robotik etkinliklerin, farkli yas
gruplarindaki etkisi arastirilabilir. Uygulanan etkinliklerin 6grencilerin ilk planlarinin
dogruluguna anlamli bir etkisinin olmayisi, etkinliklerin yarattig1 biligsel yiik ve buna
neden olan faktorler agisindan arastirilabilir. Tasarim odakli diisiinmenin bu
sonuglardaki yalin etkisini gérmek icin, ayn1 etkinliklerin tasarim odakli diisiinme
basamaklar1 uygulanmadan yiiriitiildiigii baska bir grupla karsilastirilmasima iliskin
yeni aragtirmalara gereksinim duyulmaktadir.

Bu baglamda belirtilmesi gereken bir nokta aragtirmaya konu olan tasarim odakli
disiinmeye dayali robotik etkinliklerin 6n test son test tek gruplu modelde test
edilmesi, karsilastirma yapmay1 olanakli kilacak bagka bir grubun olmayisi bir
siirlilik olarak alinmigtir. Planlama becerisi LK T4 testi ile 6l¢iilmiis olup, elde edilen
sonuglar 6lgme aracinin planlama becerisini 6l¢me duyarlik ve yetkinligi ile sinirlidir.
Calisma grubunda yer alan 6grencilerin planlama becerisine iligkin on test puanlar
denk olup, siirece etki edebilecek sag eli kullanma, algoritmik diisiinme gibi
becerilerinin dislanmamig olmasi bir siirlilik olarak kabul edilmektedir..
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