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Abstract: This study aimed to develop an instructional design that focuses on programming teaching for gifted and talented students
and to investigate its effects on the teaching process. During the development of the instructional design; the steps of Morrison, Ross
and Kemp Instructional Design Model were followed. Embedded experimental design, one of the mixed-method research designs,
was used in the modeling of the study. The participants consisted of students studying at the Science and Art Center (BILSEM)
(experimental group: 13 girls and 12 boys, control group: 10 girls and 15 boys). While the instructional design developed by the
researchers was applied to the gifted and talented students in the experimental group, the standard activities used in Information
Technologies and Software Courses at BILSEM were applied to the gifted and talented students in the control group. “Computational
Thinking Scale (CTS)”, “Torrance Creative Thinking Test (TCTT-Figural)” and “Computer Programming Self-Efficacy Scale (CPSES)”
were used to collect the data of the quantitative phase of the study. Qualitative data were gathered by using interview form,
observation forms, and design thinking rubric. Two-Factor ANOVA Test, Bonferroni Adjustment Multiple Comparisons Test, and
interaction graphs were used to analyze quantitative data while qualitative data were analyzed by content analysis. The quantitative
results of the research showed that the instructional design was effective on students' computational thinking and creative thinking
skills, but not on programming self-efficacy. Qualitative findings revealed that the instructional design helped the students learn the
computational concepts, use computational applications, and develop computational-perspectives. Also, students improved their
design thinking skills to a certain level and expressed that they enjoyed the design thinking process, learned the course content, and
experienced some difficulties.
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Introduction

The most general objective of the information age is to educate individuals who can use technology individually or as a
group and think correctly to solve the problems they face (Gulbahar, 2018). Beyond professional expectations,
computer science education appears as an educational process in which individuals' thinking styles and production
skills are shaped to achieve this goal (Kert, 2018a). International Society for Technology in Education [ISTE] (ISTE,
2016) has included computational thinking, creative thinking, design thinking, and creative problem-solving skills
through cooperative participation as standards for learning the competencies targeted in computer science education.
All these skills are the structures that form the basis for programming skills that can be expressed as the process of
producing a problem in a way that technological devices can understand it (Karaman & Kursun, 2018). Programming is
a powerful cognitive tool in terms of meeting all criteria of cognitive tools (Jonassen, 2000).

Cognitive, affective, and social gains can be achieved when programming through instructional designs was used as a
cognitive tool. Programming teaching has positive effects on cognitive variables such as problem-solving,
computational thinking, creative thinking, algorithmic and critical thinking, logical inquiry (Akcaoglu & Koehler, 2015;
Calao et al,, 2015; Dogan & Kert, 2016; Lye & Koh, 2014, Kim & Kim, 2016). Also, learners can acquire some affective
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variables such as programming self-efficacy, interest-desire, motivation, self-confidence and attitudes as well as social
competencies through programming teaching (Begosso & da Silva, 2013; Durak, 2016; Gunbatar & Karalar, 2018;
Kalelioglu & Gulbahar, 2014). Computational thinking among the cognitive skills which can be obtained through
programming teaching is spectacular thanks to both its scope of thinking and its emphasis on the necessity for
everyone to have (Lockwood & Mooney, 2017; Lye & Koh, 2014; Wing, 2011). During the computational thinking
process, learners use their skills of creative thinking, algorithmic thinking, critical thinking, and problem-solving
through creating artifacts (Grover & Pea, 2013; ISTE, 2016). Among the affective behaviors gained through
programming teaching, programming self-efficacy has a special significance. It is because individuals who have a higher
degree of programming self-efficacy are more eager to solve computational problems and more successful at
programming (Kong, 2019). From the perspective of social achievements, programming teaching also addressed as in
the framework of socio-cultural constructivism and creative programming activities. During the process of creative
programming, learners provide solutions to the unstructured problems with collaborative work together by using their
design thinking skills (Romero et al,, 2017).

Many countries such as Austria, Czech Republic, Estonia, Great Britain, Finland, Israel, and Turkey has realised the
importance of programming teaching in cognitive, affective, and social aspects and the curricula of these countries have
been updated in a way that they include programming skills (Balanskat & Elgelhardth, 2015; Kalelioglu, 2018). Thus, it
is aimed to foster the development of the 21st-century skills, to meet the need for computer science-based workforce in
different sectors (Balanskat et al., 2017) as well as to discover and educate gifted and talented students in the field of
computer science. Undoubtedly, to identify gifted and talented students in the field of computer science and to provide
appropriate educational services to them are the most effective methods in the long term during the transition process
from being a society that consumes technology to a society that produces it (Ongoz & Sozel, 2018).

Science and Art Center (BILSEM), which is a state institution, has the dominant role in educating the gifted and talented
students in Turkey. Free educational services are provided to students who are enrolled in BILSEMs after some
individual assessments. In BILSEMs, students are taken into Adaptation, Support, Individual Ability Recognition (IAR),
Development of Special Abilities (DSA), and Project Production (PROJECT) programs respectively. In the IAR Program,
the areas where the students are talented are discovered, and the students are guided to these fields. Students take
courses in many fields such as Information Technologies and Software, Science, Mathematics, and Social Studies in the
IAR Program (Ministry of National Education [MoNE], 2016). At BILSEMs, emphasis on education in the fields of art,
science, and mathematics (Geckil, 2012) has a negative effect on gifted and talented students in a special and different
field such as information technologies and software (Keskin, 2006). However, talents can be developed further if gifted
and talented students are discovered and supported in the field of computer science (Siegle, 2004). Also, these students
can be encouraged to contribute to the field (Colluoglu Gulen, 2014).

MoNE has been developing framework programs and activity books for the gifted and talented students who are
interested in computer science and aiming at developing themselves in this field, and also in this work, programming
achievements are specially featured (MoNE, 2017). However, the fact that these framework programs and activity
books designed for these programs are technology-oriented, and they have pedagogical deficiencies can be criticized.
Even the aim of developing computational thinking, creative thinking, and design thinking skills; and improving
affective skills related to programming emphasized in framework programs and activity books, achievements regarding
the development of these skills have not been stated in documents. Also, it is because the use of tool-oriented
approaches in programming teaching with uncertain acquisition relationships in technology-oriented teaching
processes causes teaching to be inefficient (Kert, 2018b). Therefore, it is extremely important for the gifted and
talented students to develop instructional designs whose pedagogical deficiencies are made up for, that focus on
achievements and provides rich learning experiences. Although strong evidence is needed for the educational practices
applied to gifted students, the relevant literature is lacking in terms of extensive empirical studies (Plucker & Callahan,
2014). In the literature review, it is seen that there are instructional designs developed for teaching language (Kaplan-
Sayi, 2013) by application of different design models and for teaching Science-Math to the gifted and students (Ayverdi,
2018; Ozcelik & Akgunduz, 2018; Tyler-Wood et al., 2000; VanTassel-Baska et al, 1998). The number of specially
developed instructional designs that focus on programming education for gifted and talented students is limited
(Durak, 2016; Kim et al.,, 2013; Shin et al.,, 2013). In previous studies, only the block-based programming approach
preferred in programming teaching.

In the scope of this research, it is aimed to develop an instructional design that is focused on the learner and used tool-
focused programming pedagogies for gifted and talented students and to investigate this instructional design’s effects
on the process of teaching. Programming pedagogies also used in the teaching of computational thinking skills (Kert,
2018b). Creative thinking and design thinking addressed as skills that can be improved with creative programming, and
at the same time, processes of programming teaching are enriched by using design thinking as a learner-centered
approach. With this study, it is expected to contribute a) to the individual in terms of acquiring thinking skills and
acknowledging special talents in computer science, b) to the society in terms of educating gifted and talented students
by developing technology to support Turkey’s development goals, c) to the educational science and computer science
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fields by i. addressing the stages of instructional design development in detail by using a model, ii. providing evidence
in terms of applicability of different pedagogies and effectiveness of a design, iii. fulfilling the gap within the literature.

Research Background
Research Problem

The problem of this research is defined as “What are the effects of the instructional design developed by using
Morrison, Ross, and Kemp Model in the field of information technologies and software for gifted and talented students
on the teaching process?”

Sub-problems

1. Does the instructional design affect the computational thinking, creative thinking and programming self-efficacy
scores of gifted and talented students?

2. What are the views of gifted and talented students about computational thinking before and after the
implementation of the instructional design?

3. What are the views of gifted and talented students about design thinking before and after the implementation of
instructional design?

4. What is the gifted and talented students’ state of using computational thinking and design thinking in terms of
teacher observations during the experimental process?

5. How do design thinking worksheets, note sheets used in the idea-making process, and prototypes developed by
students reflect the design thinking process of gifted and talented students?

Computational Thinking (CoT)

Computational Thinking (CoT) is “a process of thinking that involves formulating problems and solutions for them to
present the solutions in a form that can be effectively implemented by an information processing unit (human,
machine, robot)” (Wing, 2011, p.1). Formulation problems require the use of cognitive processes such as modularizing,
abstracting and generalization. According to Garcia-Valcarcel Munoz-Repiso and Caballero-Gonzalez (2019), CoT is the
capacity and ability to solve problems using the basic principles of programming and computer science. CoT has three
basic elements: computational concepts, computational practices, and computational perspectives. Computational
concepts are the concepts used in programming. Computational practices deal with the practices that learners apply
when they produce something by programming. On the other hand, computational perspectives constitute the affective
dimension of CoT and are the insights developed by the learners against themselves, their relations with others and the
technological world (Brennan & Resnick, 2012). CoT can be taught by computer-free (unplugged) programming,
physical programming, block-based programming, text-based programming, and interdisciplinary applications
(Kandemir, 2018; Loockwood & Mooney, 2017; Weinberg, 2013).

Creative Thinking (CT)

Creativity is a context-specific process in which a new, appropriate, and useful solution is developed individually or
collaboratively by a reference group (McGuinness & O’Hare, 2012). It is enough for a student to create an idea or
product that is new, appropriate, and useful for his/her creativity in the classroom (Starko, 2014). In a learning
environment in which creativity is supported, creative thinking skills can be developed in many contexts (Baer &
Kaufman, 2012; Orhon, 2014). One of these contexts is computer science education, which focuses on learner-oriented
production processes. In computer science education, it is aimed to reveal the characteristics of the learners as a
designer, developer, and active participant. Concrete products and software-based content development activities
allow learners to develop their creativity (Kert, 2018a; Romero et al, 2017). Learners can involve in the creative
thinking process by producing content utilizing digital tools individually or in teams (Romero, Laferriere & Power,
2016).

Computer Programming Self Efficacy (CPSE)

Computer programming self-efficacy (CPSE) reflects the individual's perception and assessment of his/her ability to
solve computational problems using programming knowledge and skills. Individuals with high CPSE are more willing to
apply their knowledge and use their skills to solve computational problems (Kong, 2017). Low CPSE is an obstacle that
affects the performance of individuals in programming teaching (Hongwarittorrn & Krairit, 2010). CPSE is a key
variable to be successful in programming activities (Yildiz-Durak, Karaoglan-Yilmaz & Yilmaz, 2019). Also, CPSE is
considered a reflection of computational perspectives (Roman-Gonzalez et al.,, 2019). Determining the levels of CPSE
helps to comment on the programming success of the individuals (Askar & Davenport, 2009; Ramalingam, LaBelle &
Wiedenbeck, 1998).
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Design Thinking (DT)

Design (DT) is a human-centered approach that provides creative and innovative solutions to problems using design
tools and mindsets (Carroll et al., 2010). Using DT steps (empathy, defining, generating ideas, developing prototypes,
testing) creative solutions can be produced for personal, social, and commercial problems (Bootcamp Bootleg D.School,
2011; Kelley & Kelley, 2013). DT is also used in areas other than the design field (such as business, engineering,
education, etc.) as it encourages creativity and innovation with an empathic, flexible, and iterative approach
(Henriksen, Richardson & Metha, 2017; Lor, 2016). It is known that DT is used as a method, process, and skillset in the
field of education together with the search of a teaching strategy suitable for 21st century skills, work habits, and
character traits (Aflatoony & Wakkary, 2018; Carroll, 2014; Dukes & Koch, 2012). In creative programming activities,
DT is used as a human-centered teaching method. In the creative programming process, learners use DT as a skill and
method. They understand the nature of an open-ended problem, empathize, identify the problem, and configure,
develop, and improve the program in a way that is will be a new, convenient, and useful solution to the problem
(Romero et al.,2017).

Methodology
Research Design

Embedded experimental design, one of the mixed-method research designs, was used in the modeling of the study. The
embedded experimental design emerges when the researcher embeds qualitative data into experimental designs
(Creswell & Plano Clark, 2014). The research problem in this study was studied by adding qualitative data to the
experimental design before, during, and after the experiment. The research process is given in Figure 1.

| Quantitative Part |

Group Pre-test Experiment Post-test
Experimental CTS, . Instructional design CTS, .
R (n=25) TCTT-Figural, TCTT-Figural,
B CPSES CPSES
Control CTs. Standard mnformation te_d%n_ologies CTS.
R (n=25) TCTT-Figural, and software course activities TCTT-Figural,
CPSES CPSES

Qualitative Part During the Experiment

Experimental Group

Control Group

Observation Forms for CoT and DT

Design thinking worksheets (Empathy Map. Pomnt of View (POV) Statements, User
Feedbacks). note papers used in the bramstorming process and prototypes developed during

the DT process

Observation
Forms for CoT
and DT

Data Analyses

=

Qualitative Part Before the

J L

Qualitative Part After the

Experiment

Experimental Control
Interview Interview
Form for CoT | Form for CoT
and DT and DT

Combining quantitative data
with qualitative data in the

mterpretation phase

Experiment

Experimental Control
Interview Interview
Form for CoT | Form for CoT
and DT and DT

Reporting

Figure 1. Research Process

In the quantitative part of the research, “Random Design with Pre-test, Post-test, and Control Groups” was used to
investigate the effects of instructional design on computational thinking, creative thinking, and computer programming
self-efficacy of gifted and talented students. In this design, two groups, experimental and control were formed by
random assignment from the determined experimental subject pool. Then, the measurements of the variables in the
experimental and control groups regarding the dependent variables were taken. The experimental process whose effect
to be measured was given to the experimental group but not to the control group. The measurements of the dependent
variables of the experimental subjects in the experimental and control groups were obtained by applying the same or
equivalent scale forms (Buyukozturk, 2014). In the qualitative part of the research, the views of gifted and talented
students about computational and design thinking skills were examined through interviews before and after the
experimental process. Their use of computational thinking and design thinking skills was determined thanks to teacher
observations. Also, the students in the experimental group were interpreted by examining the design thinking
worksheets, the note papers they used in the process of generating ideas and the prototypes they developed.
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Participants

Participants were the gifted and talented students enrolled in IAR program at Balikesir Sehit Prof. Dr. Ilhan Varank
Science and Art Center (experimental group: 13 girls, 12 boys, and control group: 10 girls, 15 boys). 8 of the students in
the experimental group were at 5th grade, 7 of them were at 6th grade, 3 of them were at 7th grade, and 7 of them were
at 8th grade. 5 of the students in the control group were in 5th grade, 10 of them were in 6th grade, 3 of them were in
7th grade, and 7 of them were in 8th grade. 25 students were randomly assigned to experimental and control groups. In
BILSEM, students are grouped by program level, not by grade level. The ages of students in the IAR program can be
different as + -2 years from each other. Students at the same program level at BILSEM are provided education
according to their interests and needs.

Data Collection Tools

Quantitative data was gathered by using the Computational Thinking Scale (CTS), Torrance Creative Thinking Test
(TCTT-Figural), and Computer Programming Self-Efficacy Scale (CPSES). Qualitative data was gathered with interview
form, observation forms, and DT Rubric developed by the researchers.

Quantitative Data Collection Tools

Computational Thinking Scale (CTS): CTS was developed by Korkmaz et al. (2015) to measure the computational
thinking skills of secondary school students. In total, there were 22 items and five factors consisting of creativity (4
items), algorithmic thinking (4 items), collaboration (4 items), critical thinking (4 items), and problem-solving (6
items). The items of the 5-point Likert scale are graded as never (1), rarely (2), sometimes (3), usually (4), always (5).
The Cronbach's Alpha reliability coefficient for the scale was .809. Cronbach's Alpha values of the factors ranged from
.640 to .867. Factor-total correlation of all factors in the scale ranged between .655 and .842, and t values were
significant (p <.001). These results showed that the level of each item’s serving its purpose was high.

Torrance Creative Thinking Test (TCTT-Figural) (A and B Forms): TCTT-Figural is often used to identify creative
individuals around the world. This test was first developed by Torrance (1966), and then norm studies were carried
out five times. The norms of the latest version of TCTT 2007 were based on data from 70093 people. Two different
score types based on norm and criteria were used in the calculation of the scores obtained from TCTT-Figural A and B
forms. The scores of the sub-dimensions such as fluency, originality, the abstraction of titles, enrichment, and resistance
to early completion were calculated as norm-based. Criteria-based scores were obtained by summing the scores of the
sub-dimensions under the Creative Strengths Checklist. The sum of the scores based on norms and the scores based on
criteria gives the creativity score.

Computer Programming Self-Efficacy Scale (CPSES): CPSES was developed by Kukul et al. (2017) to measure the level
of programming self-efficacy of secondary school students. It consists of 31 items and a single factor. The item loads of
the items in the scale ranged from .47 to .71, and the variance explanation percentage of the single factor scale was
41.15%. The 5-point Likert-type scale with no reverse item was rated as “Strongly Agree (1)” and “Strongly Agree (5).
At the end of the reliability analysis, the Cronbach’s Alpha reliability coefficient was calculated as .95. In addition, the
Spearman-Brown reliability coefficient was calculated as r = .96 with the split-half method. These results showed that
the internal consistency of the measurement tool was high. In order to determine the construct validity, exploratory
and confirmatory factor analyses were performed and according to the results obtained from the analyses, the scale
was found to be valid and reliable.

Qualitative Data Collection Tools

Interview Form: An interview form was formed by the researchers to examine the viewpoints of the students in the
study group towards computational and design thinking skills. The form contains 8 open-ended questions for
computational thinking, 5 open-ended questions for design thinking, alternative questions and probes for each
question. After the interview form was prepared, opinions about the form were obtained from 3 experts, and the form
was finalized in line with the suggestions from those experts. Interviews were carried out by the researcher with 4
students each from the experiment and control groups, before and after the experimental process at BILSEM. These
interviews lasted 23-40 minutes on average. The questions directed to the students were about describing computing
concepts (sequence, loops, events, parallelism, conditionals, operators, variable, list and function), how they are
structuring a programming project, how they are finding their mistakes and correcting them while programming,
interacting with other people in the programming process, their thoughts about expressing themselves by
programming. For DT; questions such as how are they going to structure a design project, what kinds of tools they will
use for prototyping, what they think about possible problems may be encountered during design process and what
they think about the personality traits that a member of the design team should inherit are directed to students.

Observation Forms: The computational thinking observation form was developed by researchers using the online
platforms “ScratchEd” and “d school K12 Lab”. The number of times that students demonstrate behaviors that meet the
criteria are marked in the frequency section of the related items in the computational thinking observation form. In the
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DT observation form, the level of the students regarding the DT levels is marked on the cells in the observation form.
Experimental observations were made during the pilot implementation of the instructional design and whether the
criteria in the observation forms are performed was tested during this pilot implementation and the opinions of 3
experts were also obtained. The observations lasted 40 hours, 20 hours each in both experimental and control groups.
The validity of the observation forms was ensured by reviewing the literature and obtaining expert opinion. “Cohen's
Kappa Coefficient” was calculated for the reliability of the computational thinking observation form and found to be .66
for the experimental group and .76 for the control group. The agreement between the observers for the DT observation
form was determined by calculating the “Weighted Kappa Coefficient” and found to be .61 for the experimental group
and .67 for the control group. It can be said that there is a good level of harmony between observers for both
observation forms and both groups (Landis & Koch, 1977, p.165).

DT Rubric: Design thinking worksheets (Empathy Map, POV statements, User Feedbacks) (Annex-2), note papers used
in the brainstorming process, and prototypes developed during the DT process were examined with DT Rubric (Annex-
2) developed by the researchers. Performance tasks are defined as DT tasks. In addition, the appropriateness of the
performance tasks to the age level of secondary school students and in terms of Turkish language rules were examined
by taking teachers’ opinions. DT tasks in instructional design were as follows: 1. DT Task: to redesign the experience of
playing computer games, 2. DT Task: to redesign the healthy eating experience, 3. DT Task: to redesign the water usage
experience, 4. DT Task: to redesign the experience of living safely, 5. DT Task: To redesign the learning experience
gained in science and technology. Five criteria have been identified that focus on the steps of the DT process to be used
in determining performance. The performance levels were determined from the weakest to the most competent by
attaining 1 point for the student with the weakest and 4 points for the highest performance. After the opinions of 8
students, 2 experts and 1 teacher who participated in the pilot design of the instructional design were received, the DT
rubric was given its final form. The intra-class correlation coefficient (ICC) was calculated for the agreement between
the raters and was found to be .825. It can be said that there is a “good level of fit” among the raters of the design
thinking rubric (Koo & Li, 2016; p.158).

Forming an Instructional Design and Implementation Process

The instructional design was based on the instructional design model by Morrison et al. (2012), and its phases were
followed. In Figure 2, details are given regarding stages of instructional design.
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A needs analysis was performed. It has been observed that the gifted and talented students who have se-
lected information technologies and software field in DSA Program are not at the desired level regarding

programming and they are not willing to produce creative products in this field. In order to investigate
Determination the reasons for this situation, semi-structured interviews were conducted with 4 Information Technology
of the Teaching Teachers, 1 Mathematics Teachers, 1 Science Teachers, and 8 students enrolled in IAR Program. As a
Problem r It of the analysis of the interviews, it was concluded that the problem was mostly due to technolo-
gy-oriented teaching processes and pedagogical deficiencies. The needs analysis report was submitted to
the BILSEM on 10.02.2018 and it was decided that the problem could be solved by teaching.

The general characteristics and preliminary features of 125 gifted and talented students enrolled in IAR
Program in the 2017-2018 academic year were examined. It was found out that 86.4% of the students
had received block-based programming and 36% had robotic education previously. In addition, 80.8% of
The Learner the students stated that they could use computers at a good level. Learning styles of the students were
Analysis reviewed by literature. It was concluded that gifted and talented students preferred “participatory, coop-
erative, independent and competitive”, “converger and assimilator” and, “visual and tactile” learning
styles.

The directing context, the transfer context, and the pedagogical context were analyzed. In the directing
context analysis, the mean scores of the students' computational thinking skills (x=78.57) and program-
The Context ming self-efficacy scores (x=124.87) were calculated. It was observed that the students' mean scores
Analysis were high. In the context of transfer analysis, the results of the needs analysis were used. It was found
out that the students wanted to have a profession in the field of computer science and that they thought
to use what they learned in information technologies and software courses while making projects.

o] T formed in accordance with the literature review, needs analysis report
! d observations in BILSEM. Units were defined as 1. Block-based pro-

Task Analysis ing, 3. Physical programming, 4. Mobile programming and 5. Design

Determining of affective objectives, Fhe classiﬁcat_ion put forward by Kratwohl, Bloom, and Masia @1.964) was pre-
the Teaching ferred. In the first 4 units, computational concepts and practices were used while writing the cognitive
R objectives, and computational viewpoints are given priority while defining the affective objectives. In the
Objectives DT unit; cognitive objectives are classified under the DT process and DT Project Development titles while
affective objectives are categorized under DT mindsets.

Learning-related sequencing, real-life sequencing, and classification of concepts were considered. At the
end of the units in instructional design, learners will develop original projects in programming environ-
ments by using the design thinking process. For this reason, it was decided that the design thinking unit
CthenF should be in the first place of the content. In addition, the objectives of the design thinking project devel-
Classification opment process are placed at the end of each unit. The block-based programming unit which is familiar
to learners, a prerequisite for learning other units and easy to learn, is located in the content immediate-
ly after the design thinking unit. Then the other units took place in the content respectively.

strategies focus on
le;

Determining
arn-

the Teaching
Strategies

Teaching
Message
Design

Pre-teaching strategies, designing texts related to content and designing pictures and shapes used in
teaching were realized.

The activities included in the implementation plans were designed based on the 5E teaching model. Im-
plementation plans are structured in three parts. In the first section; there are course name, BILSEM
Teaching program level, unit name, name of the activity and duration of the activity. In the second part, there are
Improvement objectives, learning-teaching strategies, methods and techniques, equipment and resources used in the
activity and security measures. In the third part, the application stages of the activity according to the 5E
teaching model are given. The detailed information is given in Annex 1.

Development Process evaluation and product evaluation of instructional design were planned. For the process evalua-
of Assessment /  tion, the results of the pilot scheme and the information obtained from the expert opinion were used.
Tools Product evaluation was carried out using quantitative and qualitative methods.

| The updated Bloom taxonomy was used in the classification of cognitive objectives. In the classification

number of the target group, best service in terms of time and place, materials, technical equip-
uired, personnel competencies involved in the design process, timing and coordination of all ac-
were taken into consideration within the scope of planning, project management, and support ser-
Ongoi ‘Within the scope of the process evaluation, the pilot scheme was carried out with 8 students in the
NEOTE Y g term of the 2017-2018 academic year and took 22 lesson hours. An observer and researcher par-
Processes d in the pilot scheme. At the end of the scheme; observer notes and opinions, as well as student
k NS, were taken. Studies on instructional design and all stages of design were presented to five ex-

[ecessary corrections were made in instructional design by considering pilot scheme results and
t opinions and it was decided that the design was feasible.

Figure 2. Stages of Instructional Design.

The actual implementation was realized as a project in the summer term of the 2017-2018 academic year. The
application took a total of 74 hours. An average of three or four hour-implementation was carried out per day, and this
duration was decided in order not to divide the activities. The pre-tests were applied to the students before the
instructional design started. During the last day of the training, the final tests were performed, and a photo show and
certificate ceremony was held for the participants during the implementation process. While the instructional design
developed was applied in the experimental group, the control group studied the standard information technologies and
software activities. The standard activities applied in the control group were planned for teaching the same units in the
experimental group. The researcher, instructor, and observer in the experimental group took part in the
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implementation of the activities in the control group. The application in the control group was carried out in the form of
a summer-term project as in the experimental group. Quantitative and qualitative approaches were used together in
order to measure the impact of instructional design and product evaluation was realized in this way. In the context of
confirmatory evaluation, the long-term impact of the design wasn’t investigated.

Data Analysis

Quantitative and qualitative data were analyzed using SPSS and NVivo programs. In the analysis of quantitative data,
Two-Factor ANOVA Test for Repeated Measurements, Bonferonni Compatible Multiple Comparisons Test, and
interaction graphs were used. The normal distribution of the data set was examined by normality tests, descriptive
values, and Q-Q graphs. It was understood that the data showed normal distribution. ANOVA test assumptions were
examined, and the applicability of the test was approved. The analyses were conducted with 95% confidence interval
with the significance level a = .05. The data obtained from the interviews were analyzed by content analysis. Data
collected through interview forms were examined under themes and sub-themes. The data is encoded by two encoders
to ensure reliability between encoders. In coding for reliability by two researchers, the consistency between coders was
calculated as 89% (reliability = (consensus number) / (total consensus + consensus number)) (Miles & Huberman,
1994). Direct quotations were taken from the interviews with the students and the quotations were coded as S1-54,
experimental-control group (E and C) and female-male (F and M).

Findings
Findings of the First Sub-Problem

In order to test the effect of instructional design on the CoT, CT, and CPSE scores of the gifted and talented students, a
two-factor ANOVA test was performed. Pre-test and post-test mean scores and standard deviation values of CoT are
presented in Table 1.

Table 1. Findings on the Pre and Posttest Mean Scores of CoT

Groups Pre and Post-test Mean Scores N X SD

. Pretest 25 88.76 9.41
Experimental Group Posttest 25 9452 6.04
Control Grou Pretest 25 85.57 8.47

p Posttest 25  88.68 8.43

Table 1 shows that there is an increase in the scores of both groups about CoT; however, the increase in points in the
experimental group was more evident. ANOVA test was applied to test whether the increase in scores was statistically
significant, and the results are given in Table 2.

Table 2. Findings on Repeated Measures ANOVA of CoT

Source of Variance Sum of Squares df Mean Square F p n2
Between Groups 6446.536 49

Group (Experimental / Control) 509.377 1 509.377 4.118 .041 .080
Error 5937.159 48 123.691

Within Groups 1031.22 50

Test (pretest and posttest) 490.517 1 490.517 47.397 .001 497
Group*Test 43.947 1 43.947 4.246 .040 .081
Error 496.756 48 10.349

Total 7477.756 99

The joint effect of the group and test are given in Table 2 shows that there was a significant difference between the
groups depending on the measurements (F (1,48) = 4.246; p <.05, n2 =.081). When the Eta squared value is examined,
it is understood that the joint effect of the group and the test has a medium effect size. It was concluded that
instructional design had a significant effect on CoT scores. In order to compare the differences between the mean
scores of the experimental and control groups, “Bonferonni Adjustment Multiple Comparisons Test” was applied, and
the results are presented in Table 3.
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Table 3. Bonferroni Adjustment Multiple Comparisons Test Results of CoT

Bonferonni Test Results

Experimental Control
Pre-test Post-test Pre-test Post-test
Mean Difference = Mean Difference Mean Difference = Mean Difference
(- (-1 (-1 (-

Experimental  Pre-test -5.755* 3.188

Post-test 5.755* 5.840*

Control Pre-test -3.188 -3.104*
Post-test -5.840* 3.104*

*p<.05

When Table 3 is examined, it is seen that the difference between pre-test mean and post-test mean of experimental and
control groups is significant. In terms of pre-test scores, the mean scores of the experimental and control groups do not
differ significantly. The mean post-test scores of the experimental group and control group showed a significant
difference in favor of the experimental group (p <.05). The interaction graph is presented in Figure 1.
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Figure 3. Interaction Graph of CoT

When Figure 3 is examined, it is seen that there is an increase in the mean scores of both groups; however, the increase
in the experimental group is more pronounced than the control group. In order to test the effect of instructional design
on CT scores, TCTT-Figural A and B equivalent forms were applied to experimental and control groups. Pre-test and
post-test mean scores and standard deviation values related to CT are given in Table 4.

Table 4. Findings on the Pre and Posttest Mean Scores of CT

Groups TCTT-Figural Pre and Post-test Scores N X SD

Experimental Group Pretest 25 64.36 13.94
Posttest 25 88.56 18.35

Control Group Pretest 25 66.56 10.98
Posttest 25 69.88 11.43

When Table 4 is examined, it is seen that the increase in score in the experimental group is more pronounced than the
control group. ANOVA test was performed in order to examine the increase in the scores of the experimental and
control groups statistically, and the results are given in Table 5.

Table 5. Findings on Repeated Measures ANOVA of CT

Source of Variance Sum of Squares df Mean Square F p n2
Between Groups 17149.44 49

Group (Experimental / Control) 1697.440 1 169.440 5.273 .026 .099
Error 15452.000 48 321917

Within Groups 10.7930 50

Test (pretest and posttest) 4733.440 1 4733.440 68.133 .001 .587
Group*Test 2724.840 1 2724.840 39.221 .001 450
Error 3334.720 48 69.473

Total 27942.44 99

When Table 5 is examined, it is concluded that the group and test common effect is significant (F(1,48=39.221; p<.05,
1n2=.450). When the eta squared value is examined, it is observed that the joint effect time of experimental intervention
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has a large effect size. In light of the findings, it can be said that instructional design has an effect on creative thinking
scores. “Bonferonni Adjustment Multiple Comparisons Test” results are given in Table 6.

Table 6. Bonferroni Adjustment Multiple Comparisons Test Results of CT

Bonferonni Test Results

Experimental Control
Pre-test Post-test Pre-test Post-test
Mean Difference = Mean Difference Mean Difference = Mean Difference
(- (-1 (15)) (-
Experimental  Pre-test -24.200* 2.200
Post-test 24.200* -18.680*
Control Pre-test -2.200 -3.320*
Post-test 18.680* 3.320*

*p<.05

According to Table 6, the difference between the pre-test mean and post-test mean scores of the experimental and
control groups is significant, while the mean scores of the experimental and control groups do not differ significantly in
terms of the pre-test scores. The mean post-test scores of the experimental and control groups show a significant
difference (p <.05). The graph of interaction is presented in Figure 2.
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Figure 4. Interaction Graph of CT

Figure 4 shows that there are large differences between the CT post-test scores of the experimental and control groups
and the post-test score of the experimental group is higher than the control group. When the statistical findings and the
interaction graph are analyzed together, it can be said that instructional design is effective in improving the skills of
gifted and talented students.

Table 7. Findings on the Pre and Posttest Mean Scores of CPSE

Groups PT Pre and Post-test Scores N X SD

Experimental Group Pretest 25 134.23  20.97
Posttest 25 142.96 8.67

Control Group Pretest 25  132.07 17.58
Posttest 25 134.99 12.38

When Table 7 is examined, it is understood that there are differences between the pre-test and post-test measurements
of the experimental group and the post-test scores of the experimental and control groups. The ANOVA test was applied
to test whether the increase in score, is statistically significant, which can also be understood from descriptive

statistics, and the results are given in Table 8.

Table 8. Findings on Repeated Measures ANOVA of CPSE

Source of Variance Sum of Squares df Mean Square F p n2
Between Groups 20311.22 49 1051.016

Group (Experimental / Control) 640.799 1 640.799 1.562 217 .032
Error 19690.423 48 410.217

Within Groups 4839.924 50 1137.293

Test (pretest and posttest) 847.858 1 847.858 10.762 .002 .183
Group*Test 210.656 1 210.656 2.674 109 .053
Error 3781.410 48 78.779

Total 25151.144 99 2188.309
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The insignificant effect of the group and test common effects given in Table 8 indicates that there is no significant
difference between the groups in terms of pre-test and post-test measurements (F(148)=2.674, p>.05, n2=.053). The
interaction graph is given in Figure 3.
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Figure 5. Interaction Graph of CPSE

In the interaction graph given in Figure 5, although there is a significant difference between the mean post-test scores
of the experimental and control groups, it is not possible to say that the increase in the mean scores result from the
experimental procedure as the group test common effect is not significant in the ANOVA test. As a result, it can be said
that instructional design has no significant effect on the programming self-efficacy of gifted and talented students.

Findings of the Second Sub-Problem

Semi-structured interviews were conducted with four students in the experimental and control groups before and after
the experimental procedure, and the results of the content analysis are presented in Table 9.

Table 9. Frequency Distribution of the interviews with the Students in Experimental Group about CT

Pre-interviews with Experimental Group Post-interviews with Experimental Group
Categories Codes Categories Codes
Lack of knowledge (f:15), loop (f:4), use Loop (f:4), use of conditionals (f:4),

of conditionals (f:2), operators (f:1), event control (f:4), operators (f:4),

Computational parallelism (1), sequencing (f: 3), Data Computational parallelism (f:2), sequencing (f:4),
Concepts - Hiable (£:1)) Concepts Data (variable (f:4), list (f:4) and
function (f:4))
Modularizing (f:3), experimenting and Modularizing (f:6), experimenting
iterating (f:4), debugging (f:7), and iterating (f:5), generalization
abstracting (f:1), testing (f:4), data (f:1), debugging (f:6), automation
Computational collection (f:3), Reusing and Remixing Computational (f:3), abstracting (f:4), testing (f:3),
Practices (using a part (f:2), getting inspiration Practices data collection and analyzing (f:4),
(f:2), citing (f:4) and using all the parts Reusing and Remixing (using a part
(1)) (f:3), getting inspiration (f:1), and
citing (f:3))
Compuatonat oo (g o e ohers (6 computaiona - opnestns Codig o e s
Perspectives et ' Perspectives ) e

and questioning (f:2) expressing (f:3) and questioning (f:3)

Students in the experimental group expressed their opinions about computational concepts, practices, and
perspectives. When Table 9 is examined, it is seen that the students in the experimental group talk about event control,
list, and function after the experimental procedure, unlike their views before the experimental procedure. Also, in the
last interviews, students talked about computational applications, automation, and generalization, and mentioned
abstraction more. In the last interviews about the computational concepts, it was seen that the students didn’t have any
lack of information and that the computational concepts and applications are mentioned more. S1-E-F stated in the
preliminary interviews that there was a lack of information regarding the concepts of computational thinking: “I have
not heard the list. Let’s assume that we have a product. We can define the function as the features of our product.” In
general, S4-E-M denoted in the last interviews: "I learned how the servo motors work in the project, how it turned in
different degrees. Let's say there is a walking robot, I can understand how it works from the running principle of servo
motors. I will code its walking with the same principle."
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Table 10. Frequency Distribution of the interviews with the Students in Control Group about CT

Pre-Interviews with Control Group Post-Interviews with Control Group
Categories Codes Categories Codes
Lack of knowledge (f:9), loop (f:4), use Lack of knowledge (f:7), loop (f:4), use
Computational of condit.ionals (f:4), operators (f:.4), Computational of conditionals (f:Z], operators (f:-3),
Concepts sequencing (f:3), Data ((f:1) and list Concepts parallel processing (1), sequencing
(f:1)) (f:4), Data (variable (f:4), list (f:3),
function (f:1))
modularizing (f:3), experimenting and Modularizing (f:3), experimenting and
iterating (f:2), debugging (f:7), iterating (f:2), debugging (f:7),
Computational abstracting (f:3), testing (f:3), data Computational abstracting (f:4), testing (f:2), data
Practices collection (f:1), Reusing and Remixing  Practices collection (f:2), Reusing and Remixing
(using some part of it (f:2), getting ((f:3), getting inspiration (f:2), citing
inspiration (f:1) and citing (f:4) (f:4))
Computational Con.nectir.lg (coding for the others- (£:3), Computational Connect-ing (c-oding for the others (f:3)
. coding with others (f:4)), expressing . and coding with others (f:4)),
Perspectives Perspectives

(f:3) and questioning (f:1) expressing (f:4)

Students in the control group expressed their opinions about computational concepts, practices, and perspectives.
When Table 10 is examined, it is seen that the students' lack of knowledge regarding information processing concepts
persists in the last interviews; however, it is seen that parallelism and function concepts are not included in the pre-
experiment interviews are included in the post-experiment interviews. In addition, students talked about abstraction as
well as reusing and remixing applications after experimental procedures. In the preliminary interviews, S2-C-M defined
“modularizing” as: "I first determine my project, look at the elements, what do they do in this project, and I will continue to
write their tasks one by one accordingly." S3-C-F mentioned about “abstracting” in the last interview as: "I will organize
it by throwing away the unnecessary codes, dead codes. To read the code easily and find the error easily, we select and find
the character with error and correct it."

Findings of the Third Sub-Problem

The results of the DT obtained from semi-structured interviews with four students before and after the experimental
procedure are presented in Table 11 and Table 12.

Table 11. Frequency Distribution of the interviews with the Students in Experimental Group about DT

Pre-Interviews with Experimental Group Post-Interviews with Experimental Group
Categories Codes Categories Codes
Researching and exploring (f:2), Empathy (f:6), creating ideas (f:4), learning
empathy (f:4), creating ideas (f:2), content (f:4), sharing (f:4), prototyping
prototyping (f:2), Problems during (f:4), Problems during the process
Design the process (lack of material (f:2), Design (problems in creating ideas (f:1), not doing
Thinking not doing the responsibilities (f:1),  Thinking he responsibility (f:3), disagreement among
Process defining the problem correctly Process the team members (f:4), technical errors
(f:1), team friends’ being (f:2) and time limitation (f:1)), enjoying the
inconsiderate (f:2), disapproval of process (f:2), defining/POV (f:4), testing
design (f:1), technical errors (f:1)) (f:4), repeating (f:1)

3D printer (f:1), coding (f:1), model 3D design software (f:4), Daily tools and

Pro";otylplng cardboard (f:1), robotic materials E‘roﬁotyplng materials (f:9), coding tools (f:9), robotic
00ls (f:2) 0ols materials (£:5), strawbee (f:1)

researcher (f:1), hardworking (f:1), Understanding (f:2), respectful towards
reliable (f: 1), leader (f:1), able to other peoples’ opinions (f:2), hardworking
define the problem (f:1), patient (f:2), solution-oriented (f:1), values
(f:4), responsible (f:2), with high Characteristics thinking (f:3), empathic (f:1), active listener

Characteristics  technical skills (f:4), creative (f:3), of The (f:1), loyal to his/her duty (f:2), can

of The Designer able to use the time effectively (f:1) Designer coordinate easily in every environment

(f:1), tolerant (f:1), leader (f:1), optimistic
(f:1), patient (f:2), even-tempered (f:1),
responsible (f:1), team worker (f:2), with
high technical skills (f:2) creative (f:2)
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Students in the experimental group expressed their opinions about the DT process, prototyping tools and
characteristics of the designer. When Table 11 is examined, it is seen that the interviews after the experimental
procedure focus on learning content, sharing, enjoying the process, defining/POV, and repetition, unlike the interviews
before the experimental procedure. It can be said that the activities carried out for DT in the experimental group
affected students' learning the DT process as well as the content. In recent interviews, the use of daily materials as
prototyping tools was mentioned. It was only stated in recent interviews that a good designer should be a person who
values thinking, empathizes, works within a team, and respects other ideas. S1-E-F expressed the empathy level of the
DT process by saying “I learn their problems by asking others, I get to know them closely and design for them.” The
problem of failure to fulfill the responsibility during the DT process was stated by S3-E-M in the last interviews as
follows: “Whether it was the prototyping phase or the software phase, there were people left behind in our team, who dealt
with things other than the task and did not want to get into the event.”

Table 12. Frequency Distribution of the interviews with the Students in Control Group about DT

Pre-Interviews with Control Group Post-Interviews with Control Group
Categories Codes Categories Codes
Researching and exploring (f:3), creating ideas (f:2), planning (f:2),
empathy (f:3), creating ideas (f.1), prototyping (f:2), Problems during the
planning (f:1), prototyping (f:1), process (not respecting the opinion of
Design Problems during the process Design other people) (f:1), not doing the
Thinking (disagreement (f:1), problems while Thinking responsibilities (f:2), disagreement
Process creating ideas (f:2), arguments among Process among the team members (f:2),
the team members (f:1), disapproval technical errors (f:3), working with
of the design (f:1), technical errors people at different ages (f:1))
(£:2))
. 3D design software (f:2), recycling . 3D design software (f:2), recycling
Pror‘;‘otylpmg materials (f:1), robotics materials ?roﬁotypmg materials (f:1), coding (f:2),
00ls (f:2), construction materials (f:2) 0018 construction materials (f:3)
Determined (f:1), solution-oriented Knowledgeable (f:1), active listener
Characteristics (£1), ti.dy.[f:.l), educated (f:.l), tolerant Characteristics (f:1), sociable (f:1), objective (f:1),
(f:1), disciplined (f:1), sharing (f:1), respectful (f:1), even-tempered (f:1),
of The : of The . .
Designer planned (f:1), patient (f:.l), calm (f:1), Designer requnSIble (f:1), easy going (f.:l), .
team worker (f:2), creative (f:3), creative (f:1), helpful (f:1), serious if
helpful (f:1) needed (f:1)

Students in the control group expressed their opinions about the DT process, prototyping tools and characteristics of
the designer. When Table 12 is examined, it is seen that, unlike the preliminary interviews, the students stated in the
last interviews that working with people who are not at the same age during the DT processes may be a problem. It was
stated by students that 3D design software, coding, construction, and recycling materials could be used as prototyping
tools. Regarding design features, the vast majority of students are observed to emphasize on the designer’s being
creative, harmonious, respectful, and effective listener. In the preliminary interview, S1-C-F said: “The design process
starts with looking at previous designs. If I am a designer, I go to that class once, note down the missing parts and what to
change.” In the last interview, S3-C-F denoted that the designer should be creative and harmonious by saying: “He/she
should be creative and harmonious. I can fill in the missing parts, but my teammates just need to be creative and
harmonious.”

Findings of the Fourth Sub-Problem

According to the observation results, the behaviors that enable the students in the experimental and control groups to
demonstrate their CoT and DT skills are presented in Table 13 and Table 14.
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Table 13. Behaviors that Enable Students to Demonstrate Their CoT Skills

Behaviors Groups
Experimental Control n=25
The student....... n=25 (f) ()
_%D e Builds a project step by step 135 121
;:'_: £ Tries the step as soon as he/she builds it 134 118
< E 8 Revises his/her steps in line with the trial results. 133 115
g—é Tries new ways or things to realize the steps 128 88
% ® Experimenting and Iterating Total (f) 530 442
8o Observes what happens when he/she runs the code 137 105
I3 Describes what is different from what she has expected 129 115
_qéj when his/her code doesn’t work
a Reads through the codes to investigate the cause of the 133 95
g problem
& Makes changes in the codes and test to see what 125 98
Z happens
& Considers other ways to solve the problem 107 39
o~ Testing and Debugging Total (f) 631 452
Finds ideas and inspiration from other projects and 47 22
= creates new ideas
& o Selects a piece of another project, and adapts it for 17 15
.ED = his/her project
% £ Modifies an existing project to improve or enhance it 18 12
e Gives reference to people whose work he/she gets 13 4
« used or is inspired by
Reusing and Remixing Total (f) 95 53
00 _%’J Decides which characters/components to use and their 100 96
g = roles
© %’ Decides which codes to write and their roles 99 74
E ks Organizes the scripts in ways that make sense to 86 49
< _% himself/herself and others
¥ £ Abstracting and Modularizing Total (f) 285 219
Total (f) 1541 1116

When Table 13 is examined, it is seen that the students in the experimental group have exhibited a total of 1541
behaviors and while the ones in the control group have shown 1116 behaviors in terms of CoT. Accordingly, it can be
said that the students in the experimental group exhibit more CoT behaviors than the ones in the control group.

Table 14. Behaviors that Enable Students in the Experimental and Control Groups to Demonstrate Their DT Skills

Groups
Experimental n=25 (f) Control n=25 (f)
- ~N on < _ - ~N on < —_
p— p— p— p— 4] — — p— — (]
Student Behaviors 4 g g g 2 2 2 g g °
) ) () ) = () () ) () =
= = = = = = = =
Empathy 0 2 14 9 25 7 2 0 0 9
Defining/Point of View (POV) 0 4 16 5 25 7 0 0 8
Development
Idea Creation 0 0 12 13 25 8 10 4 0 22
Prototyping 0 0 17 8 25 15 8 1 0 24
Testing 0 8 11 6 25 4 4 0 0 8

When Table 14 is analyzed, it is seen that the majority of the students in the experimental group have exhibited DT
behaviors at Level 3, and the majority of the students in the control group exhibited DT behaviors at Level 1.
Accordingly, it can be said that the students in the experimental group exhibited higher levels of DT behaviors as a
result of the activities applied.
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Findings of the Fifth Sub-Problem

The documents related to the DT tasks performed during the experimental process (empathy map, POV development,
and user feedback worksheets, note papers used in creating ideas) and the prototypes developed were analyzed using
the DT Rubric developed by the researcher and how these documents reflect the DT process of was analyzed in the fifth
sub-problem of the study. In DT tasks, students worked in 5 groups of 5 people. The mean of all groups’ scores of the
DT rubric in the first DT task was 19.2 out of 20, 18.8 in the second DT task, 19 in the third DT task, 19.4 in the fourth
DT task and 19.6 in the fifth DT task. When all DT tasks were examined together, the mean of the students’ scores in the
experimental group from the DT rubric was 19.2. It can be said that the mean of the students’ scores in the
experimental group from the DT rubric were high.

Discussion and Conclusion

In this section, conclusions and findings for each research question are discussed by referring to relevant literature and
studies conducted.

1. Research Question: Does the instructional design affect the computational thinking, creative thinking and
programming self-efficacy scores of gifted and talented students?

As a result of the study, it is shown that instructional design has effects on developing computational thinking skills of
gifted and talented students. In literature, there hasn’t been any study available that searches the effects of
programming-centered teaching strategies on gifted and talented students’ computational thinking skills. However,
Kim et al. (2013) and Wang, Huang, and Hwang (2014) concluded that teaching designs with a programming-centered
approach affected the problem-solving skills of gifted students. It can be said that the results of previous research
match with this research results, considering that problem-solving skill is an element of computational thinking skill
(ISTE, 2016) and explains 24% of computational thinking (Saritepeci, 2017). Ozcelik and Akgunduz (2018) concluded
that at the end of application instructional design that focuses on STEM education, skills of gifted and talented students
such as creativity, critical thinking, and cooperation have been improved. Similarly, Ayverdi (2018) stated that teaching
design was effective in scientific creativity and the scientific process skills of gifted and talented students. These studies
are in parallel to the results of this study in terms of showing that skills covered by computational thinking can be
improved by instructional designs in gifted and talented students whereas they have differences in terms of focusing on
programming teaching.

Researches are available in the literature presenting evidence that students with a normal level of ability can enhance
their computational thinking skills with programming-based instructional designs (Bers et al., 2014; Kim & Kim, 2016;
Saez-Lopez et al,, 2016). The results of previous studies and this study are aligned. However, it was indicated in the
studies carried out by Atman et al. (2018) and Weese and Feldhausen (2017) that instructional designs were not
adequately effective in the development of computational thinking skills. In previous studies, the attempt to develop
computational thinking was executed by using block-based programming pedagogy only. In this study, block-based,
text-based, and physical programming pedagogies and design thinking have been combined, and instructional design
has been executed co-operatively, and it has been observed that the computational thinking skills were improved.

It has been seen that instructional design has a high level of effect (effect size is at a high level) on the creative thinking
skills of gifted and talented students. In literature, there isn’t any study available showing that programming-based
instructional designs are developing gifted and talented students’ creative thinking skills. Nonetheless, Ayverdi (2018)
and Ozcelik and Akgunduz (2018) studies indicate that teaching designs focused on STEM are effective in gifted and
talented students' creative thinking skills. The outcomes of previous studies coincide, in this respect, with the findings
of this study. It has been stated that creative thinking skills can be cultivated with programming-based instructional
designs for students with a normal skill level (Ataman Uslu et al., 2018; Clements & Gullo, 1984; Kim & Kim, 2016;
Kobsiripat, 2015; Pardemean et al., 2011; Park et al., 2015). Design thinking activities in instructional design are
claimed to have a significant impact on the high degree of change in gifted and talented students' creativity. Students
use their creative thinking skills in every stage of the design thinking process (Henriksen et al,, 2017). There are also
studies in the literature that provide indications of the improvement of creative thinking skills as a result of the
application of design thinking practices (Carroll et al.,, 2010; Koh et al,, 2015; Noel & Liub, 2017), and past results and
current results are mutually supportive.

Instructional design has not been effective in programming the self-efficacy of gifted and talented students. Although it
does not concentrate on gifted and talented students, similar findings have been found through the execution of the
programming-based instructional designs (Davidsson et al.,, 2010; Korkmaz, 2016; Ortiz, Chiluiza & Valcke, 2017). It
was concluded in the studies carried out by Gunbatar and Karalar (2018) and Soykan and Kabul (2018) that
instructional designs increased students' programming self-efficacy. The findings of these are not consistent with the
present study. High pre-test scores of gifted and talented students are thought to have been effective in this condition.
Furthermore, a deficiency of at least one of the resources that encourage self-efficacy or a deficiency related to one of
many psychological factors such as confidence, motivation, desire, and psychological resilience may have influenced
programming self-efficacy.
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2. Research Question: What are the views of gifted and talented students about computational thinking before and after
the implementation of the instructional design?

Regarding interviews with four students in the experimental and control groups before and after the experimental
process, it was demonstrated that the students ' computational thinking skills in the experimental group where the
instructional design was implemented, improved more than the students in the control group. Following the research,
the students in the experimental group chose to speak more about the computational concepts and applications, after
the experimental process than the students in the control group. Moreover, after the experimental process, the lack of
information on computational concepts was not present. Studies in literature indicate that teaching designs have
positive effect on students' use of computational concepts (Faber, Wierdsma, Doornbos, van der Ven & de Vette, 2017;
Constantinou & loannou, 2018; Rodrigez, 2017) and the implementations they apply when they produce something by
programming (Atmatzidou & Demetriadis, 2016; Garcia-Valcarcel et al., 2019; Sullivian et al.,, 2017). The results of
previous studies are in line with the results of this study.

During the pre- and post-interviews, the students in the experimental and control groups claimed an equal number of
views about their computational perspectives. All groups, however, gained computational perspectives. Likewise, it was
stated that, as mentioned in the studies of Burke (2012), Kahn et al. (2011), and Lin and Liu (2012), students acquired
computing perspectives through programming teaching. The students' recent interviews in the experimental group
may have stemmed from the same number of computational perspectives and their emphasis on cognitive
achievements in the instructional design.

3. Research Question: What are the views of gifted and talented students about design thinking before and after the
implementation of instructional design?

The students in the experimental group mentioned the design thinking process, prototyping tools, and designer
features following the experimental process. Despite their views before the experimental process, the students
mentioned that after the experimental process they learned the content of the course, in the defining stage they
established POV statements, also that the process was iterative, and that they enjoyed the process of design thinking.
No study applies design thinking to gifted and talented students in the literature. However, the engineering design cycle
whose stages are similar to the design thinking process was used in the works of Ayverdi (2018) and Ozcelik and
Akgunduz (2018), and as a consequence of the teaching process, it was stated that the gifted and talented students
learned the course material, also the design process and enjoyed the process. The preceding research results and the
results of this research are mutually supportive. Similarly, it has been determined in the literature that students with
the normal level of abilities have learned the content of the course (Carroll et al, 2010; Carroll, 2015; Kwek, 2011;
Painter, 2018) and enjoyed the design process (Dukes & Koch, 2012). Another result obtained in both the pre-
interviews and the post-interviews (for both groups) is linked to the fact that during the design process there may be
disputes between group members and the difficulty of working with the team may be observed. While working
together, disagreements between team members were observed in the works of Santos Ordonez, Gonzalez Lema and
Mino Puga (2017) and Retna (2016). We are known to encounter challenges when interacting with the team because of
the leadership personality trait that resides in almost all of the gifted and talented students. Unlike the preliminary
interviews, the experimental group students discussed a successful designer's characteristics to empathize, dignify the
process of thinking, collaboration with the team, and appreciate the thoughts of others. Design thinking activities are
considered to be useful in instructional design.

While the students in the control group shared their perspectives on the stages of empathy, brainstorming, and
prototyping related to the design thinking process before the experimental process; in the post interviews, they also
expressed opinions on the processes of brainstorming, prototyping, and testing. This may be due to the use of similar
processes existing in software development methods, and the use of an engineering design cycle in STEM courses that
have similar points to the gifted and talented students ' design thinking process.

4. Research Question: What are the gifted and talented students’ state of using computational thinking and design
thinking in terms of teacher observations during the experimental process?

The findings obtained from the experimental process-related teacher observations show that the computational
thinking skills of the students in the experimental group have advanced more than those of the control group.
Experimental group students have displayed more computational behavior than control group students. The behaviors
in the observation form of computational thinking are related to the applications that the learners use when they
generate something through programming. These applications are experimenting and iterating during the design,
testing and debugging of the code, reusing and remixing the code of others, abstracting, and modularizing (Brennan &
Resnick, 2012). It is assumed that block-based, text-based, and physical programming activities and programming
process enrichment with design thinking in instructional design support students demonstrate computational
behavior.
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According to teacher observations, it is recognized that most students in the experimental group display Level 3
behaviors while the majority of students in the control group demonstrate Level 1 behaviors. Students in the
experimental group demonstrated greater levels of behavior related to their skills in design thinking than the control
group. In the literature, there is no study examining the impact of instructional designs that were introduced to gifted
students on design thinking skills. However, Ayverdi (2018) indicated that the teaching design developed by complying
with the general teaching design model has been effective in gifted and talented students' engineering skills (stages
similar to the DT process). The claim made in the study of Ayverdi (2018), and the conclusion reached in this study is
mutually supportive. In the work of Duman and Kayali (2017), it is observed that teaching activities concentrating on
the design thinking process were effective in the development of secondary school students' design thinking skills. The
bottom line reached by Aflatoony et al. (2018) shows that high school students develop their design thinking skills to a
certain extent through the design thinking program established. The outcomes of this study coincide with the data
obtained by Duman and Kayali (2017) and Aflatoony et al. (2018).

5. Research Question: How do design thinking worksheets, note sheets used in the idea-making process, and prototypes
developed by students reflect the design thinking process of gifted and talented students?

The scores of the students in the experimental group regarding the design thinking tasks were measured by the rubric
of design thinking, and it was grasped that the students' average score was 19.2 out of 20 for the five design tasks given.
This result shows that the average scores of the students obtained from the design thinking rubric are quite high. All
the stages of the process were meticulously applied by the students who participated in the design thinking process,
and during this process, they filled out their empathy map, POV statements, user feedback templates, wrote their ideas
on note papers in the stages of brainstorming and launched their ideas using block-based, text-based, and physical
programming instruments. This is an indication that students enjoy the process of design thinking, and are motivated
by it.

In summary, as a result of the holistic analysis of quantitative and qualitative data, it was concluded that the
instructional design applied to the experimental group was successful in improving the computational, creative
thinking and design thinking skills of gifted and talented students, while it was not effective in programming self-
efficacy of the students.

Limitations and Suggestions

Only pre-test and post-test measurements could be taken regarding the dependent variables in the study, and the
retention test could not be performed. In the following researches, the persistence effect of instructional design can be
examined. The instructional design developed within the scope of the research was implemented at BILSEM by using
the facilities of the institution and project support. The instructional design developed within the scope of this research
can be applied in institutions with similar infrastructure or teachers can develop their designs. The generalizability of
the research results can be ensured when instructional design developed for gifted and talented students in institutions
with similar infrastructure is applied. Computational thinking skills can be evaluated with different assessment
approaches and tools available in the literature. The answer to the question of what is in the minds of students can be
sought during the implementation of instructional design. Other sources (verbal persuasion, persuasive feedback, etc.)
that affect programming self-efficacy may be introduced in the implementation process of instructional design. The
effect of instructional design on the success of programming can be investigated. Creative thinking skills can be
examined through context-based creativity tests to be developed in the field of computer science. Student roles
(participation, teamwork, collaboration) can be examined in more detail through observations made during the DT
activities. The impact of using DT as a method on learning 21st-century skills, social competences, motivation, interest-
will, attitude, and course content can be extensively studied.
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Annexes

Annex-1. The Detailed Information about the Activities in the Instructional Design

Units Activities Time Audio-Visual and Interactive Materials
Unit 1: Design | Before Scheol (DT1) 1207 Design Thinking (DT) digital presentation. Actionbound mobile app. mobile phone and / or tablet computer. Team Gauge
Thinking Game, other materials (A4 papers. sticky note papers. colored pencils. prototyping materials)
Livable Place (DT2) 120° Design Thinking (DT) digital presentation, Empathy Map Sample. Empathy Map Template. Perspective Development
Worksheet. User Feedback Worksheet, Videos, Wordart and Onlineclassroomwatch Web 2.0 Tools, Tool Gauge Game, other
materials (A4 papers, sticky note papers . colored pencils. prototyping materials)
Unit 2: Block- | Archery 120° Mentimeter Web 2.0 tool, Life Ear Game (Carpet Game). Block Based Programmmg Environment (Scratch or Mblock)
Based Jet Ska 80 VR Cardbeard. VR Jet Ski Application, A Nonsense Story Worksheet, Block Based Programming Environment (Scratch or
Programming Mblock).
Memory Games 80 Crazy Comparisons Worksheet, Gonoodle and Dr. Scratch Web 2.0 tool, Block Based Programming Environment (Scratch or
Mblock).
Catch the Balls 120° Asrrays Worksheet, Topic Game (Carpet Game), Block Based Programming Environment (Seratch or Mblock)
Design Thinkmg Project Development | 2407 Design Thinking (DT) digital presentation. Empathy Map Template. Perspective Development Worksheet. User Feedback
1 Worksheet, onlineclassroomwatch, Kahoot web 2.0 tools, Tool Gauge Game, other materials (A4 papers, sticky note papers,
colored pencils), Block Based Programming Environment (Scratch or Mblock)
Unit 3: Text- Rock Paper Scissors 120" | Python text-based programming environment or computer connected to the Internet (if Trinket will be used). Python flash cards
Based Turtle Geometry 80 Python text-based programming environment or internet-connected computer (if Trinket will be used). Python flash cards,
Programming drawing cards, A4 paper and pens
Choose Your Team 80 Python text-based programming environment or computer connected to the Internet (1f Trnket will be used), A4 paper and
colored pencils
You Have A Secret Message 80 Python text-based programming environment or computer connected to the Internet (if Trinket will be used). A4 paper and
colored peneils
Design Thinking Project Development | 240° Design Thinking (DT) digital presentation. Empathy Map Template, Perspective Development Worksheet, User Feedback
2 Worksheet. onlineclassroomwatch, Kahoot web 2.0 tools. Tool Gauge Game. other materials (A4 papers. sticky note papers,
colored pencils), Text Based Programming Environment (Python)
Unit 4: Smart Systems 120" | Circuit Schemes Worksheet, LDR sensor. Ultrasound Distance Sensor. Color and White Leds. Servo Motor., Buzzer. Jumper
Physical Cable. Resistors, Micro Controller Types (Ardunio Uno. Nano, Mega, Lillypad and Raspberry PI 3) and USB Cable,
Progr Breadboard. Cardboard, Pamt. Toy Cars, Prototyping Matenals, Block Based Robot Programming Environment (Mblock)
Agricultural Automation System 120" | Ardunio Uno. Lm35 Temperature Sensor, Soil Moisture Sensor (Hygrometer), Liquid Level / Rain Sensor, 16x2 Led I2crane,
Buzzer. Red Led, Resistors, Mblock Led 12¢ Pack Attachment, Large Contamer, Soil, Water i Pet Bottle, Various Prototyping
Materials , Kahoot Web 2.0 Tool, Block Based Robot Programmmg Environment (Mblock)
Design Thinking Project Development | 240° | Design Thinking (DT) digital presentation, Empathy Map Template. Perspective Development Worksheet. User Feedback
3 Worksheet. Videos, Onlineclassroomwatch, Kahoot web 2.0 tools. Ardunio Uno Ultimate Set, Tool Gauge Game. other
materials (A4 papers. sticky note papers, colored pencils), Block Based Robot Programming Environment (Mblock)
Mind Storm 160" | Lego Mindstorm EV3 Educational Kits, Flash cards. Task 1 and 2 Runways, Colorful Electrical Bands, Various Materials That
Can Be Used As Obstacles and Loads. Block Based Robot Programming Environment (Legomindstorms Education EV3
Teacher Edition)
Advanced Models with Vanables 80 Lego Mindstorm EV3 Educational Kits, Mission Track, Black Electrical Bands, Block Based Robot Programming Environment
(Legomindstorms Education EV3 Teacher Edition)
Design Tinking Project Development 4 | 240" | Design Thinking (DT) Digital Presentation. Empathy Map Template, Perspective Development Worksheet, User Feedback
Worksheet, Videos, Onlineclassroomwatch, Kahoot web 2.0 tools, Tool Gauge Game, Lego Mindstorm EV3 Educational Kits
and Add-on Sets, Block Based Robot Programming Environment (Legomindstorms Education EV3 Teacher Edition)
Unit 5: Mobil T am writing a mobile application 160" | Mobile Phone with Android Operating System. MIT AI2 Companion and Xing Barcode Scanner Applications, Flash Cards,
Progr i Block Based Mobile Programming Enviror (App Inventor 2)
Mole Hunt 120" | Mobile Phone with Android Operating System, MIT AI? Compamion Application. Block Based Mobile Programming
Environment (App Inventor 2)
Design Thinking Project Development | 240" | Design Thinking (DT) Digital Presentation. Empathy Map Template. Perspective Development Worksheet, User Feedback
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Worksheet., Videos, Onlineclassroomwatch, Kahoot Web 2.0 Tools, Tool Gauge Game. Block Based Mobile Programming
Environment (App Inventor 2)

Annex-2. Empathy Map Template, POV Template, User Feedback Template and DT Rubric

Empathy Map Template Design Thinking Rubric
Levels
What They Said / Done My Thoughts | Feelings Criteria 1 H 3 4 Scare
Tuferviewer's cbservations fhat are seen and heard | Based on the data m the what they said / done (Weak) (Moderate) (Competent) (Most Competent)
stated in this section. The sentences that come out of | section, deductions are made about the user and Interview _ The The information The information
the interviewee's mouth are inchuded in the quotes | assumptions are noted. questions are mformation | gathered from the grthered from the
without being chamged prepared proper | gathered from | inferview noted in Inferview was written
= = to the design task | interview noted | empathry template down in the empathy
- [ — and directed to randomly by stating direct template by ncludmg
Topathy user sentences coming the sentences coming
from persen’s directly from the mouth
mouth of the person and the
assumptions about the
POV Template user stated
Oneproper and | Two clear POV | Three clear POV | At least four clear POV
Point of View clear POV tements have have have been
(POV) statement has been written | been written abmost | written totally properly
....................................................................... s, fuser’s name) beenwritten | partly properly properly
.................................................. (verb) needs to find a way / method for that; Brainstormi 0-5 ideas 515 1deas 13-25 ideas More than 75 ideas
ramstormag produced produced produced produced
Because........oooooieee e e Wo unnecessary | No wmnecessary Easily used Easily used protatype
(insight) things were things were prototype with no ‘with no unnecessary
includedinthe | includedinthe | wmmecessary things | things included and the
_ prototype, the | prototype. the | and the design was design was very
User Feedback Template Prototyping design was designwas | veryinterestmgand | inferesting and visually
partially very interesting | visually successful | successful also enabled
What worked out? What did not work out? nteresting ad and visually the user interaction
visually successfil
successfil
Profotype isused | Protofype1s | Prototype is used by Prototype 1s used by
byuseranditis | wsedbyuser | useranditisnoted | user anditis noted both
.- noted whathas | anditisnoted | bothwhathasbeen | whathas been worked
: : ed? ; 0 7 ) been worked out | both whathas | workedoutandnot | out andnot. with the
What should be improved What has surprised us’ Teting oer worked | withthe poiats need points need 10 b
out andnot to be improved improved and what
i hau;l‘grsm]xised design
feam
Total




