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ABSTRACT

EXPLORING MI DDLE SCHOOL SDESIDNE NHINKING
PROCESSES: AN EXTRACURRICULAR PROGRAM DEVELOPMENT

Aytekin Bircan Merve
Doctor of PhilosophyComputer Education and Instructional Technology
Supervisor:Prof. DISoner Yél dér ém
Co-SupervisorAssst. Prof. Dr. Elif Oztiirk

May 2025 282 pages

The present study aimed &xamine the design thinking processes of 6th grade
students in aciety and siencecenters by developing an exrarricular program

based on design thinking approadh.was attempted to explore 6th gresled
interpretations and evaluations on their learning outcptheslevel of prototype
performance andosteringchallenging strategiessed in this process. For these
purposes, a case study was conducted. Convenience sampling was used and the study
was conducted with 15 6th grade students. Triangulation was perfaomitied
multiple data sources for reliability and so, interviews, observations and video
recordings were included. Besides, reflective thinking documents were collected
from the students at the end of each day. For interview data, content analysis was
conduced and initial codes were generated with open coding. Then, categories were
systematically developed with axial coding and selective coding was used to
integrate the categories. Also, an adapted measure was used to evaluate thé students
learning outcomegprototypes) Finally, observei® notes were analyzed and
interviews were conducted with two observers to deternfostering and

challenging strategiessed in the process. The findings of the study revealed that



students had different experiences in thesign process in cognitive (learning
awareness and association oB D with school) and affective (positive/negative
feelings andavorite/least favorit®BT steps) aspects, different learning outcomes,
andfosteringand challenging strategies. In geneedicators imonformal learning
environment and potential researchers can use the current findings. However, further

research is needed to test the findings of this study in different contexts.

Keywords: Design Thinking, Design Based Thinking, Desigrriking Processes,

ExtraCurricularProgram, Science Center
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CHAPTER 1

INTRODUCTION

In this chapter, the background of the study, the problem statement, the purpose and
significance of the study are provided in detail. Additionally, the research questions

and the definitions of terms are shared

1.1  Background of the Study

The global education landscape is increasingly focused on equipping students with
competencies aligned with the demands of the 21st century, including critical
thinking, problemsolving, adaptability, creativity, collaboration, and innovation.
These skik arewidely regardedas essential for preparing students to navigate the

complexities of modern life and work.

Design thinking(DT), a humarcentered, iterative approach to probisaiving

(Foster, 2019), has emerged as a transformative frameworiss various
disciplinesincluding education, business, and social innovatdm.involvesii t h e
conception and realization of new thingsbp |l anni ng, inventing,
(Cross, 1982, p. 221).

In educational context®T has emerged as a dynamic pedagogical framework that
encourages students to approach-veald problems through empathic inquiry,
ideation, prototyping, and iterae problemsolving (Doorley et al., 2018; Luka,
2014; Stanford d.school, 2004). Within this contexis itecognized as a powerful
tool to foster critical thinking, creativity, engagement, innovation and preblem
solving skills among students (Razzouk &hute, 2012), and encourages
collaborative and creative solutions to complex, -meaitld challenges (Brown,

2008). Also,DT fosters a mindset that blends both analytical and imaginative

n



processes where intuitive decisions are made, enabling studentsrteeljoactive,
solutionoriented learners (Berglund, 202%he design thinking approach is similar

to problem solving approach but design problems are more compldkailt so it
requires extensive effort to understand the problem and to determisgaouts
guiding problem solution possibilities (Dorst, 2004; Schon, 1983, as cited in Nelson,
2014).

Akin (1994) discourses that problem framing/setting is as substantial as problem
solving for design (as cited in Ashbaugh & Pifia, 2014). According t®IDEd., as

cited in Zenke, 2014jhedesign thinking procestoes not havegid steps but it can

be considered as a system of nested spaces, consisting inspiration (problem or
opportunity), ideation (generating, developing, and testing ideas), and

implementation pringing the project to life for people)

This studententered framework fosters critical thinking, interdisciplinary learning,
and engagement with reaforld issues, aligning with constructivist principles that
prioritize active knowledge caitruction (Vygotsky, 1978; Beckman & Barry, 2007,
Carroll et al., 2010). Actually, there have been specific case studies of the effects of
fidesign thinking in classroomgCarroll et al. 2010; Lugmayr et al. 2013; Melles et

al. 2012, as cited in Melles, 20, p. 14). Studies have demonstratedfitsctiveness

in formal settings, where middle school students report enhanced subject
understanding and creative confidence through processes like empathy, ideation, and
prototyping (Goldman et al., 2016; Henrikset al., 2017; Koh et al., 2015).

The focus on middle school students, particularly 6th graders, provides intentional

and developmentally strategic approach. Sixth graders, typically aged 11 to 12, are

at a transitional stage where cognitive and sodkdissare rapidly evolving.
According to Piagetédés theory of cognitive d
engage in formal operational thinking, enabling them to think abstractly and

approach problems systematically (Piaget, 1970). This developnreatdiness

makes them ideal candidates for exploring design thinking processes. Studies

indicate that early adolescence is a period of increased curiosity (Selman, 2003),



abstract reasoning, and social cognition (Dumontheil & Blakemore, 2012), making

it an ideal stage for interventions that foster both intellectual growth and civic
engagement. Research also suggests that early adolescence is a critical period for
fostering creativity andreative confidengéoth of which are central ©T (Carroll

et al.,2010). By introducing design thinking at this stage, educators can nurture a
mindset that values curiosity, resilience, and adaptability, preparing students to
address complex challenges in their academic and personaltiwes also found
thatyoungd ol escent s exposure t percdpfionsgosi ti v

innovators and scientists (Goldman and Kabayadondo, 2016).

Design thinkingds structured yet flexibl
engaging these students in meaningful prokseming (Carroll, 2014, Kijima et al.,

2021). For middle school students, engaginTncan enhance not only cognitive

flexibility but also socieemotional learning and civic awareness. As society
increasingly values innovation and adaptability in the face of global challenges,
integratingDT into educational frameworks offers a promising avenue to equip
students with the skillseeded for the 21st century (Koh et al., 2015).

Today, people of all age groups are learnengidevariety ofskills in an increasingly

wide variety of settingsBeyond formal educatiorthe learning ecosystem has
expanded considerablywith various nonformal learning environmentbeing
actively utilized These educati@hopportunities are generally provided by national
nonprofit organizations, state and local government agencies and private enterprises.
These experiences take placesetting includingiéscience and technology centers

and museund g/outh, community, and owdf-school time prograndsdibrarie

Ghature centefs @fterschool progran® Gamateur science clubsand datural

history museunts

Among thesenon-formal learningenvironments, Societyl echnologyand Science
Centers are one of the most common and visited institutions worldwide and also in
our country. Science Centers, emerffedh the understanding that it is important to

increase the understanding and intereghefpublic in science and technology in



order to support the successful development of a country (Fors, 2006), have

undertaken similar mi ssions with various na
museumob, 6science and techmhobdlbgygy mousmetuedd,
6science and soci ety center 6, offeringc . | n ot h

experimental and applied activitji@sming to bring science and technology together

with individuals from different age groups with different backgrounds, toemak
science and technology understandable and accessible to the society, and to increase
the importance of science in the eyes of the society. These centers are important
because they open a horizon to approach daily events with a scientific perspective

andimprove the creative and critical thinking skills of their visitors

Another important point is that in our countiipeneyap Technology Workshaps

are being established as an-ofischool learning environment and are thought to be
very effective. In thes statesupported institutions, secondary and high school
students receive unpaid training for 36 months in 11 topics suddesign and
Productioy dRrobotics and Codirfy &Electronic Programming and Internet of
Thinggd danotechnology andMaterials Scienag ?Aviation and Space
Technologie@ Instructors and students are selected for these workshops by
examination and project developmanmtented training programs are followed. The
difference of these institutions from science centers as tiiiey provide various
projectbased trainings to students selected by examination, through instructors
selected by examination, in certain sessions created onkycfdiaee at the weekend

or in some courses online.

On the other hand, Science and ArhGeer s ( BKLSEM), which are wi
in Turkey, provide training for special/gifted children and admit students through

exams. In addition, individual applications cannot be made for the exams, and

students must be nominated by their classroom teaaherder to take the exam.

Students who are entitled to be placed in B
centers outside of school hours. When examined in this context, Science Centers

have a great advantage as they are centers that offer vaaioirsgs with different

approaches to individuals from every age group, provide free public service on



weekdays and online on some subjects in structured and enriched learning
environments accompanied by expert trainers, and can reach wider masseshAlthoug
science centers are established for educational purposes, they do not have a
responsibility like formal education institutions. In addition, they can offer
opportunities that cannot be found in any educational institution in terms of their
learningsupps t i ng features (¢Céjrek, 2016) . I
evolve by integrating innovative approaches such as technological interactions (e.g.
virtual reality), digital experiences, and various research initiatives to engage visitors
(Sertek, 2@3, para. 6). In particular, it is seen in the studies that the reform
movements in the field of science education are mostly directed towards- out
school learning and science centers are based on this orientation (Ogawa, Loomis, &
Crain, 2009).

Sciencecenters and museums serve as valuable environmentsofeiormal

learning, offering authentic, inquiych experiences that connect academic
concepts with societal relevandaformal learning environments such as these
empower students to explore fregdgvelop agency, and construct meaning through
tangible, hande®n experiences (Falk & Dierking, 2000). These spaces align
naturally with Papertds constructioni st
learningby-making and positions learners as creatorsnofvledge. Papert argued

that children learn most effectively when they are actively engaged in constructing
personally meaningful artifadsa philosophy foundational to both design thinking

and nonformal STEM education. Additionally, it is suggestedttbatof-school

learning environments are effective in students' concretization of abstract concepts

in certain content, especially in the discipline of science, in active learning by doing,

and in longterm learning (Mutlu & Celik, 2019). However, resdaomDT in non

formal learning environments, such as science centers, remains limited, despite these
settings6é interactive, autonomous, and c
for handson, experiential learning (Falk & Dierking, 2000). Societd ascience

centers, asnonformal learning environments, provide unique opportunities for

implementing design thinking programs. Unlike traditional classrooms, these centers



offer handson, experiential learning experiences that align with the explorataty
iterative nature oDT (Bevan et al., 2015). They often feature interactive exhibits,
workshops, and collaborative spaces that encourage students to engage with
scientific concepts and societal issues in authentic, meaningful ways. Studies have
shown hatinformal learning environments enhance student motivation and deepen
conceptual understanding by connecting theoretical knowledge tewoedl
applications (National Research Council, 2009). By leveraging the resources and
environments of society arstience centers, an extarricular program can create
immersive learning experiences that bridge disciplinary boundafaster

innovative thinking andsupport and complement formal curricula

Extracurricular programs offer unique affordances thaimfareducation settings

often cannad namely, the flexibility to experiment without the pressure of
standardized assessment and the capacity for -diesplinary collaboration.
Programs that integrate STEM content with design challenges andagdlissies

provide a space where students can develop computational th(iiksizigava et al.,

2017, Octobey, interest in engineeringmpathy(McCurdy et al., 202Qpreater self
confidence, higher levels of social factok§jima et al., 202} collaboration, and
engagementL@mmi & Becker, 2013)all central to design thinking. Research
suggests that when students engage in-eximacular STEM programs grounded in
constructivist principles, they demonstrate higher engagement, deeper leanding,

a more robust understanding of science and engineering practices (Ganesh et al.,
2010). This is especially true when those programs involve socially relevant
problems, encouraging students to see science not just as a body of knowledge, but

as a toolki for addressing complex societal challenges.

Therefore, the development of an extraricular program tailored for 6th graders is
particularly relevant in the context of societal issues education. Focusing societal
issues into the program allows studemd explore the intersection of science,
technology, and human needs, encouraging them to consider the ethical and social
implications of their solutions. For instance, design thinking has been used to address

societal challenges such as sustainabilityg pablic health, enabling students to



develop solutions that are both innovative and socially respon&itaev, 2009.

This approach not only enhances students
also cultivates a sense of social responsibility gloal citizenship, aligning with

the goals of modern education

Despite the growing interest DT, there remains &ignificant gap inresearch
regardingits application in extraurricular settings for middle school students,
particularly within societyand science centers. Much of the existing literature
focuses on formal classroom settir{@arroll et al., 2010; Lor, 2017; Luka, 2014;
Scheer et al., 2012y higher education, leaving a gap in understandingDdwan

be effectively implemented imonformal, extracurricular contexts.

Furthermore, there is limited research on how 6th graders, with their unique
developmental characteristics, engage withgiethinking processes and how these
processes influence their problesolving abilities and attitudes toward learniAd).

this said, the potential of DT #ngage and motivastudents imon-formal settings,
particularly in engineering and social sultiggeccan be highlighted, but more
empirical evidence is needed to understand its impact on younger students in

structured extracurricular programs

1.2 Statement of the Problem

The integration of design thinking into educational settings has been recogrézed as
promising approach to fostering creativity, critical thinking, and collaborative
problemsolving skills among students (Brown, 2008; Razzouk & Shute, 2012).
other words, design thinking, a hurreentered, iterativapproacthas emerged as

a promisingframework for fostering such skills in educational settings (Brown &
Katz, 2011; d.school, 2010While design thinking is widely recognized for its
interdisciplinary nature and realorld applicability, most existing frameworks and
implementations focusnostudents in formal education settings, leaving interactive

and structured opportunities to explore these processasniformal education



settings.In other words, while research has demonstrated its efficacy in formal

cl assrooms, wher e it enhances student so
connections, and affective engagement (Carroll et al., 2010; Goldman et al., 2016;

Koh et al., 2015), therss a significant gap in understanding how design thinking

operates imonformal learning environments, such as science centers, which offer
interactive, autonomous, and collaborative spaces ideal for{oani@srning (Falk

& Dierking, 2000).That is, asignificant gap exists in understanding how DT can be
effectively implemented in extreurricular programs, particularly for 6th graders in

nontformal learning environments such as society and science centers.

This gap is critical, amonformal settingscan complement formal education by
providing flexible contexts for students to tackle societal challenges like the climate
crisis, yet the limited research in these environments hinders the development of
effective programs tailored to young learn&vile DT has been extensively studied

in formal classroom settings (Carroll et al., 2010; Lor, 2017; Luka, 2014; Scheer et
al., 2012), its application in structured extnarricular programs tailored to young
adolescents in netraditional learning spaces remsa largely unexplored. This
research gap limitthe ability of educators and curriculum designeraan-formal
learning environment to fully leverage DT to cultivate innovative thinking and 21st
century skills among middle school students (Koh et al.5p0

Middle school students, particularly 6th graders (agé44)] are at a developmental
stage where they begin to develop abstract reasoning and predilang skills, yet
require structured support to engage with multifaceted issues effectivelyd@niel
Piaget, 1958)This malesthem weltsuited to engage with DT processes such as
empathizing, defining, ideating, prototyping, and testing. However, there is limited
empirical evidence on how these students interpret and evaluate their experiences
and learning outcomes following engagement in DT activities withamformal
settings. Understanding their perceptions is critical to assessing the effectiveness of
such programs in fostering skills like creativity, probisatving, and selefficacy,

which ae vital for addressingsocietal challengésocial innovationdWagner &
Compton 2012).



Additionally, the prototyping phase of design thinking, where students translate
ideas into tangible solutions, is a critical yet understudied aspect of the process for
young learners. The level of prototyping performance amongyéithe student
groups, iluding their ability to iterate, refine designs, and collaborate effectively,
remains poorly understood in the context of extmaricular programs. Without
insight into their prototyping capabilities, it is challenging to design interventions
that suppdr students in overcoming barriers such as limited resources, group
dynamics, or technical skillsyhich hinderghe development of practical problem

solving abilities.

Furthermore, the strategies employed by practitioners during DT actiwtiesher
fostering or challenging) are pivotal to the success of such programs. Fostering and
chall enging strategies shape studentso
there is a lack of research on the specific fostering and challenging strategies used in
desgn thinking-based extraurricular programs for 6th graders in science centers.
This gap limits the ability to optimize facilitation techniques that foster student
creativity, resilience, and collaboration skills and and the ability to eliminate

challengimgy strategies imontformal learning environments.

The problem is twofold: first, the limited research on design thinkimgpirformal
learning environments restricts the development of programs that leverage science
centers6 uni que schoblsetuddnisnsecersl, the experiencesial | e
students during design thinking process, the level of prototyping performance of
groups, and fostering and challenging strategies used in design thinking process
require targeted investigation to ensure effecivé meaningful learning. Therefore,

this study seeks to fill these gaps by exploring how a design thiblasgd extra
curricular program can be designed and
on their experiences in a science center, providimgights into the level of
prototyping performance among student groups, and determining fostering and
challenging strategies to support meaningful learning. Without addressing these

gaps, educators and practitioners lack the evidence needed to desigivenclu

e

r
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scalable programs that empower young learners to tackle complex prafbleoms

formal learning environments

1.3  Purpose of the Study

The purpose of this study is to investigate the design thinking processes of 6th grade
students in society and science centers by designing and developing an extra
curricular program based on design thinking appro#chthis context, it was
attemptedo explore the6th grade studenéanterpretition and evaluabn ontheir
experiences and learning outcomes following their engagement in design thinking
activities Moreover, the level of prototype performance produced by the groups to
address the given prah during the extraurricular program and the fostering and
challenging strategies used in this process in society and science centeedsoere

investigated.

1.4  Significance of the Study

This study, exploring the desigulevelopmentand implementation of aesign
thinking-based extr&urricular program for 6th graders in science centers, holds
significant implications for educational theory, practice, and policy, particularly in
addressing studeritsopinions on their experiences, the level of prototype
perfaomance of student groups and fostering and challenging strategies used in the
design thinking process.

By investigating how design thinkidga humarcentered, iterative methodology
encompassing Empathize, Define, Ideate, Prototype, and Test stages (d.schoo
2010p can be applied imonformal learning environments, the studgdresses
critical gaps in the literature and offers practical insights for educators, science center
facilitators, and policymakers. This study, underscore the contributions to advancing
innovative pedagogical approaches for middle school students. Its sigreficasc

in its theoretical contributions teon-formal learning, practical guidance for program
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design, and potential to inform educational policy, particularly in fostering

interdisciplinary, studententered learning experiences.

Theoretically, this studgnriches the understanding of design thinking wition-

formal learning environments, an area underexplored compared to formal classroom
settings. Whil e prior research has demo
enhancing subject understanding andative confidence in schools (Carroll et al.,

2010; Goldman et al., 2016; Koh et al., 2015), its application in science éenters
characterized by interactive, autonomous, and collaborativieonmentd (Falk &

Dierking, 2000) remains limited.

This study aljns with constructivist theories, which emphasize active knowledge
construction through collaborative, haras experiences (Vygotsky, 1978)he
present study further refines theoretical models by highlighting the level of prototype
performance among stedt groups and exploring fostering and challenging
strategies used in the process. This dual focus on fostering and challenging strategies
provides a nuanced contribution to educational psychology and design thinking

scholarship, offering a foundation ffuture theoretical advancements.

Practically, the study offers actionable insights for educators and science center
facilitators by identifying effective fostering strategies aratldressing
implementation challenge$hese strategigarovide ascalablenodel for designing
extracurricular programs that engage middle school students in complex problem
solving. The study offers practical guidance for prioritizing haodsactivities to

foster cognitive and affective growth by addressing fostestregegies and provides

a roadmap for practitioners to design inclusive, effective programs by adressing
challenging strategies. These practical contributions are particularly significant for
educators seeking to prepare students forweald challengesgnsuring that young

learners develop both technical knowledge and practical skills.

From a policy perspective, the study underscores the importance of integrating
design thinking intononformal education tosupport andcomplement formal

curricula, addresng the need for interdisciplinary, studeenteredlearning
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approaches in middle school education. Policymakers can use this evidence to
advocate forincreasedfunding and support for science center programs that
incorporate design thinking, promotingjwetable access to innovative learning

experiences.

The studyodés focus on 6th graders, a critic
abstract reasoning and probkswmiving skills (Inhelder & Piaget, 1958), highlights

the timeliness of such interventions, @arly exposure to design thinking can foster

long-term interest in interdiciplinary fields and civic engagement with issues like the
climate <crisis. Further mor ee practitesforst udy 6 s i
novice learners (Cross, 2004), suppqgublicies that prioritize universal access to

design thinking programs, ensuring that diverse student populations benefit from
collaborative, creative learning opportunitistoreover, its emphasis on the climate

crisis as a focal issue enhances its @hee, aligning with global educational

priorities to equip students with the skills to address pressing societal challenges.

Ultimately, an extracurricular program based on design thinking approach would

allow scholars and educators to follow a guidelireg can be accepted as a common

model, as many as possible out of school environmé&nisi s st udyo6s signi fi
lies in its comprehensive contribution to advancing design thinking as a
transformative educational approach, empowering 6th graders to become creative,

collaborative problersolvers innonformal learning environments and beyond

1.5 Research Questions

1. How do 6thgrade students interpret and evaluate their experiences and
learning outcomes following their engagement in design thinking activities?
2. What is the level of prototyping performance among student groups at the

end of the exa-curricular prograré
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3. What are the fostering and challenging strategissd during the
implementation of design thinkiAgased extraurricular program for 6th

graders irsocietyandsciencecenters?

1.6 Limitations

This study has some limitations. First, temple size of the studyas relatively
smallwith only 15 students particigag. Second, the findings were limited to sixth
grade students who volunteered and enrolled in various private and public schools in
Ankara. The study can be repeated with students of different age groups from
different private and public schools in differaties. Third, the study was limited

by thediversity of materialswvailable By allocating more time, the contertudd be
diversified with more and various materials and equipmeuldde added so that
students ould make the prototypes they developmldferent levels of difficulty and
sophistication.Additionally, a technologysupported teaching progranowd be

developedo investigate the effect of technology on this process.

Since this study was conducted at the METU Society and Science Ceates, th
since the oubf-school learning environment was selected as the context, it was

limited toa duration ob days.

Finally, the study waselied onthe observationmmade bythe researcher aralco-
observer avariousstageslf conditions permit, th inclusion of students' teachers or

additional observers could enhance the reliability and depth of the observational data

1.7 Delimitations

This thesis study has thregimitations: (i) the selected theme, (ii) the selected
material, and (iii) the selected science center context. First, the selected theme was
ddimited to fiClimate Crisi®. Thus, the scientific concepts for this study were

ddimited according to the them&econd, the selected materials wegmited to
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develop soft prototypes within the context of the theme. Finally, the selected science
center context waddimited to METU Society and Science Center, thus the study

context was organized in a way that ffteence center environment allowed

1.8 Definitions of Terms

Design Thinking / Design Based Thinking Design thinking is an approach to

l earning that focuses on developing studer
participants engage in hands design challereg (Carroliet al, 2010)In this study,

the terms ODesign Thinkingé and &6éDesign Bas

to mean the same thing.

Flow Protocol Paper. These documents, which are often referred twvasksheet8

in the literature, are teaching materials used abuvarevels of education, help the
subject to be processed and understood by including helpful explanations and
instructions, and ensure active participation of students in the lesson by following or

filling in these documents during the lesson (Safra@820

Prototyping: It is about producing a budgitendly and scaled version of the
product to investigate one or more of the solution ideas that emerged during the idea
generation phase.

Soft-prototyping: Soft prototyping aims to reduce manufacturing investment and
the risk of a hard prototype failing by enabling initial evaluation of products with
minimal production to assess their potential success without additional cost in
detailed design and manufatuime(Adlam et al., 2011).

Reflective Thinking: Reflective thinking is the process of making individuals think
deeply about their actions that they have carried out and planned, and making them
aware of their weaknesses and strengths, and msé&nsg of their own learning and

thinking processes (Ersozll, 2008).
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Reflective Thinking Document: According to Uslu (2009), reflective journals are
written documents in which an individual makes his/her own assessment of his/her

own learning process.

Scierce Center: Non-school education institutions (Falk & Dierking, 2010) where
students of different age groups carry out their own-regifilated learning

experiences during their free time (Allen, 2004).

Society and Science Centeifhey are educational ingitions that operate with the

aim of ensuring that all individuals in society, from 7 to 70, realize the importance
of learning scientific knowledge, think critically, and have mental thinking patterns
that will enable them to use their knowledge when ayppate or apply it to new
situations.In fact, it is a concept that can be addressed under the main heading of
Science Centers, and METU Society and Science Center is the institution used as the

context of this study.

Warm-up Activities: Robertson and Adam (2000, p.30) define warrrup as a
short activity performed at the beginning of the lesson and emphasize that it is
important to attract the attention of the students and prepare them for the class spirit.
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CHAPTER 2

LITERATURE REVIEW

This literature review explores the theoretical foundations of design thinking, its
applications in K12 education, and the role of extrarricular programs in fostering
designbased learning. Special attention is given to the unique learning opportunities
provided by science centers. By examining existing research, gaps in current studies

are identified and the need for an exttaricular program aimed at exploring 6th
graderso6 design thinking processes are hij

2.1  Design Thinking

2.1.1 Definition and History of Design Thinking

Design thinking first emerged in the fields of architecture, engineering, and product
design and later evolved into a broader framework for innovation (Cross, 2011).
Thus, design thinking has become an approach used in many diffedest fie
Actually, design thinking is rooted in the design sciences and creative problem
solving methodologies. In this context, various definitions have been made in the
literature with various approaches for design thinking. Simon (1969) introduced the
concept of problemsolving as a design activity and described design as a way of
thinking that deals with creating new so
is not a search for the optimum solution to the given problem, but that is it an
exploratory pp cess o ( p. 8) . | nd e é&mbwing ihow isd e si gn
emphasized and is distinct froeknowing thab (Cross et al., 1981). According to

Owen (2007), design thinking differs from scientific thinking because both can be
creative but science deals Wwiiscovery while design deals with making (deals with
realworld context, results, and consequences). Archer (Royal College of Art, 1979)
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considered design to be an independent discipline and considered it to include human
experience, skills, and undensting of the ma@ concern with surroundings.
Design thinking is Arigorous process by whi
existo (Fisher & Larsen, 2010, p . 1) . Accor
both a product of work and a tool for carryiagt that work. Commonly, design is

thought of as a problessolving approach (Gibbons & Rogers, 2009; Jonassen, 2008;
Nelson et al.,, 1988), and design problems are complexiefilhed) (Rittel &

Webber, 1973) and require extensive effort to understangrtibem and generate

solutions (Dorst, 2004; Schon, 1983). Rittel and Webber (1973) introduced the term
fiwicked problem& to describe complex social challenges that require iterative,
designbased approaches, in the sense that these problemscdafenél d . AW cked
probl emso ar e idficed end tchHaradterizea ras incorhplete,
contradictory, changing, and complex (Rylander, 2009, p. 10). Faste (Stanford,
1980s) expanded design thinking as a methodology for creative prsblemg

(Goodyear, 203, March 13). Arnold (1959) identified four areas of creative thinking

(2. finding solutions for a new need, 2. solving an old one in a new way, 3.
developing a version of a solution, 4. reducing costs and increasing marketability).

The design process ialves first generating alternatives fordléfined problems and

then testing these alternatives (Simon, 1969). It is widely accepted that design
problems are not well defined, and the problems that most people encounter in their
daily lives are ill defind, in this sense (Archer, 1979). These definitions are so
diverse, but they all emphasize some kind of process or orientation to find a solution

to improve the future or a situation in context (Moore,401

In this context, anyone who aims to transforriseng situations into preferred

situations makes design, not just engineers or industrial designers (Simon, 1969).

Following this context, IDEO (1991), a design consultancy firm, emphasized human

centered design and expanded design thinking in the lsusinewor | d ( O6 Donoghu
2022, December 19). While companies such as Apple, Google, and IBM in the

business world began using design thinking for product development, it has been

also applied to solve complex problems in healthcare, education, and social
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innovation (Brown, 2009). Initially, design thinking was researched and developed
only in relation to professional designers, but later strategies and methodologies
related to all disciplines and professions were determined over time (Lindberg, et al.,
2010) kecause it is helpful in almost every aspect of life rather than being limited to
just a few disciplines (Alashwal, 2020). In other words, initially popularized by
IDEO and the Stanford d.school, design thinking was framed as a methodology for
innovation indesign and business through early conceptualizations by Brown
(2008), while more recent work has expanded its scope to education and social
impact (Koh et al., 201). Design thinking has been integrated into educational
settings to encourage student egggaent and innovation (Razzouk & Shute, 2012).
Actually, the Hasso Plattner Institute of Design at Stanford has already formalized
design thinking education (Stanford d.school, 2004). Frameworks such as Stanford
d . s ¢ h o este modef (Empathize, Deén Ideate, Prototype, and Test) and

| DE Odbstep rBodel (Inspiration, Ideation, and Implementation) provided a
structured approach that guides students through the praioleing process
(Doorley et al., 2018). The growing recognition of design thinkiagaeacreative
approach has led to its integration into educational context, where it serves as a tool
for developing students' problesolving skills (Luka, 2014). Research shows that
design thinking fosters a var toeadckle of s k
complex, reaworld challenges (Luka, 2014). According to Martin (2009), design
thinking can be developed and learned by adopting the experiences, perspectives and
tools of designers. Laws®1(1979) study of design thinking suggests that desgne
learn solutiorfocused strategies during their education. That is, they learn that this
approach is a more effective way to address design problems. This suggests that this

mindset can be learned, taught, or discovered as it is adopted.

2.1.2 Principles of Design Thinking

Design thinking has several key principles that distinguish it from traditional
problemsolving methods. First, it is humaentered design, which means that
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solutions are focused on wusersod6 needs
thinking processes begwith empathy, which helps to be hurmeentered and find

the highest benefit solutions throughout the process (Dam & Siang, 2025, March 9).
Second, the design process is iterative and experimental, which involves cycles of
prototyping, testing, and refament to continually improve solutions and uses
brainstorming and rapid prototyping (Doorley et al., 2018). There are constant
iterations in the process, and for example, you may need to reuse empathic mindsets
at different stages or revisit and redefingivaen design problem in light of the data
collected (Dam & Siang, 2025, March 9). Third, collaborative ideation encourages
diverse perspectives and interdisciplinary teamwork (Kelley & Kelley, 2013).
Design thinking requires collaborative and multidiscigty teamwork to solve
complex design problems by leveraging the experiences and perspectives of many
individuals (Dam & Siang, 2025, March 9). Fourth, it frames problems to discover
innovative solutions through problem definition. Framing a given prolalibows

you to gain new perspectives, explore different ways of thinking about the problem,
and provide the opportunity to reach a satisfactory solution with a more holistic
approach (Dam & Siang, 2025, March 9). Finally, uncertainty and failure are
embraed in the process by allowing for creativity and adaptability rather than
adhering to predetermined solutions (Razzouk & Shute, 2012). From a similar
perspective, according to Lor (2017), one of the core ideas in design thinking is to
fail so that you catearn from your failures and iterate quickly so that you don't miss
opportunities and use up resources unnecessarily. In other words, design thinkers
gain experience with the challenges and obstacles of team dynamics at each relevant
stage (Noweski et al2012). In fact, to summarize, we can say that design thinking

is an effective thinking process that is hurmaiented, experimental and testable,
repeatable, accepts errors and difficulties as a natural part of the process, where
different fields can workn cooperation, frames tlefined problems clearly, and is
based on creative solutions. These principles make design thinking particularly
valuable in educational environments where students are encouraged to think

creatively and take responsibility fireir learning.
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Observational studies of how designers work tend to support the view that there is a

di stinct form of o6édesigner6é activity tha
(Cross, 1982). For example, Lawson (1979) designelgflhed poblems to observe

and compare the problesolving strategies of designers with those of others, and

when he gave the same problems to both design students adésign students,

he found that the two groups showed different prokdeiwing strategies. dse

results suggest that designers solve problems by synthesis, while others solve
problems by analysis. From here, it can be said that this is also an important principle

that constitutes design thinking.

In general, the four aspects of a design proaes@ladesigners (teams), (2) process,

(3) content (or mindset) and (4) context (space) (Hgdltbol., n.d.; Tracey & Baaki,
2014). (1) The most basic of these is the designers (teams) and at the center of the
innovation work. In design thinking, real iowation is produced through
interdisciplinary collaboration of diverse teams that bring different perspectives,
experiences, and skills to tackle complex challenges, not by individuals alone (HPI
d-school., n.d.). (2) The process includes rational proldelving and reflective
practice (Brown, 2008; Cross, 2011). The design thinking process has a clear
structure and provides a framework for the implementation stages, but also gives the
team enough space for flexibility. This iterative process allows téains guided

and progressed through the stages of complex design work by focusing and exploring
new approaches (HPI-gthool., n.d). (3) The content includes ambiguous and
complex design problems and the creative solutions that emerge for them (Dorst,
2008 Schon, 1983). On the other hand, the design thinking mindset is about being
open to new perspectives, empathizing, and learning through trial and error(HPI d
school., n.d). (4) The context in which a designer works is how situations and
examples insidand outside the project are utilized (as cited in Tracey & Baaki,
2014). According to HPI-dchool, in design thinking, space is not just a physical
space and plays an important role in creativity, collaboration and innovation. Spaces
need to be designelgxibly so that ideas can be exchanged freely and adapted to the

needs of the team.
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In addition to these basic principles and aspects, there may be some differences
between approaches in terms of their practical application, as well as differences in
the definition of design thinking (Dam & Siang, 2025, March 9). There are a wide
variety of design thinking frameworks and approaches around the world.

2.1.3 Models of Design Thinking

Several models of Design Thinking have been developed to structure the creative
problemsolving process. While they share common principles, they differ in the
number of steps and areas of emphasis. Here are some of the most widely used:

1. Stanford d.salho | & sStageiModel, which is developed by the Hasso Plattner
Institute of Design at Stanford University (d.school), and emphasizes-ltnaan

iterative process where stages can be revisited as needed. It is one of the most widely
recognized modelgStages: Empathize, Define, Ideate, Prototype, and Test) (Dam

& Siang, 2025, March 9).

2. | D E O-®lase Mbdelewdhich is pioneered by IDEO, a global design firm
founded by David Kelley, and played a key role in popularizing design thinking. It
has a fkxible structure and focuses on a cyclical flow between stages. (Stages:
Inspiration, Ideation, and Implementation) (IDEO, 2012).

3. The Double Diamond Model (Design Council, 2023, May 11), which is developed

by the UK Design Council, and this model cotssisf two key phases of divergent

and convergent thinking which is -based on
convergenceo model (as cited in Dam & Si ancf
importance of divergent and convergent thinking at different sta@&tages:

Discover (diverge), Define (converge), Develop (diverge), Deliver (converge))

4. Hasso Plattner Institute (HPI) Model$8age Model), which is a variation from
the Hasso Plattner I nstitute in G#rmany, cl

an extra step. It adds an expligiinderstand phase to ensure a deep grasp of the
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problem before empathy work begins. (Stages: Understand, Observe, Define Point
of View, Ideate, Prototype, and Test) (Thoring, & Mueller, 2011).

5. The L UM/AMysiem,svhidh is devetoped by LUMA Institute for design
thinking to be accessible and applied by people (teams) from different sectors. Based
on the humaitentered design (HCD) approach, it emphasizes teaching people the
skills to solve problems on theimm. The flexibility and versatility of the system
allows it to be used in a wide variety of environments for different types of problems
(e.g. education, business or community). (Stages (Core skills): Looking,
Understanding, and Making) (Dam & Siang, 20@&rch 9; LUMA Institute, n.d.).

The best model depends on the context an
which is probably the most suitable due to its widespread use in education, clear
structure, and adaptability for young students. Inthisystud St anf or d- d. scho
Stage Model, which was considered most suitable for the study concept, was used

and the 5 stages of this model were applied in the educational context and the process

was observed.

2131 Stanford d.SagdModel 6s Fi ve

Developedby the Hasso Plattner Institute of Design at Stanford Univer2i@4
(commonly known as the d.school), it is one of the most widely used design thinking
frameworks for problem solving due to its clarity, adaptability, huoentered,
iterative, and craave approach. This model provides a structured but flexible and
nortlinear process, meaning previous stages can be revisited, and it consists of five
stages: Empathize, Define, Ideate, Prototype, and(3estFigure 2.1)Each stage

in this process reft@s a specific attitude of design thinking. Th&tage Design
Thinking Proces® d.school represents the stages through a hexagonal design
thinking visualization to make them appear more as ways of thinking rather than
concrete linear steps (Dam & Siang280March 9).
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EMPATHIZE

Learn about Brainstorm and
the audience. create solutions.

TEST

Test ideas and
gain user feedback.

&

PROTOTYPE

Build representations

Sharpen key
of one or more ideas.

questions.

Figure2.1. The design thinking Model of Has$tattnerInstitute/Stanford.
d.school (2015)

2.1.3.1.1 Empathize

The empathy step basically involves understanding users and theirAeautsling

to Carroll et al. (2010), during the empathy process, students focus on discovering
peoplés implicit and explicit needs, and thus empathy develops througtnhted
discowerybprocessilt is to develop deep empathy by observing users in their natural
environments and trying to understand their needs, emotions, experiences, behaviors,
motivations and pain points. The people you empathize with are actually the people
for whom the solution will be designed and it ensures that the solutions are user

centered.

Traditionally, empathy is defined as putti
(Bialystok & Kukar 2018; Nelems & Theo, 2018). According to Brown (2008),

empathy is adopting dhuman firsbapproach, imagining the world in great detalil

from multiple perspectives, and noticing points that others do not notice. According

to Lande (2010), empathy is developed throughatieeds discovebprocess, and

in this process, people's@icit and implicit needs are tried to be discovered. Various

experiential learning activities in the classroom are used to encourage empathy (e.g.,
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role-playing games, guest speakers, social media engagement, drama, etc.)
(Bialystok & Kukar, 2018; Feshbh & Feshbach, 2009). A study conducted with 13
middle school students participating in STHidsed lessons in an afszhool
science club aimed to communicate empathy, interest, and belonging, and the study
findings revealed that students were able ttebeinderstand the purpose behind the
engineering task by describing what they thought about the person they were
building (Burns & Lesseig, 2017). Empathy, the stimulus that connects students to
the person that their solutions are intended to benefiingisshes the DT process

from the engineering design process (Cook & Bush, 2018). DT includes emphases
on empathy and student input throughout the design process (Burns & Lesseig, 2017;
Wagner & Compton, 2012). According to Dam and Siang (2020a, Mayn R)ei
empathy stage, analogies can be used in situations where direct observation is
difficult, and this is to obtain a new way of looking at a situation. Empathizing with
users through analogies provides inspiration in unrelated areas for solving the

prodem and sparks new ideas (Dam & Siang, 2020a, May 2).

2.1.3.1.2 Define

The Define step essentially involves framing the problem and articulating it clearly.

By framing the problem in a way that guides the creative process, the goal is to
synthesize the observatioasad insights from the empathizing phase into a clear,
actionable problem statement. This clarifies the scope of the challenge and ensures

that subsequent steps target a meaningful problem. It is important to avoid premature
solutions at this stage and facu on t he user 6s perspectiyv
designer 6s. According to Brown (2008),
sometimes contradictory aspects of the problem.

Rittel argued that most of the problems addressed in the design thinking precess a
wicked problems (Rittel & Webber, 1973). The wicked problems approach, which
is a subject of intense interest in design methodology, was put forward by Rittel who

actually borrowed from philosopher Karl Popper (as cited in Buchanan, 1992).

25



According toRittel, wicked problems are a class of social systetfoithulated

problems and are problems in which there are many decision makers with conflicting

valuesand the entire system is completely confusing (Churchman, 1967; Rittel &
Webber, 197i30k edT hperseeb lfiewnms 06 are referred to
problems that appear to have no solution or whose solutions can only be found

through interdisciplinary means (Brown, 2008; Leinonen & Durall, 2014). Dunne

and Martin (2006) argue that designers embitacg&ling wicked problems as a

challenge. According to Cross (1982), design improves stuilebilgy to solve

problems that are considereddkfined or ilkstructured (such as problems, issues,

or decisions that people encounter more frequently iy tifg).

Problem definition is an analytical process in the design thinking process in which
all the elements of the problem are determined and all the points that a successful
and creative solution must have are stated (Buchanan, 1992). In addition, the
importance of creatively exploring problems that even the target audience is not
aware of during the problesolving phase has been highlighted (Ishii, 2009; Lester

& Piore, 2004; Takaoka & Kotler, 2016). Given a specific problem, the problem
definition efort begins. There can be a number of different definitions of the
problem, and these vary depending on the perspective from which the problem is
captured. When there are unique perspectives, the problem definition presented
becomes unique and the likelib®f finding creative ideas/solutions increases
(Watanabe et al., 2017). Framing the problem is only possible with satisfactory
solutions (Hillier & Leaman, 1974). Therefore, the nature of design thinking is to
work both to define the boundaries of thelgemn and to suggest possible solutions
(Darke, 1979). On the other hand, Crismond and Adams (2012) argued that it is
necessary to delay design decisions in order to better explore, understand and frame
the problem. Accordi ng otldd sSthaomftd redy Wmiouv ecrasmy
can create a specific and compelling problem statement and use it as a springboard

for generating solutions (as cited in Watanabe et al., 2017).
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2.1.3.1.3 ldeate

In design thinking, new ideas, solutions, alternatives and choices thatthmeet
desires of end users are created using sensibilities or mindsets and methodologies
commonly used by designers (Lor, 2017). Generally, the ability to diversify and
multiply potential solution ideas is considered a key antecedent to the creativity of
desgn outcomes (Cennamo, 2014). In ideation process, it is necessary to clear the
mind of traditional solutions and this process should lead to new and creative
problem solving and is therefore inductive in nature (Fischer, 2015; Dunne & Martin,
2006; Donar2011; Schlenker &hantelot2014). According to the d.school manual
(2015), a clear and inspiring vision should be created to encourage idea generation.
The basis of this stage is brainstorming, and students are asked not to judge the ideas
of others anckach idea suggested is recorded in a supportive atmosphere. In fact,
students are forced to be dreamers of the impossible and the possible when it comes
to ideas. In this stage, students work on design challenges in groups and are open to
unexpected ideaand new possibilities, with everyone contributing and building on

the ideas of others (Carroll et al., 2010). In other words, the ideate step basically
involves generating a wide range of creative ideas/solutions without judgment or
limitations and it isto brainstorm and encourage divergent thinking to generate
different, creative possibilities to solve the identified probleEmcouraging wild

ideas and developing them collaboratively can stimulate the natural curiosity of
young students, helping to déwe their creativity and selfonfidence. Solving real

world problems by students develops adaptability and resilience skills that are crucial

for both academic and professional life (Wrigley & Straker 5201

Design thinking advocates argue that the design process is divided into two distinct
phases which are problem definition and problem solution. Problem solution is a
synthetic process in which different requirements are brought together and balanced
againsteach other to produce a final plan for production (Buchanan, 1992). Here,
there are no right or wrong solutions to wicked problems, only good or bad solutions

(Rittel, & Webber, 1973). Also, solutions to a wicked problem have no definitive
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test. DT challages students to grapple with problems that require complex
relationships and conflicting priorities to find a solution to adfined problem,

and to creatively reimagine solutions (Cook & Bush, 2018, p. 94). One of the most
fundamental characteristiofdesign activity is the rapid production of a satisfactory
solution, not a long and detailed analysis of the problem (Cross, 1982). According to
Simon (1969), this is a@satisficing process that produces any one of several
satisfactory solutions rathéhan the best solution. According to Dam and Siang
(2020a, May 2), analogies can be used also in the ideate stage. Using analogies in
the idea generation phase allows the team to think about the characteristics of the
problem being worked on in a diffeteway and inspires the team to explore
unrelated concepts, thus helping to find unconventional solutions (Dam & Siang,
2020a, May 2). On the other hand, according to Crismond and Adams (2012), idea
fluency is applied to work with multiple ideas by usingibstorming, divergent

thinking, etc.

2.1.3.1.4 Prototype

The prototype step essentially involves creating -folelity, tangible
representations of ideas, i.e. developing simple experimental models cupstk

test key aspects of the solution. This step encesreapid experimentation and rapid
prototyping to test ideas before their final implementation. In other words, it is
important to follow a rapid and iterative process, focusing on making an inexpensive
and a simple/soft design that can test key concepter than making a perfect
design.It is better to fail often and early when creating prototypes (Carroll et al.,
2010). This is where abstract solution ideas are made concrete and allow for
refinement of the solution. In design thinking, the informationtained in objects
(prototypes) is important. Designers (students/teachers in the educational context)
know what messages the objects they prototype convey, understand the messages of
other objects (prototypes) and can create new objects that emboohesisages
(Cross, 1982)According to Carroll et al. (2010), prototyping is a way to quickly
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communicate an ideaDouglas and Isherwood (1979) have emphasized the

importance of this communication between people andibdd of goodé

Prototyping is an important stage in the design thinking process (Luchs 2015). IDEO
says fAlf a picture is worth a thousand w
meetings. o (as cited in Dam, & Siang, 202
stage is a process where ideas are concretized and developed with small tests (Brown
2009; Kelley & Kelley 2013). According to Lande (2010), the prototyping process
focuses on being highly experimental, building thoemiented structures, and
engaging pedp in interaction with the artifacts. A prototype is a simple
experimental model of a proposed solution and is a process used to test or verify
ideas quickly and cheaply. According to Crismond and Adams (2012), multiple
representations can be used to espldesign ideas and question how the system
works more deeply. In some cases, prototyping cannot be physical, nor does it have
to be complicated or expensive, but it should always be tangible (Brown, 2008).
During the prototyping process, the relevant giesis can make appropriate
revisions or changes (Dam & Siang, 2020, September 9). Prototyping can be used to
engage with end users, thereby uncovering deeper insight and improving design
decisions going forward. Usually, uncertainty is high in the inif&lge of
development (prototyping). Therefore, there are cases where developers cannot
clearly define the next step and so they go througharielerror process to discover
development (prototyping) problems (Ishii, 1993; Lester & Piore, 2004). Various
construction methods such as drawing and modeling or prototyping can be used in
the design thinking process, and through these, different skills of students are
developed (Dérner, 1999). In other words, prototypes can come in various formats,
and the only ammon point here is that they are all tangible versions of ideas. They
do not necessarily have to be simple versions of a final product, and there can be
various approaches used to demonstrate a proposed solution (e.g. simple drawings
or storyboards, rougpaper prototypes of digital interfaces, and +pl@ying to
simulate a service, etc.) (Dam & Siang, 2020, July 20).
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Talking about prototypintypes, there are two different levels: s@fiw-precision)

and hardhigh-precision). Soft prototyping is a theedimensional draft that is made
simply using the available materials, and provides sufficient representation at the
conceptual levelKaygan et al., 2024 2021h. Hard prototyping includeslose to
reality product samples that go beyond remaining at receptual level, and are
produced with as much real material as posgibggan et al., 2024 20218. In

this process, it is important to provide students with a variety of materials appropriate
for the purpose (Carroll et al., 2010).

2.1.3.1.5 Test

The testing stebasically involves testing prototypes with users, gathering feedback,

and then improving as needdthe goal of testing is to learn what works and what
doesndét and then iterate, which means the
changes it based deedback (Carroll et al., 2010yhis stage requires observing

how users interact with the prototype to identify successful and improvement

friendly points of the solution. Thus, improving solutions based on user feedback

and iterating as needed ensutex the final result effectively meets the user's needs.

If new needs arise at this stage, we return to previous stages and reinforce design

thinking, where failure is a learning opportuni€averet al, 2009)

It is the presentation of prototype as a solution to get the original dGs@pinion

about the product produced (Wolniak, 2017). In this process, there is a need to test
solutions and thus improve them, and that is why user feedback is very important.
During the testing phase, fdetk should be obtained from real people whenever
possible and the results should be analyzed to determine what is right or wrong in
the design (Dam & Siang, 2022, May 2). In other words, it is to determine whether

a solution will work or not. The testinghase is connected to the prototype phase
because both positive and negative results can occur depending on the success or
failure of the previous phase, prototyping (Ghosh, 2022). When prototypes are tested

with users, a deeper understanding of them iseglaand feedback is received to

30



improve the designs. It should not be forgotten that negative feedback is an important

opportunity to learn and improve (Dam & Siang, 2022b, May 2).

2.1.4 Cognitive and Psychological Basis of Design Thinking

For a teachindgearnng approach to be logical and applicable, it must be based on a
valid learning theory (Lor, 2017). From a cognitive perspective, we can understand
how design thinking uses mental processes such as perception, memory, reasoning,
and problem solving. The fmework provided by cognitive science demonstrates
that design thinking is consistent with constructivist learning theories and is
consistent with this approach, which emphasizes active problem solving and
knowledge construction rather than passively reagiinformation (Papert, 1980).
Papert (1980) argued that children learn most effectively when they are actively
engaged in constructing personally meaningful artitaetphilosophy foundational

to both design thinkingRiaget (1978) argued that learneksiild understanding by
engaging in meaningful experiences and by reflecting on outcomes. According to
Pi a g et d@ =ns(utti®ish? learning occurs when individuals actively construct
knowledge through experience. This concept aligns with the famgsojectbased

nature of design thinking approach. Again, when viewed from the constructivist
approach, Dewey (1931), who applied the pragmatist philosophy to education, says
to construct through instruction and according to him, in learning design, aspects
such as problems found in real life contexts, student participation, interaction of
thinking and action, problem solving and interpretation of insights, and construction
possibilities should be considered. This approach is compatible with the student
cenkered, applied, projediased, realorld problemsolvingfocused nature of the
design thinking approach. On the other
theory argues that learning occurs through observation, imitation, and modeling, and
emphasizes theole of the social context. We can say that the stages of design
thinking are closely related to this learning theory. For example, empathy stage

involves observing the behavior of others, and the testing stage involves observing
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feedback, so that learmjroccurs from them. In addition, the collaboration of learners

in the ideation and prototyping stages supports peer modeling. Furthermore,
Vygotsky's (1978) sociocultural theory also connects with design thinking and
supports the collaborative aspect afide thinking in terms of the important role of
peer interaction and guided discovery in learning in the theory. As an instructional
strategy, design thinking has been argued to be grounded in Vygotskian sociocultural
constructivist learning theory as ises a scaffolding framework and predetermines

a constructive learning path (Carroll, 2014b; Lee & Wong, 2015). Scheer et al.
(2012), in their study using design thinking as a té@sed learning process, claim

that constructivist learning can be facilittgy ensuring that teachers guide students'
in-class teamwork process within the framework of design thinking. On the other
hand, Guilford's (1967) distinction between divergent and convergent thinking is at
the core of creative problem solving, whichhe tasis of design thinking. In other
words, learners who use divergent thinking produce multiple ideas in the idea
generation stage (Cooperrider, 2008), and through convergent thinking, they focus
on finding one weldefined solution to develop and tesbjotypes (Team Asana,
2025). In particular, in design thinking process, providing the opportunity to generate
ideas without judgment by approaching as many solutions as possible encourages
the use of divergent thinking and then, by allowing the more matiution ideas

to be generated to prototype the possible final solution, the use of convergent
thinking is encouraged (Dam & Siang, 2025, March 9). Besides, Premack and
Woodruff's (1978)iTheory of Mind involves understanding the perspectives and
feelings of others. Since design thinking is hurtantered, and especially in its first
stage, the empathy stage, it is necessary to observe individuals and make inferences

about them, which shows the relationship of this theory with design thinking.

This cogniive and psychological basis reinforces the importance of incorporating
design thinking into educational programs, especially to develop Highelr
cognitive skills, and grounds the implementation of the design thinking approach

based on these theorieda practice in the educational environment.
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2.15 Design Thinking in Educational Context

In today®s everevolving and changing world, students’ memorization, passive
acquisition of knowledge, and standardized test performance are not sufficient and
qualified citeria, and they need to develop skills beyond these. Critical thinking,
creativity, collaboration, and communication are the four foundations of 21st
century learning, and these closely overlap with the competencies supported by
design thinking (Trilling& Fadel, 2009). Complex interdisciplinary applications of
design thinking in a holistic constructivist way are effective in promoting 21st
century learning (Scheer et al., 2012). Design thinking, which is believed to meet the
demands of the twendiyrst century, encourages and develops a certain mindset in
this direction (Noweski et al., 2012). There is a gap between the skills that even the
best schools teach and test and the skills that all students will need in theftigenty
century and twentyirst century skills are necessary to succeed in tGlagmplex

world (Wagner &Compton 2012). It is claimed that design thinking can support
this gap by offering a new way of teaching (Noweski et al., 2012). Scheer et al.
(2012) argued that design thinkingdwes the gap between theoretical findings and
the actual application of skills required in the future. Moreover;ofsthool
settings can provide researchers with valuable insight into what might be good

practices for assessing 2t&ntury skills (Nielen et al., 2018).

Design thinking is about Aconceiving anct
Apl anning, inventing, maki ng, and i mpl em
are important to the field of education. Design education should not be thafugh

primarily as preparation for a career because it is not training in productive skills

useful for 'making and producing' in industry. Instead, it should be thought of for the
intrinsic values of education (Cross, 1982). In the context of educatioigndes
thinking stands out as a pedagogical frar
critical thinking, and problersolving skills. According to Fox (1981), design has a

strong educational rationale for helping develop cognitive skills and abilitiesdo

world problemsolving. According to Kelly (2012, p. 225), in education, design
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thinking isfa learning orientation that involves the activation of the ability to create
effective change and active problawmivingd According to Crismond and Adams
(2012), desigrbased problem solving involves learning from all stages of the
process, from the initial steps to the final product (as cited in English, 2018). Design
thinking as applied in education is a learning approach where students engage in
handson design challenges focused on developing creative confidence, empathy and
metacognitive awareness, encouraging idea generation and creative psoem
(Carroll et al., 2010). When it comes to problem solving, the educational value of
ceritical thinkingd (McPeck, 1981), and the importance of the absolute connections
between 'doing and thinking' (Harrison, 1978) are justified, while the importance of
design thinking in education in terms of producig@glucated people who can
understand the nature of wickeomplex problems, how to deal with them and how
they differ from other types of problems (Cross, 1982) should not be overlooked.

The focus of design thinking is to move from passive learning to active discovery,
thereby making education more interestimgerdisciplinary and relevant to the real
world (Brown, 2009; Razzouk & Shute, 2012). Unlike traditional learning
methodologies, design thinking is both a dynamic-loear process (Serrat, 2010)

and a mindset (Carrol, 2014). In traditional educatstndents directly receive
information, memorize it, and reproduce it according to assessments, which is a
linear, teachecentered model. On the other hand, with the design thinking approach
in education, studerttentered learning occurs where the studertctive and the
learning process progresses by solving problems and collaborating through
discovery and iteration, and this process encourages interdisciplinary connections.
According to Carroll (2014a), one of the most important things that distinguishe
design thinking from other approaches is its focus on the process rather than the
product, and this process follows a creative, aetioented, humatentered,
prototypeoriented and nojudgmental mindset. Besides, according to Zupan et al.
(2005), thedesign thinking framework is similar to the frameworks of other existing
course design methodologies, but they added that it offers a holistic solution for

innovationoriented course design that promotes learning rather than teaching.
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According to Rice (@11), design thinking emphasizes developing people who are
empathetic, use new ways of thinking about problems, useatrigtrror iterative
processes to overcome obstacles, and are committed to changing implementation

systems.

Design thinking is also beg applied in K12 education as a learning approach and
studies in the literature have suggested that design thinking, as a constructivist
learning strategy, enables students to be motivated to solve problems and explore, to
be innovative and creative, atalbe open to ideas (as cited in Lor, 20M9reover,

design thinking has the potential to influence skills such as following a process,
working in groupsgdefining problems, and generating solutions (Bay2006).In
different studies on thienplementation of design thinking in-kK2 education, there

is a trend towards implementing it as a projegsed learning approach, particularly
focusing on STEM subjects, with the aim of teaching empathy, creativity,
innovation, collaboration, and a protping mindset (Lor, 2017). Henriksen et al.
(2019) suggest that design thinking in STEAM education helps develop creative,
authentic, reaWorld, and problerfocused learning experiences. From a different
perspective, Alashwal (2020) argues that STEM atioie will support students in
developing innovative skills such as creativity, critical and design thinking, and
problem solving. So, when the literature is examined, it can be said that there is a
two-way interaction between STEM education and desigrkitng. Continuing from

the design thinking perspective, an ethnographic study on design thinking in
secondary school classrooms found that it fosters creativity and innovation, has an
impact on how students engage with learning, and supports studenbiailtzain
(through their willingness to listen, take risks, and share ideas among peers) (Carroll
et al, 2010). On the other hand,edign thinkingbased studies in mathematics
(Goldman et aJ.1998), science (Kolodner et a2003), and technology (Kaf&
Resnick 1996 Todd 1999) suggest that design thinking skills can help students in
core subject areas and provide cognitive and social skills (as cited in Carroll et al.,
2010). One of the most commonly applied DT frameworks in education is the
Stanford d s ¢ h o o-Btage Mddel (Beown, 2009). This structured and iterative
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model helps students address complex problems. For example, Kwek (2011)
conducted a qualitative study focusing on teachers at New Horizons Academy, a
public secondary school in partsbip with Stanford d.school. The study aimed to
explore how design thinking as a new learning model is used in classroom learning,
the factors that influence how design thinking is used in the classroom, and how it
intersects with course content. The fimgs of the study indicated that teachers are
active users, not passive recipients, of design thinking as a pedagogical tool, thus
applying it in multiple ways for different purposes. Another finding is that design
thinking emerges as a familiar classroortivaty for the application of learning in a
multidisciplinary project. Finally, the study found that design thinking drives how it
intersects with classroom learning. Another study using the Stadford sch ool 6 s
Five-Stage Model in the context of educatis that of Goldman et al. (2014). They
studied team learning in the design thinking process by examining student teams and
showed that groups strive for taskiented conversation and interaction while
dealing with assigned tasks and ultimately create ¢bnditions necessary to
complete the task. This reveals the importance of teamwork and communication in
the design process (Goldman et al., 2014). As a result, design thinking in education
is a dynamic, studerttentered, and problesolving pedagogicalpproach, unlike

traditional educational approaches.

With the twentyfirst century, people in all sectors (including education) began to
face many different challenges (Luka, 2014). Design thinking plays an important
role in helping students change and depetheir mindset for future challenges
(Alashwal, 2020)In order to prepare students for future challenges, design thinking
has begun to be integrated into educational curricula by educational systems around
the world (Henriksen et al., 2019; Henriksarak, 2021). For example, Carroll's
(2014b) study focused on moving from contbated to problerbased curriculum

by enriching the current curriculum. In a qualitative study by Zupan et al. (2005),
design thinking was applied as a course design stratedjjound that this approach
provided additional approaches and tools that were shown to considerable improve

the process but did not require radical changes in the design of the courses. Besides,
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with this approach, design thinking practitioners develoleep understanding not

only of the subject matter, but also of how students will interact wig@atroll et

al., 2010) Moreover, design thinking can be used not only as a teaching strategy but
also in actual curriculum design (Bruton, 2010). Accordm@arroll et al. (2010),
design thinking should be used to enhance classroom instruction by using it as a
support for student learning, and design thinking should be integrated into academic
content by designing a curriculum that focuses on creatingtagithat intertwine
academic content learning with design thinking processes.

In fact, the main purpose of using design thinking in educational environments is to
encourage creativity, problem solving, collaboration, and critical thinking among
studentgCarroll et al., 201Q)and therefore this approach can be used as a powerful
teaching and learning method. According to dsoa critical review of literature
(2017), those who apply design thinking in education argue that this approach
encourages skillsugh as creativity, innovation, collaboration and problem solving.
Studies integrating design thinking intoIR education (especially in structured
educational environments) have shown promising results in developing these skills
in students and improvingtudent outcomes. Goldman and Kabayadondo (2017)
found that design thinking improved critical thinking and creative confidence in
students when integrated into the school curriculum, mirroring findings from similar
approaches such as probkaased learningCarroll et al. (2010) show how the
integration of design thinking into a middle school environment fosters student
agency and interdisciplinary learning. It has been suggested that middle school
students can meaningfully engage with the process wheomgiely supported
(Goldman & Kabayadondo, 2017). Henriksen et al. (2021) argue that a curriculum
framework redesigned with design thinking helps middle school students develop a
deeper understanding of subject matter and focus on creativitytakisky, and
productive failure. In the study where design thinking was used as a STEM learning
intervention, it was observed that studéfii®m various age groups from 11 to 20)
knowledge and awareness about the subject matter increased and their attitudes

towads STEM improved (Breen et al. 2023). Moreover, incorporating design
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thinking into STEM education has been found to lead to higher student motivation
and engagement (Lammi & Becker, 2013). More importantly, design thinking helps
students develop empathwyhich is enhanced by considering user needs when
designing solutions (Goldman & Zielezinski, 2016). Carroll et al. (2010) state that
design thinking has an impact on the way students engage in the learning process,
forcing them to think in new ways and &akisks, and that design thinking and
collaboration are linked. Failure is generally not perceived positively in school
environments that are governed by certain rules and evaluation criteria (Hartlaub &
Schneider, 2012). This approach can limit creativeking and risktaking abilities,

and even students who take risks and struggle with failure may not be given enough
importance, but people generally learn more when they Gavéret al, 2009;
Henriksen et al., 202XKwek, 2016. Trial and erroand retrying are the nature of

the iterative design process, and finding o
workoé | eads to a deeper understanding of 't he
October). According to ProméessbirvdmiyaiEldumoea @

cited in Colker, 2023 October). Concepts such astaking, triatanderror, and
retrying emerge in the design thinking process. Additionally, design thinking
encourages metacognitive awareness by making students aware of wiare ihe

the process.

Despite these positive results, there are challenges to implementing design thinking
in formal curricula, including disciplinary boundaries and the need for teacher
training (Henriksen et al., 2019). Namely, according to some resga the process

is time-consuming (Scheer et al., 2012) and is difficult to integrate and implement
into traditional lesson plans within rigid school programs, as many teachers are
unfamiliar with design thinking methodologies (Scheer et al., 2012; Nowesk,

2012). It takes time to define and implement a new curriculum that is not constrained
by a set of societal requirements and is compatible with rapidly evolving- socio
scientific issues and solutions (Berg et al., 2021). In other words, in order to
implement design thinking, educational curricula need to be developed with various

learning and teaching tools (Canestraro, 2017). In addition, importance should be
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given to teacher training in this regard in order to overcome the difficulties
encounteredvhen implementing the design thinking approach (Carroll, 2014b;
Kwek, 2011). It is argued that teaching outside of school is driven bylifeesal
problems that are not linked to textbooks and is an ideal environment for problem
based learning, where them& constraint between curriculum adaptation and
implementation is alleviated (Berg et al., 2021). The findings in the literature are
predominantly from curriculuamtegrated programs, leaving questions about its
effectiveness in less rigid, voluntary caxteesuch as extracurricular activities. For
design thinking education, it will be important to explore the concept through various
design activities in various formal ameénformal educational settings (Alashwal,
2020). Although there are studies in therkture on the relationship between STEM

(or another course, to a lesser extent) and design thinking in the context of formal
education curricula, the focus of current study is the design thinking approach in a

reatlife-based norcurricular subject imon-formal education.

In this context, an extracurricular program for the implementation of design thinking
was developed in the current research. The current study builds on this premise,
suggesting that an extracurricular framework could extend thesktbéméth grade
students, increasing their curiosity and openness to experimentation in a less formal

setting, as supported by Koh et al. (2815

2.1.5.1 Design Thinking in Middle School Learners

Design thinking enc ocolabargtiers and dritical thimkings 6 cr e «
and is essentially an iterative, humzentered problersolving process, and the

skills fostered in this process are all crucial skills for middle school stu@@stl!

et al., 2010; Lor, 2017PDevelopmentally, midle school students (usually ages 11

14) are capable of abstract reasoning, willing to explorewedt challenges, and

more independent. With a design thinking approach to middle school education,
learning can be made more engaging and meaningful, whileu dent s6 pr ob |

solving skills, teamwork, and resilience can be enhanced. Middle school students are
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ideal candidates for design thinking approaches because they are experiencing
cognitive, emotional, and social changes in terms of their developméadga. s
Middle school students benefit from a structured yet flexible approach to problem
solving through design thinking.

In order to design an effective learning experience, it is crucial to understand the
cognitive and social development of the targeti@uck (in this case, 6th graders).

6th graders are in a developmental period where they are transitioning from concrete
to abstract thinking, which allows them to engage in more complex problem solving
and reasoning (Piaget, 19j2Research shows that mdid school students benefit

from projectbased and experiential learning approaches because these methods meet
their developmental needs by encouraging autonomy and -bandgploration
(National Research Council, 2012). The haodshature of design thiitkg aligns
with middle school studentsdé need for exper
found in their study on learning through design that iterative, prbpesstd activities
improved engagement and retention among young adolescents, makingl¢aém i
candidates for design thinking interventions. Goldman and Kabayadondo (2017)
noted that design thinking aligns with these developmental capacities and supports

skills such as empathy and experimentation.

Socially, 6th grade students are developingerpeollaboration skills, a key
component of the tealmased approach to design thinkin
sociocultural theory emphasizes the role of peer collaboration and social interactions

in cognitive development, which aligns well with the collabemnhature of design

thinking, suggesting that collaborative problem solving can enhance learning at this

stage. Design t hi nkad undetswmndiegnie paspdactvesofn e mp at h
other® also aligns with this developmental milestone as students tegavigate

complex social dynamics (Goldman & Kabayadondo, 2017). These alignments

suggest that a wetlesigned intervention can enhance both cognitive and social

growth, but the literature is sparse on targeted studies on this intersection. According

to LorGs critical literature review (2017), there are several studies using design

thinking in secondary school (e.g. Carroll, 2014b; Carroll et al., 2010; Kwek, 2011;
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De Campos, 2014). Renard (2014) conducted a qualitative study examining-a hands
on learningmodel as a vehicle for developing design thinking capacity in students
and the study led to the conclusion that design thinking and the design process allow
students to draw and develop their capacity to frame opportunities for change and
form ideas. Canll et al. (2010) in their qualitative ethnographic study, where they
implemented a design curriculum for a middle school (7th grade) geography course,
7th grade students were given design challenges with many potential solutions and
according to the resezh results, students began to think about the nature of the
process by giving themselves the opportunity to explore as they began the problem
solving process, design thinking appeared to play a strong role in developing
students' creative confidence artddents entered into meaningful collaboration
where they had the opportunity to work in a group environment and express
themselves, and students had difficulties in learning both the methodology and the
geography content. In a study using the Stanforchdaaesign thinking model as

a pedagogical framework in the process of implementing the design thinking
approach, it was aimed to obtain a moraépth understanding of middle school
students' views and experiences of design thinking. In the study wlkesign
thinking activities were carried out by a science teacher in a school environment, the
contributions of design thinking, the difficulties encountered in the implementation
process and the support mechanisms, the degree of difficulty and likiregstates,

and their views on patrticipating in design thinking activities outside of school were
revealed (Ciftci & Topcu, 2020). According to Carroll et al. (2010), design thinking
practices can provide new ways of thinking that can be incorporated itio bo
learning approaches and teaching strategies.

Few studies have specifically explored how 6th grade students engage with design
thinking processes, particularly outside of traditional curricula. However, these
studies typically occur withimostlysciencgor rarelytechnologyand mathematics)
curricula, not in extracurricular settings. This study aims to expand on such insights
and assumes, as supported by Carroll et al. (2010), that the developmental readiness

of 6th grade students makes them particylegteptive to design thinking mon-
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formal contexts such as science centers. All this justifies focusing on this age group
and the oubf-school learning environment for the proposed program by examining

these developmental possibilities.

2.2  Extra-Curricular Programs and Non-formal Learning Environments

Structured, organized activities that occur outside of the traditional curriculum are
referred to as extracurricular learning. In other words, structured educational or
developmental activities that occur side of the formal school curriculum are
extracurricular programs, usually on a voluntary basis. These programs extend
learning beyond the classroom walls by providing opportunities to interact with real
world contexts in a more flexible framework thanditnal school education,
allowing students to explore interests and develop skills. That is, although these
activities take place outside of school, they are usually not completely separate from
school (often schoeakelated) and are designed to increaste udent s6 knowl edg
skills, and social development through voluntary participation. According to the
principles defined by the LIFE Diversity Consensus Panel, learning occurs in a wide
variety of contexts and practices relevant to everyday life, notthestschool
environment (Banks et al., 2007). Examples of these environments include clubs,
workshops, camps, competitions, or commuhigged projects, often organized by

institutions such as schools, community organizations, or science centers.

Unstructued, experiential learning that occurs naturally in everyday life is referred
to asnonformal education. In other wordspnformal learning environments are
environments where learning occurs naturally, often unintentionally, through
exploration, interaction, and play, and are settings outside of traditional classrooms.
Non-formal learning environments do not have standardizedcula or mandatory
assessments, and in fact, unlike formal education, experiential ardirsetéd
learning is prioritized. That is, these environments usually do not have formal
assessments and are stuemmitered environments that encourage isitin

motivation and curiosity. Examples of these include museums, science centers,
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libraries, parks, aquariums, or community spaces (museums and science centers are

the most welknown examples).

In such environments, from a cognitive perspective, studastexposed to real
world applications of knowledge and opended projects that allow students to
explore new ideas, enabling them to develop independence and responsibility for
their learning. On the other hand, from a social and emotional perspeciVve, s
environments increase studentselfesteem by encouraging cooperation,
negotiation, and leadership through group activities and by enabling them to
overcome challenges, and commusbigsed learning through volunteering projects.

In addition, hand®n experiences strengthen school learning, and participation in

such organizations adds valuable experience to resumes.

Students are exposed to various social contexts every day; there are systems for
various purposes such as the classroom, home;satfted programs,nonformal
educational institutions and communities (Banks et al., 2007). Learning occurs
through participation in various activities in these environments and through
relationships with cultural groups there (Bell et al. 20M8)n-formal leaning
environments (such as science centers, museums, angdditel programs) offer
students unique opportunities for experiential learning beyond traditional
classrooms. In other words, enftschool learning environments are effective in
developing stdent®proficiency in language, reading, mathematics, and a variety of
other schooclelated areas (Lave, 1988; Morrison et al.,, 1995). Children's
experiences with science outside of school can significantly influence their school
learning practices and théevel of participation in scientific activities in
extracurricular environments shows that-otsschool learning environments should

not be ignored in terms of learning opportunities. (Korpan et al., 1997). According
to Gardner (1991) and Tressel (198Bjs type of learning contributes valuablely to
classroom instruction and lifelong learning. In the literature, researchers have
examined how participants learn science in museums andnathéormal settings
(Crowley & Callanan, 1997; Dierking & Falk9®4; Soren et al., 1994). There are
studies showing that contextual, haimfs and experiential learning mon-formal

43



learning environments increases student engagement and strengthens classroom
knowledge (Bevan et al., 2013; Falk & Dierking, 2000). Faaneple, in a study
examining the effects of owif-school learning environments on the attitudes of 6th
grade students towards science class, it was observed that the attitudes of students
who visited outof-school learning environments increased signifital v ( Y&l dér é m,
2018). The volunteer nature of extracurricular programs can also increase
motivation, a critical factor for young studentaformal learning environments
encourage curiosity and intrinsic motivation of young students, and therefore can be
considered ideal environments for developing design thinking in them (Falk &
Dierking, 2018). According to Deci and Ryan (2000), in their-determination

theory, intrinsic motivation develops in environments where students feel
autonomous and capablbgese conditions are often metnion-formal environments.

By integrating a studesttentered, problersolving design thinking approach into

such environments, this dynamic can be further strengthened (Koh et ah).2015

Additionally, nonformal learning emronments are often more flexible than the
rigid assessment frameworks of schools, allowing for more exploratory approaches.
Science centers are excellent at encouraging the curiosity and inquiry that are central
to design thinking (Falk & Dierking, 2000For example, the California Science
Center offers desighased workshops that encourage students to explore scientific
concepts through problesolving and prototyping activities (California Science
Center; Falk et al., 2001). Extracurricular STEM proggaare effective at
developing skills such as creativity and teamwork, but most do not explicitly include
design thinking as a structured framework (Bell et al., 2009). This gap highlights the
potential for an extracurricular program to combine formal gitedhinking
pedagogies with the flexibility ofnonformal environments, an important
consideration when designing this studyods
powerful framework for structuring ext@rricular andnonformal learning,
providing a prol®msolving approach that fosters creativity, collaboration, and

iterative learning. This part advocates for a structured-extmacular approach that
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leverages these strengths and offers a model for integrating design thinkimgrinto

formal education®envisioned by Goldman and Kabayadondo (2017).

2.2.1 Role of Science Centers in Fostering Design Thinking

Science centers serve as interactiwenformal learning environments where
visitors engage in hands experiments, exhibits, and workshops. With inareas
studies, it is revealed that science centers and similar institutions have an educational
impact (Bell et al., 2009). The complex and interactive nature of learning limits valid
and reliable documentation of the impact of science centers on communities
Learning was once assumed to be a linear process through directed instruction, but
with science centers, that has chan@&dk, & Needham, 2011)t is important that
science centers act as bridging institutions between formal education andrieal
scientific discovery. Science centers provide haowldearning experiences, real
world problemsolving activities, and opportunities for discovery and collaboration.
Thus, they encourage curiosity and innovation by providing interactive exhibits and
social learning opportunities. According to Falk and Dierking (2000), informal
science learning experiences can significantly increase students’ conceptual
understanding and lortgrm knowledge retention. In one study, adults who reported
that their children hadisited a science center generally stated that the visit increased
their childrers understanding, appreciation, curiosity, and interest in science or
technology (Falk, & Needham, 2011). The National Research Council (NRC, 2009)
report argues that museurasd science centers can be better at concretizing the
nature of science, showing its relevance to daily life, and evoking positive emotional

responses.

Design thinking has broad applications in society, particularly in fields such as
engineering, healthca, and environmental sustainability (Brown, 2009). Science
centers are valuable environments that provide good opportunities for students to
gain awareness and be informed in advance within the scope of education in these

application areas. A significanble of science centers is to bridge the gap between
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academic knowledge and solving reairld problems through interactive exhibits.

In other words, the fact that science centers provide interactiveyogal contexts

for learning is very important inhgping educational experiences. In studies of
STEM-rich interventions, science centers have been found to promote Hhqsieg
learning and are closely aligned with design thinking's emphasis on discovery and
iteration (Bevan et al., 2015). These envir@mts increase the importance of design
thinking activities by exposing students to authentic problems (e.g., societal
challenges such as sustainability or community design) (Bell et al.,, 2009).
Additionally, according to Bevan (2016), science centers altwdents from
different backgrounds to engage with science and technology through collaborative
projects, thus providing an inclusive learning environment. However, the literature
lacks detailed frameworks for integrating design thinking into scienceercent
programming for young learners, particularly in exdwaricular formats. This part

examines how such venues can serve as ideal platforms for the proposed program.

Beyond their educational role, science centers serve as societal hubs that connect
learnes with broader community issues. This community dimension, according to
Brown (2009), provides a rich context for implementing the empathy and idea
generation stages of design thinking and thus sets them apart from traditional
classrooms. Yet, studies edy explore how these institutions can systematically
support structured programs for middle schoolers, a gap this research seeks to fill.
This study suggests that the unique opportunities of science centers that combine
community relevance, interactiomdmotivational context make them an optimal

environment for developing design thinking skills in 6th grade students.

Design thinking provides a structured but not rigid framework to help visitors to
science centers engage with scientific content in a me@ningful and practical
way. The fivestage Stanford d.school design thinking model, which is frequently
used in educational settings, is particularly effective in science center learning.
Science centers provide context, materials, tools and instrecmtiat visitors can

practice all of these stages (frame the problem by understanding other perspectives,
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generate creative and innovative solutions to the problem, and prototype and test

those solutions).

2.3  Gaps and Rationale of the Study

Despite the growing interest in design thinking, several gaps persist in the literature.
First, while its application in formal education is weicumented (Carroll et al.,
2010), its use in extraurricular contexts remains underexplored (Bell et aD920
Second, there is very limited research on how 6th graders specifically engage with
design thinking, particularly inonformal settings like science centers (Goldman &
Kabayadondo, 2017). Additionally, existing studies include few studies at theemiddl
school level, suggesting a need for research on younger students (Henriksen et al.,
2021). Third, while science centers provide rich learning opportunities, few studies
examine their effectiveness in fostering sustained design thinking skills beyond
singe-session experiences (Falk & Dierking, 2018). More research is needed to
understand in more detail what happens when students learn the design thinking
pathway and how the learning actually occurs (Bruton, 2010). This study addresses
these deficienciesybdeveloping and testing an extarricular program tailored to

this age group and context, contributing to both theoretical understanding and

practical implementation of design thinking in education.

The application of design thinking in extracurricusattings may be limited due to

the assumption that design thinking requires the structure of the formal curriculum
to be successful. However, this assumption actually ignores the potemntiat-of
formal environments to foster creativity and flexibilityhswh are at the heart of
design thinking (Falk & Dierking, 2000). According to Polmear et al. (2028},

formal learning can provide significant skill development in students, but their work
does not fully intersect with the design thinking approachadty tlthough there are
many studies in the literature on informal learning (Banks et al., 2007; Falk &
Dierking, 2018; Gardner, 1991) especially interested in STEM education and science
courses (Bell et al. 2013; Bell et al., 2009; Berg et al., 2021;Beval., 2013;
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Bevan et al., 2015; Dierking & Falk, 1994; Falk et al., 2001; Korpan et al., 1997;
Tressel, 1988; Yél der e m, 2018) and studies
environments (Carroll et al., 2010; Dunne & Martin, 2006; Scheer et al2) 201

especially intersecting with STEM education and different curriculum courses

(Breen et al., 2023Carroll, 2014b;Cook & Bush, 2018; Ciftci & Topcu, 2020;

English, 2019; Henriksen et al., 2019), the studies where the two intersect (design

tkinking in non-formal learning) did not received much attention. Moreover, while

there are studies that attempt to revise the formal curriculum with design thinking

(Carroll et al, 2010;De Campos, 2014Goldman & Kabayadondo, 2017; Kwek,

2011), anonformal program dveloped with the design thinking approach is
underexplored in the |iterature. This disc
exploration of a structured yet flexible and design thinking based program outside

traditional school hours.

Finally, the fewnesef agespecific research limits our understanding of how design
thinking can be developmentally scaffolded. While broad claims about its benefits
abound (Brown, 2009), the field lacks granular insights into how young adolescents
process its stages, espdlgiain realworld settings like science centers. By
addressing these gaps, this study not only advances theoretical knowledge but also
offers a replicable model for educators seeking to integrate design thinkimgmto

formal learning.
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CHAPTER 3

METHODOLOGY

In this chapterthe planning of the research design within this framework is shared

in detail andthe research questions of the study are revisited and restated.
Additionally, detailed information igprovided about the contextual settings, the
participants of the study, the data collection and analysis processes, as well as the
trustworthiness measures and the role of the researcher.

3.1 ResearchDesign

The present study aims to understand participants' experiences while utilizing design
thinking steps, and in this context, qualitative research is an appropriate method that
can be used to gain-ohept insight. Qualitative research is an interpretive éektig

some meaning from information collected) and multimethod (including interviews,
observation, written documents etc.) approach investigating people in the field (in
natural environment of the research participants like classrooms) (Denzin & Lincoln,
1994; Christensen, 2001, p.50).

There are three basic components mentioned in this statement for qualitative research
and these are being interpretive, being mukithod and taking place in a natural
setting. The current study requires the interpretaifavorrnumerical data collected

using multiple data collection methods in the natural environment of the participants.
Qualitative research is particularly valuable when the goal is to explore and describe
phenomena (Christensen, 2014/2015, p.56). 3tndy aims to understand how
students interpret and evaluate their experiences and learning outcomes while
engaging in the steps of design thinking. Additionally, it seeks to describe what is
experienced what occurs during this process, including sitrekand differences

in ideas and products, as well as the supportive and challenging strategies used.
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This study was designed as a case study, one of the qualitative research
methodologies applied in social scienceledle & Twycross, 2018)Case studies

are defined in various ways in the literature, often emphasizing their focus on gaining

a deeper understanding of a specific phenomenon within itéifeeabntext (Yin,

2018, p.51). For instance, they afe describ
phenom®mm et al, 2016) fa research conducted to gain deeper

understanding into the subject under investigation in the environment in which the

~

event occurredl Gérring, 2004; Heale & Twycross, 2018 nd Ar eveal i ng an

depth understandingofhe caseo (Creswel |, 2002, p . 61)
of the case can be a specific situation, evVe
2020).

According to Yin (2018), the choice of case study largely depends on the research
guestion(s), am if the questions attempt to explaihowo or fiwhyo some social
phenomenon, or if they require a comprehensive andeépth” description of them,

the choice of case study research will be more meaningful. According to Stake
(2005), case study differs fro methodology because it depends what is to be
studied, it is not a choice for methodology of the study. According to
VanWynsberghe ve Khan (2007), case study is neither a method nor a methodology
nor a research design and they propose common propertaseostudy according

to their 'prototype view' perspective. According to Kisaf2007) prototype view of

case study, there are seven common features for a case study. Théseraadidr
sample size than survey researd),dontextualized analysis ohigphenomenon in
action, B) complex settings where there is little control over behavior or evdits, (
having a specific temporal and spatial boundar(&3$,emerging serendipitous
findings throughout the process of the data collection and ang6)sisjng multiple

data sources to provide triangulatidid) potentially transformation of a reader's
understanding about a phenomenon by extending the reader's experience (as cited in
VanWynsberghe & Khan, 2007). These characteristics are presented with their

explanations in Table 3.1.

50



Table3.1 Characteristics of case study (Khan, 2007)

Characteristics

Explanations

Relatively small sample size { In case studies, studies are generally

Contextualized analysis

Complex settings

Boundaries

conducted with smallesample size than
survey research in order to reveabdepth
meaning.

1 It offers a highly detailed contextualized
analysis, aiming to give the reader the feelit
of Abeing there. o

1 It defines the phenomenon in terms and
reveals its particularities.

1 Researcher has little control over events or
behaviors and it investigatesstiype of
situations.

1 There is no single cause and effect
relationships.

1 Case studies naturally have specific tempot
and spatial boundaries.

1 For example, a classroom has spatial
boundaries in a school setting in terms of

space, scheduleurriculum etc.
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Table3.1 (continuedCharacteristics of case study (Khan, 2007)

Characteristics Explanations

Serendipitous findings 9 The phenomenon studied emerges through
the process of the study.

1 Researchers learn ndessons throughout the
whole process stages.

1 Through serendipitous findings emerging
during data collection and analyzing
procedures, several regarding can be gene
about the nature of the study.

Multiple data sources 1 Case studies generally do not jis&t one type
of data source.

1 It performs triangulation using multiple data
sources and provides findings that are likely
be more accurate and convincing.

Extendability 1 Case study tries to uncover inseparable
elements of the phenomena.

1 Findings are coalesced and articulated in

context.

The current case study provides the 7 characteristics of Khan (2007). It was thought
that it would be most appropriate to use the case study method in this study to good
match the purpose of the studyig study, with a relatively small group of students
(n=15), in a complex setting without single cause and effect relationships, with
specific temporal and spatial boundaries, providing highly detailed contextualized
analysis and serendipitous findings egieg during data collection and analyzing
procedures, using multiple data sources (interview, observation, video recordings,
and documents) and expressing the findings in context (out of school learning

environment), is a study suitable for the prototypmv of a case studylhe case
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used in this study is 15 6th grade students who volunteered to participate in the study
via application form from different schools (public or private schools) and actively
participated in design thinking process activiti@ss days at the METU Society and
Science Center and provided findings for multiple data sources.

The research questions are restated below.

3.2 ResearchQuestions

The aim of this study is to examine the design thinking processes of 6th grade
students in science and society centers by designing and developing an extra
curricular program based on design thinking approach. In this context, three
important research questions were posed in line with the purpose of the study. These

guestions that #hresearcher aimed to answer are presented below.

1. How do 6thgrade students interpret and evaluate their experiences and
learning outcomes following their engagement in design thinking activities?

2. What is the level of prototyping performance amahgdent groups at the
end of the extraurricular program?

3. What are the fostering and challenging strategies used during the
implementation of design thinkiAgased extra&urricular program for 6th

graders in science and society centers?

The contextual sehg of the study is given in detail under the following heading.

3.3  Contexual Settings

Since the context of the study is of critical importance for its purpose, all context

arrangements were made in accordance with the purpose. In this point, the seating
arrangement of the environment, the placement of the cameras, the location of the
researcher, the materials that the students will use in the study, and even the food
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and beverage needs that the students will consume throughout the week were

appropriately orgnized.

In detail, as mentioned before, the main purpose of using the design thinking
approach in this study is to understand a subject and creating simple prototypes
related to the subject by using the design thinking approach as a teaching method
(esped@lly in educational fields). This approach best suits the purpose of the study.
The subject chosen here wiadimate chang& which concerns all humanity and
where various solution ideas can be developed. The chosen topic is quite general and
is somethinghat everyone should know, so students will be able to identify a real

life problem and produce solution ideas for it without much difficulty. This topic was
chosen for this reason.

The activities that the students would complete during the study westilbar
planned step by step. At this stage, an expert in the dfeiddustrael design(an
Assistant Professor from the Department of Industrial Desigrs) consulted and

and relevant studies from the literature were extensively referenced. Based on the
expert's feedback, several key elements were developed: (1)-Waaativities to

be conducted before each design thinking step,fl(®) protocol paperssee
Appendix J) to provide structure at each sted (3) a reflective thinking document
(seeAppendix H) to be completed at the end of each day. Detailed explanations for
warmup activities and flowprotocol papeare provided below. Reflective thinking
document is also a data source and is explained in detail under the heddatg of
Sources

3.3.1 Warm-up Activities:

In the literature, the concept of waiup activities is encountered most often in the
field of sports. These activities mostly refer to preparing for a training by doing short
exercises in advance (Diril, 2015). In the field of educatilba concept of warrap

activities is also included in the literature fisse breakers or fienergy boostets
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Robertson and Acklam (2000, p.30) define wanmas a short activity performed at

the beginning of the lesson and emphasize that it is impdotatiract the attention

of the students and prepare them for the class spirit. According to Rushidi (2013,
p.10), warmup, as a preliminary stage, allows students to create a positive learning
atmosphere and to be comfortable. Wanm activities are shoractivities that
prepare students for the learning process and are used before the topic to be learned.
The main purpose of warup activities is to attract studedtgtention to the topic,
increase their participation in the activity, and motivate thetadrn by having fun
(Kaygan et al., 2024 20210. Based on this, it can be said that warmactivities

in education are preparing the mind for a subject that includes cognitive processes
by doing short cognitive/affective/psychomotor exercises betarerg to learn the
subject. In the literature, warop activities, especially used in English language
teaching, have been used for purposes such as attracting students' attention and
increasing their motivation (Rahmayanti et al., 2019), ensuringhtbgpicbncentrate

on the lesson and the subject, and preparing them to learn the details of complex
subjects (Diril, 2015; Robertson & Acklam, 2000, p. 30). Hansen and Liu (2005, p.
33) stated that warrap activities play encouraging roles in order to prevah
context in which students feel more comfortable participating in discussions and
producing linguistic content. According to N@sl{1975) educational study, warm

up activities have effects on originality and to some extent, on flexibility. According

to a study on teaching English, waup activities using fun activities affect

motivation and enthusiasm of students in learning English (Rahmayanti et al., 2019).

In this study, warrup activities were created to prepare students for each step in the
DT application process. While warap activities were designed, short activities
were planned that would provide students with preliminary information about the
DT step to be covered that dayd facilitate their mental preparation for the
necessary skills of the stepome of these warmp activities included games, some
drawings, some verbal sharing, and some written documents, and prepared students
for the activities they would do in that stapd their thinking structure. Expecting

students to fulfill the requirements of the steps without prior preparation would be
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challenging and inadequate. Therefore, it was thought that this approach would
contribute to students' adaptation skills to thepste the process. The details of
these warrrup activities are presentedactivity sheet(see Appendix Kand activity
packagesseeAppendixL). One of the visual example of wawump activities are

given in Figure 3.

ingful objects within the given time!

Instruction: Transform the following circles to

9000
9000
0000

9000
OO00O

Figure3.1. Warm-up activitiesi Drawing& Creativity

3.3.2 Flow Protocol Papers

In this study, the documents callédw protocol have been used in the literature

with different names in different studies for the same or similar purposes. These

documents, which are often referred t@asrksheetsin the literature, are teaching

materials used at various levels of education, Hedpsubject to be processed and

understood by including helpful explanations and instructions, and ensure active

participation of students in the lesson by following or filling in these documents

during t he | esson (Safran, Nd8) (1AL, di

worksheets are written documents used during the teaching of any subject and
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include guiding explanations about the activities to be carried out. The use of
worksheets in the course keeps them active in the process and provides feedback and
correction opportunities to the student thanks to the questions they contain (Elvan,
2012, p. 6). According to Atasoy (2008, p. 182), it is seen that worksheets (prepared

in accordance with the constructivist approach) are effective in eliminating
misconcepbns. Worksheets facilitate time management by directing the flow in
multi-step activities, while also enabling students to participate more actively in the
lesson. Worksheets make it easier for the practitioner to follow the flow of activities

in the pratice environment(Kaygan et al.,, 2024 20210 . AWor ksheet s
important teaching materials that help students structure their own knowledge,
include steps that specify what needs to be done, and enable all students in the class

to participate inthegive acti vity at the same timeodo |
2005, p.217). Worksheets are used for different purposes in different educational
areas (different courses and different extracurricular learning environments). In
some studies, it is seen that theg ased as a material to help students learn and

follow the steps to be taken. There are studies in the literature on the use of

wor ksheets to eliminate misconceptions (.
Demirciojl u, & Ay as, s @anted yse ik prabletmased 2 01 2)
learning approaches (Canti&k¢ nhan & Baker, 20009; Yazl el

studies on their use in museum visits (Buyurgan, & Demirdelen, 2009; Yolcu &
Karamustafaojl u, 2021) , and st3edei&s on t
Tokcan, 2003)In the current studyfjow protocol paperswere used as worksheets

in order to direct and follow the flofsee Figure 3.2and Figure 3.3) The flow

protocol paperBiclude the necessary instructions and short explanations for student

to perform that step. It helps students with what they need to pay attention to while
performing the step and what exactly they are expected to do. It also provides the
opportunity to keep records by performing the necessary activities such as taking

notes, writing definitions, drawing and planning in that step on the document.
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> Listen to the people in the video!
Try to learn the habits, desires, needs, complaints,
and expectations of the people in the video.

2 Don't make assumptions.

> Take notes.

D Listen t le.
isten to people. 15 miin:

Figure3.2. Flow protocolpaperi Empathize

Define
» Try to understand people!
> You can do more detailed research on the problem on
the internet.
> Write a single definition sentence by interpreting the
information you learned from the people in the video.
< For example; \
What people desire/expect/need ... 15 min.
What people complaint about ...
What can make people happy ...
> You can also use the question form "How?" to
define the problem.
< For example; N
How can we help people become
aware of something?

Figure3.3. Flow protocol papei Define

Simultaneously, interview questions (Appendix G) were prepared. It was decided to
group the questions under two themes: cognitive and affective. The interview
guestions were serstructured opemnded questions. Rules that studesttsuld

follow when sharing their ideas and brainstorming within the group were planned
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and created as a reminder docun(see Appendis). Moreover, weekly program
activity sheet(see Appendix K)and activity packages (see Appendix Wwere
planned Afterwards, an Ethics Committee application was made, and the necessary
permissions were obtained to carry out the study. In addition, the necessary
correspondence was made with the METU Health andlgge Center and a
support letter was received in order to provide urgent support in case of any health

problems that may occur during the 5 fddly event.

After that, a special web page for study announcerfsd Appendix Eandan
onlineapplicationform (see Appendix Ryvereprepared by the researcher on METU
Society and Science Center website. Some visuals for social media announcements
were also designed by the researcher and shared the announcement on the center's
official social media platforms (8tagram, Facebook and X). The application system

was closed after receiving 16 main and 6 reserve student applications. Then, an
informative email was sent to the participants stating their primary and reserve
status. Also, onen-one phone calls was madéth the parents and was explained

the process in more detail. Later, reserve students were invited to replace the
participants who reported that they could not come. The study was carried out with

a total of 15 students.

Meanwhile, stationery and other supplies that students would use during prototype
development wererganized At the same time, 5 cameragre used for recording

and within the scope of this studiie environment in thBocietyand Science Center
Building wasarranged andthe seating arrangements and equipment were arranged
according tothe studentgroups Students were divided into groups and used
computers when necessary if they wanted. Before the activities started, parents
signed the parent consentrfofseeAppendix C) and students signed the voluntary
participation form ¢eeAppendix D). Since the number of students was high, there

was another observer besides the researcher.

In the first step of design thinkingrocess students watched a documentary

Climate Change and identified their problems by empathizing with the people in the
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documentary and in the second step, they defined the problems in a short sentence.
Then, in the third step students produced solution ideas for the problems, categorized
their ideas and made presentations explaining the idea they chose. After that, to
embody their ideas they made drawings and painted their drawings to detail them,
and determined the appropriate materials for the prototype they would develop. In
the fourthstep, they developed a prototype by using appropriate materials. These are
essentially soft prototypes. In the fifth step, to test the prototypes, they explained to
each other and gave feedbacks to each other.

At the end of the study implementation prege while the interviews were
conducting one by one, a coding competition was organized with other students, and
then the exhibitions in the buildings belonging to the METU Society and Science

Center were visited

3.4  Participants

Since the purpose of the study was to examine the design thinking processes of 6th
grade students, the participants had to be 6th grade students. Within the scope of the
study, criteria such as private school or state and male or female were not determined
Convenience sampling method, a foobability method, was used to determine the
sample suitable for the purpose of the study (Etikan et al., 28&6prding to
Fraenkel et al(2011), when it is difficult or (sometimes impossible) to select a
random smple, a researcher may use convenience sampling, which refers to a group
of individuals who are (conveniently) available for study. Although the obvious
advantage of this type of sampling is convenience, an obvious disadvantage is that
the sample is likelyto be biasedTherefore, since convenience samples are not
representative of any population, the researcher must provide information
specifically about the demographic and other characteristics of the sample being
studied(Fraenkel et al., 2011yince tle study was a case study, the aim was not to
generalize the findings. It only aimed to understand students' design thinking

processes in depth, and therefore it was not necessary to use one of the probobality
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selection methods for the sample. Additionaince no criteria other than class level
were set for the participants, the convenience sampling method was very suitable for
the researcher to reach the participants in the most convenient way. Moreover, due
to the nature of the study, there was a datethschedule (days and hours on which

the study would be implemented) and venue (METU SSC), and students had to take
these features into consideration when applying. Thus, for the purpose of the study,
easy accessibility, geographical proximity, avail@pilat a given time, or the
willingness to participate was important. That is why the convenience sampling
method was preferretf.ageneral call for participation is made on the web page and
the decision to participate deperagelyon the participantst can be said that this

is actually a voluntary sampling, one of the convenience sampling methods
(Vehovar, et al., 2016)In this study, applications of students who wanted to
participate in the study voluntarily were collected through the online capioln

form created on the METU SSC official websised Appendi E andAppendixF).

The application system was closed after the applications of the first 20 students were
received. 16 of these students were main students and 4 were reserve students. Sinc
this was a qualitative study, one of the data collection tools was observation forms,
and in order to make accurate and sufficient observations by the researchers, it was
decided to divide the students into groups of 4 and limit the study to a total of 1
students. Having more participants than this number would have made the
opportunity to make observations very difficult. Although Guest et al. (2006) stated
that there should be at least six interviews for data saturation and Creswell and Poth
(2016) st#ed that approximately 30 interviews were required, the final decision on
reaching data saturation was made by the researchers in this study, as in every study.
All candidate participants were contacted and the final 16 students were determined
by adding abstitutes to the application order and replacing those who canceled. The
study was planned to be conducted with a total of 16 students, but on the last day, at
the last minute, one student gave up participating in the study, so the study was
conducted wh 15 students. The students participating in the study were 4 boys and

11 girls and 7 of them were from public school and 8 were from private school and
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only one of the participants came from outside of Ankara (Manisa). All demographic
information of the prticipants are presented in Tablg. Rarticipants can therefore

be consideredaccidental samplébecause they were spatially located relative to
where the researcher conducted data collection (Etikan et al., 2016). Analysis of
convenience sample rewilis only applicable to the study participant group and
cannot be generalized to the target population (Stratton, 2021). In this qualitative
study, an effort was made to use the participant data obtained as a result of
convenience sampling to deeply urstand the design thinking processes of the
participants, rather than making a formal inductive inference about the population of
interest. The findings in the study were compared and contrasted with other sources
of data findings and the researcher atteupto discuss the implications and
limitations of the results. By doing these, the researcher attempts to justify the use of

convenience sampling and ensure the quality and reliability of the research.

Table3.2 Demographignformation of theparticipants

Participants Gender Type of School City

P1 Female Public Ankara
P2 Male Private Ankara
P3 Female Public Manisa
P4 Female Private Ankara
P5 Male Private Ankara
P6 Female Public Ankara
P7 Female Private Ankara
P8 Female Public Ankara
P9 Female Public Ankara
P10 Male Private Ankara
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Table3.2 (continuedPemographic information of the participants

Participants Gender Type of School City

P11 Male Public Ankara
P12 Female Public Ankara
P13 Female Private Ankara
P14 Female Private Ankara
P15 Female Private Ankara

35 Data Collection

351 Data Sources

Since this is a qualitative study, triangulation was done with more than one data
source forreliability. Interviews, observations and video recordings, which are the
most commonly used in qualitative studies, were also included in this study. At the
same time, reflective thinking documents were collected from students at the end of
each day as ather data source. Detailed explanations are provided below for each

data source used in the study.

3.5.1.1 Interviews

One of the most common and effective ways we try to understand other people is
through interviews (Fontana & Frey, 2005). The research interfiasy been
identified as afavorite methodological todby qualitative researchers (Denzin &
Lincoln, 1998, p. 36). According to Gudmundsdottir (1996, p. 293), interviews have
become one of the most important methods used by researchers to collect data in
educational research. The commonly used individuattadace indepth interview

encourages learning about individual experiences and perspectives on a particular

set of topics (DiCicco Bl oom, & Crabtree
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source ofhis study and was created after a long study. It is good for learning attitudes
and provides irdepth information. It also provides information about the subjective
ways of thinking of the participants and can be applied to randomly selected samples
(Chrigensen, 2014/2015, p. 59). In this respect, it is an important data collection
method suitable for the purpose of this research. On the other hand, its application
and subsequent data analysis are ‘bmesuming. In addition, effects originating
from the esearcher or the participants may occur (Christensen, 2014/2015, p. 59).
In this research, the negative aspects of this method were also taken into
consideration. First, the draft of the interview questions was prepared by the
researcher and then the quas$ were clarified by consulting 3 expert lecturers. The
expert lecturers examined the draft questions created by the researcher and
eliminated, combined, changed some and added some new questions. Thus, the final
semistructured interview consists /o main themes, Cognitive and Affective.
There are 5 questions for each of these themes. In other words, a total of L0 open
ended questions were asked based on the research questions of the study and aimed
at the student's interpretation and evaluation eif thwn experiences and learning
outcomes in this process. The interview questions are presented in Appendix G. In
addition, according to Morrison (2016, p. 2), a good interviewer has three basic
characteristics, and these are 1) obtaining the most ambwamd most accurate
information within the scope of the relevant research, 2) doing this in the shortest
time, and 3) establishing a good relationship with the participant. In this direction,
the researcher tried to provide all three basic charactemstitried to reached the

most amount of and most precise information in the shortest time by establishing
rapport with the participants.

3.5.1.2 ReflectiveThinking Documents

Reflective thinking is the process of making individuals think deeply about their
actiors that they have carried out and planned, and making them aware of their

weaknesses and strengths, and making sense of their own learning and thinking
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processes (Ers6zli, 2008). Documents callefiective thinking documenisn this

study have generallyeen used aseflective diaries/journaffor the same or similar
purposes in different studies in the literature. According to Uslu (2009), reflective
journals are written documents in which an individual makes his/her own assessment
of his/her own learing process. Reflective journals are used to ensure that students
make processriented assessments of their learning experiences (Malthouse and
Roffey, 2013). Reflective thinking means that a person examines the experience
he/she has gained from a critipgrspective, evaluates it in general and compares it
with his/her previous knowledge. In the reflective thinking process, students become
aware of their feelings, thoughts, ideas, attitudes and observations. Reflective
thinking is especially important bause it allows students to use what they have
learned in new and different situations (Kaygan et al., 202021h. Studenté
awareness levels of their own learning processes can be determined by using
reflective journals (Moon, 2009). Reflective writinigvels and explanations
determined by Moon (2009) are given in the tallelow (Table 3). In present

study, since students were asked to evaluate their own processes step by step at the
end of the each day rather than all togethergtfeective wriingdlevel was deemed

appropriate and applied.

Table3.3 Reflective writing levels (Moon 2009)

Level Depth of reflection

Descriptive writing - Writing productions include a small amount
reflection. Rather than an evaluation of the lear
process, the sequence followed in the learning prc
is described.

- There may be references to emotional reacti
ideas, particular issues but they are not questione

not related to behavior ¢he meanings of events.
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Table3.3 (continued)Reflective writing levels (Moon 2009)

Level

Depth of reflection

Descriptive account with

some reflection

Reflective writing

- These are writings that do not contain m
reflection but mark points forreflection. They
generally contain descriptions as if they were
qguestionanswer form and refer to alternati
viewpoints or attitudes towards others, comme
etc. The analysis of the learning process is insuffic
because the reflection does not dgep enough t
allow us to understand it.

- The learner has a reflective idea about the prc
and it allows to partially discover the reasons of
behavior, but this idea does not cover the wl
process, it only includes certain stages due to inte
attention, etc.

- The learner has analgs for the process for the
stages, has made reflective evaluations, awarene
started to form, but this awareness is limited to ce
stages. There is a desire to criticize the actior
others and to question oneself to some extent
alternatve points of view may exist but cannot

analyzed.
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Table3.3 (continued)Reflective writing levels (Moon 2009)

Advanced reflective - It is the structure of writings that include a de
writing thinking process andhetacognitive strategies, dre
attention to more than one perspective, -¢
questioning is evident, prior knowledge ¢
experiences guide new learning, emotions play a
in shaping ideas, the learner produces diffe
solutions to eliminate the problaemencountered in tr
process by monitoring the learning process and r

an evaluation accordingly.

Reflective thinking documents require students to express themselves verbally or in
writing. In the current study, a reflective thinking document prapared as the last
activity each day and students expressed themselves in writing. The aim of this
document was to make students aware of their learning and feelings and to question
the importance of the knowledge, skills and attitudes they have ac@aggan et

al., 2025, 2021h. Questions similar to those asked for reflective thinking were also
asked in the interviews conducted at the end of the five days, but the important point
here is that students were able to evaluate the steps they appgliedhtimation they
acquired and the feelings they felt by reflecting at the end of the day without
forgetting them, and thus, the possibility of triangulation was created and the
accuracy of the data in the interviews was supported. A sample reflectikenghi

document used in this study is shown in Figdice
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7

REFLECTIVE THINKING

N

» Aswe end the day;
Let's answer the questions: e

15 min. 3. How did you feel today?

1. What do you think you learned today?

2. How do you think the activities you do today are different from 4. What were the parts of the activities you did today that you
the things you did at school? If you were at school now, in which liked the most or least interested in?
classes would you like to have these kinds of activities?

Figure3.4. Reflective thinking document

This data source includes written data collected from students. At the end of each
day, studentanswered 4 questions regarding their interpretation and evaluation of
their experiences and learning outcomes for that day. These 4 questions are actually
similar to the interview questions, consistent and summarize the day. It was not
waited until the endf the 5 days to collect data regarding the experiences and
learning outcomes from students and it was desired to take a daily evaluation at the
end of each day as it was thought that the student might forget what they did and felt
in the first days aftethe 5 days and thus the interview data were supported with
reflective thinking documents data in terms of reliability. This idea was presented by
an expert in this field and was found reasonable and accepted by the researcher, and
its content was designead created by developing it. Reflective thinking documents

are presented in Appendix H.

3.5.1.3 Observation Notes

Observation is one of the common techniques frequently used in qualitative studies

(Creswell & Creswell, 2018). It is the process in which the rebea observes the
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participants and takes notes on what they are engaged in according to certain criteria
(Fraenkel et al., 2@). In the current study, the researcher conducted observations
throughout the entire process. As in every qualitative studyredson was very
important in this study. In qualitative research, the researcher collects qualitative data
by standardizing the procedures. The researcher standardizes who and what will be
observed, and how the observations will be made, according tch vahiteria
(Christensen, 2014/2015, p. 60). The current study used amezdly framework to
standardize the observation process. Besides, there are types of observers, listed from
the least qualitative to the most qualitative (Full observer, obserygarasipant,
participant as observer and full participant) (Christensen, 2014/2015, p. 61). The
researcher is @articipant as obsernv@in this study, that is, the researcher is also
present throughout the implementation process as a practitioner grattihpants

are informed that they are being studied. On the other hand, since the number of
students was high and the researcher was also the implementer, making observations
alone would have been insufficient. Therefore, a second observer was inicluded
the study who would both help in the implementation process and make
observations. In addition, in this study, design thinking approach was used and
during the implementation process the participants used representations (drawings
and prototypes) andely are different forms of communication to think and convey
what they imagine in their minds. In order to observe all of these during the process
was AEIOU Observation Framewofkee Appendix Iwas used because it is most
suitable reacdymade observatiomdmework accepted in the literature and especially
used in design studies. The short name of this framework is AEIOU which stands for
Activities, Environments, Interactions, Objects, Users (Fitzpatrick, ;ZR@Binson,

2024). While Activities (A) are a satf actions that the participants have to perform

in the context, Environment (E) is the atmosphere or context in which all the
activities take place. Another element of the Framework is Interactions (I) which
mean the communications between the parti¢gpas well as communications
between participants and other objects. Also, here, Objects (O) are guides and clues

for the participants in the context and they can be positive and supporter or

69



sometimes complex. Users (U), as the name suggests, are guantipants and it

is about their roles, needs, behaviors, approaches, reldpgnhoughtsfeelings

etc. (Fitzpatrick, 2018 Robinson, 2024 All these are interrelated and
interconnected within this entire system. This framework can be used ideeyv
appropriate structure for observation in design thinking process. Also, it helps for
synthesizing all the data (Bose, 2021). This framework helps researchers to arrange,
report and code information obtained from observations for interpreting results
(Seeschaa¥eres, & Giuliano, 2021). One of the main data collection tools of this
study was observation and it was a study based on the design thinking approach and
therefore, while observing, the following questions were sought to be answered using
the AEIOU Observation Framework. A) How do students behave for what purpose?
E) What is the environment in which students perform their activities? I) What kind
of interactions occur between students in emotional, cognitive and behavioral terms?
O) What kindsf objects are present in the environment and how do students interact
with them? U) Who are the students and what do they do while performing a task?
Who are the groups composed of? After implementation period, observation notes
were documented and, wheeacessary, reported in the data analysis findings section

of the research.

3.5.1.4 Video Recordings

It has been argued that video recording allows us to postpone the moment of focus
and decisiofmaking, as a way to capture everything that happens in contexheBut t
critical points here are that where we place our cameras and what kind of microphone
we use determine what data we collect. Video recordings allow us to revisit the
moment we recorded (the implementation process), giving us extra time to think
about evats and pursue the answers we seek. At least on one level, a video recording
saves us timeR(rie, 1996, p. B Video recordings can preserve more aspects of
interaction, including speech, gesture, eye gaze, and computer screens, and

furthermore, video allows the same event to be observed repedRmtighglle,
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2000).A lot can be learned about the intricacies of teaching and learning by watching
videos of people in actiorHg@ll, 2000).A video recording can provide us with a
specificperspective that provides evidence for analysis. Video recordings can be the
least intrusive (they are not interrupted by questions while they are working) yet most
comprehensive way to study the phenomenon, especially when combined with
examination of sdent s written work and Puieser vat.i
1996, p. 4. It is the video recordings that need to be examined to learn about the
environment, context, and nature of the
activity patterns thatay have influenced their formatioRifie, 1996, p. % Video

recordings can help to obtain more detailed information about the situation and the
main advantages of this method are the multiplicity and permanence of the data
collected, but its limitationsre that it lacks contextuality, is time consuming,
requires good equipment, expertise, careful planning and financial resources
(LicNSc, 2001) All decisions regarding data collection methods must be dependent

on the researcher's research quesiipnge, 1996, p. #

The research questions in this current study investigate the students' experience
processes and learning outcomes, and therefore it is important to obtain the data to
be collected using more than one data source and especially to choosgethe
recording method as one of these data sources because every conversation and
behavior within the group and in the classroom environment can provide information
as data and this data can only be collected completely, naturally and objectively with
video recordings. It also increases the reliability of the study by providing the
opportunity to triangulate with other data sources such as observation notes. In this
study, since the number of students was 15 and the students worked in groups,
although thee were 2 observers, more detailed data was collected using the video
recording method, thinking that some points might be overlooked. Throughout this
study, camera recordings were taken and permission was obtained from the students.
There were 4 separatameras for students working in groups to see each @oup
work in detail. In addition, 1 camera took a general shot showing the entire class.

This approach was very guaranteeing in terms of recording the entire process
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completely. Because in fact, theamdctions of the students with each other that
would contribute to the process, including lunch breaks and breaks between
activities, were recorded. Although there were two observers, camera recordings
were of critical importance in an intensive and acéipplication process with a large
number of students because points that were overlooked during the application could
be determined in the camera recordings. Especially in group work, siitieshts
sharing, brainstorming ideas, and the effort and pasticp they gave within the
group could be examined in detail with the camera recordings. It can be said that
camera recordings are necessary in terms of reliability to support observation in a
gualitative study. Thus in the data analysis process, the velosenotes were
supported by the camera recordings. At the end of the study, there were
approximately 150 hours of recording in total in 5 days, 5 camera recordings of 6
hours per day. These records were examined by the researcher after the
implementationprocess, spending a long time and effort, and notes containing
important points were taken. Thus, video recordings were documented and reported
as necessary in the data analysis findings section of the study.

352 Data Collection Procedure

The data collection process was carried out with the implementation of a program
consisting of 5 full days. Students participated in the planned study at the METU
SSC for 5 days between 9 am and 3 pigure 3.5 presents visual representations

of the METUSSC implementation clags this context, students were divided into
groups and completed the entire process by working in gr(ages Figure 3.6)
Within the scope of the planned study, students completed the process by
implementing the 5 steps of thesign thinking approach on 5 different days. In
other words, students implemented a DT step each day and filled out the reflective
thinking document at the end of each day. Students also participated irugrarm

activities before each step and usledv protocol paperdor each step. The entire

72



process of the students during the day was noteddyifferent observers and also

recorded on video.

Figure3.6. Photos of the group works

When the students arrived at the METU SSC on the first day, they first played an
introduction game and then formed groups
a warmup activity was carried out before applying this step. The students first
played games to warm up to empathy. One of these games is about how students
recognize and express emotions and another one includes situations where students
need to gain some awakss in the game and empathize with their other friends.
Another game also requires teamwork and coordination. After this-wgaipnocess,

the students watched a documentary about
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the documentary, the students weskeal to use thitow protocol paperslistributed

to them. The students empathized with the people they saw in the documentary video
and filled in theflow protocol paperss necessary by empathizing. After having
lunch and playing games during the lunchdl;, the students worked in groups for
the second step of DT, o0Defined (the
identified with each other and discussed common and different (seeAppendix

P). In addition, the students were given the opportunitiotoesearch on the internet

via laptops with internet connection. During this time, each group selected a group
spokesperson and with the guidance of the group spokespersons, they selected one
of the problems they determined and defined it. During tlosgss, they used the

flow protocol papeto define the problem. The group spokespersons presented the
problem they defined to the whole class in turn. In these presentations, those who
wanted to prepared a PowerPoint presentation. Problems were discussed in class. At
the end of the day, reflegs thinking documents were distributed to the students and
they were asked to fill them out. Before leaving, anefrday game was played. At

the end of the first day, all camera recordings were transferred to the computer and

all data documents and obgation notes collected from the students were compiled.

On the second day, first a short summary of yesterday was made and theapvarm

activities were carried out before movi

these warrrup activities, studentsere required to use their talents such as curiosity,
productive mindset, and creativity. Students were encouraged to think creatively
without limiting their ideas. Then, students worked individually in groups and
produced solution ideas for the problemyttdefined. During this time, they wrote
down every idea that came to their mind (without thinking about it in detail and
without worrying about how crazy it was) on the blank papers distributed.
Afterwards, everyone in the group shared their ideas amasbvemed, and during

this time, they took into consideration the brainstorming and group discussion rules
distributed to them as printouts. Some ideas were found by more than one person,
while some ideas were put forward by only one student. These iéea®waluated

within the group, some were eliminated, some were accepted, and some were
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combined. In this process, students were asked to categorize their ideas and were
expected to classify their ideas on a large piece of paper according to the beteria t
determined (e.g. theme/subject/purpose/material to be used, applicability, budget,
etc.) by using the distributed peatt. After the lunch break, group spokespeople
presented the solution idea or ideas they found to the class so that the ideas could b
evaluated from different perspectives, and the opinions from other groups were also
noted. Before moving on to the drawing phase in order to concretize the ideas, a
warm-up activity was carried out. In this activity, students were required to both
draw and use their creativity while drawing. After a short break, the drawing phase
was started and larggze (A3) papers were distributed to the groups for drawing. At
the same timeflow protocol papersvere used for task sharing and production
planning. Eaclgroup worked within themselves and drew the solution ideas they
found in order to concretize them. During the drawings, there were also ideas that
changed, developed, and were eliminated as a result of the glboapstorming.

At the end of the day, refctive thinking documents were distributed to the students
and they were asked to fill them out. Before leaving, arodtthy game was played.

At the end of the second day, all camera recordings were transferred to the computer
and all data documents amtbservation notes collected from the students were

compiled.

On the third day, first a short summary of yesterday was made and then they were

asked to paint the drawings they made for the solution ideas they found in order to
remember and elaborate theBuring the painting, the students actually had the
opportunity to detail their ideas and made additions and arrangements. Then, for the
fourth step of DT, 6Prototyped, the mat el
in a suitable location by the regeher and introduced to the studefsme of the

materails required for prototyping are shown below (see FigureTh@&)students

were given time to choose the materials they would need during prototyping and the
groups selected their materials one Img @nd carried them to the group tables in

order to avoid confusion. Then, the students started to prototype the ideas they

planned with the materials they chose as a group. At this stage, theylavsed
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protocol papersor material selection, task shariagd collaboration. The students
continued their prototyping work all day using the many and diverse materials
provided to them. At the end of the day, reflective thinking documents were
distributed to the students and they were asked to fill them otite&ind of the third

day, all camera recordings were transferred to the computer and all data documents

and observation notes collected from the students were compiled.

Figure3.7. Some of the materials reged for prototyping

On the fourth day, first a short summary of yesterday was made and then the students

continued the prototyping process. After the lunch break, the groups were paired for

the fifth step of DT, 0T emsylefedpraotygesto he st ude
the group they were paired with, and noted the opinions of the other group. All

groups usedlow protocol papersluring this time. At the end of the day, reflective

thinking documents were distributed to the students and they wee tasfill them

out. Before leaving, an eraf-day game was played. At the end of the fourth day,

all camera recordings were transferred to the computer and all data documents and
observation notes collected from the students were compiled.

On the fifth @y, first a short summary of yesterday was made and then the students
thought about the feedbacks of the other group to their prototypes during the testing
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phase and worked on the applicable ones. The final versions of the prototypes were
exhibited and phographed. In the afternoon, individual interviews were held with
the students one by one. During this time, the second observer, other than the
researcher who conducted the interview, had a coding competition with the students
and the winners were givemizes. In addition, after the interviews were completed,
the Science and Technology Exhibition, Classic Car Exhibition and Science Center
buildings within the METU SSC were visited together. After taking a group photo,
the students were sent off. At thedeof the fifth day, all camera recordings were
transferred to the computer and the observation notes and interview records were

compiled. Figure3.8 shows the implemetation process diagram.

Dayl Day2 Day3 Day4 Day5

Purpose of the day /

Reminder of last lesson ST

Reflective thinking Related DBT step
document activities of the day

Figure3.8. Implementatiorprocessdiagram

3.6 Data Analysis

This study involved multiple data sources, with data collected from 15 students over
five days, resulting in a substantial amount of raw data. By the end of the data
collection praess, the aw data included; the research@mbservation notes,
reflective thinking documents filled out by students at the end of eac{Kdggan

et al., 2024, 20211, video recordings shot throughout the day, studdetsning

outcomes (categorizatio of idea documents, drawings, prototypes etc.) and
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interview transcriptions. All these materials were prepared for analygishe
researcherThe data analysis process began with the content analysis of student
interviews. Firstly, transcripts were created by transcribing the audio recordings
taken during student interviews and converting them into written raw data. In this
gualitative study, th data analysis steps of Creswell and Cresswell (2018) were
followed in qualitative research to validate the accuracy of the information (see
Figure3.9). Accordingly, in order to analyze the collected raw data, it was necessary
to organize and prepare fitst, and therefore, they were classified and foldered
according to data type, student names iamglementationdays. Later, in order to
become familiar with the data and develop adepth understanding, the data were
examined and especially the tramgtdata was read repeatedly by the researcher.

As a result of reading and rereading the transcripts, the researcher coded the data and
created categorieBy usng MAXQDA 2024 (Release 24.6.0jQualitative Data
Analysis program)For interview transcriptata, content analysis was conducted and
initial codes were generated with open coding. Then, categories were systematically
developed with axial coding and selective coding was used to integrate the categories
(Strauss & Corbin1990,1998; Neuman, 2009)in fact, this is an iterative process

to create codes, categories and themes and these were constantly revised during the
gualitative data analysi®uring open coding, the transcriptions were examined in
terms of the determined categories and the faasfminenons in the text were
coded. Memos were kept by the researcher during coding. The data were
conceptualized in more abstract terms to make them more understandable and better
expressed. Then, these concepts were grouped to form categories and treesateg
were named with in vivo codes. In addition, various coding approaches were used
during the open coding procedure, such as word by word, sentence by sentence and
paragraph. Finally, the hierarchies between the categories were determined. And, the
notes taken by the researchers were reviewed. As a resultirgg¢alllewas created

that included all categories and subcategoiiaging axial coding, all data were
coded to develop a sense of the context and approach of the study and through

selective conhg, certain categories were determined as central facts.
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After all the interviews were coded by the researcher, another researcher with
significant experience in qualitative research was invited to the Shdywas asked

to code a few interviews (10%) after explaining the background of the study. It
corresponds to 2 out of 15 interview transcripts in total. Then, the two researchers
compared and discussed the codes. Finally, a significant agreement between the
coders (86%) was achieved according to the reliability coefficient formula developed
by Miles and Huberman (1994). On the other hand, the codes that could not be placed
were clustered in another category or removed from the coding table. As a result, the
coding table wasevised by the two researchers together. This code table created for
the content analysis of the interviews was also used in the analysis of the reflective
thinking documents because the questions asked in the reflective thinking documents
included some of the questions asked in the interview and the same students gave
similar answers to the same questions at different times (at the end of the each day
and at the end of the whole progesehus, the same codes and categories were
determinedby the researcher. This made the researcher think that it would be
appropriate to use a common code table. At the same time, these two different data
sources were analyzed based on the same code table and similar statements from
different data sources thaupported each other were presented together in the
findings section, and so triangulation was performed to verify the data.

Interpreting
the Meaning

Interrelating of Themes
‘ T . Themes /Descriptions
hemes / /Descriptions
‘ - Descriptions
Coding the
: Data
Reading

Throuh All

Organizing Data
Data
Raw Data

Y

Validating the Accuracy

of the Information

Figure3.9. Data analysis stages of qualitative research (Creswell & Cresswell,
2018)
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For the second research questiR@@.What is the level of prototyping performance
among student groups at the end of the estmaicular progranf?), two
academicians who are experts in this field analyzed the data using a rubric that has a
validity in the literature (see Appendi¥). A rubric includes criteria and standards

for various levels of performance and provides a framework for explaining how
performance will be perceived at each leWbgers & Kaplan, 2022According to
Wiggins (1991), rbrics are tools that are the conditions that must be met for student
performance to be successful, while according to other researchers, they are a list of
indicators, criteria or attributes required for a student's performance to achieve an
outcome (Chhet, 2020).According to Pophanl@97) the assessment criteria, the
definition of the required quality and the presentation of the scoring strategy are the
three basic elements of an assessment measure (rsrig)type of scoring guide,

a rubric evaluas and describes specific components and expectations that
participants are expected to meet for an assignment and can be used to evaluate a
wide variety of assignments, such as papers, group projects, portfolios, presentations,
etc. (Cornell University, wl.). The skills assessed should be able to develop and be
acquired by students throughout the learning process and the assessment measure
(rubric) should include reference points for developing these sRibigiam, 1997).

In this context, using a reaggade rubric was important in terms of not having to
develop a rubric similar to the existing one again and not wasting time. Therefore, a
rubric thatisa valid onewas usegin accordance with the features and criteria e th
literature and the purpose of this studyhe purpose of choosing the rubric
containing these criteria was to be suitable for the purposes of this study, namely,
the aspects from which the outputs to be analyzed will be evaluated. In the studies
conductd using the design thinking approach in the literature, a wide variety of
rubrics have been used while evaluating products, but within the scope of this study,
the part that was specifically intended to be evaluated was to reveal the similarities
and diffeences of the prototypes produced by the students, and therefore the rubric
developed by Huang and Jong (2020) was prefelmddct, the original of the ready

made rubric was adapted in line with this stuidye original rubric has six evaluation
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dimensons: (i) problem definition, (ii) feasibility, (iii) user experience, (iv)
entrepreneurship (v) teamwork and (vi) presentation and justificatiomn this
current study, the rubric used to evaluate students' cognitive and physical learning
outcomes was &8sl by removingwo evaluation dimension(i) entrepreneurship

and (vi) presentation and justificationfrom the original and the adapted rubric
consists of a total of criteria. The reason for removingefedimensiors is that the
expert academics who MWconduct the evaluation do not have the opportunity to
observe the students' genezatrepreneurshipresentation and justification. In the
original rubric, each dimension consists of 3-glifthensions and 3 different levels

The expressions have beepdated to make an evaluation directly related to the
problem instead of the "design goals, missions, and potential societal impacts"
section mentioned in the first sulimension of the problem definition, which is the
first dimension of the rubridtherlevels are preserved with their explanations and
used in this study without any changes (see AppehdixThe findings of the
evaluations of two expert academicians who evaluated all students' prototypes
(taking into account their drawings and solutiotegarizations) using this adapted

rubric are presented in detail in the findings section of the study.

For the third research questioR@3. What are the fostering and challenging
strategiesused duringthe implementation of design thinkiigased extracurcular

program for 6th graders in science and society cenjemsterviews were conducted

with two observers who were the implementers of the study. In thisstamtured
interview, questions were asked about the supportive and challenging strategies
erncountered by the students they observed throughout the process and they were
asked to consider the observation notes they took. Their answers were audio
recorded with their permission. The audio recordings were then transcribed. After
that, as a result akading and rereading the transcripts, the researcher manually
coded the data and created categories. The findings obtained here are presented under

the title of the relevant research question in the findings section of the study.
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3.7  Trustworthiness

According to Lincoln and Guba (1985), there are four important components for
trustworthiness in qualitative research, which are credibility, transferability,
dependability, and confirmability. These four criteria reflect the degree of reality of
the findings in a qualitative research. According to Dodgson (2019), researchers need
to make triangulation, extensive interaction, and continuous observation in
gualitative studies to improve creadibility. It can be said that these three criteria for
credibility were met in this study because triangulation was done using multiple data
sources to validate findings, the researcher was not only an observer during the
implementation phase of the study but also constantly interacted with the students
closely examined #ir activities as a practitioner, and did not make a dieont
observation but rather made observations for 5 full days, which was sufficient in line
with the purpose and scope of the study, by maintaining anrmopeted approach

and by awaring personakHses to gain comprehensive insights. Thus, credibility was
important in this study and all criteria were taken into consideration to ensure this.
Transferability refers to the extent to which research findings can be generalized to
alternative contexts @ituations (Riazi et al., 2023). In this study, in order to meet
this criterion, the researcher explained the participants, contextual settings, and
procedures of data collection process in detail. Thanks to these comprehensive
explanations, other resehszs can understand how the findings can be applied in a
similar study. Thus, it can be said that the transferability of this qualitative study has
been sufficiently improved. Dependability is essentially the reliability of the study
to guarante same resslvhen the study is reproduced (Cresswell, 2014). It provides

a kind of replicability of the study with similar results. In this study, a consistent and
stable methodological approach was applied to ensure permanent anu/anent
results. Also, theasearcher documented data collection techniques and data analysis
procedures in detail. Thus, it can be said that the dependability criterion is one of the
basic elements of this study. Confirmability means that the findings are objective,

not subjectivethat is, they are not affected by the positive or negative biases of the

82



researcher (Kakar et al., 2023). In this study, peer debriefing was conducted,
especially in the coding process, which is the most basic component of the data
analysis section. Alsomember checking was made by consulting consultants
throughout the data analysis process. Thus, confirmability was tried to be improved
in this study. All these measures ensure sound qualitative rigour by strengthening the
trustworthiness of this study. liinis study, trustworthiness components and the
criteria applied to ensure them are summarized in Ta#lJerBich was created by
taking into account the trustworthiness criteria and techniques of Lincoln and Guba
(1985).

Table3.4 Trustworthiness of this studyincoln & Guba, 1985)

Criterian Strategy Explanations
Credibility Triangulation Multiple datasources
(Internal validity) -different data collection toc

(interviews, reflective thinkin
documents, observations ¢
video recordings)

Multiple investigators

-having ceobserver

Peer Debriefing -Doctoral Steering Committee
-Another Ph. D. Researcher
-An academician from il
Departmenof Industrial Design

Prolonged engagement-Researcher spent 5 full days
the implementation

Persistent observation -Focusing on details and m
relevant features throughout
entire process
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Table3.4 (continuedYrustworthiness of this study (Lincoln & Guba, 1985)

Transferability Thick description -Researcher provid:

(External Validity) comprehensive descriptions of
behavior, experiences, emotio
and context so that they m:
sense to the reader
-The research desic
methodology, and findings we
explained in detail

Dependability Intercoder agreement -Another Ph. D. Researcher co
(Reliability) the interview data
-An academician assessed
learning outcomes such
dravings and prototypes L
using a rubric

Confirmability Reflexivity -Researcher examined her o
(Objectivity) conceptual perspectives, bias
assumptions, and values, &
became aware of how the
influenced research decisions

3.8 Researcher6s Rol e

The researcher must always know his/her position during the planning of the study,
implementation of the study, data collection, data analysis and reporting of the
findings (Christopher et al., 2022). The researcher facilitates the discovery of
complex phaomena and halepth understanding by being aware of her biases
(Christopher et al., 2022). In this study, the researcher was aware of her position and
vulnerabilities throughout the process, and therefore measures were taken to
minimize their impact on thetudy. For example, decisions were made together with

the research advisor during the planning phase of the study, and the researcher was

introduced to the participants as both an implementer and an observer during the
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implementation phase. The researchias aware of his/her dual position and yet the
co-observer, other than the researcher, was involved in the implementation process.
Thus, the posibility of a single researcher influencing the collected data due to biases
(if any) during the data collectioprocess was reduced. In addition, instead of a
single researcher coding the raw data during the data analysis phase, support was
received from another researcher who is an expert in this field. A code table was
created with the data coded by two diffenesstearchers and ideas were also received
from the research advisors. During the reporting of the findings, the researcher was
aware of the impact he could have on the study due to his position and acted

consciously, taking this into account.
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CHAPTER 4

RESULTS

In this chapter, the findings obtained from different data collection tools such as
interviews, observation notes, video recordings, reflective documents and expert
opinions are brought together and the results related to each research question are

presented.

4.1 FindingsonSt u d e Imtergrdiation and Evaluation of Their

Experiences and.earning Outcomes

RQ1: How do 6thgrade students interpret and evaluate their experiences and

learning outcomes following their engagement in design thinking activities?

The resarcher primarily sought an answer to this question with the findings obtained
from the study. In order to find an answer to this question, more than one data source
was analyzed and triangulation was performed. The analyzed data sources were 1.
findividual interviews conducted at the end of the study,fi@&flective thinking
documents collected from students at the end of each dafipBservation notes

kept by the researchers during the day, arideo recordingsrecording the entire

day. The themegategories and subcategories that emerged from the interviews are
showninTablet,l. There are two main themes: M@ACog
theme has its own categories/subcategories and codes. The code book created for the
content analysis of ietviews was also used for the analysis of reflective thinking
documents. This process and its reason have already been explained in detail in the
data analysis section. To detail, the students filled out reflective thinking documents
at the end of each daluring all 5day and these documents were collected by the
researcher. Following the study, the researcher reviewed and evaluated their written

expressions in the scope of the code book. The main points extracted from the
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documents are presented in thievant sections below. That is, when necessary, the
mentioned example was supported with written expressions obtained from reflective
thinking documents. In addition, the students followed the DT steps duringlajl 5

and their experiences were observad aoted down by two observets.order to
observe the proces, AEIOU Observation Framework (see Appendix 1) was used
because it is most suitable reauade observation framework accepted in the
literature and especially used in design studies. Detailardeg the AEIOU
Observation Framework are already provided in the Methodology Chapter under
Data SourcesFollowing each day, the researchers reviewed, compared and
discussed their notes. The main points extracted from the notes are presented in the
relevant sections below. Moreover, the videos recorded for 5 days were also
examined by the researcher and notes were created. So, the findings obtained from
observation notes and video recordings were shared as needed in order to support the
data. As a resulthe findings obtained as a result of the analysis of the data collected
within the scope of the research were first shown with a general table, and then
examples from the participant expressions in the interviews and (if any) the
researcher notes abouetheflective thinking documents, observations, and video
recordings were presented, for each level located inTHide 4.1 Also, for a
summary visual inference, word cloud regarding the content of the interwiasvs

created (seAppendixM).
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Table4.1 Themes, categories, subcategories and codes emerged for the RQ1

Theme Category Subcategory Code
Cognitive 1. Learning - Content
Dimension  Awareness -DBT

- Past Experience

2. Comparison  2.1.DBTasa - Experiences on first
with school teaching three steps
approach - Experiences on
prototyping step
- Experiences on testing

step
2.2. - Science
Relationship - Information

between BT  Technologies (IT)

steps and - Turkish-Social Studies
lessons - Other Lessons
Affective 3. Positive - Having fun
Dimension  feelings - Emotional change
4. Negative - Stressful
feelings - Tiring
5. Favorite/Least - Define
favorite steps - Ideate
- Drawing
- Prototype
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Additionally, a visualized version of thEable4.1 is presented belo\see Figure
4.1).

Experiences on first three steps

Thoughts on DBT compared to the

f Experiences on prototyping ste|
teaching approach at school P AP YPIE =ER

Experiences on testing step
Comparison with school Science

Information Technologies (IT)
Thoughts on DBT steps compared

COGNITIVE to the lessons at school

Turkish-Social Studies

Other lessons

Content
Learning Awareness DBT

Past Experience

Having fun
Positive feelings
Emotional change

Stressful / Boring
Negative feelings
Tiring / Difficult
AFFECTIVE

Define
Ideate
Favorite/Least favorite steps

Drawing

Prototype
Figure4.1. Visualization of themeategorycode tree

The researcher interviewed fifteen studentbatnd of the implementation process

to learn their interpretation and evaluation their experiences and learning outcomes
following their engagement in design thinking activities. While students were
interpreting and evaluating their experiences and ileguwutcomes, they responded

in two different dimensions. They expressed the processes they experienced
cognitively and affectively. The codes extracted from the studdrgsourses and

the categories created by integrating these codes were gatheredhasgetwo
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themes. Hereby, there are two main themes identified in this context: Cognitive

dimension and Affective dimension (Talle).

Table4.2 Themes emerging in the content analysis

Main Themes

1. Cognitive Dimension
2. Affective Dimension

41.1 Cognitive Dimension

Cognitive dimension is the first theme that has two main categories: learning
awareness and comparison with school (Tah®. While talking about their
experiences, students expressed tbeirefs on what they learned and actually
expressed the points where they had awareness about learning. They also compared

their experiences with school.

Table43Cat egories of OheenhBeme@ddcognitive

Categories

Learning awareness

Comparison with school

4.1.1.1 Learning Awareness

Learning awareness is the first category of theme cognitive dimension and is related
to the point in which studer@gearning awareness increases. Students generally
included in their statements the points they thought they learned in the content
(Climate Crisis) used during the process and in tB& Bteps. In addition, students
who had similar experiences before alsentioned their experiences at before.

Herewith, there are three codes included. (T4ble
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Table44Codes of the category Ol earning awarene

Codes

Content
DBT

Past Experience

On the othethand, adocumentbased frequency graph was created to show the
distribution of participanticoded statements on the subjedilafarning awareneés
(seeFigure 42). In general, according to the graph, it is seen that all students have
gained learning awareness about the subject (Climate Crisis in the study) and that
the others, except for one student, have gained learning awareness about the design
thinking steps. Itis also seen that 6 students have declared that they have had
experience with design thinking before. The studiestatements and detailed
analyses are presented under the following relevant headings.

Learning awareness

14

6

Content DBT Having past experience

Figure4.2. Documerdbased frequency graph of participants' statements on the

subject offiLearning awarenesés

4.1.1.1.1 Content

In the content analysis of interviews, it is realized that all 15 participants expressed
that their awareness about the subjiedimateCrisisdincreased during this process.

Some of these expresses are presented below.
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| learned about the climate crisis and the state of the wdpid). (
Kkl im krizi ve d¢nyanén hPd)l i yle 11 gili

| learned about the reasons for thimate crisis and what we need to do to
prevent it from happeningPf)

Kkl im krizinde, yani ikl im krizinin se
i -in yapmaméz géPRekenl eri °jJrendim

(I learned) how drought affects agriculture afadmers. P7)

Kurakl éjén taréemé ve -iftPNileri naséeél

First of all, | learned about things related to the climate crisis, such as where

there was drought, where there was a lot of rain, who was experiencing what
problems. P8)

Kk bakta iklim krizi il e i1 gildi Keyl e
fazl aca yajék oldujunu, KkimlPrin ne so

For example, the damage that the climate crisis has done to people, or the

things that people have caugbeé climate crisis, those are the things that have

stayed in my mind the mose9)

Mesela i klim krizinin insanlara verdi]j
sebep ol duju kKkeyler, 9l ar akl émda kal

We learned things about the envirommesuch as drought and flood®1(1)
tevre ile alakalé keyl 1)) °J rendi k mese

| learned how the climate crisis affects the environment. | learned what people

are doing about it.R13

Kkl im kriziethkhiledrpyni napeéndi m. Knsa
yapt ékl areRrl®d °jJrendi m. (

In the Black Sea region, for example, they are experiencing a lot of crop loss
due to floods, farmers are in a very bad situation right n&&5(
Karadeniz bolgesinde mesedae | | er den dol ayé -ok faz

a a
hani tarémcel ar fel aRl9ku anda -ok koot g

I
t
Additionally, when the reflective thinking papers filled out by the students at the end

of each day are examined, all of them have more or less wsitiEments about

what they have learned about the climate crisis. Some of these written statements are
as follows:

(I learned) about the climate crisis, that farmers are having a hard time, that
there is a drought, and that there is a lot of rain in thacRISea.R8)
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n zor Keyler - ek

ini, -ift-ileri
f Jjunu (°Jrendi m). (

azl aP8 | duj

(I learned) that farmers and fishermen are badly affected by the climate crisis.

(P7) )

Ciftcilerinvebal é k- él arén i kl im kriziRfden Kk°tg¢ e

| (learned) the details of climate changB2)
Kkl im dejikikliJinPh detaylaréne (°Jrendi

(I learned) the causes and consequences of the climate dAi&#. (
Kkl im sehbheplndrnini ve sBlu-Ilaréenée (°Jrendi

(I learned) about the climate crisis, the wheat shortage in Konya, drought and
agriculture. P13
Kkl im krizini, Konya'da bujdapldkétl|l ej ene,

Today | learned about the impaaft global warming on our livesPQ)
Buge¢n keresel €ésénmaneénP9hayat emeza et ki si

(I learned) the effects of climate change on agriculture and animal husbandry.
(P6)
Kkl im dejikiklijinin tarém ve.(BGayvancel ek

| learned to protect the environment more stronghl.g)
tevreyi korumayeé daha M3skén bir kekil de

Also, at this point, according to the observation notes, two observers noted:

While the students were making a group presentatiolsuimmarize the topic

(Climate Crisis) and share the problems they identified, it was observed that all

students made meaningful emphasis on the points that caught their attention and that

they considered important, and thus, the studgy@seral awarenssf the subject

increased.

At this stage, the presentations were watched again from the video recordings and

the researcher created notes by considering the topics the students mentioned in the

presentation and the participation of the group memberdiigncontext, it was

observed that there were points where the studemtareness increased from the
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topics they talked about in the presentation and that all group members contributed

to the presentation to a greater or lesser extent.

4.1.1.1.2 DBT (DesignBasedThinking)

Almost all of the students (except for one student) who were asked what they learned
in this process stated that their awareness of at least one of the design thinking steps
or one of the strategies applied in the process had increased Blhst&ps most
frequently mentioned by the participants in this context were prototyping, empathize,
ideate, and test, while the most frequently mentioned strategy was group work (Table
45).

Table4.5 The most frequently entioned BT steps and strategy

DBT Steps / Strategy

Empathize
Ideate
Prototype
Test

P, OO W N2

Group work 11

In fact, as observed in the video recordings, the students asked what they were going
to do before each step and most of them hagrieo knowledge about what to do in

that step. It was recorded that the studeagreness of the BX steps increased

when the steps were explained by the researcher affidwshprotocol papersvere

used. Later, the students also made statements in individual interviews about their
awareness of the steps. Some particigastatements regarding the steps they
believed they learned the most from the steps they experienced are presented below.

(I learned) the importance of teamworR2)
Takém -al ékmasénéeiR2 °nemini (°Jrendi m).
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Friendship, when | say friendship, teamwork, teamwork was very effective.

(P4)

Arkadakl ék, arkadakl ék derken takém -al éx
(P4)

First of all, | learned to work in a group and freely. In other words, to do things
with my friends, to do group work with them in generab) (

Yani grup -al ékmasénda ve °%°zgg¢r bir Keki
Yani daha arkadawklyhreemliyapmiaylei kobael aird a bi
-al ekmasé yapmaR5ge asl énda genel de (

| was not a person who was good at group work. Yesterday and today | got
used to it a little more, cooperated, and got a little more control over group

work. (P6)
Bengrup- al ékmasénda iyl olan bir insan defj il
alextem, ik birliji yaptém, B raz daha hC

(I learned) how to make models, how to do proper researchRAc. (
Nas el maket falan yapetééemane,appbdeéef| endg
(°jJrerPdi m). (

And (I learned) about group work, empathy, prototypifRg) (
Ve grup -al ékmasénée, empati R8apmayé, prot

For example, | learned to take responsibility, | learned to empathi@gg. (
Sorumluluk al mayé °Jrendi mPBesel a, empati

| learned how to work in a group, but also how to behave in such a social
environment.R10)

Grup -aléeéxkmasé yapmayé °jJrendi m, onun d
ortamda nasélr ekavrjdmaRlhg e nge m. (

For example, some things were not right in our robot, it was not very good, we

voted for them etc. ... Yes, we made an evaluation. Then we made our own

materials and tried to defend our own product. (Talking about the testing ste

(P1)

Bizim robotta bazée «kKeyl er ol mamékt & mese
onl ar a oy ver di k filan. . Evet dej er
mal zemel er i mi zi yapt ék kendi Srénegmegzeé sa
bahsediyor.)P11)

In group work, | did more handcraft and developed my hands mBrE) (
Grup -al ékmasénda daha - okP12 | i Ki, daha -

| learned how to generate ideas, solution ideR4.3{
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Fi kir ¢retmeyi °Rlendim, -°z¢;m fi kri

We maderototypes, (I learned) that we can find more than one solution to the
problems in the environmenB15

Prototip yapteéek, -evredeki sorunl ar a
(°jJrerd9 m) . (

On the other hand, when looking at the reflective thinkiagudhents, the written
statements of the students regarding the parts they believe they learned from the steps
they experienced are presented below.
(1 | ear ned) how to group ideas and th

problem increases the quality ofettsolutions produced for it. ... (While
generating a solution idea) | pay attention to its logicality, prototyplng reality

and sustainability. e | l earned that i
group. P3)

Fi kir grupl anydarranaégoe vd¢ kdianhnae y i (°Jren
tanéeml amak ona cretil en -%z¢é¢ml erion Kk
cretirken) mant ekl é ol ukuna, proto
s¢rdereglebilirlijine dikkat edeai m. é
iyi ol duj uRr °Jrendim. (

Defining the problem is very important to me because we must first know the
problem. ... While generating a solution idea, we also took the opinions of our

friends and did researchPg)

Probl emi t anéml ama kli ¢iinkin ilknonce problemi - o k °
bil meliyiz. ¢oz¢em o fikro cretirken
arakterned) yapt ék. (

(1 | earned) about group work and that
Empathy is looking at events from the other persarspective and trying to

understand them from every angle. A person who only uses his/her own
perspective cannot understand the other person, and therefore experiences
communication problems and becomes se
clarify the problen, we cannot produce a solution. ... While producing
solutions, we went to the root of the problem and empathized with the people
experiencing the problem to understand

in a group. P19

Grup -al ékmaséigapmayms,vel dejureay(°jre
ol ayl ara karkeédaki ki kinin veya ki«xile
y°nden anl amaya -al ékxkmakt ér . Sadece I
karkedakini anl ayamaz dol ayéskéiyrl.a & | et
Ej er probl emi tanéemlayép netl ektirmez:
cretirken sorunun k°k¢gne indik ve neye
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yakayan insanl arl a empat:i kKur duk. e Bir
A
jr

(Ilearned)gras p wor k and research with my friend
helps us understand the main problem. ... When generating a solution idea, it

must be sustainable. €é | | earnrPég® to work
Grup =-alékmaséné vVktearaadakéamaméa (dDjreéer
Probl e mi tanémlamak, yandémrebdbkeemi.anl é@afhag
cretirken s¢grdereéelebilir ol masé | azém. e
°J renRLO M. (

Empathy is putting yourself in someone else's shoes. ithpsrtant to

understand others and not to upset thePd.1j

Empat. kendi ni bakkal arénén yerine koymak
anlamak icin dnemlidir.#11)

(I l'earned) empathy and team spirit. €é Em
else's shag Everyone is different. One's financial situation, health, etc. One

thing might be better than the other. Because not everyone is as lucky as others.

That's why we need to put ourselves in their shoes and look at life through their

eyes. € D edbliem is importanthte reagh its solution. ... While

generating a solution idea, we paid attention to getting ideas from everyone

and to ensure that the solution was applicalR) (

Empat.i kur mayé, takém ruhunu (°Jrendi m)
yerne koymaya denir. Her kes farkl éedeéer Bir
Keyl er i ° b¢re¢enden daha iy ol abilir. ¢ ¢
ol mayabilir. Bu yé¢zden kendi mi zi onl ar e
g°zl erinden de bakmalkmbemaki ronuéd PP abmen
ulakmak 1 -in °nemlidir. ¢oz¢em fi ko

-%z¢megn uygul anabi IR?r ol maséna di kkat ettt

(I' l'earned) to find a problem and find so
understanding othgpeople's feelingsP(15

Bir sorun bulup o soruna -°9z¢;mler bul may
insanl arén hi ®15er i ni anl amakter . (

(1 | earned) empathy, working in groups, t

Empathy is the ability to understand thiger person's feelings and thoughts.
It is important for better communication with the other persB8) (

Empat. kur may é, grupla -al ékmayeé, takém i
(°jJjrendim). ¢é Empat. karkedaki i nsanén du
denir. Karkémézdaki ki ki Il eP® aha ivyi il et

(I learned) to empathize and find solutions to environmental problems through
teamwork. Empathy is putting ourselves in the shoes of an individual in a
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difficult situation and thinkg like them. We should empathize in order to think
about people and be aware of the events that are happening, not just thinking
about our own comfortR(12)

Empat. yapmayeé, takém -alékmaséyl a -
(°jJrendi m). Eon guauimdaki lirebinegin yarinezkbyarak onun

gi bi de¢kegnmektir. Sadece kendi rahateéem
ve yakanan ol aylaren far kPBPlda var mak i -
(1 | earned) that there are mawnig sol ut
thinking that you are in the shoes of people in order to understand the events

and emotions they experience. é I n ord

eliminate it, it is necessary to define the problem. ... While generating solution
ideas, | tied to produce ideas that | could adapt to real life and that would be

useful . € Group work is when peopl e wt
that in group work we need to make joint decisions and listen to each other's

ideas. P6)

Her problemin birsii ¢ -°z¢m¢g ol dujunu (°jJrendi m)
yakadé]jé olay ve duygul areée anl amak i -
Probl eme y°nelik bir -%z¢m bul mak ve
probl emi tanéeml amak ger e ki ek hayata . ¢°z
uyarl ayabilecejim ve yararé ol abil ecel
-al ékmasé insanlarén ik b°l ¢m¢g yapar ak
kararl ar al maméez gerektijini ve birbir
°7J renRbi m. (

(I learned) how to generate ideas, empathize, work in groups, and brainstorm.

€ (Defining the problem) is important
generating a solution idea) | paid attention to the fact that it had not been done
before,itscosand t hat it was realistic and a]

to each other's ideas and to have all people work on the project (in a group)
rather than just one persorP13

Fi kir cretmeyi, empati kKur mayé, grup
(°Anenr)d € (Probl emi tanéml amak) probl
(¢°z¢m fikri ¢retirken) daha °nce yapeée
ve uygulanabilir ol maséna (di kkat t ot
ve tek Dbir Kkiwiimi npragijeidle t(gmulpitri)l e al
(P13

Empathy is thinking that we are experiencing what the other person feels or
experiences. Empathy is important for
problem, we find out how to solve it. It is importémtdefine the problem in

order to understand and solve the prob
we must pay attention to how effective our solution will be or how accurate

and applicable our solution i s. € Wor
responsibility. In group work, | learned that | shouldn't do every job by myself
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or someone else, that | should distribute tasks equally to everyone and that we
should respect each other's ided29)

Empat. bir insanén karkéaéernhxlkidékhanana
kendimi zin yakadéjéné de¢gkegnmek©@eir . Empat i
Probl e mi tanémlayarak nasel -%zecejimizi
-%zmek i -1n probl emi tanéml amak °nemlid
¢6zUmUmuizin ne kadar etldlil acaj é€ veya -°z¢gmegmégzeén ne |
uygul anabilir ol duj una di kkat etmeliyiz
soruml ul uk al maye ©°jJretir. Grup =-al ékmas:s
bakkasénén yapmamasé gerektijini, her kes

birbiri mi zin fikirlerine saygR) &€ ol maméz ger e

4.1.1.1.3 Past Experience

In this section, where it is addressed whether the participants have previously
participated in an activity/course that includes design thinking steps and thus an
attempt ismade to understand whether their past experiences have led to new
awareness, it was revealed that the half of the participants had no previous
experience, while a small portion of them did not share any information on this
subject. The other small portiaf them (6 out of 15) had previously been exposed
to a similar application to this process. These students mentioned the difference and
similarities in materials used in the prototyping phase, the difference in the
application time, the difference in theagving phase, the difference in the strategies
used, the similarity to projetiased studies, and the similarity in the application of
other steps. As a result, some participasiigtements emphasizing the different and
similar points between these twopexiences are given below.
Frankly, since | had already seen most of these at Deneyap, it was more like a
reinforcement lesson. ... Frankly, the manufacturing stages and the materials
used while producing something were there in the workshop etc. We were
working there and doing things like that. ... Lathe, fret saw. (Talking about the
materials used in Deneyap Workshops.) ... Tdiegensional designs. ... We

had done things like converting two to three dimensions. (Talking about the
process applied in Dayap Workshops.P@)

A-ék-asé bunlaréen bir-ojunu zaten Deneyaj
peki ktirme der.siA-gékb-ias@l diumal at akamal ar

cretirken ki kull anél an mal zemel er
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-alekepylfalpapdyor duk. Torna, k el
kull anél an mal zemel erden bahsediyor.)
boyutluya -evirme falan onl aré yapmécxk
surecten bahsediyor.Pg)
Note: Deneyap is an organization of the Turkish Technology Team
Foundation that aims to establish and support teams for technical
training and workshops, project competitions and probsaiving
activities for potential middle school, high school and university
students.

t

Yes, | participated in Deneyap, but | didfike it because it was such a long

thing. P12

Evet Deneyapba katéldem ama b°yle - ol
sevme mPt i m. (

I'm going to Deneyap right now. ... We were also doing sontetpgpang there.

... I guess we didn't do much drawing there. We didn't really bother with that.

We did something there, first we showed our solution idea in a smaller
prototype and then we made a bigger one like this. (He's talking about the
prototype theynade in this study) ... | mean, we didn't play any games there.

(He's referring to the warrmp games/activities before the steps used as
strategies in this study.) But we did these steps one byRi®. (

Deneyapbda gidiyorum kprandtaip.fal Bhrwaa,

: Orada galiba -izim -ok yapmaméext él
Key yapmékt ek, il k b°yle daha, -%z¢m
g°sterip sonraséeénda daha b°yle b¢yéek b
protoi pt en bahsedivyor) Yani orada ha
-al exmada strateji ol ar ak kull anél a
oyunl aréeneée/ etkinlikIlerini kasdediyor .)

(P13

| go to Deneyap. ... We had a design citbn class. ... Yes, it looked similar.

(P19

Deneyapoa gidiyorum ben. Tasar éem
benziyordu.P15

| entered Bilsem in the first grade and got in, adwe Ibeen going for-b years.
... S0, theré a science andiology course rather than a project, | saw it a
little more intensely.R6)
Yani -ok daha fazla b°yle projeden -o0
Biyol oj i der si biraPf) daha yojun g°rdg¢m
Note:ABilsem is the abbreviation of Science and Art EtiooaCenters.
They are special educational institutions opened under the state with the
aim of ensuring that specially talented students, identified through exams
in primary schools, are aware of their individual talents without

101



disrupting their educatioin formal education institutions and that they
develop their capacities and use them at a high le\8ilsem Online,
2023, December 14).

Bilsem Online (Ed.). (2023, December 14). Bilsem Nedir?. Bilsem
Online. https://bilsemonline.com/bilsemedir

I'm at Bilsem. ... We also generally work on projects at Bilsem. ... It's like a
technology design class at Bilsem. ... It's like this with cardboard pdgif) (
Bil semddeyi m. Bil semdde de genel de
Teknol oj i tiasBiresneni@deski gi bP19d Karton kajé
Here, it was observed by both researchers that some of the students led the group at
some points. For example, the researchers stated that especially during the problem
definition phase, which everyone hadfidulty understanding and applying, a few
students adapted more quickly and made explanations to their groups. It was later
revealed in individual interviews that these students had previous experience with

DBT. Similar observations were also seen in gidecordings.

As a resulta code suzode section model was created to display the participants

views onfiLearning awarenedsn a summary mannesgeFigure 43).
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ben ashinda gok dikkat eden
Iklim kriziyle ilgili ok béyle bir insan degildim. Sonradan

IKlim krizinin sebepleri va da
bizim yaphgimiz gibi detayh  igte kurakiik, kendi yaptigimiz

ilk bagta iklim krizi ile ilgili olmamasi igin yapmamiz
seyler, mesela nerde kuraklik  gerekenler Ggrendim. ligilenmiyordum, ama daha projeden biraz da esinlenip

oldugunu nerde fazlaca yagis _ (TRANSCRIPT (P5), 5) fazla sey Sgrendim biraz daha dikkat etmeye

oldugunu, kimlerin ne (TRANSCRIPT (P14), 5) baglacim. (TRANSCRIPT (P6},
sorunlar cektigini ogrendim. 5)
(TRANSCRIPT (P8}, 3)
Cok kitti} bir durumdaymis ve
yani bunu diizeltmek aslinda
Daha gok bdyle, kafarmi daha Zzor bir sey, gok elde olan bir
gok yordum hani gevre igin, sey degil, ama yine de
insanlar igin ne yapabilirim dlye elimizden gelen her geyi

dilsiindiim. { TRANSCR\PT —_— yapmamiz gerekiyor.
F12), 3) {TRANSCRIPT (P12), 7) Empat yapmay! Sarendim

Contenl
TRANSCRIPT (P15), 7
iklim krizinin ne kadar tehlikeli E:gﬁg%‘ne?émg;:&ﬂfn ( *18).7)
oldugunu dgrendim. Mesela iklim krizinin insanlara TRANSCRIPT (P7). 3
(TRANSCRIPT {P2), 3) verdi§i zarar, ya da insanlarin { P73
iklim krizine sebep oldugu suyla alakali aragtirma yaptik,
seyler, onlar aklimda kaldi a __\_\H nasil maket falan yapildigim

daha guk. (TRANSCRIPT (P9}, . nasil dilzgiin aragtirma
11) Learning awareness

yapildigini falan 6arendim
DBT\ (TRANSCRIPT (P7), 5)
/ Ben grup galismasinda iyi olan
bir insan degildim. Din ve
bugtin biraz daha alistim, is
birligi yaptim, biraz daha hakim

Grup galigmasini, empati

Acikgas! imalat agamalan ve : : i i i B i
giksa 4 Having past experience P ety Q0o | yapman, protop yapmay. _odum arup asmasina
(QPH) 3 agrendim, (TRANSCRIPT “(TRANSCRIPT (F6), 3)

) (P8). 3)

onu bir seyi tiretirkenki
kullanilan malzemeler
Deneyap'ta atlyede falan
oluyordu. (TRANSCRIPTAP3),
M7

Ewvet Deneyap'a katildim ama
boyle cok uzun bir gey cldugu
igin onu sevmemigtim.
(TRANSCRIPT (P12), 1

. Prototip yaptik, gevredeki

Grupla birlikte caligmayi

arendim diyebilirim. sorunlara birden gpk gozlim
bulabilecegdimizi dgrendim.

Yani arada hani &yle oyun
(TRANSCRIPT {P14), 3) (TRANSGRIPT (P15). 3

falan oynamadik. Ama yine tel
tek bu agamalan yaptik.
(TRANSCRIPT (P13), 107)

Yani nerdeyse Denayap'takinin
aynisiydi. Orda da ilk basta
problem tammladik, sonra
Acikgas! bunlarn birgogunu  ¢&ziim drettik. Orada galiba

Deneyap'ta ilk basta konu
anlattilar, sonra prototip
gelistirdik. (TRANSCRIPT

zalen Deneyap'ta da gizim gok yapmarmistik. Orada (P12}, 121)
gbrdigim icin daha gok sey yapmistik, ilk bdyle daha,

pekigtirme dersi gibi oldu cozim fikrimizi daha kiigik bir

{TRANSCRIPT (P3), 3) protatipte gdsterip sonrasinda

daha bayle blyik bir Giriin
yapmigtik. (TRANSCRIPT
(P13),93)

Figure4.3. Code sukcode sectiomo del of participantso vi

ALearning awarenesso

4.1.1.2 Comparison with School

The fiComparison with schoolcategory consists of 2 subcategories and addresses

the similarities and differences oBD as a teaching approach with schpictices

(DBT as a teaching approach) and the associatiorBat f#eps with school lessons
(Relationship between BT steps and lessons), based on the experiences and
evaluations of the participants (Tabfe5). In addition, not only the studebts
compari®ns but also their experiences in these process steps were included. In other
words, some students shared their experiences in the steps in detail. These statements
will also be presented in the upcoming sectioAlko, a @ded sectiofbased
hierarchical ode subc 0 d e mo d e |l of participantsd vi

wi t h gscshowroin Figure 4.
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Table46Subcategories of the category O6compari s

Subcategories

DBT as aeaching approach

Relationship betweenBT steps and lesson:

Comparison with school

I\

a tea hgpp ach Relatior hphlweeDBT(p

AN

Experiences on first three steps Expe h prototyping step Experiences on testing step cience  Information Technologies (IT) Turkish - Social Studies Other Lessons

Figure4.4. Coded sectioibased hierarchical codesubo d e model of parti ci

views on the topic AComparison with school o

4.1.1.2.1 DBT as ateaching approach

While students were experiencindgdD as a teaching approach, they compared it to

the practices in school. Since the most frequently compared steps were prototyping
and testing, these were identified as separate codes and a single code was identified
for statements mentioning the first threteps (Empathize, Define, Ideate) (Table

47).

Table4.7 Codes of theusbcategy ©OBT as a teaching approachd

Codes

Experiences on first three step:
Experiences on prototyping ste

Experiences on testing step
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Also, adocumentbased frequency graph was created to show the distribution of
participantcoded statements on the subjecfidBT as a teaching approac{see

Figure 45). According to this graph, all of the students talked about their experiences

in both the prototyping and testing phases, but the experiences in the first three stages
(empathy, define and ideate) were mentioned less. A total of 12 students talked about

thefirst three steps in partBetails are presented in the following parts.

DBT as a teaching approach

Experiences on prototyping
step

15

Experiences on testing step

o
o
~
o
=)
=]
]

14 16

Figure4.5. Documerdbased frequency graph of particip@rgstements on the
subject offiRelationship between DBT steps dadsoné

Before moving on to more specific statements, when general views aBduare
examined, the students explained that they did not do much prbated and
projectstyle applications at school, that traditional lectures were mostly done and
groupwork was less, but that they had fun learning while prototyping within the
scope of this study. Some of the students' general opinions aBdutdh be given
as follows:
For example, while there were less practical things at school, here it was fully
practical. (P2)

Mesela okulda daha az uygul amal e Keyl €
(P2

No, we dod do such things at school. Yes, we see and learn a few things about
climate, but we caih say that we do many projects aboutR3Y

Yok okulelyal ebrc yyaeepméyor uz. Evet 1kl imle
°jJreniyoruz ama bununla il gil/@ beyl e r
(P3)
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This place was different from school (she thinks), there was teamwork, because

we normally do teamwork, but itvery rare. P4)

Burasé okuldan (d¢gkegnegyor), ya takém - al
-¢é¢nk¢ biz de normal de takem - aPdékmaseée yap

What we did here was different from school, if we did it at school, there

wouldn't be samany things, for example, it was more comfortable here, it

doestit happen like that at school. ... In school, these things are done more like

lessons. | mean, here they are like gamie9) (

Burada yaptéklaréeméez ok/wlpkeaymr k®yIseaaydakKk Ik

kadar Key ge-mezdi, mesela burada daha
ol muyor . Okul da daha ders gi bi yapel
(P9

Here, we learn the things we need to learn, but we learn by having fun. It
doesn't hapen exactly like that at school. The lesson is taught in a more
straightforward way. P10

Bur ada byl e hani y
ejl enerek ©°jJreniyoru
ol arak der(BlQanl at el e

i ne °JTrenmemi z ger ek
z Okul da bu tam ol ar
yor .

They dod make us do group activities at school. We do it alone, everyone
does it alone. ... We always do individual things, | mean we don't do group
things like that. P11)

Grupla etkinlikler falan yapteéekesmazl ar bi z
tek bakéna yapar. Hep bireysel, yani
(P1))

We didrit do that many activities at school, so | wadraving that much fun.

(P12
Okul da bu kadar -ok etkinlik yapméyorduk,

(P12

So its not applied (BT steps) much in schools. Because in schools, there are

more courseelated things rather than prototypes or anything like thal.3]

Yani okul da - ok BTazalde miyglwl)anmgykr, @©Bul da
prototip fdalhan -o&] dlerde eP1BI gi | i Keyl er ol

On this point, both observers noted that the students were productive and happy

while working in groups. On the other side, it was stated in the observation notes that

the students had some difficulty in thefatyping phase and sometimes could not

fully reflect their ideas. Later, in individual interviews, it was revealed that this was

not a process that the students were accustomed to at school. Moreover, they also
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observed that especially during the protatgpstage the students had the most fun
and helped each other. In fact, what the researchers observed during the process is

quite similar to what was observed when the video recordings were watched again.

Another point noted was the watp activities performed between theBD steps.

The students performed watmp activities before the steps, and the researchers
observed that these activities enabled the students to have fun and perform the steps
more easily. Moreover, according to the obsesinotes, theélow protocol papers

that were followed as a guide in the steps were used very effectively, especially in
the problem definition and idea generation stages, and ensured that the steps were
carried out in accordance with their purpose. When video recordings were
examined, the same observations were made regarding-ugaaativities and the

use offlow protocol papersin addition,when watching the video recordings,
especially one point that was noticed was that although the studertsfimad the
problems and produced solution ideas when they started the drawing phase, they had
guestion marks in their minds while drawing and they made their drawings by
brainstorming with each other. In addition, it was observed that after the drawing
phase, the students had clear minds about the prototypes they would develop and that
they displayed a confident and determined attitude when choosing materials and
throughout the prototyping process, and that the prototyping phase progressed faster
than expeted. This showed that the drawing phase enabled the students to concretize

their ideas.

Before moving on to the individual interview findings, it would be good to briefly
mention the findings obtained as a result of the examination of the reflectivehink
documents. While filling out the reflective thinking documents, the students also
shared their experiences by emphasizing the different aspects of the studies here
compared to school. Some examples of the students' written statements are given
below.

We never did such things (at schooBR1()
(Okul da) hi- b°yRl® kKkeyl er yapmazdeéek.
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It was more free, Il would |l ike to practioc
little different from school. They (researchers) showed us a video here and

allowed us tado research. They (researchers) didgive us information, we

found it ourselves R5)

Daha ©°zg¢rdyg, okul da da °zgg¢r bir Kekil d
Okul dan biraz farkl éyde. Burada video iz
izin verdiler.Onlar&r akt ér macél ar) bil gi PYyer medi, bi

There is no such process of thinking, drawing, designing at school, and if there

is, they give us homework to do at home.
not this fun and is usually homeworR6j

Okul da bu kadar d¢Keén, -1z, tasarl a gi bi
yapmaméz i-in °dev veriyorlar. € Okul da
ejl encel i ol muyor Phe genel de °dev ol uyor.

There is not much group work at scho&l18)
Okuldagr up - al ékmasPl3d- ok yapél meyor . (

We don't do teamwork like this very oftdPd)(
B°yle takem -al ékmd&denée -ok sék yapméyoru

4.1.1.2.1.JExperiences on first three steps

The findings indicated that empathy has not gone beyond being a concept given only
as adefinition in school, and rather than generating idea(s) for a (real life) problem,
lessons are generally taught in a traditional structure, and no approach is given in
schools, especially to define the problem. That is, none of the students could make a
comparison regarding the Define step, which includes defining the problem. Six
students expressed the points they were familiar and unfamiliar with in their own
formal teaching processes in the scope of first three steps (Empathize, Define, Ideate)
with thefollowing expressions:

Therds no such thing as teamwork in the current school. The§ tidk much

about this climate change either. So, tlieneothing. ... Teachers don't really

teach empathy, to be honeft1)

ku anki okul da trakkewy -yadIlke.xk mBs €i ldliiym ddej i K

pek s°z etmezler. Yani hi- bir kKkey yok.
°TretmRlnl er . (
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For example, they (referring to the school) constantly make us fill out forms,
but they make us fill them out for gaitte purposes, to get to know us, and it

is of no use to us. But here, when | was filling out something about empathy, |
felt it inside me, | thought about how | should do it, it was running through my
mind. There (referring to the school), we just mainitl move on.R6)

Mesel a s¢reklii ol arak bize form dol dur
tanémak i-in doldurtuyorlar, hi-bir 1K
ile 11 gili bir kKey dol dururken onu ken
gereltii d¢gkegndegm, akl emdan ge-iyordu. C
i karetl eyiP ge-iyoruz. (

We have a steam course at school, but we don't do that much in the steam
course, | mean the teacher gives instructions and we do it, that kind of thing.

... ho,we don't produce ideas ourselves, they don't let us produce tR@&m. (

Okul da bizde steam dersi var ama steam
yani °Jretmen talimaté veriyor biz yap
kendimiz fikiriretmiyoruz, Urettirmiyorlar.R7)

We doi@t do empathy as a game. First, he explains the definition like this, then

we do a few activities like this, for example, what would you do if you were in

your friend's shoesP(2)

Empatiyi oyun EKEekBPyde wpapméggou il k
sonra mesela atéyorum bir tane arkadack
diye b°yle birka-Pl2ane etkinlik yapeéeyo

There is no course we use to solve empathy, but there are courses we use to
generatedeas. P15

Empatiyi -%zmek i-in kullandéejéméz bi
kull andéj émézPldher sl er hani wvar . (

(Empathy) we have always just defined. ... We do not work pasjected at
school. We work more on problem solving and eraented. ... We did group

work. ... | also learn when the teacher explains, but it is more fun this way.

(P14

(Empatiyi) hep sadece tanémladek. oo
-ok soru -°z¢m¢, sénav o0 dyaakp neé k-taél ké.k €.y.o
Hoca anlaténca da °jJreniyor um, ama b?©°
(P14

Two of the observers took notes about that the students had a little difficulty at first

in the warmup activities implemented before the empathy step, butktegrstarted

to empathize more easily as they warmed up. Moreover, the researchers determined

that the part where they spent the most time and asked the most questions was the
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problem definition stage. It was observed that the students were very cvdateve
generating ideas and that they eliminated some ideas by evaluating eaé other
ideas. In the other side, it was noted that 2 out of 4 groups were reluctant during the
drawing stage they made to concretize their ideas, but 1 group was very willing.
These observations were later confirmed by researchers when they watched the video

recordings.

4.1.1.2.1.Zxperiences on prototyping step

When asked about the studentsod6 experiences
students mentioned the similarities and differencek e practices they did at

school and also most of them made -gsthluations about the prototypes they

developed in group work. In general, they matched automatically and compared the

prototyping step applied in this study with the projects and prasems they made

at school.

While some stated that they had never developed a prototype, some mentioned that
they had produced smaltale prototypes in their projelsdsed studies at school.

Here are some sample statements:

We doiit make acomplete prototype. ... Sometimes the teacher wants us to
design something on Canva, we design it on Canva and send it té*f)m. (

]
d |

Prototip tam ol ar ak yapméyoruz. - ¥
tasarl amamézé istiyor C a n v @ndedyaruz, Canvab
(P1)

Teachers give a topic and we do a project on it. Then we presd)it. (
Hocal ar bir konu veriyor, onun hakkeénda
sunuyoruz.R?2)

...we cafit say we did many projects. ... More presentations. It was a

presetation style in general K3)

...pek fazla proje yaptéjeméz s°ylenemez.
genelinde.P3)

We dord usually develop models. We don't develop prototypes or anything like

that. (P5)
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Genel de model gel iaknt igrenhiiykofRBurzmi yPorroutzo.t i(

While some said that creating a product using materials during the prototyping
process was fun, some stated that they had difficulty. Here are some sample

expressions about the prototyping process:

It really takes effort and @ very difficult when you try to do it alond?3)
Ger-ekten ujrakteéréyor ve tePM) bakéna vy

| had a lot of fun, we worked hard, we got tired, it was very fun and nice. We

racked our brains a loP4")

¢tok ejl emdirm,- ad&éwa ék, yorul duk, -ok e]
kafa patlIPfitt ék zaten. (

It was more enjoyable because you didnterfere, you didn't say do this or
do that. ... We were able to get the materials we liked and make what we
wanted, models, ght away. P5)

Daha b°yle siz karéxkmadéjeénéz i-in dah
i -in daha b°yle keyifliydi. Bi z oradai
al ép hemen yapabildik dHKecndeE] ¢meze, m

We had a little difficulty in th beginning, but then we got used to it a little

more, and started to divide the worR6&j

bakl angé-ta biraz =zorl andék, sonradan
yapmaya P&kl adék. (

The prototyping process was good, it was f&xT) (
Prototipleme sl e c i iyiydiP?)) ejlenceliydi . (

We could@ focus much. So, we have a bit of a focus problem. Other than that,

it was fun and nice R8)

Fazla odakl anamadék. Yani biraz odak]I
ejlencel i PRI, g¢zeldi . (

It was very enjoydk and fun. | mean, it taught me most thing4.q)
Gayet keyifliydi ejlenceRPlDydi . Yani °]J

| think it was very fun. ... it was also good for socializing. And it was actually
quite fun to think, to try to improve yourself, totinydo something newlP{12)

Bence -0k ejlenceliydi. sosyall ek
ejlenceliydi asl énda kafa yor mak, kend
yapmaya -Pid2 ékmak. (
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So, it went well. There were a lotdifferent materials, we tried to prototype

our solution idea from all of themP13)

Yani g¢zel ge-ti. Bir s¢re¢g farkl @ mal zem
prototipleRl®ye -al éktek. (

It was fun, | like making model$214)

Ej |l encel i yreayiseviyorukEld) ¢ r et
While most of them liked the prototype, they developed in terms of the idea, they
found it insufficient in terms of functionality because it was a soft prototype and time
was limited. The statements regarding the parts iteytioned about the prototype
they developed are presented below:

Frankly, we could@ show those rainwater collecting areas there. Maybe we
could have done them, but time was a thing (limitdth) (

A-ék-asé o yajmur suyu temedyan Yet kae#g i
yapabilirdi k bel ki Pdma zaman keydi (séner
Yes, &m very pleased. I'm happy with iR4)

Evet -ok memnuPR4 m. K-ime sindi. (

Well, 1dm happy, | think it turned out well, | meadsinot a big deal, @& not

perfect, i€s notlike | was participating in a science thing, but I still think it

turned out well. P7)

Ya ben memnunum, bence g¢zel ol du, yani ©°
dej il yani sanki beyle bir bilim Keyine
guzel oldu bere P7)

Yes, | am satisfied. ... | think the prototype is good like tR§]. (

Evet memnunum. ... Prototip bence bdyle B8) (

We had built another building but it was a bit too small so we céuiit in.

There were also a few more things we wdnteadd but we couldn't add them.

(P9)

Bir tane bi na daha yapméxkt ék ama biraz
séjderamadeéek. Hem de ekl eyecejimiz bir
ekleyemedik.R9)

It could have been much bettdP1()

Daha c¢ok daha iyisi olabilirdi(P10)

Especially the water mill was very difficu

very well. ... | think we did very welP11)
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Hel e hele su dejirmeni beni -ok zorl act
Bence gayet g¢zel ytiptentbéghkediyoRE® | | Kkt i r di Kk

It was good, but if we had worked on it a little more, we could have done
something even betteRP12)

G¢zel ol du ama hani biraz daha ¢ste¢gnd
yapabilirdi k. (gelixktiPildi k1l er i protot.i
| think we did a pretty good jobP{3

Bence baya g¢zRIB bir ik -ékardék. (

Our prototype was not bad. We had some confusions during the process. ... We
made mistakes. ... For example, this has nothing to do with the idea we first
designed there. ... The drone part was the same, but this water tanker part did
not turn out as we thoughP15

Bizim prototipimiz fena dejildi. S¢r e
Hat al aréméz ol du. mesel abulbhic zi m or
alakal é bir key dejil. ... Drone b°l ¢m
dekende] ¢z gi bi o (

If we had more time, we could have done better, bufstigaiod too. But the

deleting of animation was a bit bad?14)

Zaman dahad@gedbahaol gagi ni yapabilirdil
animasyonun silinmesi biraz kétu oldg1¢)

There was also one student who mentioned the importance of group work in this
process:

It was a little difficult for me, as | said, | was not a person who didimgroup

work before. And my group mate is a very stubborn person, so we had a little

difficulty in the beginning, but then we got used to it a little more, and started
to divide the work.R6)

Benim i-in biraz zor oldu peda] emmags ®
yapan bir insan dejildi m. Ve grup ar ke
bakl angée-ta biraz zorl andék, sonradan

yapmaya P&kl adeéek. (

Yes, we had a hard time because we cduldim anything on the first daye
couldnd focus much when we first started because we were laughiitiL1). (
Evet -0k zorl andék -¢onkg¢ i1k gén
bakl adéjéemézda fazla o®#H)k|I anamaméxt

h a
é k
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4.1.1.2.1.Fxperiences on testing step

When asked abolst udent sd experiences with the test

about the feedback they received from the other group and the feedback they gave to
the other group. All of the students listened to the feedback given by the other group
to their prototypes wring the testing phase, but some of the feedback was found
meaningful by the students, while others were not. But in the end, no one applied the
feedback given to their own project. They say the reason for this was that time was
limited or they did not wat to change the idea in their minds anyway. They
expressed their views as follows:

They always told us the same thing. What will happen to the plate, | mean will

the plate be openédit will create a greenhouse effect, they said. Despite our
answer, othes said the same thingP()

Bize hep ayné kKeyi dedi |l er . Kkte pl aka
et kisi yaratacak dedil er. Cevapl adé] éme
(PD

For example, they said that the aluminum foil was a little vieghkyou can
flatten it a little more.R2)

Mesela o biraz keréekéekteé o al¢g¢minyum foly

dediler. P2)

They said,filt would be better if there was an automatic system, where
everyone could decide on their own, if the@swguch an automatic system.

(P3)

Yani o otomati k ol arak yapélan, otomat:.i
karar verse boyle otomatik bir diizen olsa daha iyi olabilirdi falan dediRS) (

Well, he said, why don't they have hands, you carhadds. He also said that
this can't produce much garbage and the energy is only enough for itself, you
can make a faster mechanisi4)

key, el |l eri niye yok, el ekl eyebilirsiniz

ve bunda enerji sadece kendineyetleg ha héezl & bir mekani zma
dedi. P4)

For example, | think they said things like the robot should have hands and
feet... They said it could have wheelb)(

Kkte robotu mesela robotun ell eri ol sun

s°yl emisheedém. ... Teé&®eri ol abilir demi
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They never told us clearly. They said
have made something like the robot they made that collects garbage, like a
small robot vacuum cleaner. ... Actually, | thought,caeld have done it, but

our prototype was already quite late, the factories we built did not work, we

had to rebuild them, we were quite behind, so we couldn't adbjt. (

Bize hi- a-ék s°ylemedil er. Gayet g ¢ Z ¢
robotg i b i -%p toplayan bir kKey yapabilirc
asl enda kKkey diye d¢gkegndem, hani yapabi
geci kmi Kkt i, yaptéjémez fabrikalar ol m
kal mékték o yPgden ekl eyemedi k.

Other groups made suggestions for us to change some things. For example, it
would be more logical to make that glass plate openable because when the sun
shines on the glass, it gets hotter and worse. So they suggested making it
openable. Other than thatey liked the idea afoncrete (floor) that absorbs

water. P7)
Dijer gruplar bazé kKkeyleri, dejiktirme
o cam plakayé a-éel ér kapanabilir a

yap
camé kKey yapt é] ékgeliynva dahak@iholmyorlf @Qyiidden s € c
a-¢el er kapanér yapma konusunda fi kir
beton (zemin) fPKrini bejenmi kl erdi . (

So, they told us to focus better, to work in groups better, to use better materials.
... They said tonake the panel openable. So, in this way, if we think about it in
reality, the trees will be better, there will be no greenhouse effet. (

Yani onl ar bize daha iyi odakl anmayeée,
daha iyi mal zemerkull anhhageéel s°gteddéet k
Yani b°yl ece hem ger-ekte d¢kenegrsek a)
(P8)

There were good feedbacks. ... They told us the comment when we had already
planned it and started doing it, so we couldn'd aater. (P9)

G¢zel d°n¢kl er ol du. Onl ar bize yo
bakl adéejémézda s°yledi klelP9 1 -in hani

They liked it, | mean most of them liked it generally. | mean, of course they told

us our shortomings, but... Our prototypes were finished anyway, but if they
weren't, | would have made an effort for the electric wiPd.(f

Bejendiler, yani -0oju bejendi genel | i
soylediler ama. ... Zaten prototiplerimiz bittma bitmeseydi elektrikli tel icin

bir caba gosterirdim.R10)

They said you can make (use) concrete instead of wood. We were going to

make a wooden dam, instead they said it wouldn't be able to carry much, it
would be better if you make an iron dam adijua concrete damR11)
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Odun yerine beton kKey yapabilirsin demi«k
yerine dediler K i fazla takeéeyamayabilir

guzel olur beton setP(1)

For example, they liked the idea in general. Buytbaid, aren't there some
things, but we thought more like, everyone should do these things, those who
don't do them should be punished, they are obliged to do it, and since we were
doing for Ankara, we did it to develop the cify1@)

Mesela genel olarak i k r i bejendil er. Ama bazeée «keyl er
daha -0k bunl ar é herkesin yapmasé i -1n
zorunluluk halinde yapmasé gi bi (d¢KkKeéendyg Kk
Kehri geliktirme2 amacéeyla yapmékt ék. (

Now, our idea was liked, carrying water with drones. But it could have been
something like this, when the drone was carrying that water tanker, the water
tanker could open automatically while carrying it and pouring it. Also, when
it rains, the covers could opeautomatically and water could fill in. ...
Cameras or electric fences could be used in secuR%3)(

kKi mdi Key fikrimiz bejenildi dronel arl a
ol abilirdi hani drone o su tankerini t aKé
oo omati k olarak a-éelabilirdi. Bir de wyajn
a-¢€el ar ak I -ine su dol abilir. G¢egvenl
kull an®l3abilir. (

It was asked how these drones would charge. Other than that, it was asked how
theywould do in norsunny weather. Then, to improve it, we frankly had made
these charging parts. We added solar panels on the drB@8) (

Bu dronel arén «kar | I K nasel ol acak dend
naséeél ol acak dendi . eéBoeasa bal ikkatrijr me&s éin
yapmékt ek ama. G¢gnek panhl eri ekl edi k dr

| mean, they didn't really give a lot of feedback. I@¢mnk it helped a lot. ...
We wanted to stick to the plan because we had planned aBeaduse it
would have taken too long and we di@irplan how we were going to do it.

(P14

Yani , -ok fazla d°n¢gkte bulunmadeéel ar . Be
¥nceden planl amexkték -¢nkyg, pl ana bajl é
s¢rerdi ve naseéel wa@PB)caljemezée planl amame

Ten students gave feedback to the opposing group, but in some comments, they
simply said they liked it. Another five students made no comments at all. Some
indicated that they really could not find anything missing, while others did not

commet or simply said they liked it because they did not listen or understand the
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opposing grou@s project very well. Here are some examples of student evaluations

in the testing step:

| asked them if they will increase the number of their robots if they iatarth
more seriously, and what will this robot do with the garbagé) (

Ben onl ar a Key robotl ar énén sayéseéene
artéracakl ar mé, Dbir dR) bu robot -°pl e
Frankly, | couldrit do much, dn not very good at intpreting them. | liked

(their projects). P3)

A-ék-asé p ek Key yapamadeém, onl ar é y
(ProjeleriniP)) bejenmi kti m. (

| said, they were going to make such a closed area, no matter how often it was

in this closed area, itould harm the air. | didd like this idea very much, but

| thought the concrete (concrete floor) idea was good. It absorbs excess water,

it can produce energy with that water. The other water is already used in
agriculture of plants.R4)

Ben kKeyn,s%yYlydeki kapal é bir alan yapaca
kadar sék olursa ol sun havaya zarar ve
beton (beton zemin) fikri bence glzeldi. Fazla suyu emer, o suyla da enerji
cretebilir. Di]ermdsau kdual R4aantéelné rb.i t(ki | er

| think what they did was reasonable. But the only question that came to my

mind was, their drone takes water and releases it all at once, @& paar it

slowly, it lifts the tank all at once. That was the only problem for me, other

than that, their project is also niced?)

Bence onlarén yapteéejé da mant ékl eyde.

Kuydu, onl arén drone u suyu al eéeyor, b i
onu, depoyu kaldéréyor birnamddék Brada
g¢éczel onl arPen projesi de. (

| told them, | said, instead of making legs for the robot, they could use tank
wheels. Because tank wheels can go up mountains and stuff, and they are not
wheels that can easily bursB?)

Ben onlaram,k&yydemikkti robota bacak yap
kull anabilirler demi Kt i m. ¢¢nkyg t ank
-ékabiliyor, hem de °yle kol % kol ay p

Theirs was good too, there were a few thimgssing but it was still good. For
example, they made drones that work with solar energy, but for example, how
will these drones work wher@straining? | mean, it won't work becausésit
raining, for example, what will happen to a plant that requireswesggsr when

it rains. (P9)
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G¢zel di onl arenki de, birka- Key eksi kti

gének enerjisiyle -aléekan dronel ar yap

bu dronel ar nasél -al ekxacak? Yani -al e
mesesh daha az su isteyen bir DbiP9Oki yaj mu
| really liked the other grou work, to be honest. | di@rfully understand

some of the issues, but still, it seemed to me like a work | could understand

very well. | mean, it didn¥eem to have any shortcomings to reé{

Ben dijer grubun -al ékmaséné -ok bejendi
anl amadéem ama yine de hani bana gayet

-al ekxma gibi geldi. YanianAPiObi r eksi kl e

| said, for example, you can add hands or-fegt etc. P11)
Ben key demi kKt i mbacakitas ekleyabiliesihiz filaeRtln ay a k

| mean, it was very logical because it wdssomething that was very often.
But as | saidthere was a solar panel on top of it, solar energy was good, it

actually made sense. ¢é | said, for exampl
rainwater and when there is a major drought, those drones cannot carry that

water. P12

Yani hani cok olmayanibr key ol duju i -in -o0ok mant ékl
yani orada bir Kekil de hem ¢ste¢ génecx
g¢ézel di asl éeénda mant ékl éyde. € Ben kKey
dol masée (gerekti]Ji), bundaodenelarmkuyl ¢y ¢k bi
takéyamaRl2mesel a. (

Their idea was good. How should | say it, normally people do this, there is
such a thing but people do not apply it much. They made the whole city like
this and made it mandatonyP13

Onl aréen fN&kgél|l ggegxrdmdiyani normal de insanl
var ama insanlar bunu -ok uygul améeyor.
zorunlu hale getirmiklerdi. (P13)

The group we were matched with had good ideas. i&dgive them an idea. |

liked it. (P19

Ewlkti Jjimiz grubun g¢zeldi fikirleri. Bi
Here, some notes were taken by the observers. It was noted in the observation notes
that while testing the prototype they developed, most students immediately became
defensive againghe comments coming from the group they were paired with and
insisted on their ideas. However, it was also noted by the researchers that not only
negative feedback was given, but they also motivated each other with positive

feedbackTheseobservations are consistent with the video recordings.
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4.1.1.2.2 Relationship between BT steps and lessons

Students associatedBD steps with school lessons. In this context, they expressed
their opinions about which BT step could be applied in which lesson. Theeze
also those who stated in which lesson context BII Bteps could be use@able 4.8

shows how frequently students mention which courses.

Tabled8Codes of the subcat eBlostgys Oared altd somnsmhs

Codes

Science
Information Technologies (IT)
Turkishi Social Studies

Other Lessons

Also, adocumentbased frequency graph was created to show the distribution of
participant$ coded statements on the subjectiRElationship between DBT steps
and coursas(see Figure 4). According to this graph, the vast majority of students
established a rationship between DBT steps and Science, Turkish and Social
courses. Only a very small number of them established a connection with other

courses and the IT course. The details are explained in the following sections.

Relationship between DBT steps and lessons

Turkish - Social Studies

Information Technologies _ 3
()}

[=]
S
I
o
[==]

10 12 14

Figure4.6. Documerdbased frequency graph of participdrigatements on the
subject offiRelationship between DBT steps and leseons
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On the other handhe answers given to the questfin which courses would you

like to have such adfities® asked to the students in their reflective thinking
documents were consistent with the answers given in the individual interviews with
the students. Again, while the students frequently mentioned Science, IT, Turkish
Social Studies, a few studerattso mentioned different branch courses. In addition

to the statements made during the interview, some examples of written statements

are also presented under the relevant heading.

On the other hand, a code relationship browser/table was created to show th
relationship between the participaintsiews on fiLearning awarenesesand
fiRelationship between DBT steps and less@see Figure 47). Accordingly,
students who stated that they gained learning awareness about DBT steps and content
associated DBT stepsastly with Science, Turkish and Social courses. The fact that

the selected subject waSlimate Crisi® may have partially affected this result.

Kod Sistemi Science Information Technologies (IT) | Turkish - Social Studies | Other Lessons
v Learning awareness

Content L] . L . L
DBT ] | L] O [
Having past experience Iy L u .

Figure4.7. Code relationship browser/tabskgarding the participardsiews on
fiLearning awareneéandfiRelationship between DBT steps and legsson

4.1.1.2.2.1Science

13 out of 15 students stated that all or some of tB§ Bteps could be covered in
Science classes at school. For example, some of them seghrbir opinions by
saying:
In science, yes, in fact, since it is related to science, yes, it is suitable for that
too. Pl

Fen (Bilgisi)nde &evet asl énda bilimle al:
(P1)

Science. We already do more projectSaience, that's whyPp)
Fen (Bilgisi). Fen (Bilgisi)ndR zaten dah
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We apply it in science class. €& Yes, n
(P4)
Fen dersinde uyguluyor uz.s ek Evadeddebjiirle.b

| think prototype development and drawing make sense for science. Because

we already have a lot of topics related to climate in science. The teacher
explains a lot of things within the topic, and it can be hard to understand
sometimest would be easier if we applied it like thal6)

Prototip geliktirme ve -izim bence Fen
bir s¢ré¢ konumuz ol duju i -1in. Konu i - e
anl amasé da zor o lugdolasbhkidgharahatolardieGh , hani

| think it is suitable for Science and IT courses. ... Well, it can be used for
things like this in science, we can go to the laboratory, the teacher can explain
the subject, for example, and we can make models relatdtht subject by
forming a team.H7)

Fen ve Bilikim dersine uygun g°r ¢yor un
yani b°yl e | aboratuvara gideriz, b°yl e
o konuyl a alakal e maket ya&paréez mesel a

Socid (Studies), Science, like that. Climate change and doing research are

suitable for Social (Studies), and prototyping is suitable for ScieR&. (

Yani Sosyal, Fen, bDb°yle. Sosyal (Bil gi
I

Keyi ; Féme( Biel @i pirot oti pPyapma keéseéml a
We already do similar things in some subjects in Science lessons. It would be

nice there t00.R9)

Zaten Fen dersinde bazé konularda yapeée
olur. (P9

Mathematics, science,amm courses. ... Empathy is actually something that can

be used in most courses. It can also be done in Mathematics, science, main
courses again.R10

Mat emat i k, Fen, ana dersl er. Empat
asl énda. Manenmmanad kderf®In@XQde yapeéelabil i

Science. For example, they ask us for a proj&dt1)Y
Fen aynen fen. Mesela proje isterler bizdéL 1)

For example, | would like it to be in the English class or the Social (Studies)
class or the Scienagdass. P12

Mesela Kngiliz
ol maséenéPlPst er

ce dersinde veya Sosyal
di m. (
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So, it would probably be Science. In science, because we have more
environmental issues. We could develop prototypes for tiRarg. (

Yanibuyuk intimalle Fen olurdu. Fende ¢uinki hani boyle daha ¢ok cevre ile

ilbgi i konul aréméz var. O®PR13arl a 11 gil pr

| think we could have applied the whole process in the Science class and

produced something newr14)

BUtin ste c i Fen Bilimler:i dersinde uygul ayat
Uretebilirdik. (P14)

Six students stated in their reflective thinking document that they wanted such

activities to be included in the Science course.

In science class (I wish there were suchhaties). (P3) (P6) (P7) (P8) (P14

(P13
Fen Bilgisi dersinde (bu tur etkinlikler olsun isterdim.3f (P6) (P7) (P8)

(P14 (P1H

4.1.1.2.2.2nformation Technologies (IT)

3 students stated that all or some of tiTteps could be covered in IT classes at

school. They expressed their opinions by saying:

Maybe there could have been a separate course for that. ... Or there is an IT

course, a computer course. In there, ou could have designed something using

that computer and there could be something aboutdiragate crisis. P5)

Onun i-in ayreé bir ders ol abilirdi bel ki

der si . Onl arda falan yani o bilgisayar ¢
hakkénda o i klim krizi hP&k k enda °yl e bir

Ithinkiti s sui table for Science and | T course
prepare posters or something like tha7)

Fen ve Bilikim dersine uygun g°r¢yor um.
hazeéerlayabilirPag. O tarz bir xeyler. (

These can be in ITd80ns. P9)
Bunl ar Bili kP9 der sl erinde ol abilir.
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4.1.1.2.2.3Turkish i Social Studies

13 out of 15 students stated that all or some of tBd Bteps could be covered in
Turkish or Social Studies at school. For example, some of them stateahihens

by saying:

l't is suitable for the Social Studies
the teacher cared a lot about such problems, climates, etc. For example, he
kept talking about things like drought and the Mediterranean climatehsuk

it would have been more appropriate in that course, but the teacher might not
have been able to do much during the prototyping ph&4g. (

Ders ol arak Sosyal (Bilgiler) dersine
boyle sorun yani iklimleri falan g ° nemsedi J i i-in ...
Akdeniz i1 kIl i mi gi bi Keyl eri I kide Dbir
uygun ol urdu da yani prototip y ap ma

yapamayabilirdi. P1)

udi es) .
dersind

p)P6l n Soci al

€ (Empathy ste (
n@) Sosyal POBil gil e

& ( Empami

Socid (Studies), Science, like that. Climate change and doing research are
suitable for Social (Studies), and prototyping is suitable for ScieR&. (

Yani Sosyal, Fen, b°yl e.i Soasryadt g rBmd gyi:
Keyi ; Fen (Bilgisi)obéne d&8o prototip vy

| would like to have them in Turkish lessoi9)(
Turkce dersinde olsun isterdiniP9)

Empathy is actually something that can be used in most courses. We do
(Problem dehition and idea generation) in Turkish coursBl1()

Empat.i -oju derste kullanélabil ecek bi
fikir ¢retme) T¢grROe dersinde yapéyoru

The empathy part is already in Social (Studies). &hathy its Social

(Studiss). P1Y)

Empat. kesmé zaten Sosyal (Bil giler)de
(P1))

For example, | would like it to be in the English class or the Social (Studies)

class or the Science class. ... Since empathy is already in the 8asm&l |
think there is no need to think about it that wa12)
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Mesela Kngilizce dersinde veya Sosyal

ol maséenée isterdi m. Empatiyi Zzaten Soc

beyle de¢e¢kegnmeyePlZyerek yok bence. (

These can be applied in Social (Studies). ... In Social (Studies), this empathy
section could be thereP(5

Bunl ar Sosyal 6de uygulanabili Pl ... Sosya

We could have covered empathy in the Social Studies €lasse is nothing
else. P19

Empatiyi Sosyal Bilimler dRlMsinde ikl eyeb

Six students stated in their reflective thinking document that they wanted such

activities to be included in the Turkish course or Social Science course.

In Turkish class (I wish there were such activiti€¢BY) (P8) (P15
Turkce dersinde (bu tir etkinlikler olsun isterdinB7) (P8) (P15

In Social Science class (I wish there were such activitieg) (P2)(P7) (P8)
(P12 (P15)

Sosyal Bilgiledersinde (bu tur etkinlikler olsun isterdimpP) (P2) (P7) (P8)
(P12) (P15)

4.1.1.2.2.0ther Lessons

5 students indicated that all or some of th8TDsteps could be covered in Turkish
or Social Studies at scho8ome of heir expressions like that:

(Problemdefinition and solution generation stages) In Mathematies) (

(Probl emi tanémlama ve -°z5,PEB ¢(ret me akama

Mathematics, science, main courses. ... Empathy is actually something that can

be used in most courses. It can alsodbae in Mathematics, science, main

courses again.R10

Mat emat i k, Fen, ana dersl er. Empat.i
asl énda. Matemati k, fenRlQyine ana der sl

For example, | would like it to be in the English classh& Social (Studies)
class or the Science clasR.1Q)

Mesela Kngiliz
ol maséenéPlPst er

ce dersinde veya Sosyal
di m. (
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Five students stated in their reflective thinking document that they wanted such
activities to be inelded in other courses.

In visual arts class and music class (I wish there were such activ{tires))

(P9)

Gorsel Sanatlar ve Muzik dersinde (bu tur etkinlikler olsun isterdiRi)1)
(P9)

In visual arts class (I wish there were suatiivities) (P12
Gorsel Sanatlar dersinde (bu tir etkinlikler olsun isterdi(R)L2)

In mathematics class (I wish there were such activit{®8) (P10) (P15

Matematik dersinde (bu tur etkinlikler olsun isterdin®8) (P10 (P15
Moreover, acode ceoccurrence model was created to see theconirrence of the
participant$ views onfiDBT as a teaching approachnd fiRelationship between
DBT steps and lessolfseeFigure 48). Accordingly, when the students talked about
their experiences in the DBT steps, they automatically established a relationship with
the lessons at school, and when they were later asked to compare the steps with the
school lessons, they based their exgraes in this proceds fact, as can be seen in
some of the sample statements above, we can say that these two ideasrced

in the students.

,,,,,, Olusum
O sy Information
N e Technologies
(M) (5)

Turkish - Social
Studies (26)

Experiences on testing step (61)

kod birlikte olu§um\\§

Experiences on Experiences on
prototyping step first three steps
(57) (25)

Figure4.8. Code ceoccurrence model for participadtsews onfiDBT as a

teaching approadhandfiRelationship between DBT steps and legsson
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41.2 Affective Dimension

Affective dimension is the second theme that has three main categories: positive
feelings, negative feelings, and favorite/least favorite steps (Ba®le Students
talked about the positive and negative emotions they felt throughout the process.

They also indicated the steps they liked the most and the steps they liked the least.

Tabled9Cat egories of the theme 6affective di me

Categories

Positive feelings
Negative feelings
Favorite/Least favorite step:

4.1.2.1 PositiveFeelings

Positive feelingsrethe first category of theme affective dimension and is related to
the emotions in which students' positive attitudes during the process. Students
generally used expressions of feelings like having fun, satisfied, and happy for
explaining their emotionaltatus during the process. Additionally, students shared
whether there was a change between their emotional states at the beginning of the
process and their emotional states at the end. Here, there are two codes included.
(Table4.10).

Table410Codes of the category o6épositive feeling

Codes N
Having fun 15
Emotional change 13

Also, a documenbased frequency graph was created to show the distribution of

participants' coded statements on the subjei@®ositive Feelings(see Figure 4.9).
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Accordingly, while all of the students expressed their positive feelings, the vast
majority of them stated that they experienced an emotional change (in a positive way
according to the study results) during the process. Details are provided in the

following parts.

Positive Feelings

Having fun / Being happy Positive emotional changes

Figure4.9. Documerdbased fregency graph of participariistatements on the

subject offiPositive Feelings

4.1.2.1.1 Having fun

All of the students stated that they had fun, were happy and satisfied during the
process. In addition, all of the students stated that they would want to participate

such an event if it were held again. Examples of student statements are as follows:

Frankly, it is nice to feel that solidarity in that group work, but it is a little

tiring. | generally had fun, so it was nicé&J3)

A-ék-asé heml eéekmadp o0-dayanékmayé his:
yoruyor. Genelde By |l endim yani gézel di

| was happy. It was fun. | was satisfieB4)
Mut !l uydum. Ejl enckR) i ydi . Memnundum. (

| felt happy. | am satisfiedPp)
Kendimi mutlu hissettinMemnunum.R®5)

| was already very happy to come here. As | said, | am a person who likes to

do different things, so | go to different places, whenever my mother finds like
that. So, if it happened again, | would come ag@d®)
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Ben buraya gelmekten cokunt | uydum =z at en. Dedijim gibi
Keyler yapmayé da seven bir i nsaneém, o
giderim, annem buldukca falan. O ytzden yine olsa yine gelifé). (

| was happy, it was good, it was fun. Yes, | came, | had fungdwoaoine again

if it happened again? Yes, | woul&®.7)

Mutl uydum, iyiydi, ejlenceliydi. Evet gel
gelir miyim? Evet gelirim.R7)

It was good, | felt happy. Yes (I would participate again). Because it was good,

and beause | learned.R9)

G¢gzel di, mutl u hissettim,. Evet (tekrar k
°Trendi POm i -in. (

Yes, | am leaving very happy. | would definitely join (if it were to happen

again). P10

Evet gayet mutl u ayarrélodyar)Rlf§.atkd irrelm. k I(e
So,it was good, it was perfect. ... Yes, | liked it very muehI)

Yani i yiydi, m¢kemmel EID). Evet -o0ok hok

| mean, | had fun. ... Yes (if it were to happen again) | would always join. It

was fun to be ithis environment, in METU, and also, the activities here were

great and nice.H12

Yani ejl endi m. Evet (tekrar ol sa) her
yani ODT] 6n¢gn i -inde ol mak ejlencel i, bi
etkinlikler iyi glizeldiyani. (P12

| mean, it was very fun. | was happy. ... Yes, | learned something too. (If it were
to happen again) | would participate? 13

Yani -ok ejlenceli ge-ti. Mut | uydum.
ol sa) kP el eér ém. (

My mood wagjood, | was happy. | would participate (if it happened again).

(P19
Duygu durumum ivyivydi, mutl uPd® i um hani . (Te
On the other hand, students also expressed their views on how they felt in the
reflective thinking document. Theyenerally emphasized that they were happy in
positive statements. 13 students stated that they were happy, 7 students had fun, 3
students felt good, and 2 students were excited (in writing at reflective thinking

documents).
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Moreover, in the observation i, there is some notes about positive feelings of
students. Both observers noted in their notes that the students were happy, had fun,
established a good friendship and actively participated in the process. The
researchers agreed that two of the groupseaed a very good harmony in the group
work, worked harmoniously by cooperating with each other and sharing tasks. It was
also observed that the students got along with the other group members in the interim
activities/games they did together and thatoadyatmosphere of friendship and
communication was created. The exact same observations were also found in the

video recordings.

4.1.2.1.2 Emotional change

Students talked about their changing feelings and thoughts before and after
participating in the event. Theajority of students (90%) stated that they had some
concerns and negative thoughts before coming, but at the end of the process they
realized that these negative thoughts were unfounded, and they left with a positive
attitude. They expressed their feeliragsfollows:

At first, | thought it would be a little boring, but it wakn thought of it like
school. P2)

KIl k bakt a biraz sékece ol acajéene d¢ K

deé¢KéenmPrt ¢ m. (

| thought we would sit here and study like in clasdhd really think it would
be like this. Yes, | was thinking about developing prototypes and such, but now
| see that the activities are much more intengs.detter. P3)

B°yl e oturup séneftaki gi bi ders ikl
pek d¢gkegnmegyor dum. Evet, prototip ge
ama Ki mdi -ok daha etkinlikl3in yoj

| thought about whether | could get along well with other students. ... | thought
more about the friends andsal wondered what kind of experiments and things
we would do. ... | thought it was bad, but it turned out gded). (

Acaba ivyi anlakabilir miyim diye dg
déKendem bir de acaba nas el deney
dik ¢ nm¢ Kt ¢ m. KP4 sanéyordum iyl
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| was excited when | came, | wondered what it would be like, | was a little
curious. Now my curiosity is gone, bamnlstill happy, | meanin glad | came.

(P9

Gelirken heyecan|l éyodémciakt meaa&ba@ayda&mely alm
da. Ki mdi mer ajém gitt.i yani ama hal a mt
diyorum. 5)

Iam still happy, just differentdh tired. ... It was worth it.R6)

Hala mutluyum, sadece farkl & (ROl arak yorgu

| didn@ think | would have this much fun when | arrived. Then | had a lot of

fun when | left. | thought it was pretty gooB.7)

Gel di Ji mde bu kadar ejl enecej i mi d¢Keéenm
giderken -ok ejlend/m. Bence gayet g¢zeld

When | came, | was a little excited, stressed, but happy. When | leave, only

happiness will remainR8)

Gelirken biraz heyecanl|l eéydeéem, stresliydi
mutluluk kalacak sadece?®)

When | came, | was thinking that it wouldba#ing, but it wasd. ... | thought
it would be boring like an IT course or something like we would be doing it on
a full computer, but & better. P9)

Gelirken sekéeceé ge-er bel ki diye d¢gKeéegngy
Bilikim demasib°glbi sakeEéerdya da b°yle ha
yapacajéz gibi d¢egkegnmPHtem ama yani daha

| thought it would be boring, to be honest. But the friendships | made here and
the feelings | felt really made it feel very different and very integg$tom
school. ... Yesfin leaving very happyP@0

Sekecée olacajénée d¢kegngyordum a-ék-asé s
edindijim arkadaxkl!|l ékl ar ve hani hissetti]
ger-ekten -ok ayré vegayd&t immgt hu ayrsaleéyd
(P10

At first, | was so shy, then it got even more beautiRil 1Y

Kl k bakta -ok utanmékteéenl®ndan sonra daha

| was very excited when | came because | also wanted to study at METU, so

this has been a big dam of mine for years. | was very excited to visit and see

this place. When | arrived, | was still very happy to be here. | m&anmetlly

nice, Bm very lucky to have attended this evePlZ

Gelirken -ok heyecanl éydeéemyodumyari ben de C
yell ardér bu -o0ok b¢gyek bir hayal i m. Bur a
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heyecanl éydem. Gelince hala -ok mutl u
g¢zel asl éenda bu etkinlPlpPpe katel déj ém

| mean, when | arrived, | didhknow anyone, | didih know what to do. But
then, for 5 days now, we defined the problem, generated ideas, made
prototypes, made drawings. It was a very fun proc@&ss3)(

Yani gel diji mde kKi mseyi tanéméyordum
bilmiyordum yani. Am& onr asénda hani Ku an 5 g¢n
tanémladek, fikir ¢rettik, prototip ya
surecti. P13

| was excited when | came, wondering what it would be like. | was happy when

| left, too. P15H

Gelirken heyecanl eydém hani nasel bir

Giderken de gene mutluyurR.1(5)

| was excited when | came, | think we will do something different and talk about
something other than the climate crisis. But not much has changdbhad
fun overall. P14)

Gelirken heyecanl éydém, byl e i klim kr
aj é z

e
konu al ac meéze de¢gKegnegyor um., Ama - ok

genel olarak. P14)
Additionally, in the observation notes, there is somes@bout emotional change
of students during the process. The researchers stated that more than half of the
students were more anxious and shyer on the first day but became more relaxed,
enterprising and participatory in the following days.the individal interviews
conducted laterit was revealedhat the majorityof the studentsvere happy to
encountema situtationthey had not expected becawgsene of their initial concerns

and negative thoughts wawafounded

4.1.2.2 NegativeFeelings

Negativefeeling® is the second category of theme affective dimension and is
related to the emotions in which studéntegative attitudes during the process.
Students generally used expressions of feelings like stressful, boring and tiring for
explaining their emtional status during the process. Here, there are two codes
included. (Tablet.11).
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Table411Codes of the category O6negative feel

Codes N
Stressful / Boring 6
Tiring / Problem Difficult 3

Also, a documenbased frequency graph was created to show the distribution of
participant® coded statements on the subjectiiNkegatve Feelings (see Figure
4.10). Accordingly, only 9 out of 15 students used various expressions indicating
that they were tired and bored while talking about their negative feelings. The details

of the expressions can be seen in the follovpiags.

Negative Feelings

B Tiring / Problem /

Stressful / Boring

Figure4.10. Documentbased frequency graph of participants' statements on the

subject offiNegative Feelings

As stated before, students also expressed their views on how they felt in the reflective
thinking documentThey generally emphasized that they were tired in negative
statements. 7 students stated that they were tired, 2 students were stressful, 1 student
felt angry with your friends, 1 student was bored and 1 student felt sad (in writing at

reflective thinkingdocuments).

The observation statements of the researchers noted on this subject are primarily as
follows. Firstly, it was observed that a few students had difficulty in different steps
and asked for help from the researchers or their friends. Secondbs tated in

the observation notes by both observers that one of the groups had conflicts due to
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differences of opinion within the group but somehow solved the problems and the
other group did not cooperate enough and was more careless in some sthges of
process. Thirdly, it was observed that a few students in these two groups which had
conflicts within the group and were not very well coordinated, were stressed,
unmotivated and tiredn the individual interviews conducted later, some of the
studentsalso included the same words in their statements. Student statements from
the interviews are presented beldw.addition, these statements are supported by

statements noted by watching the video recordings.

4.1.2.2.1 Stressful

Some of the students (30%tated that they experienced stress at some stages of the

activity or during group work:

(I felt) happiness, a little stress. | mean, we &de able to finish the work,

we word be able to do it at all, wiee not focusing at all.K8)

Mutluluk, bi r a z stres (hissettim). Yani y
yapamayacaj] ez, hP8- odakl anméyoruz. (

(Empathizing) seemed borindR2)
(Empati yapmaRB) séekécé geldi. (

The activities, some of them were boring, for example, there is the problem

solving fhase on the board, or the empathy phase, | already knew those parts,
| filled out a paper about it, yes, because | had to, but it was very (boring). ...

Yes, filling out the paper was borindg4)

Etkinlikler, bazeéelaré smk€TZmeadcamamas a
y a, ya da empat.i akamas €, o késemlar é
dol durdum evet mecbur ol dujum i -1in amae
dol dur mak B kéce gel di . (

(Filling out a reflective thinking form) seems a Ibitring to me. P7)
(Yanséetéecé d¢e¢k¢egnme kajéde ddePhdur mak) b

(During the problem definition phase) | got a little bore@1Q)
(Problemi tanéemlama aPd@ masénda) biraz

While defining the problem, they were dlditmore boring because we were
constantly writing. P12
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I e mi tanémlar ken, s¢rekl i hani yazeée
PRy deée. (

v T
@D =
[plen

~ O

4.1.2.2.2 Tiring / Problem / Difficult

Almost half of the students (7 out of 15) reported that they felt tirbd@problems
or difficulties at some stages of the activity or during group work:

Frankly, it is both nice to feel that solidarity in group work, but it is also a little

tiring. (P3)

A-ék-asé hem o grup i - -al ekmada o daya
yoruyor. P3)

Iam still happy, just differentdh tired. P6)
Hala mutl uyum, sadeck6 farkl & ol arak yorgu

| mean, it was a lot of fun. | was happy. Of course, some days | waskit&. (
Yani -ok ejlenceldi g ®@biiyargundwhuRld uy dum. Bazé

Especially (building) the water mill was very difficult for me19)
Hel e hele su dejirmenkPl)(yapmak) beni - ok

There was just a problem with my teammates) (
Sadece takém arkadRlkl arl a bir sékénte ol d

Actualy, | like to think, but my groupmate made a comment on all of them. ...

She said this happened like this, this happened like that, and | changed it, she

finally accepted it, that was a bit of a problef6)

Ben asl énda d¢kéenmegt k aldea kséeny elr@ prs ianmea  bgirru
yapté. ... Bu b°yle ol muk dedi, Ku K°yl e
kabul etti, B biraz sékenteydée. (

But the animation deletion was a bit bad. ... Theydidive much feedback. |
don't think it helped muchP(4)

Ama animasyonun silinmesi biraz k°t
bul unmadeéel ar. Bence P1Hk fazla yardémée ol n

4.1.2.3 Favorite/Least Favorite Steps

davorite/Least favorite ste@is the third category of theme affective dimension and

touches upoto which DBT steps were liked the most and which were liked the least
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by the students. Students generally indicated the steps of definition, ideation,
drawing, and prototyping as their favorite and least favorite steps. Some steps were
shown as the mosavorite step for some students, while the same steps were shown

as the least favorite step for other students. (T44R).

Table4.12Codes of tfdvemiteleasegbayobdbite stepsbd

Codes

Define

Ideate
Drawing

Prototype

First of all, if we talk about the parts that were not coded here but were mentioned
less frequently; only two of the students stated that they liked the empathy step very
much, while only one said thtiite step he liked the least was the empathy step. There
were also three students who stated that they did not like the reflective thinking
papers they filled out at the end of the day. Finally, one student stated that he did not
like the games played in éhgarden very much. The more frequently expressed

statements are coded and presented below with their explanations.

In addition, when we look at the findings obtained from the observation notes, the
students had the most difficulty in defining the problem and this was the part where
they got the most bored and frequently told the researchers this. Despite this, there
was a small group of students who saw this stage as important and liked it. Both
observers noted in their observation notes that the students were very participatory
in the idea generation stage. Therefore, the researchers thought that some of the
studentsiked the ideation stage in general, but those whose ideas were eliminated
did not like this step. One of the observers also noted that two different students in
two different groups complained a lot, especially during the drawing stage, and were

very boredbut their drawings were very beautiful on the contrary. On the other hand,
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according to the observénsotes, one of the groups especially enjoyed the drawing
stage and made very detailed and beautiful drawings. As mentioned before, the
researchers notetthat the prototyping stage was the most enjoyable step for the
majority of the students. That is, it was determined that most of the students were
most enthusiastic in the prototyping step, had more fun and participated more
actively. Despite this, a verfew students experienced some difficulties in the
prototyping step. These observations were later confirmed by researchers when they

watched the video recordings.

On the other hand, students expressed their opinions about which step they liked the
most ad which one they liked the least in the reflective thinking document. They
generally emphasized that the prototyping step attracted their attention the most
(n=13). In addition, it was reflected in the statements of the majority of the students
that theyliked the warmup activities, which they also expressed as games (n=12).
Students also stated that they liked different steps, albeit in small numbers (Empathy
= 2 students, Drawing = 2 students, Doing research = 2 students, Testing = 2 students,
Generatig ideas = 1 student, Categorizing ideas = 1 student, Making presentations
= 1 student, and Teamwork = 1 student) (written in the reflective thinking

documents).

Other findings obtained from the interviews are given below under headings.

4.1.2.3.1 Define

Only one ofthe students stated that the problem definition phase was her favorite

step. She expressed it as follows:

Probably problem selection and definition was much better. ... Because

ultimately if we define a problem we can develop its prototype better, we can

find better solutions. ... Yes, that is the key point (I likedA8) (

Muht emel en problem se-me ve tanémlama -o0
ol arak bir problem tanémlarsak onun proto
iyi cozUmler bulabiliriz. ... &et, kilit nokta diye (sevdim)?8)
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Six students stated that defining the problem was the step they liked the least. They
expressed their thoughts as follows:
The activities, some of them were boring, for example, there [wolden

solvingphase on the board or the empathy phase, | already knew those parts,
| filled out a paper about it because | had to, but (I didike it) that much.

(P4)

Etkinlikler,baz2 | ar € sékécéydée mesela hani taht
ya ya da empat. akamas €, o késemlar e
dol durdum evet mecbuteé (sevinelimjRdmM i - i n ama

My least favorite part is defining the problem.l.mean, theré& no need to

define the problem that much anyway. You read things there, you see them,

you understand the probleng)

En az hokuma giden problem tanémlama.
tanéml amaya ger ek okuygoksun, gdrayorgum prablenda d a K e
anl eye®sun. (

(The step | liked the least) could be defining the problem. For example, | liked
the drawing part because | have a talent for it, but this is not a big deal (it was
difficult and | didr& like it). (P9)

(Enaz hokuma giden adéem) pr
kéeésmé hokuma gitt.i -é¢nke¢ o
(zordu ve hoRQu ma gi t medi ) .

[ taném
bir yet

(My least favorite step) would probably be defining the problem. Bectsise i

very tiring and requires a lot of research. émla little bit bored. ... Of course,

| mean, it was important to do the projed1()

(En az hokuma giden adéem) muhtemel en p
-ok yorucu ve bg¢gyeék .ar.akBiérranza, gbeirreakzt i s
ki yani projeyi yapmak icin 6nemliydP{0)

They were a little more boring because we were constantly typing while
defining the problemR12)

Problemi tanémlarken s¢grekli l[daha i yazeée
sekéeeBRyde. (

My least favorite (step), for example, we have to take notes while watching the

video, then we did something, it says to summarize the problem in a single
sentence there, | had a little difficulty therB16)

En az hokuém) ,gindeesnel(aadvi deoyu izl er ken
hocam, sonrasénda Key yapteéek, sorunu t
biraz z®t4d andeéem. (
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4.1.2.3.2 ldeate

Just one of the students stated that the ideation phase was her favorite step. She

expressed ias follows:

(The step | liked the most) was generating ideas. ... Yes, because | could think

wildly in my imagination.R1)

(En -ok bejendijim adém) fikir cretmekt i
déekegnebi TR Jim i -in.

Three students stated thdé¢ation was the step they liked the least. They pointed out
their opinions as follows:

(The step | liked the least) was the idea part. Actually, I like thinking, but my
groupmate commented on everything by saying it is like this, it is like that.

(Becausé was criticized) P6)

(En az bejendijim adéem) fikir késmeéeyde.
ama grup arkadakem mesela bu b%°yle Ku KZ2\
(el ektiriPBpdi jim i -1in) (

The idea generation part seems a bit difficult to bemause sometimes | try

to generate ideas for problems, but when there is no source of inspiration,

sometimes the brain does not work like thaf) (

Fikir ¢retme késmé birazcék bana key geli
fikir ¢retmenkt el hayn kKayoawdEuol mayénca baz
-al éexm@yor . (

(The step | liked the least was) writing our ideas, | think. ... because | had
written so many that only one of them remained and | c@uilla it that much.
... Thats why (since my ideavere eliminated) | didhlike it, yes. P11)

(En az hokuma giden adém) fikirlerimizi Y
-ok yazméktém onlardan sadece bir tanesi
fazl a. ... O y¢zden (fi diewetlP&) i m el endi J i

4.1.2.3.3 Drawing

The drawing phase is not actually one of the five basic step8®f But it can be
considered a strategy, and students frequently expressed whether they particularly
liked or disliked this strategy. Three of the studestdted that drawing was the step

they liked the most and expressed themselves as follows:
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(The step | liked the most) was drawing and prototypiR€) (
(En -ok hokuma giden adéempe -i zim ve pr

(The step | liked the most) was drawin.. It was nice to design the drawing

in which we would do the projecP9)

(En -ok hokuma giden adém) -l zim yapm;
tasarlamak guzeldiR9)

(The step | liked the most) was drawing. ... Well, not because my drawing is

good, but frankly dn not very good at developing prototypedn(igood at

drawing). P10

(En -ok hokuma giden adém) -izimdi.
dejil yani ama prototip geliktirme kon
(cizimde yiyim). (P10

Four students expressed that drawing was the step they liked the least and said:

(The step | liked least) was drawing. ... | codidiraw anyway because my

drawing wasi very good. R1)

(En az bejendijim adém)mi-m zp enk ygagpzmealy doel
icin cizemezdim K1)

No, actually the drawing waérthat good. ... Even if drawing was really good,
it was still a lot of work, sometimes | thought the time | spent on itGuwaerth

it. (P3)

Yok asl éeénda -i(zhox)o dkeajdialrdida .k.ey Ya ge
bil e ujraktérmasé a-éeék-asé o kadar,
dej medijini faP3an de¢gkegnegyorum.

| think the (step) | liked the least was drawing. | didimd drawing that much

fun. ... lactually like drawing but | did@é find it that much fun, it wagngood.

(P13

En az hokuma giden (adém) galiba -izir
ejl enceli bul maméxkt ém. ... ¢izmeyi as|l
bul maméxkt éyani. Ply i dej il di

There wasd one that | liked the least, | mean | liked them all. ... If | were to

say one, it would be drawing. ... Yes, beca@senbt very good with drawing.

(P19

En az hokuma giden yoktu yani e@m®epsi ho

¢izim yapmak. ... Evet ¢unki gizimle pek aram yRk5)(
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4.1.2.3.4 Prototype

10 out of 15 students stated that the prototyping step was the step they liked the most,
and thus, prototyping emerged as the most liked step among the students. Some of
these statemengse given below:

The step I liked the most was making animations (in the prototyping phase). ...
| didn't work much with cardboard, | mean | worked with dough. (I liked it).

(P2
En -ok (hokuma giden adém) animasyon yaprt
..Kartonla -ok ujrakmadém da yarmw2 hamurl

| really enjoyed making robots and moving forward with teamw®®). (

Robot yapmak, takéem -al éxkmadéeyla il erl eme

Among the activity steps, empathy gmdtotype development (I liked it the
most). ... Prototype, that is, because it was the first time | did it in my life, it
was different and also because | like putting things together and gluing them
together. P5)

Etkinlik adémlar @ndgiaen i ke mpatei (e prokt dmtoik L
Prototip de yani hayatéemda il k defa yapt
i kte bir kKeylere birlexktiripPh)yapekt er mak

(The step | liked the most) was drawing and prototypingn.th@ other hand,
since my mother is a technology design teacher, | like to play with construction
papers and such when my mother is making something, so | also liked the
development and production proce$36)(

(En -0k hokuma gi deqgelaidietm)r me ydim v.e. .pr Bitro

annem te
eli ki kajetlareéyla falan oynamayé severin
hokumaP6égi tt i (

| think making the prototype was the most furt.p&?7)

knoloji tasaréem °jJretmeni ol duj u

Prototip yapma en &)l encel i kesmeydé benc

(The step | liked the most) was prototyping. ... So, you prepare something
yourself, you make it, you glue it, you draw it and make somethdadut).

(PY)
(En - ok hokupmao tga tdiegn yaapEmgy dé . ... Yani
Keyl er i hazérl éyor sun, yapéyorsun, yapeét

(ejl encedi yani). (
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| think (the step I liked the most), we did the prototype with the materials. Yes,
prototyping. ... | likedtia lot. (P11)

Bence key (en -ok hokuma giden adeém),
prototipleme. ... Ben ¢ok sevdirR1()

Developing a project and doing it was more fun. ... Developing a prototype
was more fun because I'm not very good at drawimg carét do much. But
since | like developing things like that more, it was more fh2)(

Bir proje geliktirmek ve yapmak daha
daha ejlenceliydi -¢nke¢g -1 zimde -ok i
Amaboylek eyl er gel i ktirmekte daha -ok s
(P12

(The step | liked the most) was making a prototype. ... So in the prototype, we
create something 3D with a lot of different materials. We do a lot of work. |
mean, | liked that.R13)

(En -ok hokuma giden adém) Prototip
mal zemel erl e bir S¢ré farkl & mal zemel e
-ékareyoruz. Kk yapéyoru®Pl3paya bir.

(The step | liked the most) waototyping. P15
(En -o0ok hokuma giden &5 m) prototinp

(The step | liked the most) was prototypiriRjL4)
(En -ok hokuma gidenPB)dém) prototip

As a result, a code stdmde section model was created to display thegyzant®

views onfiFavorite / Least favorite stepg a summary manner (see Figure 4.11).
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Prototip de yani hayatimda ilk
malzemelerle bir sUrl farkl dafa yaptigim igin defisik oldugu
malzemelerla hani boyle 3 igin bir de iste bir seylere
boyutiu bir sey ortaya cikariyoruz. birlestirip yapistirmak hosuma

I yapiyoruz baya bir. Yani o gittigi igin @ yiizden an gok

Yani prololiple biyle farkli
Bir proje geligtirmek, yapmak
daha elenceliydi. (TRANSCRIPT
(P12),91)

Gunki sonug olarak bir problem hosuma gitmisti. (TRANSCRIPT  sevdim. (TRANSCRIPT (P5
tanimlarsak ohun prototipini daha

iyi galistirohiliriz, daha iyi {P13), 589)

cbzlimier bulabiliriz.
(TRANSCRIPT (P3), 87)
Muhtemealan hani problami

En az hoguma giden, mesela yorueu ve biiyik arastirma

Bir yandan da annem teknoloji
tasarim égretmeni oldugu i¢in
annem bir sey yaparken bayle
slisi kaditlariyla falan oynamay
severim o yuzden geligtirme
yapim siiroei do hoguma gitt

{TRANSCRIPT (P6), 73}

wvideoyu izlerken not almamiz gerekliriyor. {TRANSCRIPT
gerakiyor ya hocam, sonrasinda (P10), 97)

soy yaptik, sarunu tek bir
climleyle dzetleyin diyor, orada
biraz zorlandim. {TRANSCRIPT
{P14), 83)

-_

o —
Gnemliydi, sikiimama ragmen -
Bnemliydi bence. (TRANSCRIPT Define
(P14), 87) / \

tammlamak olabilir, Ginki gok
F‘rototyp;\-\\m—

(P7), 39)

Favorite / Least favorite steps

Problemi tamimlarken strekli hani
yazi yazdi§imiz igin falan onlar
biraz daha sikiciydi
(TRANSCRIPT (P12), 97)

Yani zaten problemn ¢ok da
tanimlamaya gerek yok. Zaten
orada gey okuyorsun, goriyorsun
problsmi anliyarsun.

En az hoguma gidon problom  (TRANSGRIPT (P8), 77)
tamimlama. (TRANSCRIPT (P8)

75)

- —_—
. .
Drawmg\ Ya gergekten cizim iyi olsa hile

Evel giinki ¢izimle pek aram yok. ugraglirmas: agikeas o kadar,

(TRANSCRIPT (P15), B5)

(TRANSCRIPT (P3), 103)
En az hoguma giden galiba
cizitmdi. Hani ¢izitn yapmay! o
kadar gok eglencell bulmamigtim
(TRANSCRIPT {P13), 63)

Yoo gizmeyi aslinda seviyorum
ama o kadar da eglenceli
bulmarmigtim, iyi degildi yani
(TRANSCRIPT (P13), 67)

Projeyi yapacagimiz gizimi
tasariamak giizeldi
{TRANSCRIPT (Pg), 95)

zaten gizimim pek gizel olmadi§i
icin gizemezdim (TRANSCRIPT
(P1}, 83)

Figure4.11. Code sukc 0 d e

AFavori

section

te I/stlegassnt f avor
4.2

Groups

RQ2: What is the level of prototyping performance among student groups at the

end of the extracurricular program?

bazen ona gegirdigim stirenin ona
degmedigini falan dilglinlyorum.

Prololip yapma en eglenceli
kismiydi bence (TRANSCRIPT

Prototip geligtirmek daha
edlenceliydi ¢UNKD ¢izimde ¢okK ivi
olmadifim igin gok say
yapamiyorum. Ama hoyla geyler
geligtirmekio daha gok sevdigim
icin o daha eglenceliydi

(TRANSCRIPT (P12}, 93)

Zorlaniyorum. (TRANSCRIPT

(P7), 47)

/ (TRANSCRIPT (P1), 79)
\neatek_‘—\-\\‘\—\

Evet hayal gicimda gilginca
diigiinebildigim igin

-

Fikir tratme kismi birazcik bana
say goliyor, cunki ben bazenleri
problemlore fikir tiretmekts soy
yapyorum, iham kaynag
olmayinca bazenleri bayle beyin
cahigmiyor. (TRANSCRIPT (P7),
45)

giinkil bon gak yszmigtim
onlardan sadece bir tanesi kaldigi
i¢in ben onhu sevemedim fazla
(TRANSCRIPT {P11), 83)

mo d e |

t e

of parti

Findings onthe L evel ofPrototyping Performance Among Student

c

Secondly, the researcher sought an answer to this question with the findings obtained

from the study. In order to find an answer to this questiomphysical learning

outcomes (prototypesproduced by students were evaluated using a product

evaluation rbric. In this context, a reference rubric suitable for the purpose of the

study, whch is a valid one in the literaturevas found. This reference rubric was

adapted to suit the characteristics of the outcomes to be evaluated (see ANpendix

Details on the rubric are provided in Methodology Chapter section 3.6 Data Analysis.

Student products were evaluated separately by the researcher anétivesoo of
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the study, who is also an expert in the field of design thinking, using this adapted
rubric. The rubric consisted of four dimensions (problem definition, feasibility, user
test, teamwork), each of which included three performance levels interpreted as: (1)
low/poor, (2) moderate/average/satisfactory, and (3) high/good; when sharing the
evaludion resultsOn the other hand, hile evaluating prototypes according to this
rubric, the visuals of the studentsd cat ¢
phase and the pencil and colored drawings in the drawing strategy that they made
beforethe prototyping phase were alsonsideredThus, the consistency between
these products is also important in terms of showing the consistency in the process.
In addition, in order for the expert in the field of design to make a more accurate
evaluation, wdeo recordings and the work done by the students during the process
(internet research, problem definitions, ideas they produced, presentations they
prepared, etc.) were shared wlhikkr.

After the evaluations were completed, the researcher analyzesbthts of the two
evaluators and presented the important findings under the evaluation dimensions
headings belowlt should be noted that students worked in groups during the design
thinking process and the products produced by a total of 4 groups wératega
separatelyfiGroups created by the instruciowas chosen from the methods that
could be used to establish teams, and the instructor determined the students who
would be in the team by planning to form mixed groups in terms of gender and social
skills according to the purpose of the activity (Kaygan et al., 202tjeneral, when

we look at the evaluations based on groups, the differences are few and the
similarities are more strikingAlso, in these evaluations, it should be emphasized
that the evimations made by two different evaluators at different times and
environments yielded completely consistent results. This demonstrates the
consistency in product evaluations and is important in terms of minimizing possible
unintentional error&Examples ofcategorization of ideas workshegtslrawings (in

pencil and colored penad) and grototypes &isuals belonging to Group aare

presented belowsgeFigure 4.2). All &categorization of ideas workshe@tan also
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be viewed in Appendi©, all @drawing®in AppendixQ, and allprototypedvisuals

in AppendixR.

Figured12Ex ampl es of O&écategorization of ideas w

and coloredpeci | ) 6, and O6prototypesd visuals (Gr o

421 Problem Definition

In the problem definition dimension, both how the determined problem was defined

and the solution idea produced were evaluated witkdgubnsionsThe first sub

di mension assesses the <cl ari tregardingtthe coher enc
problem their prototypes aedto addressAccording to the results of two different

evaluators, all groups showed moderate performamcehis dimension. \Wile

students sufficientlydefined the probles) thar framing could havebeen more

precise In other words, @oss the evaluated prototypes, students achieved average

performance, characterized by a reasonable explanation of the problem with a few

minoreg r or s . For example, in the theme O6CI i mat
ofthestudyGroupld ef i ned t he problem by focusing on
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about the <climate crisiso and identified
concern. Thisexplanation was clear enough to guide their design process, but it
contained some omissions and minor inaccuracies regarding the working principle

of the robot they developed to inform people, which somewhat confused the scope

of the problemGroup 2 interested in reducing the effects of excess rainfall in the

Bl ack Se dMethoks of adngtrdctingi water retaining concrete dams in
agriculturalareas, whi ch was a valid starting poir
by addingigenerating energy by dohg water mills in areas with excessive rairdfall

which led to ambiguityln addition, Group 3, which aims to prevent human factors

that cause global warming, has become somewhat scattered while developing
designs in many different areas, from installfiigers on factory chimneys toar

parkswith solar energy panels, from recycling bins to smart home sysi¢msast

group developed water carrier drones and water storage areas to solve the drought
problem in the Central Anatolia Region, but they couldt provide clear
explanations about the operation of the systdinese minor errors did not
completely derail the projects from their purpose, but they limited the precision

required for a fully actionable problem statement.

This average performance ¢snsistent with the cognitive developmental stage of
6th grade students who are transitioning to formal operational thinking (Inhelder &
Piaget, 1958). At this age, students can conceptualize problems abstractly but may
have difficulty framing the problemwithout guidance. The them@Climate Crisi®

and the related documentary may have helped students ground their ideas in real
world observations, and the related flpnotocol papemay have guided them to
define the problem in a concise and clear senténltethe findings suggest a need

for more structured scaffolding during the empathizing and defining stages of the
Stanford d.school design thinking model. For instance, enhancing the guiding
materials with prompts | i&nd filWwhw? d sc aulfdckc
support st ud e n tirsadditipnr no Wdrremactivity \®ascondgcted
before the problem definition stage, and perhaps more time and practice would have

been given at this stage to support problem framing.
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In the secondsubdimension, which evaluates the description of the product or
servicebs f e atascordirgy toahe dothf euahoss tstudentssagain
demonstrated average performance in the solution idea they proposed to the problem,
which is marked by reasable descriptions marred by several minor mistakes.
Although all groups provided a reasonable explanation of the product features and
functions, there were missing points and a few minor errors. For example, the group
aiming to inform people about the rdate crisis designed a robot prototype that
enables the dissemination of shared information through an LED screen on it, and
explained its principles such as information sharing/updating and communication
However, this robot was also described as a garbalipcting robot, and there were

also vague explanations about where the robot gets its energyAitbough they
stated that it would generate its own energy from recyclable waste, they could not
fully explain how this process works. While this demoatsis a functional
understanding, their explanations omitted details about how it would work or the
materials needed, which led to small gaps in clarity. Similarly, the group proposing
the use of drones for irrigation in agriculture against drought i€éméral Anatolia
Region had inaccuracies in their explanations, such as the claifiatihdtought in

the region can be stopped by carrying wattris was an exaggeration reflecting a
lack of technical precisiorAnother group claimed that they couldepent human
factors that cause global warming by using renewable technologies and smart
systems, and by creating city prototypes based on the recycling approach, but this
was an overly ambitious and optimistic solution, and they had some difficulty

defining the connections between features and functions in their explanations.

These findings reflect the iterative nature of design thinking, where prototyping
allows students to externalize ideas, albeit imperfectly (Norman, 1988). The minor
errors observed ¢gh as vague technical details or exaggerated claims) suggest that
6th grade students can generate workable concepts but may need support in
translating ideas into specific, workable designs. The group work in the METU SSC
environment and the variety of teaialsfor prototypegresented likely encouraged

participation and prototyping, but the time constraints did not allow for iterative
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feedback to correct errors. This performance suggests that students performed
adequately despite the time constraints aadld have benefited more from this

process with the necessary facilitators.

In addition, in the third subdimension,the groups explained the uniqueness,
strengths, and limitations of their solutions reasonably, and there were no major
errors. But therevere still shortcomings. For example, the group, which works on

how to prevent human factors that cause global warming, emphasized the holistic
approach of completely smart cities designed with renewable energy and recycling
technologies as unique and sththatfia holistic approach where all of them can be

applied together is better than independent studies in differenbdieagever, they

did not compare this to the current application areas of existing recycling or
renewable energy technologies, ahdeti r constraint @#&ocaal ysi s
be timeconsuming and costly wi t hout providing det ai
implementation difficultiesThe group using drone technology to combat drought
claimed that their design was unique and strong becduse wa s Afitechnol
integratedo for fAeasier irrigation than
constraints, they simply said Ait costs
such as installation complexity, sustainability, and saf&typther group, which

designed dikes to prevent excessive rainfall from damaging agricultural land, failed

to adequately explain the limitations in the size of these dikes and therefore their

construction and cost.

These performance highlight the developental readiness of 6th graders for
comparative thinking, @roperty of the empathy and testing phases of design
thinking. Their ability to identify core strengths and uniqueness reflects social
learning through peer discussion (Bandura, 1977), likely ethrby the
collaborative environment of the science center. However, minor errors such as
superficial comparisons or vague constraints suggest limited exposure to market
analysis concepts that are complex for this age group. Adopting different facilitation
approaches during tteetivities (e.g., offering more Internet research opportunities)

may improve the situation and encourage students to investigate existing solutions
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using a variety of sources. In addition, although students are encouraged to be
creatve in the process and not limit their ideas, a greater emphasis on feasibility and

sustainability may support stronger and more unigue designs.

On the other handnithe evaluation in this process, not only the prototypes but also
the students' categoriman of ideas worksheet and drawings were used. In this
context, the students did not apply all of the ideas they produced to their prototypes,
but they developed prototypes that were almost suitable for all of the drawings. This
shows that students maleetfinal decision on their solution ideas at the drawing
stage and shows that the drawing strategy is effective in concretizing and clarifying
the ideasOverall, in this first dimensionthis level of performance indicates that
students have a reasonabtelerstanding in expressing the problem and the solutions
they propose, but there are also minor errors in their work, indicating that the
problem identified or the solutions created lack precision or depth for a better and
errorfree prototype. Accordindgo these findings, it can be concluded that the
developmental abilities of the 6th grade students who participated in a program based
on design thinking activities in METU SS&non-formal learning environment, are

in fact suitable for this, but requiresaaffolding approach to develop them.

4.2.2 Feasibility

The evaluation of prototypes developed by 6th grade students during design thinking
workshops at the science center revealed variable performance in the feasibility
dimension.In the feasibility dimensionin addition to the applicability of the

solutions, the functioning of the process and the future developability of the product

idea were evaluated with salimensions.

The first subdi mensi on assesses the practicality a
proposed solution for developing their product or senAaeording to the results
of two different evaluators, all groups presented a reasonable solution to the problem,

except for a few minorerrors=or exampl e, one group designed
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carrier drone systemoO designed for wuse i
droughts. Their development plans included supplying drones and building a water

tank, whichwere feasible in concept but ignored minor technical details such as the
dronesd6 water carrying capacity or the pr
anot her group proposed an fAintelligent
garbage, outimg t he robotdés working principle,
inaccuracies, such as assuming that all garbage could be easily recycled without
special equipment. These minor errors did not render the solutions useless, but

created gaps that could makeplementation difficult.

This average performance reflects the cognitive developmental stage of 6th grade
students who are beginning to grapple with abstract planning and resource allocation
(Inhelder & Piaget, 1958). The free and collaborative envierinof the science
center likely inspired ambitious ideas (Falk & Dierking, 2000), and in this study the
variety of materials presented to students was sufficient to produce the desired
prototypes, but minor errors suggest that more guidance is needkd idea
generation and prototyping stages. In the current study, the-waawtivities and
strategy of usinglow protocol papersas facilitators were effective in terms of
coherence of ideas and products, but were insufficient in terms of evaluating the
prototype from different perspectives (e.g., planning, resource allocation,
practicality, etc.). However, for example, practitioners could also provide checklists
or templates to help students consider practical constraints such as material
requirements orproduction and implementation steps, which would be more
consistent with constructivist learning principles that emphasize scaffolded
discovery (Vygotsky, 1978). Although the solutions are reasonable, addressing these

errors may increase students' abilaypropose fully practical designs.

The second sullimension evaluates the clarity and accuracy of the process from
design to production. wo of the four groups performed well on the second sub
dimensionand explained the process from idea to prototypartt and accurately,

but the other two groups performed averagely and made minor errors in explaining

the processkor example, the group designing cities using advanced technologies
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with smart systems explained this as a-&tgstep process: drawing adion of the

citydéds architectural structur e, selecting
different technologies and approaches, and developing the city by taking ideas from

other groups. Their explanations were precise and explained in detail Hosteac

built on the previous one, and there were no notable errors. Similarly, the group

aiming to reduce the impact of heavy rainfall with concrete embankments that absorb

water summarized their process: desigramgembankment, procuring watermills,

building a prototype, and planning the embankment installation. The steps of the

other two groups were clear in general terms, but there were no clear transitions

between the steps and they could not explain them with the correct terminology.

Nevertheless, itan be said that there was strong performance compared to the other
subdimensions andhis strong performance highlights the effectiveness of the
design thinking program at the science center in promoting procedural clarity, an
important aspect of the @iotyping phase of design thinking. The ability to describe

a logical sequence from concept to realization is consistent with the increasing
sequential reasoning capacity of 6th grade students (Inhelder & Piaget, 1958) and
suggests thdtow protocol papes promote flow experiences. The absence of errors

in two of the four groups suggests that students benefited from collaborative
discussions modeled from peer interactions in the activity (Bandura, 1977). This
success highlights the program's strength abéng students to transform ideas into

structured processes, a critical skill for problem solving in everyday situations.

The third subdimension examines the evidence provided to demonstrate that the
product or service will workn fact, all groups praded sufficient and high evidence

by drawing and developing prototypes that the solution idea would Wibdg.oups
presented their ideas by preparing presentations and made pencil drawings
explaining the design process in detail and colored them td dedMoreover, the

group that designed a robot that aims to inform people about the climate crisis
partially animated the process by designing a 3D animation. This-facdtied
evidence (combining a physical model with documentation) confirmed theifiéasib

of the solutionThe clarity of their evidence (pencil drawings, paintings, prototypes,
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and 3D animation) suggests that 6th grade students can be successful in externalizing

mental models when given the appropriate resources (Norman, 1988).

The sucess of this sudlimension shows that the program effectively usesitime
formal environment to encourage practical verification, which is the cornerstone of
the humarcentered approach to design thinking. It can be said that the addition of

the drawing stategy to the process has influenced the success of thtiraehbsion.

Again, in the evaluation in this process, not only prototypes but also students'
categorization of ideas worksheets and drawings were used. In this context,
according to the both evaltors,the groups clearly expressed the reasons why the
groups did not apply all of the ideas they produced to their prototypes and how they
showed this in their drawings. The process steps were followed completely and all
of them managed to reach the fine@sult. This shows that students can achieve a
meaningful and feasible result by adequately applying the steps in design thinking.

42.3 User Test

Evaluation of prototypes developed by 6th grade students during design thinking
workshops at the science center revealed a varying performance profile in the user
testing dimensionAccording to the both evaluatordudents demonstrated good
proficiency n the first subdimension, achieving high performance with clear and
concise explanations of how their product or service meets user needs. However,
their performance in the second and third-dirbensions was average, reflecting
reasonable usability, aquble user experience, and moderate feedback collection,
but limited in depth and scope. These findings illuminate the strengths and
developmental challenges of young students in the testing phase of the design
thinking process, providing critical insightor optimizing extracurricular programs

to develop usecentered design skills inreonformal learning environment.

The firstsubd i mensi on assesses studentsod abilit

services are compatible with the needs of their oiedrusers. Among the evaluated
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prototypes, students achieved a good performance characterized by clear and concise
explanations, free from major errors. For example, one group designed a smart,
technological and sensitive city prototype that aims to retiucean factors that

cause the climate crisis. In their explanations, they stated that people are not
sufficiently aware of not harming the environment and that they need to be made
aware by making them mandatory by law if necessary, and they stated Hiterthe
installed in factory chimneys by legal obligation and the recycling bins placed in
houses directly meet this need. Another group prototyped excess water storage
systems and water carrier drones and expressed the need for farmers to water for
agriaulture during dry times and stated that this system meets this need efficiently.
These explanations were precise and directly related the user needs identified during
the empathy phase carried out in the science center to the purpose of the prototype.

This strong performance on the first subscale reflects the effectiveness of the
Stanford d.school empathy phase in developing theory of mind, the ability to
understand the perspectives of others (Premack & Woodruff, 1978). For 6th grade
students who are dewgling social awareness and abstract reasoning (Inhelder &
Piaget, 1958), the liberal nature of thenformal learning environment likely
provided rich contexts for empathy and allowed users to express their needs clearly.
The absence of errors suggestat tthe structure of the extracurricular program
(including warmup activities andlow protocol paperdamplemented before the
empathy phase) successfully supported this process. The success of this subscale
highlights the potential ohonformal environmets to develop humacentered

design thinking, a cornerstone of the extracurricular program'’s goals.

In the second sullimension, which evaluates the usability or potential usability of

the product/service and user experience, students showed an avefagegoee

marked by reasonable usability and an acceptable user experience. For example, the
water carrier drone group presented a functional drone system prototype with water
tanks that farmers can easily access, but its usability was slightly comprdyiaed

small design flaw: the design of the drones made it cumbersome to carry and empty
the water, which the testers noted as inconvenient. Similarly, the prototype of the
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group that tried to protect the agricultural land from the effects of excessivalrainf
with retractable panels offered a practical solution, but the weather and temperature
balance of the land when the panels were closed was inconsistent, leading to a user
experience that was more than adequate. While both designs were promising and
could be used in the intended contexts, these small issues prevented them from

reaching the higiperformance advanced user experience feature.

This average performance is consistent with the developmental limitations of 6th

grade students who can prototypadtional solutions but may have difficulty fine

tuning details that improve usability (Goldman & Kabayadondo, 2017). The
motivational context of the owdf-school learning environment and the variety and

ample supplies and materials provided likely feaiéd prototyping, encouraging
engagement similar to Csikszentmihalyi 0:
usability flaws suggest that students need more iterative testing opportunities to
improve their designs, an important aspect of the testing phdse$teinford model.

Practitioners can enhance this «lilmension by encouraging students to
collaboratively identify and resolve minor design flaws, thereby enhancing social

learning (Bandura, 1977).

The third subdimension examines the extent to which stutd collect user or expert
feedback to improve the user experience, and groups generally achieved moderate
performance by collecting moderate feedback from a single source rather than users
and experts. All groups sought feedback from peers (other gnwbpsjcted as their

target audience and noted the comments. However, they did not consult an expert
(e.g., an engineer or architect) and missed insights into technical improvements, such
as the energy source and operating principles of robots and drangarls other

groups were lacking in user experience because they lacked technical knowledge
about the architecture of smart cities and water retaining dams. All groups were able
to collect limited user feedback from other group members in the studyaaintd

rely on informal classmate responses rather than structured responses from the actual
target user s. This is not a direct I ndi c
peers were the only source of feedback in the context of the study and tleey wer
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unable to collect feedback from different sources and experts due to time constraints.
Therefore, this moderate effort is not due to the studéatk of performance but
rather to the time constraints and hence structural deficiency of the extraaurricul
program. It is normal in this context that they fell short of the abundantsdusete
feedback required for high performance, and on the contrary, the fact that they did
not underperform shows that the process was working properly within the

opportunties provided.

This performance partly reflects the performance of 6th grade students who are
capable of seeking feedback but who are unable to prioritize diverse perspectives
when appropriate. Theon-formal environment of the science center likielgtered

a sense of relatedness that motivated feedback gathering by encouraging peer
interactions (Deci & Ryan, 2000). However, it suggests that time needs to be
allocated within the program for approaches such as planned expert consultations,
focusing orusers or experts during the testing phase. This would be consistent with
Normarts (1988) emphasis on iterative design, where multiple feedback loops
improve usability. Developing this submension could include integrating science
center resources such guest scientists or community volunteers to expand students'

feedback networks and reinforce the hursantered spirit of design thinking.

424 Teamwork

According to the both evaluatorsjauation of prototypes developed by 6th grade
students during designhibking workshops at the science center revealed
consistently high performance in the teamwork dimension, with all four groups
achieving good performance in the first and seconddsmensions, demonstrating
adequate collaboration and wdkfined responbilities. In the third sutdlimension,
project planning and management, three of the four groups also achieved high
performance, demonstrating effective planning, while one group demonstrated
average performance with acceptable but less robust planninge Timelings

highlight the strengths of 6th grade students in fostering collaborative dynamics in a
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nonformal learning environment, underscore the role of the science center in
supporting teamwork, and identify areas for targeted improvement to ensure
uniformly high performance across all groups, providing valuable insights for

improving the extracurricular program.

The first subdimension assesses the extent of collaboration among team members

during the design thinking process. All four groups achievemt ggzerformance,
demonstrating sufficient collaboration that facilitated the development of their
prototypes. For exampl e, Group 1, whi ch
demonstrated smooth collaboration as members actively shared ideas during
brainstoming sessions, divided tasks equally during prototyping of a robot with two

different functions (information and recycling), and supported each other in testing

the robotés operating principle. -Simila
retaining concretd ams 06 ai med at reducing the effec
Black Sea region, demonstrated strong collaboration during science center
workshops by collectively improving prototype designs based on peer feedback and
ensuring that all voices werehdar Gr oups 3 and 4, focusing
Awat er carrier drones, 0 respectively, a
members coordinating tasks such as drawing, building, and presenting without
apparent conflicts.

This high performance alignsitl the psychological principles of social learning
theory, where students |l earn through ob
(Bandur a, 197 7). nohforenal settingewitle ks catlabaorativer 6 s
maker spaces, likely fostered a sense of edlass, enhancing motivation for
teamwork (Deci & Ryan, 2000). For 6th graders, who are developing social
competence and group identity (Vygotsky, 1978), this environment supported the
empathize and ideate stages of the Stanford d.school model, whebereditan is

critical for integrating diverse perspectiv&soldman et al., 2014)'he absence of

coll aboration deficits s o gnyaved warmumh at t he
activities,flow protocol paperand implementer (researcher) guidaheadfectively

cultivated a cooperative ethos, a key strength of the-extracular design.
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The second sublimension assesses how clearly the responsibilities of team
members were defined during the project. All four groups achieved high
performance with weltlefined roles that ensured efficient task allocation and project
progress. For example, in Group 1, one student led the research on how to inform
people about the climate crisis, another focused on designing an animation on this
topic, and the third and fourtiroup members took the lead in selecting the right
materials for the prototypes and developing a proper prototype with manual
dexterity. The process was managed by clearly defining the roles during the planning
sessions. Group 2 assigned specific taské | designing the water retaining
concrete dam and the panel installed on the agricultural land, selecting appropriate
materials for the prototype, and making a presentation, in a way that each member
understood their contribution. In Group 3, the taslcariducting research on the
problem was assigned to one person, while another was involved in preparing and
presenting the presentation, while the group member who was good at drawing did
the drawing, and they jointly carried out the prototyping and gestages. Similarly,
Group 4 assigned one person to draw, and during the development phase of the
prototype, they planned and determined the roles for certain people to develop

certain parts. All groups provided clarity and accountability throughout tegs.

This strong performance reflects the developmental readiness of 6th grade students
for structured collaboration, especially when supported by clear expectations
(Inhelder & Piaget, 1958). The hards, interactive environment of the science
center may have facilitated role clarity by providing concrete tasks (e.g., prototyping)
that anchored abstract planning in concrete actions-tfééhed responsibilities are
consistent with the prototyping phase of design thinking, where division of task
increases efficiency (Goldman & Kabayadondo, 2017). The success of the program
in this subdimension suggests that tools such as the strategy for forming groups,
determining brainstorming and idegporting rules, emphasizing points to be
considered in up work, and implementer (researcher) checks were effective and
fostered a sense of competence and autonomy that motivated students to fulfill their
roles (Deci & Ryan, 2000).
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The third subkdimension examines the effectiveness of project planning and
maragement, with three groups achieving effective planning and one group
achieving acceptable planning. Groups 1, 3, and 4 demonstrated high performance,
demonstrating meticulous planning and management that facilitated the design
thinking process. These tlergroups made regular checks to adjust tasks as needed,
created plans for selecting materials for their prototypes, and ensured that deadlines
were met without delayn contrast, Group 2, working on wateataining concrete
dams, achieved average perfono@ with acceptable but less effective planning.
Their plan included the basic milestones: design the concrete dam, design the
retractable panel, build the prototype, and test it; however, it lacked specificity in
task sequencing and resource allocatiar.éxample, they underestimated the time
required for prototyping, which led to some parts being added hastily, and they failed
to assign a clear leader to coordinate revisions during the testing phase, which led to
minor inefficiencies. Although their pjects were completed successfully, these

gaps prevented the flawless execution seen in the other groups.

The dominant high performance on this slilmensionhighlights the role of the
science center in encouraging structured creativity, where acces®lsoatud
materials likely supported effective planning (Bevan et al.5R0lhe success of the
high-performing groups reflects their ability to engage in convergent thinking,
synthesizing tasks into a coherent plan (Guilford, 1967), while the moderate
performance of Group 2 suggests difficulties in anticipating complexities, a common
developmental limitation for 6th graders (Inhelder & Piaget, 1958). The flexibility
of thenon-formal setting allowed all groups to complete their prototypes, but Group

2's aceptable planning suggests the need for more mentoring to upgrade their skills.
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4.3  Findings on theFostering andChallenging StrategiesUsed During the

I mplementation of DesignThinking -basedExtra-curricular Program

RQ3: What are the fostering and challengyn strategiesused during the
implementation of design thinkingbased extrecurricular program for 6th graders

in science and society centers?

Finally, the researcher sought an answer to this question with the findings obtained
from the study. In order to find the answer to this question, the views of two different
observers in the study were sought. In this context, one of the observers was the
researcher himself, while the other was a different person who was a teacher by
profession. In this study, a-@bserver was included in order not to miss details, to
make detailed observations, and to get help duringmpé&ementatiorto advance

the proess more accurately and completely. Thisobeerver was selected as a
teacher who could communicate with students, especially in the context of education,
and who knew pedagogical approaches due to his profession. In addition to the
observation notes takeby the researcher and the-auserver throughout the
process, individual interviews were conducted with them at the end of the process
and the following 3 questions were asked to find a focused answer to this research
guestion:1) What strategies did yoobserve that fostered the students' progress
throughout the process? 2) What strategies/points did you observe that the students
had challenging with throughout the process? 3) Are there any other strategies that
you think would be beneficial besides th@rategies implemented®hile two
observers were answering these questions, audio recordings were made and then the
audio recordings were transcribed and content analysis was performed. Observers
gave grougbased or studetiitased answers to the questiofise important findings
obtained as a result of the analysis are presented under the following headings. In
addition, the points emphasized by the two different observers in these interviews
gave completely consistent results. This shows the consistengyroicess

evaluations and is important in terms of minimizing possible unintentional errors.
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4.3.1 Fostering Strategies

The content anal ysi solosfertvheer drse soebasrecrhveartdis
interviews revealed several strategies that significantlyfostel 6t h gr ader s o
in the design thinkingpased extr&urricular program. These strategies, rooted in the
programos i mpl ement ed approaches, fac
collaboration, and skill development, aligning with the Stanford d.salnanld e | 6 s

five stages (Empathize, Define, Ideate, Prototype, Test). The consistency between

the two observersd accounts underscores t
the science center 6s rddvene hamdson leamiggat i n g
environment (Falk & Dierking, 2000).

4.3.1.1 Warm-up Activities

According to the observers (researcher aneblzserver teacher), the watump

activities conducted before tligmpathze andldeate stages of the design thinking

process were effective in encouraging the creative-cegifidence, empathy
experience, limitles thinking, and openness of 6th grade students and created a
strong foundation for generating innovative solutions to the climate crisis.
Strategically implemented in theonformal learning environment of the science

center, these activities included enipafocused exercisésfiConvey Your

Feel jinGrsooup Dance with ,&n catiClimateCrisssogr aph
G a me hefore the Empathy stage and creatiagused exercisésii Cr azy St or y
CreatiniWwhnadt Am | ? 0 @& betbre ih@ ldeatiOn stagel. @bsedvers

noted that these activities created a dynamic, fun, and inclusive atmosphere, allowing
students to wercome their initial hesitations, develop collaboration skills, and
generate bold, useentered ideas for prototypes such as a waeying drone,

smart cities, and a recycling robot. The activities were consistent with
Csikszentmihalyds (1990) theoryf flow, in which engaging tasks match studénts

skill levels, sustain motivation, and encourage creative immersion, a critical
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precursor to the humasentered design process of the Stanford d. school model. The
fun atmosphere of the science center endaricis effect, making abstract thinking
accessible to 6th grade students as they moved into the formal operational stages
(Inhelder & Piaget, 1958). Observers noted, in particular, that three-warm
activities designed to prepare students for the empstilyy allowed students to
engage with the emotional and social dimensions of htreatered design. On the

other hand, exercises such asitb@ Circle® in which students transformed circles

into objects, encouraged divergent thinking, a key componeiateaf generation
(Guilford, 1967).

4.3.1.1.1 Empathy-Focused WarmUp Activities (Before Empathize Stagé

Designed to enhance studentso under standi
expressions, the AConvey Your Feelingso act
row and gently communicating an emotion (e.g., joy, disappointment) to the person

in front using only facial cues. Each student interpreted and conveyed the emotion,

encouraging sensitivity to nonverbal communication. Observers reported that this
activitysharpead st udentsdé ability to recognize emo
Empathy phase. For example, students who practiced identifying frustration later

empathized with farmers facing water scarcity, developed designs for water carrier

drones and rainwet storage systems, and contributed to their high performance in

expressing user needs (Prototype Evaluation Ru@®ER) User Test, Sub

Dimension 1). This fostered theory of mind (Premack & Woodruff, 1978), which

was developmentally important for 6th dess as they transitioned to formal

operational thinking (Inhelder & Piaget, 1958). The science center's open,

collaborative spaces reduced performance anxiety and fostered authentic emotional

expression (Falk & Dierking, 2000).

The iiGroup Dance with Groughoreographg activity required students to create
and perform a short dance routine that encouraged teamwork and emotional

synchrony. Groups brainstormed moves, negotiated roles (e.g., leader, follower), and
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presented their choreography to their peelsddvers noted that this built trust and
rapport, opened up shy students, and prepared students for collaborative idea
generation. For example, one group that resolved role conflicts during the dance later
succeeded in delineating responsibilities fordlesign of a humamformed robot

and demonstrated high performance in teamwBER Teamwork, Sugimension

2). This warmup activity used social learning theory (Bandura, 1977) and supported
the relationship that is an important motivation in-sieffermination theory (Deci &

Ryan, 2000). The dynamic environment of the science center lends itself to flow
situations that are conducive to space for movement, enhanced interaction, and

creative risktaking (Csikszentmihalyi, 1990).

Arolepl ay s ceBathGlo ,mattlee Citr i si s Game, 0 requi
hands in a circle, with one student standing inside the circle as the world and one
student outside the circle as the climate crisis. In order for the climate crisis not to

enter the circle and harm thrld, the students in the circle had to empathize with

the roles of the world and the climate crisis and act accordingly to protect the world

from the climate crisis. Observers noted that this deepened the persgeddtige

necessary for humarenterediesign. Students who empathized with the role of the

world empathized with vulnerable community members and farmers affected by the
climate crisis and developed prototypes such as robot designs to raise awareness, set
designs to protect against excessigefall, and watecarrying drones for arid

regi ons. This activity supported the Emg
experiencesCarroll et al., 2010Koh et al., 2018). Additionally, the immersive
environment of the science center made this iéigtimore engaging.

4.3.1.1.2 Creativity -Focused WarmUp Activities (Before Ideate Stage)

The fiCrazy Story Creationo activity, con
students creating fantastical stories in a group setting by adding one sentence each.
Each student built on the previous sentence to the story that the researcher wildly

initiated, resulting in unpredictable, creative narratives. Observers noted that this
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activity stimulated divergent thinking and encouraged students to embrace
unconventional ideas without fear of judgment. For example, students who created

a storyngbadtvemftwumes of animals on a boat v:
variety of prototypes reflecting the creative freedom encouraged by the exercise.

This activity was consistent with Guilfordo
which is critical for thddeation phase, and created a psychologically safe space that

increased intrinsic motivation (Deci & Ryan, 2000). The collaborative atmosphere

of the science center, where students could laugh and have fun and practice freely,

increased the impact of thactivity, preparing them to confidently brainstorm

solutions for the climate crisis.

The AWhat Am | ?06 activity invited students
with a fantastical or partially plausible feature, and share it with the group. For

exanpl e, a student holding a water bottle mig
plastic into clean water, o0 connecting their
reported that this exercise encouraged students to think beyond traditional uses and

devebped innovative problem ol vi ng skills. A student who d
t hat writes invisible magic wordso then ¢
functionality PER Feasibility, Subdimension 3) by prototyping an informative and

recycling smart robt with her groupmates. This activity supported cognitive

flexibility, a characteristic of creativity (Guilford, 1967), and took advantage of the

handson environment of the science center where physical objects (prototype

materials) provide inspiration &k & Dierking, 2000). It also aligned with the

emphasis of the Ideation phase on generating boldceseéered ideas.

The A20 Circleso activity required student s
into a quick sketch of each different object withised time limit. For example, a

circle could be a sun, a frying pan, a basketball, an emaoiji, or a futuristic dtjesct.

activity was adapted from the 30 Circles Exercise (Kelley, 2018, Oct@izs@rvers

noted that some students were even more creatrebining multiple circles to

create a shape. Observers also noted that thipdastl exercise increased students'

idea generation fluency and encouraged rapid iteration and creativiakiisy.
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Students who produced the most different drawings irstiogtest amount of time

in this activity later developed creative prototypes that reflected the activity's role in
generating ideas. Drawing on design thinking practices (e.g., Stanford's d.school
warmupgtools), this exercise encouraged divergent thigkand was consistent
with 6th grader@developmental capacity for rapid, creative responses (Inhelder &
Piaget, 1958)On the other hand, it can be said that this activity actually provided
some kind of preparation for the drawing step.

4.3.1.2 Flow Protocol Papers

The use oflow protocol paperspartially based on the sample worksheets approach

in the DENEYAP Technology Workshops Design and Production Middle School
textbook (Kaygan et al., 2021), was an important strategy that supported 6th grade

St udentssidthedesgg thiekingased extracurricular program, especially

during the first three stages of the Stanford d.school design thinking process:
Empathizing, Defining, and Ideating. According to observers, these materials,
including empathy notes takeahroughout the documentary, problem statement
templates, and ideation worksheets, provided structured support for navigating the
complex, humaitentered design process. For example, they provided a framework

with explanations and examples on how to wrhe problem statement. They
contributed to student sdmemsswrsoféhg Rroblerar f or m
Definition dimension, as evidenced by reasonddedefective problem
descriptions, feature descriptions, and uniqueness of the sol(Riatotype

Evaluation RubrilPER. Thi s scaffolding is consisten
of proximal development and allows students to move beyond their independent
abilities; this is a critical factor in the success of the science center (Bevan et al.,

2015) However, observers noted that students were less committed to these
materials during the Prototyping and Testing phases, instead continuing the process

on their own after a certain point, which may have contributed to less of their average
performance irusability and feedback gathering€R User Teg Subdimesiors 2

163



and 3). Observers indicated that efforts were needed to strilotuigrotocol papers

more appropriately in these two phases. This mixed result highlights both the
strengths and weaknessedloW protocol papersproviding insights into their role

in supporting young students imanformal science center settinig is presented
under he heading of fostering strategies because it was effective in 3 out of 5 steps,
more than half of them, but it should not be misunderstood that it is fully effective

in every step.

Considering e goodpoints of theflow protocol papergheyare the matgals were
especiallyeffective in the Empathize and Identify stages, where 6th grade students
transition to formal operational thinking (Inhelder & Piaget, 1958) and encounter
abstract tasks such as understanding user needs or synthesizing data. Atzording
observers, empathy notes and problem statement templates broke these tasks down
into manageable steps and encouraged high performance in expressing user needs
(PER User Test, Subimension 1). For example, a group designing weéerying
dronestoolaccur ate empathy notes to i dentify far:
which directly informed their design. Similarly, the materials used in the Ideate stage
helped students organize ideas systematically and contributed to evidence of good
functionality (PER Feasbility, Sub-dimension 3). Observers noted that students
used these tools to prioritize sustainable solutions such as smart cities, which is
consistent with Guilford's (1967) convergent thinking. They argued that the
collaborative environmentfdhe science center reinforced this by providing space

to discuss and develop ideas. Observers reported that these tools reduced cognitive
overload and allowed students to participate with confidence, as seen in the high
collaboration PER Teamwork, Sulimension 1). This is consistent with
constructivist learning, where structured guidance facilitates knowledge construction
(Vygotsky, 1978).

Considering the downsides tibw protocol papersobservers noted that students
rarely followedflow protocol papersiuring the Prototyping and Testing phases,
which may have caused to their average performance in usability (PER, User
Testing, Suldimension 2) and feedback gathering (PER, User Testudp

164



dimension 3). For example, prototyping worksheets that shared general guidelines
for prototyping and lists of materials provided were often ignored as students
explored the materials already available in the science center. The focus of the
materials a the Empathize, Define, and Ideate phases created a disconnect in the
later phases, where students needed guidance for iterative testing and refinement,
which is key to the nonlinear process of the Stanford model. Observers reported that
the lack of spetii ¢ prototyping templ ates, I n
construction guides, forced students to engage in trial and error, and the limited
feedback on prototypes from peers rather than experts due to time and resource

constraints made worse the sitoat

4.3.1.3 Drawing and Painting Before Prototype Stage

According to observers, the drawing strategy, in which students drew and painted
their ideas before prototyping, encouraged the concretization of abstract concepts.
Observers stated that this strategy hektedents clarify details such as the plan of
smart cities, the working principle of drones, and the location of water retaining
dams, and led to high performance in defining the processes from design to
production (PET, Feasibility, Sudimension 2)Obseavers stated that the painting
strategy was not as effective or necessary as drawing and thought that the decision
to implement it could be made depending on ti@lservers also emphasized that
students did not use all of the ideas they produced andeskfec prototyping in the

Ideate stage, but reviewed them again in the drawing stage, made additions,
removals, and changes, and prototyped the entire design they made in the drawing
in detail. This emerges as an important strategy, as it shows thattstotified

their ideas in the drawing stage and reached more definite conclusions for the
prototype. Without this stage, confusion and disagreements may have occurred
during the prototyping stage, or it may have been interpreted that students could not
prototype what they produced as a solution idea or could have prototyped
incompletely. By externalizing mental models (Norman, 1988), drawing bridges the
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Ideate and Prototype stages, improving studeatigity to visually communicate
ideas, a skill partidarly suited to the developmental stage of 6th grade students
(Inhelder & Piaget, 1958).

4.3.1.4 Group Games

According to two observers, group games, designed to encourage motivation,
collaboration, and communication, were pivotal in fostering teamwork, as eeitlen

by all groups achieving high performance in collaboration and role definition (PET,

Teamwork, Sullimensions 1 and 2). Ref#aying user scenarios and game rules

challenges created a sense of relatedness, increasing intrinsic motivation (Deci &

Ryan, D00).0bservers claimed that games allowed students to relax, broaden their

horizons, and become more relaxed and therefore more creative in the process.

Observers highlighted how these activities strengthened group dynamressed
collaborationgnabing students to equitably share tasks, such as building or testing

prototypes, in a supportive science center environment (Falk & Dierking, 2000).

Also, according to observers, the relaxing nature of the group games was particularly

effective in reducing @rformance anxiety and allowed students to approach complex

tasks with greater openness and creativity. Observers reported that such games

all owed st udent s-constmiouBness and geated apdycholdgieallyr s el f
safe space in which they coutatperiment with bold ideas such as watarrying

drones. The playful nature of the games al s
concept of flow, where students enter into an optimal state of engagement that

balances challenge and skill, evident in theeamless collaboration during
prototyping sessions in the science centero
also consistent with social learning theory (Bandura, 1977) in that students modeled

cooperative behavior and reinforced group dynamics throoigservation and

i mitation. I n particul ar, the science <cent
spaces for physical and social activities was critical to the success of the games.

Unlike formal classrooms, this environment allowed students to movg,flaegh,
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and engage physically, and observers noted that it broadened their horizons by
exposing them to a variety of social interactions and creative possibilities (Falk &
Dierking, 2000).

However, observersdé6 emphasi dial bmtatione|l ax at i
while games encouraged creativity, they may have at times shifted focus from
structured tasks, requiring instructors to direct students toward design thinking goals.

This balance was effectively managed in this study, as evidenced bgteahand

high teamwork outcomes, but it highlights the need for clear transitions from play to

work. Overall, it fostered a relaxed, collaborative, and creative mindset that
empowered students to address complex climate crisis challenges and contibuted t
studentsd6 high per f oentaradadesign.n t eamwor k al

4.3.1.5 Internet Research DuringDefine Stage

Internet research during tiXefine phase empowered students to contextualize the
climate crisis and develop informed problem statements. Observers noted that
students accessed sources such as climate data or agricultural fields from government
agencies such as the Ministry of Environméusthanization, and Climate Change

and the Ministry of Agriculture and Forestry, and that these informed student
prototypes. This strategy contributed to their average performance in problem
definition (PET, Problem Definition, Subimension 1) despite minagrrors by
grounding ideasinrealor | d data. The science centerod
research, consistent with constructivist learning in which students actively construct
knowledge (Vygotsky, 1978). According to observers, more qualityitsesould

have been obtained if more time had been given. It can be said that this digital access
strategy enabled students to concretize the problem definition with real data, and thus
to show average, rather than low, performance in the definitionvatégh included

complex cognitive tasks.
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4.3.1.6 Categorization of Ideas

Categorizing ideas according to criteria such as feasibility, sustainability,
affordability, technology, and social utility encouraged critical thinking during the
Ideate phase. Observers rdgpd that this structured approach helped students
prioritize feasible and effective solutions and contributed to evidence of high
functionality (Feasibility, Sulalimension 3). This strategy encouraged convergent
thinking (Guilford, 1967), allowing studento systematically develop ideas; this
skill was enhanced by the collaborative environment of the science center.

4.3.1.7 Group Presentations

Preparing and presenting group presentations to explain their ideas and rationales
fostered communication skills and owslaip. Observers noted that presentations
such as the informational and recycling robot clarified studesdsoning and were
consistent with the expression of a high user need (PET, User Test, Subscale 1). This
strategy reinforced Banduima (1977) socialearning because students modeled

effective communication.

4.3.1.8 Structured Brainstorming Rules

Brainstorming with rules to ensure all voices were heard without judgment
encouraged inclusive idea generation. Observers noted that this approach
empowered quietestudents, gave everyone experience in how and with what
considerations to share their ideas, and contributed to increased collaboration (PET,
Teamwork, Suldimension 1). By creating a safe space for sharing ideas, the science
center supported psychologicafety, a key driver of team creativity (Deci & Ryan,
2000).
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4.3.1.9 Wide Range of Prototyping Materials

Offering a wide variety of materials during prototyping encouraged creativity and
experimentation, which led to high evidence of functionality (PET, Applitabi
SubDimension 3). Observers noted that the variety of materials allowed students to
build functional prototypes, from drones to robots, water retainers to smart cities,
and increased engagement during the Prototyping phase (Sheridan et al., 2814). Th
handson approach was consistent with flow experiences and maintained student
motivation (Csikszentmihalyi, 1990). According to observers, no group experienced
difficulty in developing prototypes in terms of materials, and the variety was

sufficient.

4.3.2 Challenging Strategies

Despite the prograéa successes, observers identified several strategies that
presented challenges for 6th grade students, often due to developmental constraints,
implementation limitations, or contextual factors. Thebkallenges contributed to

the average performance of observed students on the Prototype Evaluation Rubric
and highlighted areas for program improvement.

4.3.2.1 Internet Research Overload

While Internet search during the definition phase feaseing, it also chbkenged
students because of information overload. Observers noted that some students had
difficulty filtering relevant data, which led to minor errors in their problem
statements (PET, Problem Definition, SDimension 1, Level 2). For example, a
group inwestigating drought management in agriculture included irrelevant statistics,
which weakened their focus. This reflects the limited information literacy skills of
6th graders, a developmental difficulty with formal operational thinking (Inhelder &
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Piaget, 858). According to observers, structured search guides can alleviate this

problem.

4.3.2.2 Categorization Complexity

Categorizing ideas based on multiple criteria (e.g., sustainability, affordability) was
challenging for some groups, contributing to average peegoce in explaining
solution uniqueness (PET, Problem Definition, $lilnension 3). Observers
reported that students found it difficult to balance criteria like technological
feasibility and social benefit, resulting in superficial analyses. This comptaxid

their abstract reasoning, suggesting a need for simplified frameworks.

4.3.2.3 Limited Feedback Sources in Test Stage

The strategy of pairing groups for mutual feedback during the testing phase, while
encouraging peer learning, was challenging due taaitsap negativity and lack of
expert or audience input. This contributed to the average performance in collecting
feedback (PET, User Testing, Sdimension 3). Observers noted that peer feedback
on designs such as water carrier drones and recycling reastoften vague or
overly positive, missing critical insights that experts (e.g., engineers) could provide.
Similarly, peer feedback on designs for water retaining concrete dams and smart city
designs was limited and lacked the benefit of expert (echjtact) opinion. This
limitation hindered iterative improvement, a key goal of the testing phase (Norman,
1988). According to observers, incorporating expert consultations or user testing

with the target groupould address this issue.

4.3.2.4 Documentary Video in Empathze Stage

Using a documentary video during the Empathize stage, whiledtificgent, lacked
the depth of facéo-face communication, posing a challenge. Observers reported that
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while the video on the climate crisis engaged gsitg]eit limited their ability to
conduct empathy interviews, potentially contributing to minor errors in problem
articulation PET, Problem Definition, Swlaimension 1, Level 2). Direct user
interactions, as emphasized by the Stanford model, would enévape¢hybuilding

(Koh et al., 2018).

4.3.3 Additional Suggested Strategies

The observers proposed several strategies to enhance the program, addressing
challenges and building on successes:

- Guided Research Frameworks: To counter information overloadjde
curated resources or search templates during the Define Thagatrategy
would reduce cognitive overload for 6th graders, who are developing
information literacy skills (Inhelder & Piaget, 1958), and align with
constructivist learning by scaffting knowledge construction (Vygotsky,

1978). By streamlining research, students could produce more precise
problem statements, potentially elevating Problem Definition to high level,
as seen in their clear user need articulation (PET, User TestliiBatsion

1, Level 3).

- Simplified Idea Categorization Frameworkshese could involve visual
matrices with fewer criteria (e.g., 0
color-coded prioritization tools to make evaluation intuitiVéis approach
would alignwi t h 6th grader séb cognitive de
reasoning is emerging (Inhelder & Piaget, 1958), and support convergent
thinking in the Ideate stage (Guilford, 1967), potentially elevating Problem
Definition outcomes.

- Expert and User Involvementtncorporate science center experts or
community stakeholders in the Test stage to diversify feedBdik.aligns
with Normanos (1988) -eemprédatessting andn it e

supports the Stanford model 6s aesting
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foster realworld connections, boosting motivation and engagement in the
science centerds contextual environment
Empathy Interviews: Replace or supplement the documentary withdace

face or virtual user interviews to deepen athy. This strategy would

deepen studentsdé empathy, a core compone
al., 201%), and enhance their ability to articulate precise problem statements.

The science centerdés community ties cou
suypporting theory of mind development (Premack & Woodruff, 1978) and

potentially elevating Problem Definition performance to high level.

Usability Testing Protocols: Introduce structured usability testing sessions to

help students identify and fix designils. These could include checklists
prompting students to test specific feat:
for al | user s?0) and peer observation f
during testing sessions. This strategy would support iteratiieeneént,

aligning with t helinedrtpeooetspand addnessi &l 6 s non
graderso6 devel opment al gap in systematic
Peer Mentoring Across Groups: Observers proposed a peer mentoring system

where groups with strengtivs specific areas (e.g., effective planning, Level

3 in PET, Teamwork, Suldlimension 3) mentor otherghis strategy would

leverage social learning theory, as students model successful behaviors
(Bandur a, 1977), and enhanwethos,he scienc
promoting relatedness and motivation (Deci & Ryan, 2000). It could also

improve feedback collection (PET, User Test, Subension 3) by

encouraging constructive critique, moving toward high performance.

Creative WarmUp Activities in All Stages: Building on the success of warm

up activities, observers recommended rotating creative warmactivities

across all stages, not just Empathize and Ideate, to sustain credtivgy.

would maintain flow states (Csikszentmihalyi, 1990) and suppoeergent

thinking (Guil ford, 1967) , |l everaging
environment to keep students engaged (Falk & Dierking, 2000).
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- Community Showcase Event§o enhance motivation and reabrld
impact, observers suggested hosting community sh@wveasnts where
students present prototypes to families, local leaders, or environmental
organizations. This would contextualize their work, reinforcing the climate
crisisbébs relevance and encBHEIfUsegi ng de
Test, Subdimension 3). Such events would boost intrinsic motivation
through public recognition (Deci & Ryan, 2000) and align with the science
cent er 0 s -ogentedmussion (Falk & Dierking, 2000), potentially

elevating engagement and performance across dimensions.

4.4  Summary of Findings

The study investigated the implementation of a design thinkiaged extra

curricular program for 6th grade studentsatietyand science centers, focusing on
students6 experiences, prototypinging perf or
strategies used. The findings provide valuable insights into how middle school
students engage with DT processes and the rolerefiormal learning environments

in promoting 21st century skills.

Sixth grade students reported highly positive expegsnwith design thinking
activities, describing them as engaging, collaborative, and enjoyable. They valued
the opportunity to address reabrld societal and scientific challenges, which
contributed to their sense of initiative and social responsib8itydents particularly
appreciated the empathic, creative, and protebgsed aspects of design thinking,
and indicated that creatively thinking about solutions and developing products for
solutions while empathizing with users helped them develop empatiypwork,

and prototyping skills. Qualitative data revealed that students perceived
improvements in their creativity, teamwork, and confidence in tackling complex
problems. However, some students initially found the ageted nature of design
thinking dhallenging, and structured guidance was needed to effectively navigate

uncertainty.
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Student group prototyping performance varied, with most groups demonstrating
moderate to high proficiency by the end of the program. Demonstrating strong
collaboration andeffective communication, groups produced functional, -user
centered, and solutieiocused prototypes that reflected a clear understanding of the
DT process. Challenges included time management, intragroup conflict, level of
readiness (lack of prior knowledp and difficulty incorporating feedback into
prototype revisions (seeking expert advice). Findings suggest that explicit instruction
in prototyping techniques and iterative improvement was critical to improving 6th

grade studentsodé gp.erformance at this sta

Practitioners used a range of strategies to support student engagement in the DT
process. Some wefesteing, while others were challengingosteringstrategies
included generating ideas through brainstorming prompts, providing examples of
successfuprototypes, and creating a supportive environment that encouraged risk
taking and divergent thinking. Challenging strategies were fourniémetresearch
overload, categorizationcomplexity, limited feedbacksources intest stage, and
documentaryvideo in empathizestage. Observations and researcher interviews
indicated that developing and enrichirfgsteing strategies and eliminating
challenging strategies with appropriate interventions could be effective in sustaining
student motivatn and encouraging deep learning. Challenging strategies
occasionally led to demotivation, partial failure, and some lack ofcealidence
among student s, highlighting the i mportanc:

developmental needs.

Overall, the indings highlight the potential of design thinkingsed extraurricular
programs in science centers to promote creativity, collaboration, and problem
solving skills among 6th grade students. The study emphasizes the importance of
specially designed fadiation strategies, warmap activities, and structured support

for prototyping to maximize learning outcomes. These insights contribute to the
design of effectivenonformal learning programs and provide a foundation for

further research on design thinkimgmiddle school education.
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CHAPTER 5

DISCUSSION AND CONCLUSION

In this chapter, a discussion of the main research results in relation to the literature
is presented to provide a better understanding of design thinkingriformal
learning, and the conclusion of this study is explained with implications for

practitioner, followed by recommendations for future research

5.1  Opinions of Students onT heir Experiences and Learning Outcomes

Design thinking is a humacenterediterativeproblemsolving approach used in a
wide variety of sectors (businessanagementarchitecture, engineering, health,
community, education etc.) (Brown, & Katz, 2011; Dym et al., 200&8ssi &
Laakso, 2011Kimbell, 2011, Liedtka, 2018; Watson, 2015) antudies in the
education context, which is one of these areas, address how students experience the
design thinking process from various perspectives (Beckman & Barry, 2007; Bevan
et al., 2015; Carroll, 2054 Carroll et al., 2010; Cross, 2011; Diefenthaderal.,

2017; Dorst, 2011; Goldman et al., 2016; Goldman & Kabayadondo, 2017;
Goldschmidt, 2014; Henriksen et al., 2017; Kijietaal, 2021; Koh et al., 2018,

2015h Kwek, 2011; Melleset al.,2012; Noweski et al., 2012; Scheer et al., 2012;
Svihla et &, 2023;Wrigley & Straker, 20%). However, despite the studies in formal
learning environmentsyesearch on design thinking inonformal learning
environmentss still limited and it is obvious thatonformal learning environments

are verysuitable for the implementation of this approach due to their interactive,
autonomy and collaborative naturBalk & Dierking, 2000 and that an extra
curricular program to be prepared for this purpose is important. For this reason, the
study aimed to re\a the thoughts of middle school students on how they experience

this process by implementing an extwaricular program based on design thinking
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in science centers, which anenformal learning environments. According to the
findings, the experiences ah emerged were grouped under two main themes:
cognitive aspects and affective aspects. The findings of the specified themes and
subcategories are discussed in the following sections

5.1.1 Cognitive Aspects

The results revealed two main categories for cogniéispects: learning awareness

and comparison with school.

Learning awarenesg:his first category was further divided into three subcategories:
content, DBT, and past experieng¢henDBT used as a teaching method, stud&nts
views on their experiences iigdte that learning about tikententoccurs during the
design thinking process (Carroll et al., 2010). The current study results highlight the
views that students' learning awareness about the selected subject (climate crisis)
increased. The importancedasdsign thinking in the educational context is that it is a
tool for content learning objectives (Panke, 2019). The inclusion of the design
thinking approach broadens and enriches the learning for a new educational
perspective (Koh et al., 2015), thus, thesign thinking process can support gaining
learning awareness about the subject. The findings also revealed that students
became aware of tH2BT (steps/principles of it) during the implementation process
(Carroll et al., 2010); because experiencing thiscess already provides the
opportunity to practice the steps, studémtews that they have gained experience
about these steps are also in line with the nature of the process. Stuevdson

their experiences indicate that students gain knowlathgeit the design thinking
steps/principles (Carroll et al., 2010). In other words, according to the findings, there
is a progression about DBT skills in the design thinking process and the current study
results highlight the views that studénsarning awareness about DBT steps and
principles (good design processes) increased (Razzouk & Shute, 2012). In fact,
students in this study gained awareness rather than learned DBT, because they

practiced it for the first time (for most of them) in a ghgeriod of time, but for
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actual learning of design thinking skills, adequate practice within meaningful
settings fonformal learning environments in our study), along with scaffolding and
formative feedback is required (Razzouk & Shute, 2012). Findily,findings
revealed that students withast experiencéelieve that they have a little more

control over the process (Cross, 2004; Ahmed et al., 2003) and that students without
previous experience do not feel incomplete while experiencing the processg Ha
previous experience does not qualify as an expert in this study, but with continued
moderate developmenigxperblevel of achivement is as much as the experience
they have (Cross, 2004). In problem solving approaches that involve creativity, such
asdesign thinking, both experts and novices use similar betiprar backwards
problem solving strategies (Cross, 2004; Waldron & Waldron, 1996). However,
some studies showed that inexperienced students are problem focused (Razzouk &
Shute, 2012), tend takve a simple problem and do not gather much information
(Christiaans & Dorst, 1992), and spend most of their time on problem definition
(Atman et al., 1999) but experienced students are solution focused (Razzouk &
Shute, 2012), spend more time on infonmagathering (Christiaans & Dorst, 1992),

and give importance to defining the scope of the problem (Atman et al., 1999). In
the present study, no significant difference was observed among the students, and
this may be due to the fact that the studentipus experiences were too limited

to make a difference and therefore they were not at the expert level where a large
number of examples of problems and solutions in a specific domain (Razzouk &
Shute, 2012). From another perspective, it can be saiddkiate designers tend to

use backward reasoning and a deductive approach, while experienced designers tend
to move between forward and backward reasonkricgson & Charness, 1997;
Waldron & Waldron, 1996) and in this study, all of the students wereeindkice

status because they tended to reason backward.

As a result for this subcategory, using design thinking as a teaching method can help
increase studertitearning awareness about the subject and provide an opportunity
to learn by experiencing theBJ steps. In addition, although previous experience

provides students with preliminary information about the process, the experienced
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ones became fAnoviceso when exeoowedgeng a
(Ahmed et al., 2003) and so the pregean be applied with students from different
backgrounds since there are no differences between their views on their
performances during the application and other students.

Comparison with schoolhe second subcategory, comparison with school, was also
divided into two subcategories: DBT as a teaching approach and relationship
between DBT steps and lessons. When DBT was evaluated as a teaching approach,
students talked about their experiences in the DBT steps, and since the first three
steps were mentied less, this was made a group of three, and with the other two
steps, a total of three more subcategories were created under this subcategory:
Experiences on first three steps, experiences on prototyping step, and experiences on

testing step.

So far, muliple frameworks have been presented to impleraemathythroughout

the design process, and in this study, an approach was used that allowed students to
enter the lives of the target audience without direct contact with them during the
empathy phase (Makk2020). This method actually involved empathizing with
people through a documentary, not faodace. In the current study, rather than
students instinctively grasping the emotions of the people in the documentary,
reflecting the perspectives of othé&meenk et al., 2018) was realized within the
scope of cognitive empathy. Observational findings revealed that students had
empathic concern, which is a desire to help people (Hess & Fila, 2016), and showed
a sense of responsibility to change people'asdn from the current situation to a
better one (Makki, 2020). In addition, according to observations, the empathy
approach had a supportive effect on increasing stuieaticipation in the lesson

(Lee et al., 2018). On the other hand, when most oétildents talked about their
experiences in the empathy step, they emphasized that they only learned empathy as
a concept in school and did not practice real empathy. A small number of them
mentioned empathizing by putting themselves in other people's ahgehool and

in their daily lives. In this study, they stated that they understood the importance of
empathy (Lee et al., 2018) and empathy is necessary in class to enhance the learning
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process (Costantini, 2019). Students who stated that no approachivea in
schools, especially tdefinethe problem, emphasized that they could not freely

ideate in formal education processes and that teachatered approaches were

generally used, not studecgntered ones. According to the observations in the
current study, students came up with creative ideas by effective brainstorming
(Crismond & Adams, 2012; Doorley et al., 2018) and constructing knowledge in
creative collaboration (Lindberg et al., 2010; Vygotsky, 1978), and this increased
their group creativityLee et al., 2019and participation in the process (Bandura,
1977).

Secondly, when studen&sxperiences on prototyping stape examined, it is seen

that they mentioned similarities and differences with the practices they did at school
(e.g. projects ahpresentations), and also most students made their own evaluations
about the prototypes they developed in group work. While students stated that they
did not do a prototype study in school in the way they did in this study, some
mentioned that the mostngilar approach was developing smstlale projects with

a projectbased approach. PBL can support students in developing scientific
knowledge that can enhance science learning (Krajcik et al., 2023), but it is not
humancentered like the design thinkingogess. The findings showed that students
actively participated in the development (Kunicina et al., 2020) and carried out
complex design tasks in a practical, handsmanner (Yrjonsuuri et al., 2019).
Students gained more knowledge about prototyping rteggreater enthusiasm for
prototyping (Marks & Chase, 2019), produced successful designs in their own
opinion, and were able to transform their conceptual ideas into tangible objects in
the prototyping step (Yrjonsuuri et al., 2019). According to theedagions, the
prototyping step helped students complete their incomplete mental ideas
(Viswanathan et al., 20bJt and prototype representations supported the visual
representation of ideas and the verbal presentation of ideas (Yrjonsuuri et al., 2019).
While students stated that they had fun in the prototyping step (Chu et al., 2017),
some expressed that it was difficult (Sadigin, 2017, May). According to the study

findings, it was revealed that studenthanging skills in prototyping and the
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materials ged affect the prototyping process (Yrjonsuuri et al.,, 2019) and

prototyping is a timeonsuming process (Kunicina et al., 2020).

Thirdly, when looking at studer@gxperiences on testing stepis seen that they

talked about the feedback they receifredn the other group and the feedback they
gave to the other group. Students were required to conduct user testing of their
prototypes with the real target audiences and obtain expert opinions (e.g. engineers,
architects, science center experts, etc.)doetto time constraints, they were only
able to receive evaluation and feedback from their peers while testing their
prototypes. It can be said that this stage of the process was the missing part of the
extracurricular program implemented, and the progrshould be developed by
allocating time for user testing and by connecting with the necessary people for
expert opinions. In addition, the findings showed that none of the groups improved
their prototypes based on the feedback given. In this context,ssodhat they did

not find the feedback given appropriate, some stated that they would do it if they had
time, and a few remained very committed to their own ideas and were not open to
other ideas, which is contrary to the iterative and learning frortakéis nature of

the design thinking process (Colker, 2023, October; Kwek, 2016; Norman, 1988;
Razzouk & Shute, 2012). Those who thought of developing their prototypes if they
had time were prone to the mindset of learning from mistakes and deficiencies
(Gaveret al, 2009 Marks & Chase, 2009and applying the iterative process
(Jonassen, 2008). The observations showed that students demonstrated collaborative
effort when giving and receiving feedback, a very important principle throughout the
design procss (Fullan, 2016), and were clear about task sharing. They presented
prototype ideas appropriately and noted the feedback given, which encouraged cross

collaboration between teams (Lindberg et al., 2010).

In summary for this subcategory, in the empathy,sstudents have empathic
concern for people, even through the documentary, and strive for ideas that could
make peoplés situations better. In addition, while it was stated by the students that
the empathy approach, which was felt to be lacking in schaotseased

participation in this study, that problem definition was never used in schools and
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therefore schools were inadequate in supporting creative and free idea production, it
was observed in the current study that the students structured inforrbgtion
brainstorming and produced creative ideas when given the opportunity. In the
prototyping step, it can be said that the students did not have such an approach
experience except for smatale projects they did in school, and in the current
study, all ofthem actively participated in prototyping and were able to explain their
conceptual ideas with tangible objects in accordance with their purpose, and that
even though they had difficulty at some points, they learned this process by having
fun. Finally, inthe testing phase, cressllaboration was supported by students
giving and receiving feedback in mutual groups, and the intention of some students
to apply the feedback given is a reflection of the learning from failures and iterative
mindset, which aremportant principles for design thinking. However, it can be
emphasized that the extcarricular program needs to be developed as the time and

opportunity for user testing and expert opinion.

When relationship between DBT steps and lessons evaluatddntstualked about

their mental connections between them, and mentioned that science, information
technologies (IT), Turkish and social studies and other lessons like resim, matematic
etc. With these most mentioned lessons, a total of four more subcesegare
created under this subcategory.

Although middle school students in Carroll et&a(2010) study could not establish
a relationship between Design Thinking and Learning Content, students in the same
age group in this study established a connedietmween the subject they learned
and DBT and even related this connection to other lessons in the school environment.

The fact that they clearly stated thedationship between the DBT steps and the

lessonsn school shows the strength and distinctive espkthis study. For example,

they mostly associatedmpathy with the social studies les§@ometimeswith

Turkish lesson because they mentioned that they learned about empathy

conceptually or in some way practically in this course. This study suggpssstive
influence of the empathy approach on students especially in social studies (Lee et
al., 2018). As another example, students associated problem solving in mathematics
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with the problem definition phase in this study, but the problem solving agpioa

the two cases was actually different; the scientific method or the design method
(Cross et al., 1981). The findings of this study showed that students aimed not to
understand the problem in order to find the right solution through scientific regsonin
(Crowley & Callanan, 1997, April), but to frame the problem correctly in order to
obtain a satisfactory result with a humzentered design process (Cross et al., 1981).
This actually shows that the students have acquired an important skill for design
thinking. In particular, most of the students made a close connection between the

DBT steps (especially the prototyping step) aetnce lessonand shared their

views that the design thinking approach (mostly the prototyping step) can be used
effectively n science lessons (Kunicina et al., 2020; Sadiqin et al., 2017, May).
Although studies in the literature have mostly combined the design thinking
approach with STEM/STEAM (Alashwal, 2020; Breen et al., 2023; Carroll, 2014b;
Cooké& Bush, 2018; English, 201Benriksen et al., 201%ijima et al., 2021Ward,

2020), the students in the current study did not mention STEM/STEAM at all, which
can be interpreted as the STEM/STEAM approach is not used or is used very little
in the schools of the students in thisdst. A small number of students made a

connection between tH@BT steps and IT courgd@racey & Baaki, 2014; Goldman

& Kabayadondo, 2017) and had the opinion that drawing and 3D modeling tools and
3D printers could be used during the prototyping phases @tmnection among
students provides a meaningful perspective on the integration of technology into the

design thinking process.

In summary for this subcategory, the steps that students applied in the design
thinking process evoked the approaches theyiegppk wanted to apply in classes,

and the dominant view was that this process could be applied appropriately,
especially in science class. It can be said that the fact that different students
associated different steps with different classes shows #rdistiplinary nature of

the process and offers a comparative perspective of school araf-smitool

environments in terms of applicability
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5.1.2 Affective Aspects

The second category was the affective dimension, and this category included
students' feelingsb@ut the process. In addition to their positive and negative
feelings, they also mentioned their favorite and least favorite design thinking steps.

Therefore, these mentioned points were determined as subcategories

Positive feelingsWhen the studentgositive feelingsvere examined, the students

talked about the parts they enjoyed and also talked aboutthetional changes

between the beginning and the end of the process. While it was observed that they
had funand enjoyed the poess in general, the prototyping step stood out as the most
enjoyable step (Chu et al., 2017). On the other hand, the majority of the students had
a prejudice, anxiety or negative attitude at the beginning of the process, but this
changed during the proceand they all stated that they were happy and satisfied at
the end of the process. In other words, it can be said that the implemented extra
curricular program had a positive effect on the emotional process of the students.
According to the observationsthe students were quite interactive and
communicative during the warnp activities (Nash, 1975), in group work (Lee et

al., 2019; Goldman et al., 2014) and while developing prototypes (Dam, & Siang,
2020, September 9) throughout the process, and thieedragositive atmosphere.

In particular, warrrup activities using fun activities affected motivation and
enthusiasm of students (Rahmayanti et al., 2019; Robertson & Acklam, 2000). Based
on this situation, students were motivated (Kaygan et al., 2@2P4b) and a
suitable environment was provided for students’ creativeceafidence (Carroll et

al, 2010; Goldman & Kabayadondo, 2017) and-séltacy (Bandura, 1977). It can

be said that this directly served the effective functioning of the proceggnstu
staying in the flow (Csikszentmihalyi, 1990) and the meaningful and sufficient
learning outcomes. This study emphasizes the contribution of learning by having fun
(Kaygan et al., 20212021b) to permanent learning. The interactive;ssgtilated,

collaborative, and motivational nature of -ftschool learning environments
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(Al'l en, 2004; cejrek, 2016 ; Fal k & Dierki

1988) may have influenced this result.

Negative feelingdtvhen the studenbmegative feelingare examined, some students

stated that they were sometinstiessedwhile others stated that they wéired/had

problems or difficultiesWhile there was no negativity in the process in general, the

parts where they were stressed were generally andigtyto not being able to
manage time. While a few stated that they were tired during the process, the most
common parts where problems were experienced were conflicts within the group and
different opinions during the drawing phase. In other words, grou and the
drawing phase stand out as problematic for some students. In fact, having
disagreements within the group work means that everyone can express their ideas
and different ideas are evaluated through brainstorming which can contribute to
divergentthinking (Cooperrider, 2008; Crismond & Adams, 2012; Guilford, 1967),
and is one of the important principles of the design thinking process (Doorley et al.,
2018). In addition, the difficulties in the drawing phase are suitable for the
developmental chartaristics of the age group since they are at the stage of
concretizing abstract ideas (Inhelder & Piaget, 1958; Piaget, 1972b). In other words,
it can be said that the applied extuaricular program is suitable for the
developmental level of the studeatsd the principles of the design thinking process.
According to observations, students experienced some difficulties while defining the
problem (Brown, 2008; Cross, 2011; Nash, 1975), working in groups (Lee et al.,
2019; Goldman et al., 2014) and draw(kgygan et al., 20212021b) throughout

the process, but they solved all the difficulties themselves and completed the process
correctly, which prevented a negative atmosphere. According to the findings,
especially the flowprotocol papemt the problem efinition stage (Kaygan et al.,
20213 2021b) supported the solution of the problem here, and the application of the
drawing strategy before the prototyping stage ensured that errors were discovered
early, thus preventing problems during the prototypiagetBased on this situation,
students learned from their mistakes (Lor, 2017; Marks & Chase, 2019) even if they
had problems and solved problems within the group (Noweski et al., 2012) by
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effective brainstorming and collaboration. It can be said thatlitestly served the

effective functioning of the process, students staying in the flow (Csikszentmihalyi,

1990) despite their negative feelings, and learning outcomes being meaningful and
sufficient by learning from the failures. In other words, it caisdad that this study

was effective in evaluating failures as learning opportunities (Colker, 2023; Kwek,

2016; Razzouk & Shute, 2012). Again, the interactive;regjlilated, collaborative,

and motivational nature of cof-school learning environmentsiA en, 2004 ; ¢é
2016; Falk & Dierking, 2000; Sheridan et al., 2014; Tressel, 1988) may have

influenced this result.

Favorite/least favorite step While students were talking aboiaivorite and least

favorite design thinking step®nly four titles were mentioned: define, ideate,

drawing, prototype. According to the findings of the study, one step was shown as
the favorite step by some students and expressed as the least favorite by others. For
example, thedefine stepwvas seen asnportant (Brown, 2008; Cross, 2011) and
therefore the favorite by some students, while for another group of students, it was
the most boring step, even though it was important. The only point they thought in
common was that the define step was importadtaitical for the design thinking
process (Doorley et al., 2018; Nash, 1975) because it needs critical thinking (Carroll
et al, 2010). As another example, in ideate stepsome students said that they had

a lot of fun while freely generating creatiideas (Alashwal, 2020; Carradt al,

2010; Lor, 2017) and that was why it was the favorite step, while others stated that
they had difficulty generating ideas or did not like their own ideas being eliminated
and expressed this step as the least favetép. Although the ideate step required
creativity and being open to every idea without judgment, it was necessary to
determine suitable solutions by considering the applicability in the end. Although
drawing was not actually a step in the design thigkprocess, this strategy was
chosen as the favorite by some students because they thought drawing was useful,
while it was chosen as the least favorite by some students because of their lack of
drawing ability. Here, the evaluation criterion of the stuslemas related to their

drawing skills, which was an important criterion for this strategy, but it was not very
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critical because a perfect drawing was not expected pidtetyping stepvas not

shown as the least favorite step by any student and was e@gessthe favorite step

by most students because it was very fun. According to the observations, the students
enjoyed the prototyping phase the most during the process and showed active
participation, which made prototyping the favorite step in the eydseaibservers.
Similarly, according to the observation findings, the step that the students had the
most difficulty and enjoyed the least was the define step. In addition, according to
the observers, it was determined that some of the students had fardvelwving,
contrary to what they said, but they got bored while coloring their drawings because
they were impatient to move on to the prototyping step. In the-ewtraular
program applied, some design thinking steps were liked very much, while others
were liked less, and this varied from student to student, the only consistent view was
that prototyping was the favorite. This situation showed that in the current study,
each student experienced different cognitive and affective processes in the design
thinking stepsinaself egul ated | earning environment (¢
and achieved common and meaningful results with creative and supportive

collaboration in group work (Lee et al., 2019; Goldman et al., 2014).

In summary, all students felt emanally happy and satisfied during the design
thinking process within the extracurricular program, and most of them liked
prototyping as their favorite step. A small number of students felt stressed, tired or
problematic during some steps, but they weikt aware of the cognitive and
affective benefits this process provided them. While some students showed the
define, ideate and drawing steps as their favorites, others showed them as their least
favorites. Although there seems to be a contradiction hevas clear that learning

is a personal process and there are differences between students, but similar results

were achieved with group harmony, cooperation and creativity during the process.
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5.2  The Level ofPrototyping Performance Among Student Groups atthe

End of the Extra-curricular Program

Problem Definition:The similar and consistent average performance of all groups
on the three subdimensions of first evaluation dimensigrdblem definitiorwhich

is also ncluding ideation) indicates that 6th grade students in the extracurricular
program successfully engaged in the problem definition phase of design thinking, by
creating ideas that addressed societal challenges such as recycling and renewable
energy use, msares against drought and excessive rainfall, and raising awareness
of humanity, in the context of the climate crisis, with reasonable clarity and
functionality. The observed minor errors, from vague problem statements to
imprecise feature descriptions anduperficial comparative analyses, are
developmentally appropriate, reflecting the cognitive and experiential limitations of
11- to 12yearolds (Inhelder & Piaget, 1958). In fact, despite most of the students
experiencing design thinking for the first #min an ouwbf-school learning
environment, the fact that all of them were able to perform averagely rather than
poorly also demonstrates the effectiveness of the wgrractivities (Nash, 1975;
Rahmayanti et al., 2019; Robertson & Acklam, 2000) tioa protocol papers
(Kaygan et al., 2021&2021b) used as facilitating strategies in this study. These
findings confirm the potential of implementing an extraricular program
developed with a design thinking approacmam-formal learning environments to
erhance students' design thinking experiences, as the interactive and free context of
the science center motivates students through autonomy anddraedploration

(Falk & Dierking, 2000). These findings also have the potential to guide the

implementatiorof design thinking in formal learning environments.

However, the finginds showed the average performance of the students and this
situation also highlights areas for improvement in program design. The minor errors
suggest that students grasp the empathjziiefining, and ideating phases of the
Stanford model (DanR025, March 13), but need more support to achieve precision

and depth. For example, more structured prompts during empathy approaches can

187



sharpen problem descriptions, while prototyping workshaps iterative feedback

can improve feature descriptions (Kaygan et al., 2021a, 2021b; Kelley & Kelley,

2013; O6Donoghue, 2022, December 19). The i
time should be devoted to these stages, and in contrast to thisretu@ypractice

time can be provided to deepen the stages. Similarly, guided comparisons with real

world solutions can deepen studentsd unders
and can use science center resources for this purpose (Falk & DierkingFa000

& Needham, 2011; Falk et al., 2001; Pedretti, 2004). These arrangements would be

consistent with constructivist principles that scaffolded experiences gradually build

knowledge (Vygotsky, 1978).

The findings also contribute to the broader literaturelesign thinking in education.
Compared to formal classroom studies (e.g., Carroll et al., 2010pothformal

setting provided greater flexibility and allowed students to creatively explore social
problems (Falk et al., 2001; Pedretti, 2004), buhuaiss rigor than older students
might achieve. This suggests that extracurricular programs at science centers can
enhance the foundational design thinking experiences of 6th grade students and
prepare them for more complex problem solving as they mdtutere iterations of

the program could include peer review sessions or digital tools (e.g., 3D modeling
software) to address minor errors that are noticed, which could increase the transition

from average performance (level 2) to good performance (level 3)

These findings underscore the promise of design thinkingoirformal learning

environments while highlighting the need for targeted scaffolding to elevate

performance, offering practical insights for refining your extuericular program

andcontri buting to the theoretical under st and

fit for young learners.

Feasibility: On the other hand, the mixed performance irfeéasibilitydimensiod
average in developing solutions but good in describing processegrawing
functionalityd offers a nuanced view of 6th grad@design thinking capabilities.

The average performance in the first glimension suggests that while students
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could conceptualize reasonable solutions (Piaget, 1972b), their plans lacked the
precision needed for seamless execution, likely due to developmental constraints
(Inhelder & Piaget, 1958) and limited technical knowledge. In contrast, good
performances in the second and third-dubensions highlight their strengths in
articulating clear ppcesses and providing convincing evidence, reflecting the role of
the implemented extreurricular program in the effective functioning of the process

by ensuring practical learning, critical thinking, communication, and collaboration
(examples of similaresults for formal learning environments: Caredllal.,2010;

Lor, 2017; Ward, 2020).

These findings align with the broader literature on design thinking in education.
Compared to formal settings (e.g., Carroll et al., 2010; Lor, 2017; Luka, 2014), the
nontformal context allowed students to experiment freely (Falk & Dierking, 2000
Falk & Needham, 2011; Falk et al., 2001; Pedretti, 20@%ulting in robust process
descriptions and functional prototypes. However, the minor mistakes in solution
developma t echo Goldman and Kabayadondoos
learners need scaffolding to navigate practical constraints. To address this, future
program iterations could incorporate mmbrkshops on resource planning or expert
consultations (e.g., emggers, architectureprofessionalsat the science center) to
reduce errors in the first stddmension while maintaining strengths in the others. Of
course, a suitable time plan should be made for this. The extension of the
implementation process may maikdifficult to implement this program imor

formal learning environments. Because in these environments that require voluntary
participation, students may get bored in kgagm programs, or continuity may not

be provided for different reasons. Therefahis balance should be established well.

The different performance between silimensions of feasibility also informs the
cognitive and psychological underpinnings of the program. The average
performance suggests a gap in divergent thinking duringiatheathere students
generated ideas but didnét fully refine
performances demonstrate strong convergent thinking in testing and documentation

(Guilford, 1967) supported by social learning through peer and facilitator
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interactions (Bandur a, 1977). This bal ance
foster both creativity anthotivation particularly in an extraurricular setting that

prioritizes autonomyrelaednessand engagement (Deci & Ryan, 2000).

In summary, the feasibility dimension revealed a blend of average and good
performance among 6iffrade prototypes. The reasonable but gorone solutions

in the first subdimension indicate developmental ardas growth (Inhelder &

Piaget, 1958), while the clear process descriptions and robust proof in the second

and third sudi mensi ons showcase the studentsdé ab
actionable, verifiable designs. These findings affirm the value djriésinking in

extracurricular programs for young learners while suggesting targeted
intervention® such as enhanced more scaffolding for solution development in

addition to warrrup activities andlow protocol pape® (Kaygan et al., 2021a,

2021b) to brige performance gaps, contributing to both practical program design

and theoretical insights into 6th gradersbo

User TestMixed performance on thaser tesdimension (good at explaining user
needs but average at gathering usgbénd feedback) provides a multifaceted
perspective on the design thinking abilities of 6th graders. High performance on the
first subdimension indicates their ability to connect empdthgused insights to
prototype design (Burns & Lesseig, 2017, Oewfthis strength is further enhanced

by the contextual learning opportunities of the science center (Falk & Dierking,
2000). Conversely, moderate performance on the sesagmdimension indicates
areas for growth, where minor usability flaws reflect digpmental and experiential
limitations (Goldman and Kabayadondo, 2017; Inhelder & Piaget, 1958), and
average performance on the thislibdimension indicates areas where the
extracurricular program needs improvement rather than the student's actual
performance. That is, the limited feedback scope and duration should be expanded
to allow students to receive feedback from different sources (Kaygan et al., 2021a,
2021b). In summary, it shows how all groups are successful incastared
expression but needgoort to develop practical results and the program's limitations

in providing different feedback sources.
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These findings are consistent with the literature on design thinking in education.
Compared to formal classroom studies (e.g., Carroll et al., 2@k02017; Luka,

2014), thenonformal science center environment allowed students to authentically
engage with user needs and use empathy to guide design. However, average usability
and feedback results reflect Bstudents et al
benefit from iterative, guided testing to refine prototypes. To address this, an
extracurricular program could devote more time to this phase, link more feedback
sources, and include usability or feedback measures, as well as encourage students

toiterate across a variety of inputs, thus closing the gap needed for high performance.

Cognitively, good performance in matching user needs demonstrates strong
convergent thinking, where students synthesize empathic input into clear solutions
(Guilford, 1967). Average performances suggest the need for deeper divergent
thinking in testing to explore diverse feedback and improve usability (Guilford,
1967; Koh et al., 2015). Psychologically, the program's autonomy and collaborative
environment likely increased motivation (Deci & Ryan, 2000), but structured
feedback processes may further enhance competence. These insights suggest that
although the science center was excellent at fostering empathy and initial design
expression, additional scaffoldingn testing could maximize useentered

outcomes.

In summary, the user testing dimension revealed a mix of good and average
performance among the 6th grade prototypes. Clear and concise descriptions of user
need fit highl i gfocuseddsengthsyvehiée neassnablecusapilayt h y
and moderate feedback collection indicated areas for improvement. The student
group prototypes illustrate how tm®nformal environment of the science center
supports usecentered design, but also highlight the need ifnproved testing
support. These findings confirm the value of design thinking in extracurricular
programs for young students, suggesting practical adjustments such as usability
workshops and structured feedback to improve performance, while contribmuting
theoretical understandings of the design thinking processes of 6th grade students in

nonformal settings.
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Teamwork:The findings on theéeamworkdimension suggest a robust capacity for

collaboration among 6th graders, with all groups demonstratingllexoe in

collaboration and role delineation and most demonstrating effective project

planning. The exceptiédn Group 2's average performance on plandihighlights

variability in developmental readiness and the importance of personalized support

for complextasks. Examples such as the information robot, waikting concrete

dams, smart cities, and watsarrying drones illustrate how theonformal

environment of the science centEalk & Dierking, 2000) fosters teamwork through

handson participation angbeer interaction (Goldman et al., 2014), consistent with

the Stanford model's emphasis on collaborative ideation and prototyping (Carroll et

al., 2010; Dam2025, March 13). These findings also contribute to the literature on

design thinking in educatiorparticularly in nonformal settings. Compared to

formal classroom settings (e.g., Carroll et al., 2010; Lor, 2017; Luka, 2014), the

autonomy and resources of the science center increased collaboration and role
clarity, refl ect i npconkertdalkiearaimganodeli Howeker,ngb6s (20
Group 26s planning challenges align with G
observation that young students need structured guidance to manage project

complexity. To address this, future program iterations could inchate mentoring

to support groups like Group 2 and ensure that everyone reaches high performance.

High performances demonstrate cognitively strong organizational and social skills
(Bandura, 1977) and reflect 6t hegpupade st ude.l
efforts (Vygotsky, 1978). At the same time, the collaborative environment increases
psychol ogi cal motivation by meeting student
(Deci & Ryan, 2000). The average performance of Group 2 suggests the need for

more eplicit mentoring to achieve peer outcomes. These insights confirm the
programbs success in identifying opportunit
skills while improving teamwork and increasing design thinking experience for

young students.

In  summary, the teamwork dimension predominantly demonstrated high

performance among the 6th grade prototypes, with all groups demonstrating
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excellence in collaboration and role delineation, and three out of four demonstrating
effective project planning. The protoggdeveloped demonstrate the poweararf

formal environments to foster teamwork, while suggesting targeted interventions
such as personalized mentoring when necessary to ensure uniform success. These
findings confirm the effectiveness of the extracuracuprogram in promoting
collaborative design thinking and offer practical and theoretical implications for

supporting 6th grade students in science centers.

5.3  The Fostering andChallenging StrategiesUsed During the

Implementation of DesignThinking -basedExtra-curricular Program

Collectively, the warrrup activitie® three empathyocused and three creativity
focused created a robust foundation for the design thinking process (Kaygan et al.,
2021a, 2021b) by fostering emotional intelligencempathetic mindset,
collaboration, and innovative thinking. The empathy activities primed students for
the Empathize stage (Swire, 2020, September), contributing to their good
performance in articulating user needs (User Test-dgubnsion 1), while the
creativity activities fueled the Ideate stag¢€elley, 2018, OctoberPerry, 2019,
August), supporting high performance outcomes in collaboration (Teamwork, Sub
dimension 1) and high/average performance in prototype functionality (Feasibility,
Subdimension3) . T he s cmnoefarma, autoromidresen @rsvironment
amplified these effects (Falk & Dierking, 2000), providing a safe space for 6th
graders to explore diverse perspectives and ideas, critical for designing solutions to
complex societal challges like the climate crisis. These activities not only
enhanced student so engagement but al so
principles, where active, collaborative experiences build knowledge (Vygotsky,
1978).

The fostering strategi&swarmup activties, flow protocol papersdrawing, group
games, research, categorization, presentations, brainstorming, and materid variety

created a robust framework for 6th graders to engage with design thinking (Kaygan
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et al., 2021a), contributing to Level 3 perf@nces in Feasibility (process, proof),
User Test (user needs), and Teamwork (collaboration, roles). These align with
constructivist learning, where students actively construct knowledge through
collaboration and iteration (Vygotsky, 1978), and with sotgrning, where
students construct knowledge through social interaction with peers by observing and
imitating the actions of others in teamwork (Bandura, 1977). The challenging
strategied research overload, categorization complexity, limited feedbaclkatbyp

with documentary, and usability refinemérgxplain the average performances in
Problem Definition, Feasibility (solution development), and User Test (usability,
feedback), reflecting developmental limits (Goldman & Kabayadondo, 2017) and
implementatio gaps.

The s ci e mondormaleeattinggmasipvotal, fostering autonomy, reletedness

and engagement (Deci & Ryan, 2000; Falk & Dierking, 2000) while amplifying

chall enges where structure was l acking. T
findingsvaldat es the programdés evaluation, mi ni mi
need for targeted scaffolding. Compared to formal settings (Carroll et al., 2010; Lor,

2017; Luka, 2014), the science center enabled creative freedom (Falk & Dierking,

2000; Falk & Needhanm011; Falk et al., 2001; Pedretti, 2004) but required more

guidance to address errors, a balance future research can explore.

Practically, the program can be refined by integrating the suggested strategies,
enhancing empathy, testing, and planning toiesx&huniform high performance.

Theoretically, the findings contribute to understanding how design thinking fits 6th
graders6é cognitive and s oc nomformal degignl o p ment ,
thinking education. This study affirms the potential aésce centers to cultivate

21stcentury skills, with clear pathways for optimization.
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5.4  Implications of the Study

This studyodés findings on the cognitive a
the level of prototype performance (as learningtcomes) among studegtoups

and the fostering and challenging strategies in a design thibkisgd extra

curricular program for 6th graders in science centers offer valuable suggestions and
significant insights for enhancing and optimizing educatiprettices imonformal

learning environmentsBy hi ghl i ghting studentso 1incr
interdisciplinary connections, and emotional engagement, the study provides
actionable insights for integrating design thinking into middle school &doca

particularly for addressing complex issues like the climate c@sighe other hand,

the mixed highVaverage functionality outcomes highlight the strengths of
collaborative, handsn prototyping and the challenges posed by time constraints and

skill variability and this contributes to the theoretical understanding of design
thinking6s p rMoreovdr, ybp identifying $trategies that enhance
cognitive and affective outcomes (e.g., waumactivities, group games) and those

that pose challages (e.g., cognitive overload, time constraints), the study contributes

to the theoretical and practical understanding of design thinking implementdten.

foll owing suggestions, derived from the
curriculum desigers, science center instructors, and researchers on leveraging
design thinking to foster cognitive and affective growth; and inform educational
research and practice, particularly for middle school students addressing complex

issues like the climate crssi

1 Design thinking can be integrated as a tool for content learnmgiformal
settings: The study shows that stude
increased through design thinking, indicating its efficacy as a teaching
method for complex subject&ducators should incorporate design thinking
into science center programs to enhance subject comprehension, using hands

on, humarcentered tasks like those in your program (e.g., empathy-warm
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ups) to achieve high performance user needs articulation {léser Sub

dimension 1).

Interdisciplinary learning can be promoted through design thinking: Students

connected design thinking steps (e.g., Empathize, Prototype) to subjects like

science and social studies, suggesting its potential to bridge formaband

formal education. Curriculum designers should develop programs that
encourage students to apply design thinking across disciplines, fostering

holistic understanding and reinforcing high level collaboration observed in

group games (Teamwork, Sdiimensionl).

Emotional resilience and engagement can be fostered via playful
environments: The shift from initial anxiety to satisfaction, particularly in the
Prototyping stage, highlights design thi
emotions and sekfficacy. Sience centers should prioritize interactive,

playful settings with warrup acti vities (e.g., ACrazy
sustain engagement, aligning with flow theory (Csikszentmihalyi, 1990) and

supporting the positive atmosphere noted in observations.

Accessibility for novice learners can be ensured: The lack of significant
differences between students with and without prior experience suggests that

design thinking is accessible to beginners. Educators should design inclusive

programs that require minimakior knowledge, using scaffolds likéow

protocol papergKaygan et al., 2021a) to support novices, as seen in your
programdbs broad applicability across diyv
Prototyping can be highlighted as a key driver of engagement andigegnit

processes in prototype development can be examined: Researchers should
investigate how prototyping can be leveraged as a primary engagement tool

in nonformal settings, exploring its impact on motivation and creative

confidence. The ability to transfo conceptual ideas into tangible solutions

indicates cognitive growth in problesolving and visualization. Studies

should explore the cognitive demands of prototyping, such as mental model
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completion (Viswanathan et al., 2G)4to develop targeted scalffls that
enhance studentsdé design thinking skil

9 Variability in prototyping outcomes can be addressed: The mixed
performance levels suggest that group dynamics influence prototype quality.
Research should examine how collaborative stratagipact prototyping
success, ensuring equitable outcomes across diverse student groups.

1 Challenges can be mitigated through program design: Difficulties in
prototyping, such as time constraints and skill limitations, indicate structural
barriers. Researchershould investigate program designs that allocate
sufficient time and provide skibbuilding workshops imon-formal learning
environments to optimize prototyping performance, addressing the Level 2
functionality gaps.

1 Cognitive barrierscan be addresseslith targeted scaffolds: Challenges in
the Define and Test stagés/eragelevel Problem Definition and User Test)
indicate cognitive overload and structural limitations (Razzouk & Shute,
2012). Practitionersshould implement structured tools, such as euid
research frameworks and usability testing protocols, to reduce cognitive load
and enhance iterative learning, ensuring students can effectively frame
problems and test solutions.

1 Cognitive and affective strategies can be integrated for holistic leafftieg
interplay of cognitive (e.g., learning awareness) and affective (e.qg.,
enjoyment in Prototyping) outcomes highlights the need for integrated
approaches. Researchers should develop frameworks that combine fostering
strategies to maximize both emotibna&ngagement and subject
comprehension, particularly for interdisciplinary topics like the climate

crisis.

These suggestions underscore design thin
affective |l earning outcomes, dtaffeetivepr ot ot
learning and the balance between fostering engagement and addressing

implementation challenges, inonformal settings, advancing the theoretical
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framework of design thinking and offering a model for constructivist education

(Vygotsky, 1978). ditically, while the study demonstrates accessibility and
engagement , prototypingds strengths, and th
cognitive challenges in certain stages and the variability in prototype outcomes

highlight the need for ongoingfinement to optimize its educational impact

54.1 Implications for Practitioners

The findings from this study on the cognitive and affective dimensions of design
thinking, the level of prototype performance among student groups, and the fostering
and challenging strategies in a design thinkiaged extraurricular program for

6th gralers in science centers offer practical suggestions for educators and science
center I nstructors. By highlighting stude
collaborative engagement, and emotional resilience, the study provides actionable
strategies to enhaadhe implementation of design thinkingrionformal learning
environments, particularly for addressing complex issues like the climate crisis. On
the other hand, the mixed high/average prototype outcomes reflect the success of
fostering strategies likeinvkrse materials and group collaboration, as well as
challenges like time limitations and skill disparities. Additionally, by leveraging
successful strategies like watump activities and group games, and addressing
challenges such as cognitive overload lmited testing, practitioners can enhance

the efficacy of design thinking for 6th gradersion-formal settings. The following
suggestions aim to guide practitioners in fostering effective, studen¢red design
thinking programs and offer actionaldeeps to enhance prototyping performance

and overall program efficacy and to optimize program design and delivery

9 Structured scaffoldscan be utilizedto support problem definition: The
cognitive challenges in the Define stag@¢rageLevel Problem Defiition)
indicate a need for tools to reduce cognitive overload. Practitioners should

incorporateflow protocol paperssuch as templates or guided research
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frameworks, to help students frame complex problems like the climate crisis,
enhancing learning awaress and critical thinking.

Playful warmup activitiescan be incorporatetb boost engagement: The
success of empathy and creativity wainp s (CenveyYour Fe@lings,
ACrazy St or yi Whraet)ar achievingRigh level user needs
articulaton (User Test, Sudimension 1) underscores their role in fostering
emotional and cognitive engagemepitactitionershould design interactive
tasks to stimulate empathy and creativity, creating a positive atmosphere that
supports student motivation.

Collaboration through group gamesan be promoted Group games
contributed tohigh level performance ofteamwork (Teamwork, Sub
dimension 1), highlighting their role in encouraging divergent thinking and
collaboration. Practitioners should integrate collatreeaactivities, such as

the fAEarthClimate Crisis Gante a n dGrodip Dance with Group

Ch or e o gto enpahcg group dynamics and creative profselving,
aligning wi t h cdllab®ratigen andt draativek configaeics
principles.

Diversematerials and ample time for prototypiogn be provided St udent s o
enthusiasm for the Prototyping stage, which supported nhiigidaverage
functionality (Feasibility, Sualimension 3), emphasizes the importance of
handson creationPractitionersshouldensure access to varied prototyping
materials and allocate sufficient time to sustain engagement and allow
students to transform conceptual ideas into tangible solutions.
Preprototyping skitb ui | di ng activities can be
varying skils impacted prototype quality (Kaygan et al., 2021a).
Practitioners should introduce workshops on basic design techniques (e.g.,
sketching, modebuilding) before prototyping, addressing skill disparities
and supporting cognitive growth (Viswanathan etz014).

Drawing can be used as a preparatory strategy: The drawing phase

Practitioners should encourage jm®totyping sketching to refine mental
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models, ensuring alignment with developmental stages (Inhelder & Piaget,
1958).

1 Structured testing with exgtand targeuserfeedbackcan be implemented
The limited implementation of the Test stage€ragelLevel User Test, Sub
dimension 3) due to time constraints and lack of expert input highlights a
critical gap (Razzouk & Shute, 2012). Practitioners sthdakorporate
structured user testing with real target audiences and expert feedback (e.g.,
engineersarchitectures, science cenpeofessional&tc), ensuring students
engage in iterative learnipngearnr from failures, ancefine their prototypes
effectively.

1 Negative emotiongan be addressetthrough reflective practices: Some
students experienced stress from time constraints or group conflicts, yet
resolved these collaborativelyractitionersshould introduce reflective
journals or peer mentoring to help students process negative emotions,
fostering resilience and maintaining a flow state despite challenges.

1 A supportive environment for risk a ki n g can be created:
enjoyment and active participation in prototypireflect a positive, risk
tolerant atmosphere. Practitioners should maintain an interactive, playful
setting with warru p activities (e. g., n20 Circl
confidence and sustain engagement (Bandura, 1977).

1 Autonomy can be balanceavith guidance innonformal settings: The
interactive, selregulated nature of science centers contributed to positive
outcomes (Falk & Dierking, 2000), but cognitive challenges suggest a need
for structure. Practitioners should balance student autonomy widedju
facilitation, using strategies like yodlow protocol paperdo ensure a

supportive yet flexible learning environment.

These suggestions provide a roadmap for practitioners to optimize design thinking
progr ams, | everaging the studyds insights t
learning experiences that align with constructivist principles (Vygotsky, 1978).

Furthemore, these suggestions equip practitioners with strategies to maximize the
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benefits of design thinking while addressing implementation challenges, fostering a
coll aborative and meaningf ul l earning en
success indstering collaboration and engagement is evident, ongoing adjustments

are needed to address cognitive and structargltime and opportunities) barriers,

particularly in the Define and Test stages

55 Recommendations for Future Research

The present studgimed to design and develop an exduaricular program based on

the design thinking approach to investigate the design thinking processes of 6th grade
students in society and science centers. In this context, it was attempted to explore
the 6thgrade studnt s6 i nterpretation and evaluat
learning outcomes following their engagement in design thinking activities.
Moreover, the level of prototype performance produced by the groups to address the
given problem during the ext@irricular program and the fostering and challenging
strategies used in this process in society and science centers were attempted to be
investigatedThis study provides a robust foundation for understanding how design
thinking fosters cognitive and affective learning outcomesanformal settings,
particularly for addressing complex issues such as the climate crisis. The findings
highlight strengthssuch as high engagement in the Prototyping stage and effective
collaboration, as well as challenges, including cognitive overload in the Define stage
and limited implementation of the Test stage. By synthesizing these findings, the
following recommendatias aim to guide future studies in advancing the theoretical
and practical applications of design thinking for middle school students, addressing

limitations and exploring new avenues for educational innovation:

1 Future research may design longitudinal Esdhat provide sufficient time
for all design thinking stages, particularly user testing with real target
audiences and expert feedback. Such studies could assess how sustained

iteration influences cognitive outcomes (e.g., probsatving skills) and

201



affective outcomes (e.g., resilience), offering insights into optimizing

program duration and structure.

Prospective researchers may prefer to investigate the efficacy of various

scaffolding tools, such as digital templates, guided inquiry frameworks, or

peer mentoring, in reducing cognitive load and improving prokieaming

skills. Mixed-methods approaches could explain how these tools align with

cognitive development stages (Inhelder & Piaget, 1958) and support
constructivist learning (Vygotsky, 1978).

The studyods focus on a single science ce
the interactive environmentoés success |
Dierking, 2000). Comparative studies can be conducted in diffex@nt

formal settings, such as museums, camity centers, or maker spaces, to

assess how contextual factors (e.g., resources, practitioner expertise)

influence design thinking outcomes. This could clarify the scalability of

fostering strategies like warop activities and group games, which drove

high collaboration.

Il n this study, the variation in student
thinking steps (e.g., Prototyping vs. Define) suggests that individual factors,

such as creativity, prior experience, or emotional resilience, shape
engagementrurther studies may employ mixetkthods designs to explore

how these differences impact affective outcomes, particularly in the context

of selfregulated learning environments.

Il n current study, studentsbé connections
school subjects (e.g., science, social studies) highlight its interdisciplinary

potential. Future research may explore the integration of design thinking into

formal middle school curricula, comparing its impact in formal versus

formal settingsIf a similar study is conducted in a school environment,

longerterm observations can be made.

In present study, a small number of students linked prototyping to IT courses,

suggesting the use of tools like 3D modeling and printers. In future studies,
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the role oftechnology (e.g., digital design software, virtual prototyping) can
be investigated in enhancing design thinking processes, particularly for
prototyping and testing stages. Moreover, while developing technology
supported design thinking programs, intemgtArtificial Intelligence(Al)
technology(e.g. collaboration with Al, Al creative tools etmjo the process

can be a good approach to observe the effects of different technologies on the
processlf a similar study is done with technologytegration, a longer time

can be given for the entire process.

In current study, the use of basic materials (e.g., recyclables, craft supplies)
contributed to lowprecision prototypes due to their limited functionality
(Kaygan et al., 2021a). Future piitioners can investigate the impact of
providing advanced materials (e.g., modular electronics, 3D printing
filament) and tools (e.g., laser cutters, microcontrollers) on prototype
precision. Moreover, future studies may investigate the use of digital
plattorms (e.g., Tinkercad, Fusion 360) and hybrid approaches (combining
physical and digital prototyping) to create higtecision prototypes.
Experimental designs could compare outcomes between groups using basic
(or physical) versus advanced (or digitaBoerces, assessing how material
guality (or prototyping type) enhances functionality and student engagement.
In this study, the absence of expert feedback in the Test stage limited iterative
improvements. Future studies may examine the impact of structured
feedback from experts (e.gengineers, architecturesscience center
professionalsetc) and targetiser on prototype refinement and learning
outcomes. Comparative studies could assess the relative efficacy of expert
versus peer feedback in fostering itgrative mindset and learning from
failures.

The constrained Test stage, due to limited access to real target audiences
(AveragelLevel User Test, Sulimension 3), highlights a logistical barrier

on this study. In future research the use ofgAherateduser personas or

simulated feedback systems may be explored to facilitate testing when real
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users are unavailable. Studies could assess haivivin tools, designed to
mimic diverse user perspectives (e.g., climate crisis stakeholders), impact
st ud ehility 400 iterate prototypes, ensuring alignment with design

t hi nki negénterechpunuplas (d.school, 2010).

1 The success of design thinking process (e.g. fostering strategies like warm
up activities and group games or eliminating challenging steseglied on
facilitatorsdé ability to i mplement desi
study, researchéad knowledge about implementation of the process. Future
research may investigate teacher training programs that equip educators with
the skills b integrate design thinking into their educational environments,
both formal andnonformal. Studies could evaluate training models that
focus on practical facilitation techniques, scaffold design, and managing
affective challenges, ensuring teachers aapadesign thinking to diverse
classroom and science center contexts.

T The studyos findings may be i nfl uenced
educational context of the science center, potentially limiting applicability.

Crosscultural studies may investigatbow cultural factors, such as
collaborative norms or attitudes toward creativity, shape design thinking
outcomes in diverse global settings.

T The studyods short dur at i-term effectsmof t ed i nsi
design thinking o rand sffectidee deveb@mentc ogni t i ve
Prospective researchers may conduct follgw studies to assess how
participation in design thinking programs influences skills like problem
solving, creativity, and emotional resilience over time (evaluating-ieny

impacts) particularly in interdsciplinary career interests.

These recommendations provide a comprehensive roadmap for advancing design
thinking research, addressing the studyods |
setting, small sample) and building on its strengths (e.g., high cognitive and affective

engagenent, high collaboration, interdisciplinary connections). By exploring

longitudinal designs, diverse settings, and individual differences, future studies can
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enhance the theoretical and practical applicability of design thinkingrifiormal

education, fetering innovative learning experiences for middle school students.
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- 0F EPRF{A &aSBYY Sde&E BAMNRSTS(AaGA Kt ABYINSAYER gREP | G
belirtinizve buform2 Vf AYyS 061 6 @dzNHz F2 N¥dzy Rl Afi@AE A FEyl @&
A). dz ol £t POYIFRI @StAaAiA 2fRdzEdzy | ENBYOAYAY (FGPE
2f RdzEdzY | ENBYOAYAY OSNRAEA oAfIAfSNRY o0AfAYASE

Veli AdSoyad:

TYT LY

MENBYOAYAY |RP az2&lFRP @S R2€&€dzy (I NAKAY Quyyy

Bugunin Tarihi:

B). dz cel ft POYIF Rl @St AaA 2fRdzEdzy | ENBYOAYAY I GPtPY

Veli AdSoyad;

TYT LY

NAKAY Qyyyy
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D. Student Voluntary Participation Form

lw! ¢Lwa! , ! KADIbM kQRMWY

.dz el f POYEF hNIF 52€dz ¢STYA]l «YAOBSNBAGSAA
9EAGAYA .1 ENYN R210G2NF | ENBYOAAA a8NBS ! &S|
F2NY &AT A FNIOGPNNI 1206dzZ € F NP KF1]1PYRF o0Af 3A

4+ YPFPY ! YFEOP bSRANK

41 f POYLFYPY FYFOPS . AfAY aSN] ST tSNAYRS { dz
8L 1tFOPYPYl RIFI&@FIfP 06ANI YNFNBRIG RPOP | LINRINIY
| ENBYOATSNRAY Gl &FNPY 2RF1fP RNONYYS aNNBcef SN

AT S IbMR™YOP hfYlIyPI P TaidiSeSOSeAl K

I N} SGPNXYFel ({FGiPtYFeP {Fodd SRSNASYAIT I &A

@S RSOl YaPitP]
ATESOGGANRE SOS1 T 3INHzZLI cel€tSMI ANDRI & FNUIY FFYAR TASNI BN

IANHzL) cel f POYI &P Af S

I NJ

RAESNIJ INHzLI | NI |

F NI 0GPNXYI OP

a NNB el S

SFLIPELY SGIAYEALESNI AT S

F NI 0GPNXYI OP

(AT RSY

@F LI RFEY ({FGPEYFyYy®PI

aril s

aretryry YL
28dzyf I NJ 28yl ylFOF1Z 3aISNB1ANERS
Bii 10 EOIWSEETRYyRSARY

0OAt

GFNFFPYRFEY 31 TtSYtSyS0S]

At 3At

681tSyvYs)

SNEI ff SN
AAALF &F NJ
Yo && dzy O

oS GARS
A a2 Nzt

0ISNY BBy RIS y2 & RPRA PP+ O | @

¢2L F RPEPYPI

I NF 0 GPNXI &
aAT RSY 1AYEA]

gizli tutulacak
SRAf SOST

{IEfTII RPEPYP

at R
o A

S
t
i

Sot S &yedektidh f Y

0]
3

S

Af SN G2LJ dz KFf RS RSESNI SYRANACE S

1FadPt PYPyPI
gSel | dzZNHzY

. Af IAE SNA

bl a

iFYlYSy 3
0S5t ANI S&AOA

FNF QGPNXI OPE NI GF N FPY

GSNARE SNJ 3l yNf N

1LHaPtPY

Pt YdzZt t |

YNt NE R
KA dA NI
Ry RSEg

FT2NXT I N
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D. Student Voluntary Participation Form (continued)

«2San
kurabiirsiniz.
21 dzRdzy @S 064dz

_dZl F NPRF1A OAf IAE SNA

11 4GPt P& 2 NHzY @

6C2NX¥dz R2f RdzNHzL) AYT £ F RP1 Ol Yy &2y N
Ad-Soyad: Tarih TYT |
o] o] e
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A@SNYSYSTUSRAN ! yOIF 132 1FGPEPY &aPNIAPYRI &2 NHz |
| GNNN {SYRAYATA NIKFGaPl KAaaSRSNBRSYAT aNNBOA @
ddzNHzY Rl cel f POYlF @P dz23dzZA ety (A6A&SI el f POYFRIY ¢
2f 1 OF 13GPND

I N} SGPNXYFeftl Af3IAEA RFEKF FET€F 0Af3IA FEYFE] A

.dz cel f PoOYlLI&F 1FGPt RPEPYPI AwiAy OAYRARSY (S0 8
fazla bilgi almak icin ODTUA £ IA &l & Nly@$ 288 NBNAY 9EIWUAYA . 1§ NYN

tN2TO GEBI {RYPU2 NPt RENPY QX HA Ad SNIASD AlYe 4 S A

el t PoOYIl el

dz& I dzf I @ PC



E. Study Announcement Web Pagé#/isual

i ORTA DOGU TEKHIK UNIVERSITES| Sermi Als dnlikle ilestisi
[ T R e T T R ] Haldamzda~ | SergiAlsni~ | Elidnlikler~ | Projeler~ | iletisim (G0

Yaz Bilim Olaulu

DUYUR LT q k

G VE progra

G edel kitle:

= akkind e il yaprradan katilm
W A eci: T

erilerin kulla

Bilrmeniz gerekenler:
G sha fazla bilgi alrmak T T
Bagvuru asafida wilasity By Lifiid & iz kig

4 kigilik yedek I 2
on b u B 2023 (sast: 23,593 kadar
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F. Online Application Form

Haldomeda v | SergiAlaniv | Blidriiderv | Projeler v | lletisim Q0

O ORTA DDEU TEXNIK UNIVERSITESI

TOPLUM VE BILIM UYGULAMA VE ARASTIRMA MERKEZ|

Ogrendinn AdvSoyadt: (*)

grencinin Dofhum Tarihi: (*

o

Ogrencinen Okl i

Velinin Cep Telefonu Numaras: (¥)

Sizinle detrzim Kin bu cep telefonu numaras: kutland

ko, By yuzden lutfen cep telefc

umaraner dogru yazdgncdan emin olur

Velinen €-posta Adrest

letisim igin bu e-posta adrest kultandacakty. Bu yirden Ntfen ddzent kontn

fen gegerl bir e-posta adresin! dogrn

dan emin ofun

|

¥

losndaki bijgler 5 8

boyunca sagik s igid bir prablem yazamamak ve agie yemek!

re Jyariamak ion sorulmaktadir. Belirtmek

terniyorsaniz cevaplamak z

Yaz Biken OF

InAgimiz sCresince dfrencinin bilgimiz dahilinde olmas: gereken herhang bir rahatszigs var mi? Varsa nedir?

V2

Ogrencnin herhang) bir pdaya veya bagka geye kas

Ogrencinen Gluten alerjisi var mi?

encinmn duzend r neler?

'en "Dosya Seg/

wzanttan: png. 4o,

sanda gird\im bigierin dogru oiduguny, ydkienen Vel Onay Formu'nun dofru ve eksikstr olduguny, b

in ve ydkienen belgelerin hatak olmast

durumund dogacak yOkUmitiA@y kabu! ettgimi beyan ve tashhot ederim
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G. Interview Questions

G°r ¢kme Sorul ar é

Bil i ksel

1. Bu s¢re-te neler °Jrendijini di¢ Kéngegyol
2. Bu s¢re-te takip ettijin adémlar okul
farkleydeé? + Bu tg¢r bir yakl akémé okul
mu?

3. Prototipleme s¢greci hak@lemdtakrn d Wj¢Krg n c
prototip hakkéndaki d¢kéegncelerjin nel el

4. Test akKkamaseénda dijer gruplardjan ne t

grupl ara prototiplerini gel i ktjirmel er|
5. Okul da hangi dersl erde béu s¢re-te gor
uygul ayabil ecejini dée¢kenegyorsun?
Duyuksal
1. Bu sirecte neler hissettin?
2. Bu etkinlik adémlaréndan en -o0ok hangi
3. Bu etkinlik adémlaréendan en -0k hangi
4, S¢recin bakéndaki ve sonundaki duygu
mu , nasél ? + Bu tg¢r bir etkinlji k tekr:

5. EkKl emek istedijin duygutwveldgscmgénmegxliar

bizim e paylakabilirsin.
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Reflective Thinking Document

¥ Giinii bitirirken;
Sorulan yanitlayahim:

1. Sence bugiin neler &grendin?

2. Sence bugin yaptifin uygulamalar okulda yaptigin seylerden ne
yénden farkliydi? Simdi okulda olsan, hangi derslerde bu tar

etkinlikler olsun istersin?

YANSITICI DUSUNME

3. Bugiin neler hissettin?

4, Buglin yaptigin uygulamalarda en gok hoguna giden veya en az
ilgini geken kisimlar nelerdi?
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AEIOU Observation Framework

A E

Activities Environments
Gozlemlenen Fiziksel/dijital
° 7 r en m¢ve sosyal
faaliyeti: ortam
Grup kokul | a
-al ékmiKal abal
sunum, sessiz,
materyal guraltala,
kull anéaydénl é
fikir-cozim  kameralar
Uretme,geri a- é k é
bildirim alma,
soru sorma,
aktif
kat él e

Interactions

K n siresan,

insarortam,

insan nesne

vb.
et kil

e

¥7 r ehoaa

birebir proje

tarte
°Jren
-al éx
bir yere

yuklemesj
hocan
al
°7
soru

grup ici

tarte
°7
dijer

ma s

ren

r eim
gruplara

sunum

y ap ma
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wn (@) (0]

(@]

O
Objects

Fiziksel/dijital
nesneve
araclar Maket,
pafta, prototip,
model,
projektor,
kamera, ses
kayeéet c
dizastu
bilgisayar,

yazéel én

U
Users

Ortamda
bulunan ya
da
bulunmayan

aktorler:

¥Jreti

el
(jari),

°JTrenc

e man

misafir
°JTretm
araxkt e
idari

personel



Flow Protocol Papers

> Videodaki insanlara kulak ver!
» Videodaki insanlarin aliskanliklar, istekleri, ihtiyaglari,
sikayetleri ve beklentilerini 6grenmeye calis.

2 Varsayim yapma.

> Notal.
> Kulak ver.

2 insanlari dinle.

Problemi Tanimlama

> insanlari anlamaya calis!

> internetten problemle ilgili daha detayh
arastirma yapabilirsin.

» Videodaki insanlardan 6grendigin bilgileri
yorumlayarak tek bir tanim ctimlesi yaz.

« Ornegin;

insanlarin arzuladigi/bekledigi/ihtiyac
duydugu seyler ...

insanlarin sikayet ettigi seyler ...

insanlar mutlu edebilecek seyler ...

> Problemi tanimlamak igin “Nasil?” soru
kalibini da kullanabilirsin.

Fikir Uretme

Farkl ¢éziim fikri 8nerilerinde bulun!

Fikirleri detaylandirman énemli degil.

Amag mitkemmel bir fikir bulmak degil.

Olabildigince farkl yaklagimlar iceren fikirler iretmeye calis.

YVVYY

2 Aklina gelen fikirleri yargilama.

2 Kendini rahat hisset ve 6zgir birak.
2 Ne kadar gilginca, o kadar iyi!

> Hizh ve tiretken ol.

2 Olabildigince ¢ok fikir ret.

> Yapiskan not kagitlanin kullanabilirsin!

Fikirler:
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J. Flow Protocol Paperg(continued)

Y VY

YVYYVY

Fikir Uretme

Fikirlerini grup arkadaslarin ile paylas!
Fikirlerini arkadaslarina anlat ve onlarin gérislerini al.
Tum fikirlerin icin goriis almaya calis.

2 Arkadaslarinin gériglerine kulak ver.
2 Notal.

2 Olumsuz gorislere tiziilme.

2 Kendi fikirlerini savunma, tartisma.

Ortak fikrinizi/fikirlerinizi belirleyin ve detaylandirin!
Onceki fikirlerinden bir tanesini detaylandirin.
Veya bagka yeni bir fikir gelistirin.

Amaci nedir?

Nasil galigir?

Nerede kullanilir?

Kim/kimler kullanir?

Urtin hakkinda bilmemiz gerekenler nelerdir?

0VV0VoLY

Fikrin detaylari

> Fikirleri Gruplandir!

v VY

Cizim

Fikrini giz!

(Bu asamada énce grup olarak bir fikri prototiplemek

icin segmis olman gerekiyor!)

Sectiginiz fikri cizerek anlatin. (Daha biiyiik kagit kullanabilirsiniz!)
Cizimleri bireysel yaparak daha sonra birlestirebilir veya

hep birlikte tek bir gizim olusturabilirsiniz.

Cizim yaparken detaylara/estetige takilma.

Stireci planla.

Grup i¢i gérev paylagimi yap.

2 Fikrin Gretimi yapilabilir mi?
> Prototipi nasil olmali?

2 Hangi malzemeler gerekli?
=)

=)

Grup i¢inde kim hangi kismi yapacak?
Tahmini ne kadar stirede prototiplenir?
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J. Flow

Protocol Papers (continued)

seklinde degil neyi nigin begendigini/begenmedigini acikla.
Varsa onerilerini paylas.

<% Ornegin;

Gelistirdiginiz prototipin su kismi oldukca
kullanish fakat bu kismi su sekilde biraz
daha gelistirilirse daha iyi olabilir.

Prototipleme
Sunulan malzemelerden bazilari:
% Fikrini sinif iginde ; I leri kull; k prototiple! 5 ”
> Fikrini daha iyi anlatabilmek icin uygun malzemeleri se¢ ve kullan. % Kalem, Kang, Defter
> Prototip yaparken detaylara/estetige takilma. % Boya Kalemi, Pastel
> Grup ici gérev paylasimina dikkat et. boya
<+ Oyun Hamuru
2 Uygun malzemeleri kullan. * Karton, képiik,
2 Once ana hatlarini olustur. . mukavva
2 Sonra detaylandirabilirsin. w Cetvvel, makas, maket
2 Urintin gergek 6lgti ve boyutlarina bicag
uygun olmak zorunda degil. * Tahta cubuk, tahta
2 Hizh ve pratik ol. parcalari
<+ Lego pargalari
<+ Bant, lastik, yapistirici
<+ Pamuk, boncuk, tiil
< ip, kurdele, balon
<+ Kege kagidi, renkli
kagitlar
<+ Pinpon topu, kiigiik top
< Biiyiteg, fener
<+ Pipet, oyuncak pargalari
<% Cesitli kiigiik
aksesuarlar
Test Etme
J—
> Fikrini test et! Begenilen kisimlar:
» Prototip tasarimin hakkinda diger gruptan goriis al.
» Arkadaslarinin begendigi ve tasarimda gelistirmeye
acik buldugu kisimlari not al.
> Diger grubun prototipini degerlendirirken
kelimelerini dikkatli sec.
> Kirc, asagilayici, alayai sdzciikler kullanmaktan kagin.
» Sadece olumsuz kisimlardan degil olumlu kisimlardan da bahset.
» Acik sekilde gorislerini ifade et, sadece begendim-begenmedim

Gelistirmeye agik kisimlar:
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K. Activity Sheet

Adeé Kavramlar Et ki nl ik

Etk|nI|k Paketi 1 Empatl Hisler Blyuk Grup (Oyun)

- ---

Etkinlik Paketi 3 _ Empati, Kk BiyikGrup (Oyun)

- ...

Etkinlik Paketi 5 Kkl im Kriz Grup ¢al eékn
Dej i ki kI i J Teknoloji, Sanat, Sosya

Tasarrufu, Geri Bilimler)
D°ng¢ K¢ m, D
Ol ay | ar tUretmd)

- ---

Etkinlik Paketi 7 Prototip,Tasar ér Grup ¢al eéxn
Maket

- --
Bil gisayar
Uygulamalar, Buyik
Grup (Oyun)

(Teknoloj i,
Sanat)
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L. Activity Packages

TANI KMA ETKKNLKJK
Et ki nl-KKk e ATdagnié:k ma
Et ki nl i Blyik &wp (@yiun)
Sire: 10-15 dk.
Seviye:l6. Seéeneéefl ar

Materyaller: Yok

Amac:¥j renci lerin ejitmenlerle ve bi

sénéf atmosferini destekl| emek

S¢re- Adéeml ar é:

T ¥Jrencilerden -ember ol acak «kKek
zamanda ejitmenler de -embere d
T ¢emberin herhangi bir késméndak
ol an °jJrenci kendi i smini y¢kse
arkadakéna verir. Topu alan i Kki
I smini s°yl eyen asoniadakanliémig sdyler gen
topu bir sajéndakine verir.

T Bu kekilde t¢gm -emberdeki ©°jJren
i sim eri akléenda tutmaya -al éke
i simleri dojru hat ér |l aneajslée nzeorre
°Jrenmektir.

T ¢emberdeki son kiki de kendinde
s°yledijinde oyun biter.

T Etkinlik, harcanan s¢re de g°z
kadar tekrarlanabilirn opHki amak
ol acakteér.)

Dejerl emdnémma etkinlijinde neler

i simleri hatéerl amak i -in hangi bec

dékendaki duruml arda nasel kilir.l 1 an a

Oneriler: ¥ renci |l er i ki gruba ayrél ar ak

s¢re i-erisinde en fazla sayéda i s

Belirlenen s¢re i1 -erisinde daha -o

Oyunesnasénda hafif hareketl] m¢ zi k

yaptérélabilir.
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L. Activity Packages (continued)

ETKKNLKK PAKETK 1

Et ki nl-Kk e ADiygunu Pasla! (Empati Yapma)

Et ki nl i Bluyik &wp (@yiun)

Sire: 10-15 dk.

Seviyeel6. Séeneéefl ar

Materyaller: Yok

Kavramlar:. Empat i, Y¢z Kfadel eri, Hi sl er, Takl

SozciklerrEmp at i kurma, taklit etme, mutl u, ¢z

Kakken, mer akl & vb.

Amac:¥j rencilerin g°zlem yoluylaréndahtar e

yoruml amaséné sajlamak ve duygusal ipu-1:

guclendirmek

S¢re- Adéeml ar é

T ¥Jrencilerden arka arkaya séra ol mal a
yézeyle i fade edebil eceji bir duyguyu
arkadarn omzuna yavak-a dokunarak kend:
se-tiji y¢z i1 fadesini arkadakeéena g°st
T ¥Jrenciler y¢z ifadesini yalnézca bir
omzuna dokunul dujunda g°rd¢iyes yeéez i fa
pasl amal édeér .

T Séranén en bakéndaki °jJrenci de ar kas
i fadesini gerd¢kten sonra t¢m ar kadack|
ve ifadenin dojru kekilde iletillip il
1 Dahasonrabuifadeninhangiduyg u temsi |l ettiji tarteée
T Etkinlik harcanan s¢re de g%z 9n¢gnde |
kadar tekrarlanabilir.

f Oyun sonunda beyin férténasé yapél ar al
olukan bir | iste hazérlaner.

Dejerl ebdygmkbar éné pasla oyununda |nel er |

duyguyu paslamak i-in y¢z ifadeni zi ayar |

Bu becerileri oyun dékéndaki duruml ar da |

yararl aneéel abilir.

Oneriler: ¥jr enci |l er i ki gruba ayrél arak| s¢re it

s¢re i-erisinde en fazla sayéeda duyguyu |

sajlanabil ir. Belirlenen s¢gre 1 -erisinde

tahmin eden grupPyoguesnéaseanadar hafif har el

Oyuna baklamadan bir i ki deneme yapteéreéel .
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L. Activity Packages (continued

ETKKNLKK PAKETK 2
Et ki nl-iKk eAGirguip: Dans éKk( Enigpaid)ij iv e
Et ki nl i Kicik&mp (@yiun, Dans)

Sire: 10-15 dk.

Seviyeel6. Séeneéefl ar

Materyaller: Muzik

Kavramlar: Empati, Aktif Dinleme, Taklit

—

Sozcukler: Empati kurma, koordinasyon, koreografi, taklit etme, gézlem, akt
dinleme, aktif katéelém, ik birliji vb.

nsanl arén hareket
kar ma ve s° zsdgnek,i
i f dinleyerek ik

Amac:¥j renci |l erin i
dilinden anl am - é
arkadakl!l aréné akt

oo —
—c o
b T B
- ® 5
—_— = -
[0)
50
< O o

S¢re- Adéeml ar é:
¥]
He
¥]
He

He
ar

il er 406erli gruplara ayreéeleéer.
r-enxznyeernda bir rakam verjilir.
il eri dans edebileceji ejl
renci n u kKarkeéya uygun b
renci n érayla grup i-eri
Kl ar é ret mesi i stenir.
He ubun i ] 1 ahagargeiknest bekdenir
Her up dansé sénéfa sunar.
Etkinlik harca n s¢re de g°z °9n¢gnde bul
kadar tekrarlanabilir.
T Oyun sonunda °jJrencilere, grubunun onun
olarak dans ettiklerinde neler hissettikleri sorulur.

(0]
© >

(0]

QO
Q Q © o35
—>

S_A=A2=_2="=
©3>5 3 353 5
\—)m_._.

—
o

i ol B B B B
ﬂg_)‘-—)‘-—)o‘-—)o
- 0n o
oo 0o 9 —
~

nd

EJE
«
-~
S5 5 @
O

Dejerl e@dupmdanseée yaparken neler hissettini
hareketinizi yaparken ngdetremhdisjsiethameke&t |Ae
yapabil mek 1 -in hangi becerilerden yararl an
duruml arda naseél kull anabiliriz? vb. sorul a
Oneriler: Oyuna bakl amadan bir i ki deneme yapteéere
sayéddeki @l ukan gruplara ayrélabil/ir. Her g
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L. Activity Packages (continued)

ETKKNLKK PAKETK 3
Et ki nl-iKk e Aikgl ii :m DHnya (Empati viK kK bYapma) ] i
Et ki nl i Bluyik &wp (@yiun)
Sure: 10-15 dk.
Sevye: 6 . Sénefl ar
Materyaller: Muzik
Kavramlar: Empati , Aktif Kateéel ém
SozcuklerrEmp at i kur ma, koordinasyon, d°zI| em,
Amac:¥] renci lerin bir ekip halinde ayné am
vecut dil i nmaenvend©ams ¢ 2 kiapu-1 arénée yakal a
g¢-1lendirmek, arkadaxkl aréné aktif | dinley:
desteklemek
S¢re- Adéml ar é:

T Té¢ém °Jrenciler -ember ol acak kKekil de |

T ¥Jrencilerden birsteanésir vl  rembeir zidée

T ¥Jrencilerden bir tanesi de d¢gnya ol al

T ¢emberdeki °Jrenciler insanl éjé& temsil
koruyacak insanl ardér .

T Kkl im krizi d¢gnyaya d&kkunrzur 9d uoy u ik | k
d¢nyaya dokunamazsa i klim kri zi oyunu
kazanér

T ¢emberdeki °Jrencilerin g°revi |d¢nyay
(¥rnejin, iPiklim krizi -emberi zorl ayal
durumda 2emébecil sekl akt érarak |kl im Kk
engel ol mal édeéer . Kkl im krizi bir keki |
hezlé bir kKekilde d¢nyayeé -ember deéxeéi
stratejilerle oyun devam eder.)

1 Belli bir suire tutuluve siire sonunda kazanan ilan edilir.

T Etkinlik, harcanan s¢re de g°z °n¢gnde
kadar tekrarlanabilir.

Dejerl eBHi pmet arak ayné ama- 1i-in| harekeil
Siz kuzu i ken -emberdeki arkadakl arénéz
vVb. sorul ardan yararlanélabilir.

Oneriler: Oyuna bakl amadan bir i ki deneme yapt
bel irl endi kten sonra -ember i-erisjine ale
ve i klim krizi -emberdeki d¢nyayeé | yakal al
d¢nyadan uzak tutmak i -in -ember s¢rekl i
geni K|l emekek zi ki uzakl akteéermayé deneyebi
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L. Activity Packages (continued)

ETKKNLKK PAKETK 4

Et ki nl-Kk epdil¢gniy:ameza Ne Oluyor? (Problemi Tan
Etkinlikrapkitdl ékmasée (Fen, Teknolloji, Sosy
Sure: ~60 dk.

Seviyeel6. Séeneéefl ar

Materyaller: Kk I i m Vi deosu, Diz¢st¢ Bi-Kapmsayar (int
Kavramlar: Kk 1 i m Kri zi / Deji ki klijJi, Doja Ol ayl ar é
Sozcukler:K ¢ r e s e | Kkl i m, K¢resel | s &nmal, Yeni |l enc
Enerji, DoOAt&k ¢ rAdl &bt &1 ma, Problem Tanéml am:
Amac:¥j rencilerin izledikIer:i vi deodaki ki kil
belirl eme ve anahtar s°zc¢kler il e belirled
becerilerini g¢-lendirmek, -evre okuryazarl
S¢re- Adéml ar é:

T ¥Jrencilerden U kKkeklinde ayarl anmék sér a
Kkl im Krizi i1ile ilgili bir video izletti
kendi |l erini vi deodaki insanl arén yerine

T Videonun sonunda °ylreamenérreel 8ui drmg aoloal
Knsanlar ne tg¢gr problemlerl e karkeé kar ke
¥nlem al énmazsa neler olabilir?" vb. sor

f Daha sonra °jJrenciler daéerci kekilhj kgguppl
arkadaxkl! ar @& rilled i kil relrii k tpe olbéleml eri tart éex
grup dyelerinin en az bir problem belirlemesi beklenir.)

T Problemleri tartéekerken bir yandan da ma
bil gisayarl ar yardéméyla belirlledi kl eri
arakteéermal gapaBul s¢gre-te not tutmalare i

T Al é@énan notlar ékéjénda °jJrencilerin beli
kull anarak tanémlamal aré bekl enir

1 Her grup icin bir grup s6zctisu se¢gmeleri istenir. Secilen grup sdzcustu
taneéeml adék]| asréén épfrloab | peanyi | atkeémr . (Tegm grupl a
ademé ger-eklexktirmesi beklenir.)

Dejerl eNddemeu izl edijinizde nelerl hissettdi
hangi becerilerden yararl andénéz? |[Bu beceri
sorulardanyarr | anél abi | ir.

Oneriler: Bel i rl enen s¢re i-erisinde daha -ok say
tanémlanabilir. Di z¢st ¢ bielngi $ ayakeoldmama a8
tartékabkaliemvieuklOaeél arak not al énabilir v
tahtaya yazéllaibibawkxka Kwindieoll a&r i1ilglijettiril ebi
ile ilgili varsa tecrg¢gbelerini payl akmal ar é
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L. Activity Packages (continued)

ETKKNLKK PAKETK 5
Et ki nl-iKk e AHhgalimizdeki Diinya (Fikir Uretme)
Etkinlikr apkfdleb, Kakrlgjie Safat Sosyal Bilimler)
Sire: ~60 dk.

Seviyeel6. Séeneéefl ar

Materyaller: Di z ¢ st ¢ Bil gi sayar
Uygul amaKaem KOJ ét

(internet

Kavramlar: Kkl i m Kri zi , Kkl im DejikiKkIig
Ol ayl aré (Probleme Y°nelik ¢°z¢;m H
Sozcukler:K ¢ r e s e | Kkl i m, K¢resel | sénma
Enerji, Do°ne¢kterelebilir At ek, Kay
Amac:¥jJ rencilerin belirledikleri pimi a
(problem -°9zme becerilerini) g¢-1 e
desteklemek

S¢re- Adéeml ar é

T Daha °nce 406er kikilik grupl ar a
yaparak tanémladeéekl areée p bl e ml

T GGrencilerin -°2z¢m fikirlerini
fikri not etmesi istenir. (TUm grup Uyelerinin en az bir fikir Gretmesi
beklenir.)

T ¥Jrenciler kavram haritasé kull
edebilirler.néKaanbmmbatlti talae@
sajlaneéer .)

T Prototip geliktirmek i-in -°z¢n
tanesini se-meleri istenir (Gr
-oklujuyla karar vermel eri ger e

1 Dahaodncesecillemr up s°zcg¢gse¢ dijer grup
kal karak -°2z¢m fikirlerini/ kavr
se-ti kl eri -0 zem fi krini a- ekl a
ger-ekl ektirmesi bekl enir.)

T Té¢m bu s¢gre-te eéirtemrelme(rllelrk) €de
gel i kKtirmeleri i -in yeterl:i des

Dej er | e Rrdblementéziim Uretirken neler hissettiniz? Cozum fikirleri
cretirken hangi beceril erden yarar
kullanabiliriz? vb. sorulardap ar ar | anéel abi | i r .

Oneriler: Cevre ile ilgili derneklerden, kurumlardan, belediyelerden destek
al énarak bu kurumlara gezi d¢zenl e

edil ebilir. Etkinlik esnasénda haf
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L. Activity Packages(continued)

ETKKNLKK PAKETK 6
Et ki nl-Kk e pHlagyia:l i mi zdeki D¢nyayé ¢izelim (Fik
Etkinlikrapkitdl ékmasée (Tasarém, Sanat)
Sure: ~45 dk.
Seviyeel6. Séeneéefl ar
Materyaller: Di z¢st ¢ Bil gi sayar (internet| bajlanteél
Koj edeé, Boya -Kalarh eml er i , KOoj et
Kavramlar: Kkl i m Kri zi , Kkl im DejikikIlif]i, Ener ji
Ol ayl aré (Probleme Y°nelik ¢°z¢;m RBikirlerdi
Sozcikler:K ¢ r e siemb, KKkk¢lr e s el | sénma, Yenil enebilir
Enerji, Done¢kterelebilir At ek, Afilk/ Poster
Amac:¥jJ rencilerin belirledikleri praobl emlere
dejerl endirme yapma ve karar veérme becerile
tasarémsal d¢ke¢egnceyi dest ekl emek
S¢re- Adéml ar é:

1T Daha °nce 406er kikilik gruplara ayrél mécx
ile birlikte daha °nce se-tikleri -%z¢m
istenir.

T Resim k©j édé ve how& Ilgalugmliereirnisi knudlel ax
-al ékma ile afiklerini hazérl ayabilirler
hazéerl amal edeéer .)

T Té¢m bu s¢re-te ejitmen(ler) °Jrencilere
geliktirmeleri i-in yeterli desteji sajl

Dej er | e @akinrfikniei: ze y°neli k afik hazérl arken n:
hazéerl arken hangi becerilerden yariarl andéne
kull anabiliriz? vb. sorul ardan yararl anél ab
Oneriler: Vakit yeterl. ol masé durumunda ve °jJren
kapssmé nda, dizg¢gste¢g bilgisayar yardéméyla Canyv
afi klerini hazérl ayabilirler.
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L. Activity Packages (continued)

ETKKNLKK PAKETK 7

Et ki nl-Kk e pHlagyia:l | er i mi zi Ger - ekl ekt

Et kinlikr apkiéd(lTeekknmaosléoj i , Tasar ém,

Sure:~120 dk. (10d6ar daki kal ék mol al
yapélabilir.)
Seviyeel6. Seéeneéefl ar

Materyaller: Di z ¢ st ¢ Bi |l gi say &rn &fi nit-eerrniest

malzemeler (Kartonkutk ar t on bardak, plastik

makarna, k¢grdan, kumak par-al ar é,

makas, cetvel, oyun hamuru, Lejyapboz b¢y ¢t e-, tel |-

kalemtkitap vb.)

Kavramlar: Prototip, Model, Miket

SoOzcuklerrK ¢ r es el Kkl i m, K¢resel | sénma

Enerji, DO°n¢kterelebilir At ék, Ma k

Amac:¥j renci lerin ¢rettikl erdi -%z¢m

becerilerini g¢-lendirmek, yarat éec

desteklemek

S¢re- Adéeml ar é:

T Daha °nce 46er kikilik grupl ar 8
ile birlikte sectikleri gozum fikrini prototiplemeleri istenir.

T Prototip gelixktirirken séneéef i -
el sanatl aré i1ile bir ¢réeén maket
T Té¢m bu s¢re-te ej it menr(vepeotodpi © J 1
geliktirmeleri i-in yeterli des
T Daha °nce se-ilen grup s°zc¢sé
kal karak geliktirdi kI er protot
creéenegl sistemi/ model i taneéet eér (
gergkl ektir mesi bekl enir.)

Dej er | e gainmrfiknigizi prototiplerken neler hissettiniz? Prototipleme

yaparken hangi becerilerden yarar/l
kull anabiliriz? GeliktirdiJiniz pr
y a r alabilira n é

Oneriler: ¥ renci l ere farkl é& i mKkaAmddelame,8E
baskodl ama ve roboti k kodl ama, mob
artéréel mék ger-ekli k uygul amal ar é&,

materyal er i ni n
kull anéménén

(3B Moe l°ljeneen cvid eB aes kaén
°Jretil mesi gerekir.
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L. Activity Packages (continued

ETKKNLKK PAKETK 8
Et ki nl-Kk e AHhyalier:Gercek Oldu Mu? (Test Etme)

EtkinliB¢gternl dktiri (FemTiekndboj, pankt, SGyal p
Bilimler)

Sure: ~60 dk.

Seviyeel6. Seéeneéefl ar

Materyaller: Di z ¢ st ¢ Bil gi sayar -Kaenmt er net

Kavramlar: Kk 1 i m Kri zi , Kkl im Deji ki kI i]

Ol ayl ar é

SozciklerK¢reseK¢gKkRbem, | sénma, Yenil en

Enerji, Done¢kterelebilir At ek, Tes

Amac:¥j renci lerin geliktirdi kI eri pr

yaratéceleje, ©°9zg¢r degkegnceyi, el e

S¢re- Adéeml ar é:

T Gruplar i kikerli olarak ekl exkti
T Ekl exktirilen gruplar birbirleri
T Prototipi test eden grubun ayre
yapmasé istenir. (T¢ém grup ¢yel

1 Prowtipi test edilen grup, verilen geri bildirimleri ve 6nerileri not eder.
T Her grup not ettii]i ger i dong¢t |
T Tartékeéelan fikirlerden uygul ann

bu d°n¢tl er éxkéejénda geliktiril

De ] er | e Rrdtetipinzietest ederken neler hissettiniz? Bu slrecte hangi
beceril erden yaridrelran doénud zd?a Biua shéd ¢
grupl arén prototiopini nas el dej er |

Onerile: Tasarém ve Ejitim Fakg¢ltelerior
°Jrencilerden bir j¢é¢rrl ehdktmeuéar
okula davet edilerek prototipler sergilenebilir.

264

na s é

ototipler
Ktirel d¢

rilir
nin p
nt él é
erini

roto
I ger
nin g°
kendi
na kar
ve nih

er i

I r

ek ul
endi

|l anabi
rdi ni



L. Activity Packages (continued)

KAPANI k ETKKNLKJK
Et ki nl-Kk e Aiagpia:vVeda
EtkinliBi tgksdyar Tabanl é Uygul amal ar
Sure:~120 dk. ( Inlalarweriid)ak i kal ék
Seviyeel6. Séeneéefl ar
Materyaller: Di z¢st ¢ Bil gi sayar (internet/ bajl an
Amac:¥j renci lerin yojun bir ©°jJretim s¢greci
ge-irmelerini sajlamak veenekumlu bir sén
S¢re- Adéml ar é:

T ¥Jrencilerden U Keklinde ayarl anméxk s
°Jrenciye bir diz¢gsteg bilgisayar temi

T Ejitmen taraféndan bir web tabanl é uy.
uygul aamyiur@manét él ér .

T Efjitmen Iver °hegnlgirl i kte uygul amayeée ki
¥Jrencilerin ejitmeni takip ederek ya,
uygul amasé istenir.

T Beraber yapélan etkinlik tamamlandékt
verilir. ¥Jrencilerr kheair azbaenra ny adp d li am nedt
yaratécel ekl aré kapsaménda gel Ktirir.,
yaparlar.

T Bu s¢re-te ejitmen °Jrencilere|  rehber|
kull anabil meleri i-in yeterl:] deste]i

Dej er | eBukitrkmen:l i kt e nel er hissettiniz? Uy
hangi becerilerden yararlandéenéz? | vb. sol
Oneriler: ¥ rencil erin Web 3.0 Uygul amal arénda
sajlanabil ir.
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L. Activity Packages (continued)

KAPANEKKKNLEJK
Et ki nl-Kk e Aiagpia: Veda
Et ki nl i Buylik &wp (Oyiun)
Sure: ~45 dk.
Seviyeel6. Séeneéefl ar
Materyaller: Yok
Amac:¥j rencilerin ejlenceli vakit ge-irmeleri
atmosferini desteklemek
S¢re- Adéml ar é:

T ¥Jrencilerden -ember ol acak kKkekilde bir
zamanda ejitmen(lbler) de -embere dah

T ¢emberdeki °jJrenciler kiki sayéséna g°re
°Jrenci -emberinde 16den 1606ya|kadar say

T ¢emberde bulunan bir ki«ki ebe se-ilir. E
ejitmen ol abilir.)

T Ebe ATarl ayé ektim bi-tim 10 kabak ol dubo
A10 kabak ol mazo der. Ebe bu sefer hemen
numaral & °jJrenci bu sefer A10 kabak ol ma

T 5 numaral é °jJrenci hemmar abeKapak&nol mAYa
ka- kabak ol sun?0 der 5 numaral é& °jJrenc
ol uro der.

T Oyun bu kekilde heéezlée hézlé devam eder.
°Jrenci oyundan -ékar.

f Oyunda kal anl ar el enen °l[ereqneiyamé&leméwir
olur ve oyundan -ékar.

Dejerl eHdpaméek etkinlijinde neler hissettin
ol mak ve sayélaré hateéerlamak i-in|hangi bec
oyun déekéndaki dur uml arrudlaa rndaasnré |y akrud rl laannaébli d bi i
Oneriler: ¥ renci l er séralarénda oturacak «kekil de
s°yl enen °jJrenci ayaja kalkar ve bir bakka
oturur. Yaneélan °jJrenci oyumadweeb@lkeci f ol maz
akel karéktérecé olarak oyunu zorl|l akt ér méex
-alabilir Oyuna bakl amadan bir i ki deneme
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M. Word Cloud for Interviews

L e S S osyal dOTSEE
g‘@% g fen < prOtOtlp
T RE & 8gahsma51—g

= "5 '527)8 "Siklim gﬂ_‘

% %= Neh e test-oain
S Q< 15 1 fhelki 25
é E O ﬁu_lda duygu
@ [ J é. [} [ ] hem
hakkinda o v gllglalzl S
: * -
varar T1KAT < biraz 3 =
etkinlik o 2 & yaptik O o=
memnun = 5 5 Sadece = £
N 2
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N. Adapted Prototype Evaluation Rubric (PER)

Dimension Sub-dimensions and levels

Score

Problem

Definition

Level 3: Clear and concise explanation of the
problem.

Level 2: Reasonable explanation of the problem. £
few minor errors.

Level 1: Vague explanation of the problem. Major

errors.

Level 3: Clear and concise description of the featu
and functions of the product/service.

Level 2: Reasonable description of the features ar
functions of the product/service. Several minor
mistakes.

Level 1: Vague description of the features and

functions of he product/service. Major mistakes.

Level 3: A clear and concise explanation of the
uniqueness, strengths, and restrains of the solutio
comparison to others in the market.

Level 2: Reasonable explanation of the uniquenes
strengths, and restraintbe solution in comparison
to other existing ones in the market. Several mino
mistakes.

Level 1: Vague explanation of the uniqueness,
strengths, and restrains of the solution in comparis
to other existing ones in the market. Major mistake

Limited coherence.

Feasibility

Level 3: Provides a complete and practical solutiot
for developing the product/service.
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Level 2: Provides a reasonable solution for
developing the product/service. Several minor
mistakes.

Level 1: Provides an inadequate solution for
developing the product/servidemited coherence.

Level 3: Clear and accurate description of the
process of design to production.

Level 2: Reasonable description of the process fro
design to production. Several minor mistakes.
Level 1: Vague description of the process from
design to production. Major mistakes. Limited

coherence.

Level 3: Provides adequate proof that the
product/service Wl work (e.g., flowchart of the
design process, prototypes, and/or actual product
Level 2: Provides some proof that the
product/service will work.

Level 1: Provides insufficient proof that the

product/service will work.

User Test

Level 3: Clear and cocise explanation of how the
product/service match the needs of users.

Level 2: Reasonable explanation of how the
product/service match the needs of users. Severa
minor mistakes.

Level 1: Vague explanation of how the
product/service can match the needassrs. Major

mistakes. Limited coherence.

Level 3: Demonstrates a high level of usability (or
potential usability) of the product/service. Provides

enhanced user experience.

269



Level 2: Demonstrates a reasonable level of usabi
(or potential usability) of the product/service.
Provides acceptable user expace.

Level 1: Demonstrates a low level of usability (or
potential usability) of the product/service. Provides

poor user experience.

Level 3: Abundant collection of user AND expert
feedback to enhance the user experience.

Level 2: Moderate collectiomf user OR expert
feedback on user experience.

Level 1: No collection of user and expert feedback

on user experience.

Teamwork

Level 3: Demonstrates adequate collaboration am:
team members.

Level 2: Demonstrates some level of collaboration
among team members.

Level 1: Fails to demonstrate sufficient collaboratic

among team members.

Level 3: Responsibilities of team members are we
defined.

Level 2: Responsibilities of team members are
defined in some cases.

Level 1: Responsibilities of team members are

vaguely defined.

Level 3: Demonstrates effective project planning a
management

Level 2: Demonstrates acceptable project planning
and management

Level 1: Demonstrates of poor project planning an

management
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O. Categorization ofldeasWorksheets
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O. Categorization of Ideas Worksheets (continued)
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O. Categorization of IdeasWorksheets (continued)
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P. Problem Definitions

Group 1

Knsanlaré i klim krizi hakkénda naseél bil gil
(How can we inform people about the climate crisis?)

Group 2

Karadeni z6de fazla yajékén etkilerini nas el
(How can we reduce thefe€ts of excessive rainfall in the Black Sea?)

Group 3

K¢resel éeésénmaya sebep olan insan faktoerl er
(How can we prevent human factors that cause global warming?)

Group 4

K- Anadolu B°l gesi ondeki kurakl ek probl emin

(How can we solve the drought problem in the Central Anatolia Region?)
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Q. Drawings

Group 1:

Group 2:
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Q. Drawings (continued)

Group 3:

Group 4:
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R. Prototypes

Group 1:
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R. Prototypes (continued)

Group 3:
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S.

Rules

Fikir Bildirme Kurallan

’~

&

Kelimelerini
dikkatli se¢

N

J/

Kirici,
agagilayici,
alayci kelimeler
kullanma

\, /

aYa

fadece olumsuz
kisimlardan
bahsetme

\ /

N

Otumlu
kisimlardan da
bahset ve
tebrik et

\ J

r

fadece
begendim-

begenmedim

seklinde

\_yorum yapma J

\

{ Nedenini
agikla,

geligtirici

tavsiyede

bulun

. J

r N

Kendi
fikirlerini
savunma,
tartigma,

\_yapici ol

r"llll al, ;ok‘
fikir

aligveriginde
bulun

s \,

Beyin Firtinasi Kurallan

(

\_

Fikirteri
Yargilama

N

/

4 )
Cilgin

fikirlere
agik ol

\ J

rtmtlamalarﬁ
diisiinme, ne
istedigini

digiin

. J

~

rﬁaikahl’lhlﬂ
fikirleri

dizerine inga

et

\ S

r

.

Pozitif ol,
konuya
odaklan

\

J

e ™
Sirayla konug,
birbirini
dinle

e N

Fikirlerini
girsellegtir

4 3

Hizli ol, ¢ok
fikir diret

U v

. J/

279






CURRICULUM VITAE

PERSONAL INFORMATION
Surname, Nam@eytekin Bircan, Merve

EDUCATION
Degree Institution
MS METU ComputerEducationand

Instructional Tecmology

METU Entrepreneurship in the
Department of Business
Administration

BS METU Computer Education and
Instructional Technology

High School A k Kk e h tolian TeacheHigh
School,Konya

Minor Program

WORK EXPERIENCE

Year Place

2020- Present METU Society and Science
Application and Research Center

2018- 2020 METU Computer Education and
Instructional Technology

2017- 2018 National Education Foundatid?rivate
Ankara College

FOREIGN LANGUAGES

Advanced English

281

Year of
Graduation

2019

2015

2015

2010

Enrollment

Instructor

Resarch Assistant

IT Teacher



HONORS/GRANTS

- METU Graduate Courses Performance Award

Graduate School of Natural and Applied Sciences, Middle East Technical
University

- University High Honor Student

Computer Education and Instructional Technology, Middle East Technical
University

PUBLICATIONS

1. Aytekin, M. (2019).The Effects of responsive website design and screen size of

tablets on uni ver Yretensiors cogniive lnadsadd r eadi ng com
preference of reading on tabldid.S. - Master of Science]. Middle East Technical

University.

2.Tunga, Y., Aytekin, M., & Kaplan, G., (2018How Web 2.0 Tools Can Be
Integrated in Early Childhood Education? | CI| TndroTurBey Kz

282



