Journal of Educational Technology

& Online Learning
Volume 3 | Issue 1 | 2020

JOURNAL oF EDUCATIONAL TECHNOLOGY &

http://dergipark.gov.trijetol ONLINE LEARNING

Design Thinking Applications in Teaching Programming to Gifted

Yunus Emre Avcu®
Kemal Oguz Er°

Students

 yunus1099@hotmail.com; Sehit Prof. Dr. ilhan Varank Science and Art Center, Balikesir, Turkey; ORCID: 0000-0001-8286-0837
®keoguzer@gmail.com, Balikesir University, Balikesir, Turkey; ORCID: 0000-0001-6098-2067

Doi: 10.31681/jetol.671621

Suggested citation: Avcu, Y.E. &Er, K.E. (2020). Design Thinking Applications in Teaching Programming to Gifted Students. Journal of
Educational Technology & Online Learning, 3(1), 1-30.

Article Info

Abstract

Received: 19.11.2019
Revised : 08.12.2019
Accepted: 28.12.2019

Research Article

The study aimed to present suggestions for how a design thinking (DT) approach can be applied
in the processes of teaching programming to gifted students and to reveal its effects on the teaching
process. The case study method was used. 5 different DT tasks were defined to create solutions
for an unstructured problem by using programming tools and DT processes. DT activities were
applied to 25 gifted students (13 gitls, 12 boys) at the Science and Art Center (BILSEM) in the
city center through the summer term. Data were collected through interviews, observation forms,
and the DT Rubric which was developed by the researchers. The findings showed that gifted
students improved their DT skills to a certain level, learned the academic content, enjoyed the
process itself, and experienced some problems working in teams. At the end of the teaching
process, the students emphasized that a good designer should be a respectful person who can work
well within a team. Additionally, according to the students' views, different programming tools
and environments namely Scratch, Arduino IDE and Lego Mindstorms EV3 can be used in the
prototyping phase of the DT processes. Updating DT tasks to include DT mindsets and taking into
account the leadership qualities of gifted students during the implementation process may be
suggested.

Keywords: design thinking, differentiation, gifted student, programming, activity design.

1. INTRODUCTION

Gifted students are those who perform at a higher level than their peers in at least one of the

following areas: academic areas such as general cognitive skills, mathematics, and science;

psychomotor skill areas; creativity; leadership; and/or visual or performance-based art (Clark,
2015; Marland Report, 1972; Ministry of National Education [MoNE], 2018; National
Association for Gifted Children, 2019). According to Renzulli (1978), there are three sets of

features that define gifted individuals, namely general and special talent, motivation (devotion

to the task), and creativity. It is an obligation rather than a responsibility to provide this elite

group of people who perform or have the potential to perform better than their peers with

education services that they need and will be able to develop their talents in (Ongdz & Sozel,

2018).
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Strategies of grouping, acceleration, and enrichment are used in gifted student education. Gifted
students have the chance to work with students who possess similar characteristics to them by
applications of grouping (Kanli, 2008). The leading role in the education of gifted students in
Turkey belongs to the Science and Art Centers (BILSEM) and their grouping samples (Ataman,
2004). The scope of acceleration activities includes practices such as, class skipping, early
school entry, participation in upper classes in a specific area or areas, and narrowing the
curriculum (Gtir, 2017; VanTassel-Baska & Brown, 2000). The range of educational programs
will be extended for enrichment purposes and students will be given the opportunity to focus
on specialized topics and activities (Sak, 2014). Some examples of enrichment are a teacher
inviting a person who is a specialist in a certain area to class in order to provide students with
in-depth information, or a teacher giving research articles to students which are not a part of the

current curriculum (Sahin, 2015a).

The concept of differentiation is used as an umbrella concept which covers all grouping,
acceleration and enrichment strategies in the education of gifted individuals. Differentiation is
a learning experience where distinct ways to explore the curriculum is used to enable students
to understand the material, the teaching process and activities are coordinated in a way that
allows students to make substantive learning and construct the knowledge, and choices are
presented to students to allow them to show what they have learned in different ways
(Tomlinson, 1995). In other words, to meet the learning needs of students who have different
learning skills, interests, and readiness levels, differentiation can be applied to an education
program’s content, process, environment and product dimensions (Tortop, 2015). Taking into
account the students’ interests, learning styles and prior knowledge, the content can be
differentiated. The learning environment can be differentiated in terms of material, time and
space. The process dimension is influenced by the paths and methods students use in thinking
and using information while participating in the learning process. Differentiation can be
realized in the process dimension in terms of strategy, system, methodology, high-level thought,
research, self-expression, and self-regulation skills. The product can be differentiated according
to criteria such as depth, originality, unusualness, innovation, and is related to the real world

(Sahin, 2015b, 2018a, 2018b).

Gifted education researchers have been working on creating models regarding the
differentiation of content, environment, process and product dimensions such as “Future

Problem Solving” (Treffinger, Jackson & Jensen, 1996), “Creative Problem Solving” (Maker
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& Schiever, 2005), “Thinking Actively in a Social Context” (Wallace, Cave, & Berry,
2009), “Problem Based Learning” and “DISCOVER” (Maker & Pease, 2008) for many years.
By applying these models, it is aimed that gifted students will find creative solutions to
unstructured problems in a social context that is close to them, and they will develop
high- level thinking and metacognitive skills (Alhusaini, 2018). Design thinking is one of the

models that serve to the aforementioned targets.

Design thinking is a human-centered approach that aims to find creative and innovative
solutions to various social and commercial problems by using design tools and mindsets (Kelley
& Kelley, 2013, Lor, 2016). During the process of design thinking, learners work on targets
that are not clearly defined and unstructured problems that have no solutions stated yet
(Jonassen, 2000). The effectiveness in bringing 21st-century skills and characteristics to
students creates the educational value of design problems (Koh, Chai, Wong & Hong, 2015).
The design thinking process relies on the principles of empathizing in order to understand user
needs, defining the needs, making trials, prototyping, receiving feedback from users,
redesigning the process (Darbellay, Moody & Lubart, 2017) and expressing yourself through
creative ways besides using words and symbols (Brown & Wyat, 2010). Since there is no
common description of design thinking in literature, there is no single way to follow the design
thinking process. Institutions such as Stanford University Hasso Plattner Design School, IDEO
and Design Council have developed many design process models. In all models; collecting
information in order to understand the problem, using creative thinking skills in the process and
being experiential during the process were always highlighted (Chesson, 2017). “D.school”
describes the design thinking process phases as empathizing, defining, brainstorming (ideate),
prototyping, and testing, respectively (Bootcamp Bootleg D.School, 2011). The design thinking
process is a iterative process, and phases can be repeated one after the other if needed (Lor,
2016). In Figure 1, the stages of the design thinking process and their relations with each other

are shared.
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Figure 1. Design Thinking Process

Source: Ideate High Academy (2019)

The design thinking process starts with empathizing with the user. Insights of what people feel
and what people think will be developed through empathy (Carroll, 2015). In order to develop
insights, students observe how people behave, and how they interact with other people and the
environment. Also, they can record projections regarding the answers to questions asked. This
way, empathy will be established with the user (Carroll et al., 2010). When students empathize,
they are not limited by their own experiences. On the contrary, they can develop new ideas and

products through internalizing others’ experiences (Root-Bernstein & Root-Bernstein, 1999).

The second phase of design thinking is defining the need. In this phase, action-based problem
statements will be stated after analyzing and synthesizing the data obtained during the empathy
phase. Problem situations are expressed as Point of View (POV) statements which are formed
by combining “User + User’s Need + Insight” (Carroll et al., 2010). The problem defining
phase supports creative thinking skills in the context of evaluating a situation or problem from
different angles, redefining present models and enabling the production of new information by

developing multiple points of view (Henriksen, Richardson & Metha, 2017).

Brainstorming is a phase aimed at producing many ideas in various categories devoted to

finding a solution for the defined problem. Students can participate in brainstorming processes

4
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in different groups or individually (Painter, 2018). In the Prototyping phase, a solid product is
put together by taking action on the new ideas that were developed in the brainstorming phase.
Any kind of thing that has a physical component such as an object, role-play activity, an
interface, a visual scenario draft inherits the feature of being a prototype (Bootcamp Bootleg
D.School, 2011; Carroll, 2015, Odabasi, Dursun, Erséz & Kiling, 2018). In the testing phase,
which is the final stage of the design thinking process, the user is able to experience the
developed prototype and give feedback to the designers. Solutions developed according to user
feedback are evaluated and will be improved accordingly (Carroll, 2015). Additionally in this
phase, gathering more information about the user and the improvement of POV statements after
testing can be realized (Bootcamp Bootleg D.School, 2011). All the actions executed by the
designer or the designing team in the design thinking processes are supported by the
individual’s attitude and mindsets. These processes are effective on the qualification of design
thinking (Carroll, 2015; Chesson, 2017; Lor, 2016). In literature, design thinking mindsets are
stated as follows; people-oriented, action-oriented, metacognitive awareness, multidisciplinary
understanding of cooperation, open-mindedness, tolerance to uncertainty, teamwork, risk-
taking, learning-oriented, learning from mistakes/experiences, and creative self-confidence

(Dosi, Rosati & Vignoli, 2018).

In literature, design thinking is generally considered to be a teaching method and skill set, and
it has been proven that the design process has positive effects on students' academic learning,
cognitive, affective and social skills. Students who experience the design thinking process have
the opportunity to learn about the specialties of the designers, academic content, design process,
teaching-mentoring knowledge and can improve their academic success. At the end of the
design thinking process, learners develop creative thinking, critical thinking, problem- solving,
design thinking, meaningful learning, and metacognitive skills. In the design thinking process,
students have the opportunity to progress their affective skills such as empathy, creative self-
confidence, risk-taking, assertiveness, self-sufficiency of knowledge generation, curiosity,
being human-oriented and setting a career goal. Furthermore, social skills like working in
cooperation, self-expression and having social interaction of learners can be improved during
the design thinking process (Aflatoony, Wakkary & Neustaedter; 2018; Bouchard, 2013;
Carroll et al., 2010; Carroll, 2015; Duman & Kayali, 2017; Henriksen et al., 2017; Koh et al.,
2015; Kwek, 2011; Noel & Liub, 2017; Scheer, Noweski & Meinel, 2011; Rauth, Képpen,
Jobst & Meinel, 2010).
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Design thinking can be applied in different contexts such as mathematics (Painter, 2018),
graphic design (Duman & Kayali, 2017), social sciences (Koh et al., 2015), STEM education
(Carroll, 2014) and teacher education (Carroll, 2014; 2015; Odabasi et al., 2018). One of those
contexts is computer science education which aims at revealing the designer, developer and
active participant characteristics of learners and which is addressed with works of developing
solid products and software developing (Kert, 2018). During software development (in other
words, the programming process), students understand the nature of unstructured problems by
cooperative work, empathize, define problems, and establish, develop, and improve their

program to find new, appropriate and useful solutions (Romero, Lepage & Lille, 2017).

Programming has been thought to the gifted students of primary, secondary and high schools
in the Information Technologies and Software lesson at BILSEM. In this scope, framework
programs and activity books are prepared to be included the programming skills and served as
a guide to the teachers who work at BILSEM (MoNE, 2017). BILSEM Information
Technologies and Software Lesson Framework Program can be criticized for not having any
differentiation strategy, and for designing activities as technology-oriented rather than
pedagogical. Because technology-oriented learning-teaching processes that lack pedagogical
aspects lead to inefficiency during programming education (Kert, 2018). It can be stated as a
deficiency not to execute example activities in the teaching programs that are designed for the
gifted students who are studying in groups by formal education (MoNE, 2019). Example
activities designed for gifted students are a necessity for the BILSEMs that are in the phase of
restructuring (Ayverdi, 2018). Building and sharing activities with teachers, that utilize
differentiation strategies for gifted students, eliminate pedagogical deficits, focus on
accomplishments and provide meaningful learning experiences are incredibly important. In
addition, designed activities should be evaluated by empirical researches (Plucker & Callahan,

2014).

In the scope of this study, design thinking is discussed as a differentiated teaching method and
skillset and applied during programming education processes for gifted students. The aim of
the study is to present how a design thinking approach can be applied in programming education

and to reveal its effects on the teaching process.
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2. METHODOLOGY

Research Design

The study examines how design thinking is applied during programming education processes
for gifted students. As in-depth examination of the DT experiences of the gifted students is
intended, case study, which is one of the qualitative research methods, was used. A case study
is an in-depth description and analysis of a bounded system. A bounded system can be single
person who is a case example of some phenomenon, a program, a group, an institution, a

community, or a specific policy (Merriam, 2014).

Participants

Activities included 25 gifted students who studied at Science and Art Center (BILSEM) in the
city Centre for one summer period. The study group consisted of 13 male and 12 female
students. At the time of the study, 8 of the students were in 5th grade, 7 of them were in 6th
grade, 3 of them were in 7th grade and 7 of them were in 8th grade.

Data Collecting Tools

Design thinking worksheets (Empathy Map, POV statements, User Feedbacks), note sheets
used in the brainstorming process and prototypes developed during the DT process were
examined with DT Rubric (Annex-4) developed by the researchers. The steps proposed by
Andrade (2000) and Mertler (2001) of DT Rubric were used. Firstly, 5 criteria were identified
as performance criteria, evaluating each step of the design thinking process (empathy, defining,
and brainstorming, developing prototypes, testing). Secondly, it was decided the type of DT
rubric as to be “analytical rubric”. To determine whether the students gained the DT skills
while performing the DT tasks, not only the products they developed, affected this decision-
making process. Afterwards, performance levels were determined and level definitions were
cleared. Performance levels were determined from the weakest to the most competent by
scoring the lowest level of performance as 1 and the highest level of performance as 4. After
collecting the reviews of 8§ gifted students, 1 teacher and 2 experts working on DT field, rubric
was finalized. During the implementation of activities process, use of design thinking skills by
gifted students is examined by DT Observation Form (Annex-5). The observation form was
developed by researchers using the resources on the online platform “d school K12 Lab”. Semi-
structured interviews were conducted with gifted students before and after the implementation

7
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of the activities. One student from each grade level (5th, 6th, 7th and 8th grades) participated
in the interviews. In the interviews; 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 design team should inherit are directed to students.
Design of DT Activities

The activities in this study were designed to be used in information technology and software
course for gifted students. There were five study units which covered block-based, text-based,
physical and mobile programming, and at the end of each study unit, students were asked to
develop unique projects according to the programming environment covered in each module.
Prior to the project development process, the students received technical training regarding
design thinking, block-based, text-based, physical, and mobile programming. The

achievements of the activities are as follows:

1. Develop an original project in a block-based programming environment using design

thinking process.

2. Develop an original project in a text-based programming environment by using design

thinking process.

3. Develop original projects in a text-based physical programming environment using

design thinking process.

4. Develop original projects in block-based physical programming environment by

using design thinking process.

5. Develop an original project in mobile programming environment by using design

thinking process.

For each achievement, “Design Thinking (DT) Tasks” were also determined which aimed to
attract students’ curiosity, increase participation in activities, and providing opportunities to
demonstrate information processing skills also related with daily life as well. These tasks are
stated as follows respectively; “redesigning the experience of playing computer games”,
“redesigning the healthy eating experience”, “redesigning the experience of water use”,
“redesigning the experience of living safely” and “redesigning the learning experience in

science and technology lesson”. In all DT tasks; DT digital presentation, Empathy Map
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Template (Annex-1), Point of View (POV) Template (Annex-2), User Feedback Template
(Annex-3), Online Stopwatch Web 2.0 Tool, A4 papers, sticky note papers, color pencils and
Ideate Cards were used. As for programming environments and physical programming tools;
Scratch Block Based Programming Environment, Python Text Based Programming
Environment, Ardunio Uno Ultimate Set and Arduino IDLE Text Based Physical Programming
Environment, Lego Mindstorm EV3 Education Kits and Add-on Kits, Legomindstorms
Education EV3 Teacher Edition Block Based Robot Programming Environment and App

Inventor 2 Mobile Programming Environment were used.
Application Process

Each of the activities lasted six lesson hours and was administered to gifted students for one
day at Science and Art Center (BILSEM). Prior to the exercise, the Design Thinking process
was reminded to the students by using a digital Design Thinking Presentation. After that,
students were divided into 5 groups of 5 people. Students were given their DT task, Empathy
Map, Point of View and User Feedback templates and other tools related to DT task. Students
were required to name their group and hold a small discussion about the DT task. During the

activities process, phases of the DT process were followed.
1. Execution Phase- Empathy

Students are told that their group is a “design team” and will work on the DT task. A volunteer
in the design team is selected as “user”. The other four people are called “designers”. Designers
will have an interview with the user to empathize. The task assignment is done by the designer
students for the interview. Students take on the duties of 1) the main interviewer 2) the person
asking continuity questions (such as “For what?” and “Why?”’) 3) note taker and 4) time keeper.
Students are given time to prepare the interview questions (10 minutes) and to conduct the
interview (25 minutes). To monitor timing “Online Stopwatch Web 2.0 Tool” is used and
projected onto a screen visible to students. Students are expected to complete the empathy map
within fifteen minutes at the end of the interviews. At the end of this process, one spokesperson
from the groups is asked to briefly summarize the empathy map to the whole class, and revisions
are given to the groups about their inferences on their empathy map. If needed, students make
revisions on their empathy maps. An example interview questions prepared by students for the
first DT task during the phase of empathy is shown in Figure 2, and the empathy map is shown

in Figure 3.
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When Figure 2 is examined, it is seen that students try to ask open-ended questions which may
reveal user experiences, but they do not use continuity questions as much. When the empathy
map showed in Figure 3 is examined, it is seen that the students place what they say and do in
the left section of the template, and in the right section they make deductions according to the

information they get from the user.

Figure 2. Example interview questions

10
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Figure 3. Example Empathy Map

2. Execution Phase —Defining

This is the phase where the problem or need is defined. Groups filled their POV worksheets in
15 minutes. In the Defining phase, students are asked to write down at least 3 POV statements.
Each group is required to share POV statements to the class by one spokesperson and a
discussion is held to check if the statements are correct POV statements. After that, students are
asked to select one POV statement and proceed to the prototyping phase with that. When the
POV template given in Figure 4 for the first DT task is examined, it is seen that the students
write the user's need in the first part of the template by using verbs and in the second part they

develop insight towards the need written in this statement.

11
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Figure 4. Example POV statements

3. Execution Phase- Brainstorming

After students write their POV statements, they do brainstorm to provide a solution for the need
that presented itself in these statements. Before starting the brainstorming phase, students are
reminded that they can develop each other's ideas (in their group), that ideas should not be
judged, that the quantity of ideas is important, and that it is important for everyone to listen to
each other's ideas. Students are given 10 minutes to produce at least 25 ideas. The students write
down their ideas on sticky papers and cluster the papers in a dedicated area. Afterwards, if they
wish to do so, students can cluster their ideas into categories. The images of the students' process
of brainstorming are shared in Figure 5 (a, b). The activity leader(s) check whether the ideas
that the students produce are solutions to the needs of the user and count the ideas. All members
of the group which produced the most ideas receive a badge called “Ideate Card” by the activity

leader(s). At the end of the brainstorming process, the group members put their signatures on

12
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the 3 ideas they liked the most. Thus, the idea on the sticky paper with the most signatures is

determined and prototype development phase starts.

Figure 5. Brainstorming process

4. Execution Phase -Prototyping

Students develop prototypes for their chosen ideas at this phase by using the appropriate
programming environment as well as tools and materials that are suitable to the DT task given.
The prototypes developed by students for the DT tasks are presented in Figure 6 (a, b), Figure
7, Figure 8 (a, b), Figure 9 (a, b) and Figure 10 (a, b).

Figure 6. Example prototypes developed for 1st DT task

Figure 6 shows the prototypes developed by students in the Scratch block-based programming
environment for the DT task. In Figure 6-a, a fast-progressive game was developed which has

objectives and a story for the user. In this prototype, the user is imprisoned in a room. By using

13
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directional keys to move, the user tries to get to the key without touching the police character.
When the key is taken, the door of the room opens and the character becomes free. The group
who designed the second game developed a survival game for their users. In this game, the user
is hunting in a forest, collecting goods, building houses, lighting fire and so on to survive (6-

b).

[ & Mavi Kelebekler-Vardimci program.py - C:\Users\yunus\Desktop\tezicin\uygulama\deney\uygulama_2.hafta\python_urunler\pythonlar\Mavi Kelebekler-Yardi... — o

File Edit Format Run Options Window Help

print("sizin k
kitle < 18
print ("Ac

kosulma=kalori/S
yurume=kalori/4
sinav=kalori/10
mekik=kalori/10

kosulma,
yurume,
sinav,
mekik,

I

PR

spor=[a,b,c,d]
print (choice (spoxr))

Figure 7. Example prototypes developed for 2nd DT task

Figure 7 shows the codes of the program that the students developed in Python programming
language to redesign the healthy eating experience related to the second DT task. When the
codes are examined, it can be seen that the user is asked to input their height and weight
information. According to the information entered by the user, the program calculates the body
mass index and returns feedback to the user. The user is then asked about the calories of the
meal he or she eats for one meal course. According to this information, a suggestion is provided
to the user regarding which sports to do and how long they should do it for in order to burn the

target number of calories. A food menu is also offered to user.

14
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Figure 8. Example prototypes developed for 3rd DT task

Figure 8-a shows that a prototype has been developed to prevent user’s unnecessary plant
watering. The soil moisture sensor is used to measure the moisture value of the plant soil and
the user is informed if the plant is in need of water. In Figure 8-b, a system is developed for the
user's concerns about possible water shortages in the future. If the tap is opened too much, the
user is warned by sound. This system automatically switches itself off when the tap is left open

thanks to the programmed timer and it can be integrated into any kind of tap (Figure 8-b).

a b

Figure 9. Example prototypes developed for 4th DT task

In Figure 9-a, a safe home system was developed, and in Figure 9-b, a robotic system was
developed which can communicate with the police quickly using wireless technology in

emergency situations.

15
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Figure 10. Example prototypes developed for 5th DT task

In the first prototype, a mobile application was developed that asks the user questions about
science and technology lesson contents when the user shakes the phone, and gives feedback to
users regarding their answers (Figure 10-a). In the second prototype, an application was
developed that asks the user to input functions of organelles in the cell, and after the user
provides their answer, the app informs the user according to the information entered (Figure

10-b).
5. Execution Phase-Testing

In the testing phase, the developed prototype is presented to the user and the user’s feedback is
received. This process provides information regarding whether the developed prototype meets
the needs of the user or not. In the testing phase, there are some rules that both the designers
and users need to pay attention to. Designers are required to briefly explain their prototype
without sharing details, and allow the user to interact with the prototype without interrupting.
They observe user carefully. Users; express their views about the prototype clearly and in a
straightforward way. They explain all of the details they liked and disliked, and they behave
clearly and honestly in this process. Group records the feedback of users by using the User
Feedback Template. After reviewing the feedback, they received and making revisions on the
prototype, their work is presented to the user again, and then the final version of prototype is

shared. Figure 11 presents an example of a user feedback template filled in for the 1st DT task.
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Figure 11. Example User Feedback Template

Data Analysis

The DT rubric was scored by 2 instructors during the implementation of the activities and
compliance between the raters was evaluated. The intra-class correlation coefficient (ICC) was
calculated for the compliance between the raters and this value was obtained as .825. According
to Koo and Li (2016, p.158), the ICC found between 0.75 and 0.90 is indicative of sufficient
reliability. The boxes in the DT Observation Form are marked with the level of which gifted
students are involved in the DT phases. For DT observation form, the compliance between the
observers was examined by calculating “Weighted Kappa Coefficient” and this value was
calculated as .68. Accordingly, there is a sufficient level of compliance among the observers
and this value shows that results are purged from the chance factor (Sencan, 2005). Conducted

interviews examined through content analysis.

3. FINDINGS AND DISCUSSION

Design thinking worksheets (Empathy Map, POV statements, User Feedbacks), note sheets

used in the brainstorming process and prototypes developed during the DT process were
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examined with DT Rubric. In Table 1, the scores obtained from the criteria of DT rubric are

shared.
Table 1

Groups' Scores from Each Criteria of DT Rubric

DT 1 DT 2 DT 3 DT 4 DT 5
2 |G G[G[G[G|G|G|G[G[G[G[G[G[G[G|G[G[G[G[G|G[G[G[G]G
Sl1]2(3[4|5|1]2|3]|4|5]|1|2|3|4|5[1]|2|3|4][5|1]2]3]4]5
(a9
E|3[3][4|alal3]alal3]3[a]|3|2]ala]alal3alalalalal3]4

=}
~
~
N
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
N

T |43 aa|3 33433 [3[3[a]aala]3][3]a]alalala]|3]4

2
T L ol LA DA Ll Ll Eo N B o Lo L o B S B S B S 2 M B 5 J 0 O N S T I 5 T B S T i
© [0 |© |© [© [0 |© [© |V |0 (O |0 |0 |© |© |© |V | |© O |© [ |© | [©
X 19.2 18.8 19 19.4 19.6
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When Table 1 is examined, it shows the scores obtained from the criteria of DT rubric of the 5
different groups (group members change in each design task) related to DT tasks and the
average of scores of 5 groups for each design task. The average scores of the groups from the
Ist DT Task was 19.2, for the 2nd DT Task average was 18.8, for the 3rd DT Task it was 19,
for the 4th DT Task it was 19.4 and finally for the 5th DT Task the average score was 19.6. It
can be said that the groups scored higher than the DT Rubric.

Using the DT Observation Form, observations were conducted for eight lesson hours. The
behaviors that enable students to demonstrate their skills in DT phases were examined by the
observation form. When the behaviors related to empathy phase are examined; it was
understood that students exhibited behaviors at Level 2 (n =2), Level 3 (n = 14) and Level 4 (n
=9). Again, in the defining phase, students showed behaviors at Level 2 (n =4), Level 3 (n=
16) and Level 4 (n =5). In the process of brainstorming and prototyping, students presented the
behaviors in Level 3 and Level 4. 12 students are in Level 3 and 13 students are in Level 4 in

the phase of brainstorming. During the prototyping phase, 17 students are at Level 3 and 8
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students are at Level 4. In the last phase of the test; 8 students showed behaviors belonging to

Level 2, 11 students in Level 3 and 6 students in Level 4.

During the semi-structured interviews with four gifted students both prior and after the
activities, they highlighted the tools of prototyping, DT process and features of designers. After
execution of activities, as distinct from their prior thoughts, students mentioned that they
learned the process, shared the results, enjoyed the experience, made their POV statements and
repeated the phases during the process. As for prototyping tools; programming tools like
Scratch, Appinventor etc., 3D design software and easy-to-find tools (cardboard, drinking
straw, crepe paper, etc.) are mentioned. According to the students' views, a good designer
should be able to empathize, work with teams, value the thinking process, and respect others'
ideas. The fact that these characteristics of designers are mentioned only after the execution of
the activities can be explained by effects of activities on the students' thoughts about the

designer characteristics.

There is no study in literature that states and search upon DT activities implemented on gifted
students specifically and the effects of activity achievements to students. Ayverdi (2018) used
the Engineering Design Cycle in the STEM events, which is similar to the DT process. In the
same study, as a result of the implementation of STEM activities, it was determined that the
engineering skills of gifted students improved and the students enjoyed participating in the
activities. In literature, there are studies that show DT activities implemented on ordinary
students and achievements of students are examined. Duman and Kayali (2017) executed DT
ordinary students and it is found that activities applied to secondary school students were
successful in terms of improving their DT skills. Aflatoony et al. (2018) state that DT skills of
high school students have improved to a certain level as a result of the activities implemented.
In other studies, as a result of the DT process, students learned academic content (Carroll et al.,
2010; Carroll, 2015; Kwek, 2011; Painter, 2018) and had problems working with the team
(Santos Ordonez, Gonzalez Lema and Mifio Puga, 2017, Retna, 2016) and students enjoyed
participating in DT process (Dukes and Koch, 2012). The results obtained in studies in literature
and the results of this study support each other. During the implementation process of activities,
students have chance to improve 21st century skills in the phases of empathy, defining,
brainstorming, prototyping and testing (Henriksen et all., 2017). Many studies provide evidence
that DT activities improve 2 1st century skills (Carroll, 2015; Diefenthaler, Moorhead, Speicher,
Bear and Cerminaro, 2017; Koh et al., 2015; Scheer et al., 2011). The development of students'

19



JETOL 2020, Volume 3, Issue 1, 1-30 Avcu,Y.E. & Er, K.O.

DT skills after the implementation of the activities in this study is also a supportive indicator of

this situation.

4. CONCLUSION AND SUGGESTIONS

After the execution of the DT activities, students stated in the interviews that they enjoyed DT
activities, they learned the process, they had small arguments with team members during design
process and it is hard to work with a team. After participating in DT process, students shaped
the characteristics of a good designer according to their DT experiences, and concluded that a
good designer should be able to work with a team and should be a respectful person. It is thought
that obstacles experienced regarding the team work may result from almost all gifted students’
tendency to be a leader and desire to manage team on their own. Additionally, the situations of
some students being outsider to team work, not fulfilling their duties and not respecting to
opinions of peers caused to having problems. Based on teacher observations, majority of
students exhibit the behaviors of Level 3. Scores of students obtained from DT Rubric are also
very high. At the end of execution of activities, it is observed that gifted students have improved
their DT skills, learned the academic content and experienced some problems regarding

working with the team.

For further studies, activities may develop to place DT thinking ways in detail. Students' roles
like teamwork, participation in the DT process may be observed in detail more. The process
used by the gifted students to reach the solutions for the design problems and their creativity
levels can be investigated in detail. During the interviews with the students; collaboration can
be portrayed like solidarity, good or bad in teamwork, contribution to the team and so on. The
maximum number of students in a group should be 5 and the leadership skills of gifted students
should be taken into account in group work. To increase the motivation of students in the
process of brainstorming, the principles of gamification can be utilized such as giving badges
to the group that produced the most amount of ideas. While DT is applied in programming
teaching processes, block-based programming environments such as Scratch, Mblock and App
Inventor, text-based programming environments such as Python, Arduino IDE, and for physical

programming Lego Mindstorms and Arduino tools can be preferred.
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Ozel Yetenekli Ogrencilere Programlama Ogretiminde Tasarim Odakh Diisiinme Uygulamalar

Ozet

Calismanin amaci; tasarim odakli diistinmenin (TOD) 6zel yetenekli 6grencilere programlama o6gretimi
stireglerinde nasil uygulanabileceginin ve 6gretim siirecine olan etkilerinin ortaya konulmasidir. Arastirmada
durum ¢aligsmasi (6rnek olay) yontemi kullanilmistir. Yapilandiriimamis bir probleme, programlama araglart
ve TOD siireci kullanilarak ¢oziim tiretmeye yonelik olarak 5 farkli TOD gorevi tanimlanmistir. TOD
etkinlikleri, yaz déneminde, il merkezinde bulanan bir Bilim ve Sanat Merkezi’nde (BILSEM) 25 6zel
yetenekli (13 kiz, 12 erkek) 6grenciye uygulanmustir. Veriler arastirmacilar tarafindan gelistirilen TOD
Rubrigi, goriisme ve gdzlem formu kullanarak toplanmistir. Arastirmanin sonuglari 6zel yetenekli 6grencilerin
TOD becerilerini belirli bir seviyeye kadar gelistirdikleri, akademik igerigi 6grendikleri, siirecten keyif
aldiklar1 ve takimla ¢alisma konusunda birtakim sikintilar yasadiklarini gostermistir. Uygulama siireci
sonunda dgrenciler, iyi bir tasarimcinin takimla galigabilen saygili birisi olmasi1 gerektigini vurgulamislardir.
Ayrica, 6grenci goriislerine gore Scracth, Arduino IDE, Lego Mindstorms EV3 gibi farkli programlama
araglar1 ve ortamlart TOD siirecinin prototipleme asamasinda kullanilabilir. TOD etkinliklerinin TOD
diistinme sekillerine yer verecek sekilde giincellenmesi ve uygulama siirecinde 6zel yetenekli 6grencilerin
liderlik o6zelliklerinin dikkate alinmasi onerilebilir.

Anahtar kelimeler: tasarim odakli diisiinme, farklilagtirma, 6zel yetenekli 6grenci, programlama, etkinlik
tasarimi.
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Annexes

Annex 1. Empathy Map Template
Group Name

Lesson : Information Technologies and Software
Activity Name :
Instructions: After the interview, please fill out the “Empathy Map” with your group
members.
What They Said / Done My Thoughts / Feelings

Interviewer's observations that are seen and heard
stated in this section. The sentences that come out of
the interviewee's mouth are included in the quotes
without being changed.

Based on the data in the what they said / done section,
deductions are made about the user and assumptions
are noted.

Annex 2. POV Template
Group Name
Lesson
Activity Name

: Information Technologies and Software

Instructions: Make POV statements by completing the sentences in the table below.

(insight)

’s,(user’s name)

(verb) needs to find a way / method for

Annex 3. User Feedback Template

Group Name
Lesson
Activity Name
Instructions:

: Information Technologies and Software

Record user feedbacks by filling out below table.

What worked out?

What did not work out?

What should be improved?

What has surprised us?
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Annex 4. Design Thinking Rubric

Group Name:

Design Thinking Task:
Levels
Criteria ! 2 3 4 Score
(Weak) (Moderate) (Competent) (Most Competent)
Interview The The information The information
questions are information gathered from the gathered from the
prepared proper | gathered from | interview noted in | interview was written
to the design interview empathy template down in the empathy
E task and noted by stating direct template by including
mpathy . . .
directed to user randomly sentences coming the sentences coming
from person’s directly from the
mouth mouth of the person
and the assumptions
about the user stated.
One proper and Two clear Three clear POV At least four clear
. . clear POV POV statements have POV statements have
Point of View . .
statement has statements been written almost | been written totally
POV) .
been written have been properly properly
written partly
properly
Brainstorming 0-5 ideas 5-15 ideas 15-25 ideas More than 25 ideas
produced produced produced produced
No unnecessary No Easily used Easily used prototype
things were unnecessary prototype with no with no unnecessary
included in the things were unnecessary things things included and
prototype, the | included in the | and the design was the design was very
Prototyping desigp was prototype, the very interesting and ‘interesting and
partially design was visually successful visually successful
interesting and very also enabled the user
visually interesting and interaction
successful. visually
successful.
Prototype is Prototype is Prototype is used Prototype is used by
used by user used by user by user and it is user and it is noted
and it is noted and it is noted noted both what both what has been
what has been both what has has been worked worked out and not,
Testing worked out been worked out and not, with the points need to
out and not with the points be improved and what
need to be have surprised design
improved team
Total
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Annex 5. Observation Form
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