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ABSTRACT 

 

EXPLORING MIDDLE SCHOOL STUDENTSô DESIGN THINKING 

PROCESSES: AN EXTRA-CURRICULAR PROGRAM DEVELOPMENT  

 

 

Aytekin Bircan, Merve 

Doctor of Philosophy, Computer Education and Instructional Technology 

Supervisor : Prof. Dr. Soner Yēldērēm 

Co-Supervisor: Assist. Prof. Dr. Elif Öztürk 

 

 

May 2025, 282 pages 

 

 

The present study aimed to examine the design thinking processes of 6th grade 

students in society and science centers by developing an extra-curricular program 

based on design thinking approach. It was attempted to explore 6th gradersô 

interpretations and evaluations on their learning outcomes, the level of prototype 

performance and fostering/challenging strategies used 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 performed with 

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 

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. Also, an adapted measure was used to evaluate the studentsô 

learning outcomes (prototypes). Finally, observersô notes were analyzed and 

interviews were conducted with two observers to determine fostering and 

challenging strategies used in the process. The findings of the study revealed that 
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students had different experiences in the design process in cognitive (learning 

awareness and association of DBT with school) and affective (positive/negative 

feelings and favorite/least favorite DBT steps) aspects, different learning outcomes, 

and fostering and challenging strategies. In general, educators in non-formal 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, Design Thinking Processes, 

Extra-Curricular Program, Science Center  
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ÖZ 

 

ORTAOKUL ¥ĴRENCĶLERĶNĶN TASARIM D¦ķ¦NME S¦RE¢LERĶNĶN 

KEķFEDĶLMESĶ: M¦FREDAT DIķI BĶR PROGRAM GELĶķTĶRME 

 

 

Aytekin Bircan, Merve 

Doktora, Bilgisayar ve ¥ĵretim Teknolojileri Eĵitimi 

Tez Yöneticisi: Prof. Dr. Soner Yēldērēm 

Ortak Tez Yöneticisi: Dr. ¥ĵr. ¦yesi Elif Öztürk 

 

 

Mayēs 2025, 282 sayfa 

 

Bu ­alēĸmanēn amacē, tasarēm odaklē d¿ĸ¿nme yaklaĸēmēna dayalē bir ders dēĸē 

program geliĸtirerek toplum ve bilim merkezlerindeki 6. sēnēf ºĵrencilerinin tasarēm 

odaklē d¿ĸ¿nme s¿re­lerini incelemektir. 6. sēnēf ºĵrencilerinin ºĵrenme ­ēktēlarēna 

iliĸkin yorum ve deĵerlendirmeleri, prototip performans düzeyleri ve bu süreçte 

karĸēlaĸēlan teĸvik edici ve zorlayēcē stratejiler keĸfedilmeye ­alēĸēlmēĸtēr. Bu ama­lar 

doĵrultusunda bir vaka ­alēĸmasē y¿r¿t¿lm¿ĸt¿r. Elveriĸli ºrnekleme kullanēlmēĸ ve 

­alēĸma 15 6. sēnēf ºĵrencisi ile y¿r¿t¿lm¿ĸt¿r. G¿venilirlik i­in birden fazla veri 

kaynaĵē ile ¿­genleme yapēlmēĸ ve bu nedenle gºr¿ĸmeler, gºzlemler ve video 

kayētlarē ­alēĸmaya d©hil edilmiĸtir. Ayrēca, her g¿n¿n sonunda ºĵrencilerden 

yansētēcē d¿ĸ¿nme belgeleri toplanmēĸtēr. Gºr¿ĸme verileri i­in i­erik analizi 

yapēlmēĸ ve a­ēk kodlama ile ilk kodlar ¿retilmiĸtir. Daha sonra, eksenel kodlama ile 

kategoriler sistematik olarak geliĸtirilmiĸ ve kategorileri b¿t¿nleĸtirmek i­in seçici 

kodlama kullanēlmēĸtēr. Ayrēca, ºĵrencilerin ºĵrenme ­ēktēlarēnē (prototiplerini) 

deĵerlendirmek i­in uyarlanmēĸ bir ºl­ek kullanēlmēĸtēr. Son olarak, gºzlemcilerin 

notlarē analiz edilmiĸ ve s¿re­te karĸēlaĸēlan destekleyici ve zorlayēcē stratejileri 

belirlemek i­in iki gºzlemci ile gºr¿ĸmeler yapēlmēĸtēr. ¢alēĸmanēn bulgularē, 

ºĵrencilerin biliĸsel (ºĵrenme farkēndalēĵē ve DBTônin okulla iliĸkilendirilmesi) ve 
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duygusal (olumlu/olumsuz duygular ve favori/en az favori DBT adēmlarē) yºnlerden 

tasarēm s¿recinde farklē deneyimleri, farklē ºĵrenme ­ēktēlarēnē ve destekleyici ve 

zorlayēcē uygulama stratejilerini ortaya koymuĸtur. Genel olarak, gayri resmi 

ºĵrenme ortamlarēndaki eĵitimciler ve potansiyel araĸtērmacēlar mevcut bulgularē 

kullanabilirler. Ancak, bu ­alēĸmanēn bulgularēnē farklē baĵlamlarda test etmek i­in 

daha fazla araĸtērmaya ihtiya­ vardēr. 

 

Anahtar Kelimeler:  Tasarēmsal D¿ĸ¿nme, Tasarēm Odaklē D¿ĸ¿nme, Tasarēmsal 

D¿ĸ¿nme S¿re­leri, M¿fredat Dēĸē Program, Bilim Merkezleri
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CHAPTER 1  

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, problem-solving, adaptability, creativity, collaboration, and innovation. 

These skills are widely regarded as essential for preparing students to navigate the 

complexities of modern life and work.  

Design thinking (DT), a human-centered, iterative approach to problem-solving 

(Foster, 2019), has emerged as a transformative framework across various 

disciplines including education, business, and social innovation. DT involves ñthe 

conception and realization of new things by planning, inventing, making, and doingò 

(Cross, 1982, p. 221).  

In educational contexts, DT has emerged as a dynamic pedagogical framework that 

encourages students to approach real-world problems through empathic inquiry, 

ideation, prototyping, and iterative problem-solving (Doorley et al., 2018; Luka, 

2014; Stanford d.school, 2004). Within this context, it is recognized as a powerful 

tool to foster critical thinking, creativity, engagement, innovation and problem-

solving skills among students (Razzouk & Shute, 2012), and encourages 

collaborative and creative solutions to complex, real-world challenges (Brown, 

2008). Also, DT fosters a mindset that blends both analytical and imaginative 
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processes where intuitive decisions are made, enabling students to become proactive, 

solution-oriented learners (Berglund, 2024). The design thinking approach is similar 

to problem solving approach but design problems are more complex or difficult  so it 

requires extensive effort to understand the problem and to determine constraints 

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 & Piña, 2014). According to IDEO (n.d., as 

cited in Zenke, 2014), the design thinking process does not have rigid 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 (bringing the project to life for people).  

This student-centered framework fosters critical thinking, interdisciplinary learning, 

and engagement with real-world issues, aligning with constructivist principles that 

prioritize active knowledge construction (Vygotsky, 1978; Beckman & Barry, 2007; 

Carroll et al., 2010). Actually, there have been specific case studies of the effects of 

ñdesign thinking in classroomsò (Carroll et al. 2010; Lugmayr et al. 2013; Melles et 

al. 2012, as cited in Melles, 2020, p. 14). Studies have demonstrated its effectiveness 

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; Henriksen et 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 social skills are rapidly evolving. 

According to Piagetôs theory of cognitive development, children at this age begin to 

engage in formal operational thinking, enabling them to think abstractly and 

approach problems systematically (Piaget, 1970). This developmental readiness 

makes them ideal candidates for exploring design thinking processes. Studies 

indicate that early adolescence is a period of increased curiosity (Selman, 2003), 
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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 and creative confidence, both of which are central to DT (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 personal lives. It was also found 

that young adolescentsô exposure to DT positively changed their perceptions of 

innovators and scientists (Goldman and Kabayadondo, 2016).  

Design thinkingôs structured yet flexible process offers a promising framework for 

engaging these students in meaningful problem-solving (Carroll, 2014; Kijima et al., 

2021). For middle school students, engaging in DT can enhance not only cognitive 

flexibility but also socio-emotional learning and civic awareness. As society 

increasingly values innovation and adaptability in the face of global challenges, 

integrating DT into educational frameworks offers a promising avenue to equip 

students with the skills needed for the 21st century (Koh et al., 2015). 

Today, people of all age groups are learning a wide variety of skills in an increasingly 

wide variety of settings. Beyond formal education, the learning ecosystem has 

expanded considerably, with various non-formal learning environments being 

actively utilized. These educational opportunities are generally provided by national 

nonprofit organizations, state and local government agencies and private enterprises. 

These experiences take place in setting including: óscience and technology centers 

and museumsô, óyouth, community, and out-of-school time programsô, ólibrariesô, 

ónature centersô, óafter-school programsô, óamateur science clubsô and ónatural 

history museumsô.  

Among these non-formal learning environments, Society, Technology and Science 

Centers are one of the most common and visited institutions worldwide and also in 

our country. Science Centers, emerged from the understanding that it is important to 

increase the understanding and interest of the public in science and technology in 
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order to support the successful development of a country (Fors, 2006), have 

undertaken similar missions with various names such as óscience centerô, óscience 

museumô, óscience and technology museumô, óscience and technology centerô, 

óscience and society centerô, etc. In other words, they are centers offering 

experimental and applied activities, aiming to bring science and technology together 

with individuals from different age groups with different backgrounds, to make 

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 

and improve the creative and critical thinking skills of their visitors. 

Another important point is that in our country, ñDeneyap Technology Workshopsò 

are being established as an out-of-school learning environment and are thought to be 

very effective. In these state-supported institutions, secondary and high school 

students receive unpaid training for 36 months in 11 topics such as óDesign and 

Productionô, óRobotics and Codingô, óElectronic Programming and Internet of 

Thingsô, óNanotechnology and Materials Scienceô, óAviation and Space 

Technologiesô. Instructors and students are selected for these workshops by 

examination and project development-oriented training programs are followed. The 

difference of these institutions from science centers is that they provide various 

project-based trainings to students selected by examination, through instructors 

selected by examination, in certain sessions created only face-to-face at the weekend 

or in some courses online.  

On the other hand, Science and Art Centers (BĶLSEM), which are widely available 

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 teachers in order to take the exam. 

Students who are entitled to be placed in BĶLSEM receive special training in these 

centers outside of school hours. When examined in this context, Science Centers 

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

approaches to individuals from every age group, provide free public service on 
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weekdays and online on some subjects in structured and enriched learning 

environments accompanied by expert trainers, and can reach wider masses. Although 

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 

learning-supporting features (¢ēĵrēk, 2016).  In the 21st century, science centers 

evolve by integrating innovative approaches such as technological interactions (e.g. 

virtual reality), digital experiences, and various research initiatives to engage visitors 

(Sertek, 2023, 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-of-

school learning and science centers are based on this orientation (Ogawa, Loomis, & 

Crain, 2009). 

Science centers and museums serve as valuable environments for non-formal 

learning, offering authentic, inquiry-rich experiences that connect academic 

concepts with societal relevance. Informal learning environments such as these 

empower students to explore freely, develop agency, and construct meaning through 

tangible, hands-on experiences (Falk & Dierking, 2000). These spaces align 

naturally with Papertôs constructionist approach (1980), which advocates for 

learning-by-making and positions learners as creators of knowledge. Papert argued 

that children learn most effectively when they are actively engaged in constructing 

personally meaningful artifactsða philosophy foundational to both design thinking 

and non-formal STEM education. Additionally, it is suggested that out-of-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 long-term learning (Mutlu & Çelik, 2019). However, research on DT in non-

formal learning environments, such as science centers, remains limited, despite these 

settingsô interactive, autonomous, and collaborative nature, which is ideally suited 

for hands-on, experiential learning (Falk & Dierking, 2000). Society and science 

centers, as non-formal learning environments, provide unique opportunities for 

implementing design thinking programs. Unlike traditional classrooms, these centers 
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offer hands-on, experiential learning experiences that align with the exploratory and 

iterative nature of DT (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 that informal learning environments enhance student motivation and deepen 

conceptual understanding by connecting theoretical knowledge to real-world 

applications (National Research Council, 2009). By leveraging the resources and 

environments of society and science centers, an extra-curricular program can create 

immersive learning experiences that bridge disciplinary boundaries, foster 

innovative thinking, and support and complement formal curricula. 

Extra-curricular programs offer unique affordances that formal education settings 

often cannotðnamely, the flexibility to experiment without the pressure of 

standardized assessment and the capacity for cross-disciplinary collaboration. 

Programs that integrate STEM content with design challenges and real-world issues 

provide a space where students can develop computational thinking (Tsarava et al., 

2017, October), interest in engineering, empathy (McCurdy et al., 2020), greater self-

confidence, higher levels of social factors (Kijima et al., 2021) collaboration, and 

engagement (Lammi & Becker, 2013), all central to design thinking. Research 

suggests that when students engage in extra-curricular STEM programs grounded in 

constructivist principles, they demonstrate higher engagement, deeper learning, and 

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 toolkit for addressing complex societal challenges.  

Therefore, the development of an extra-curricular program tailored for 6th graders is 

particularly relevant in the context of societal issues education. Focusing societal 

issues into the program allows students to 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 sustainability and public health, enabling students to 
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develop solutions that are both innovative and socially responsible (Brown, 2009). 

This approach not only enhances studentsô understanding of scientific concepts but 

also cultivates a sense of social responsibility and global citizenship, aligning with 

the goals of modern education. 

Despite the growing interest in DT, there remains a significant gap in research 

regarding its application in extra-curricular settings for middle school students, 

particularly within society and science centers. Much of the existing literature 

focuses on formal classroom settings (Carroll et al., 2010; Lor, 2017; Luka, 2014; 

Scheer et al., 2012) or higher education, leaving a gap in understanding how DT can 

be effectively implemented in non-formal, extra-curricular contexts.  

Furthermore, there is limited research on how 6th graders, with their unique 

developmental characteristics, engage with design thinking processes and how these 

processes influence their problem-solving abilities and attitudes toward learning. All 

this said, the potential of DT to engage and motivate students in non-formal settings, 

particularly in engineering and social subjects, can 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 recognized as a 

promising approach to fostering creativity, critical thinking, and collaborative 

problem-solving skills among students (Brown, 2008; Razzouk & Shute, 2012). In 

other words, design thinking, a human-centered, iterative approach has emerged as 

a promising framework for fostering such skills in educational settings (Brown & 

Katz, 2011; d.school, 2010). While design thinking is widely recognized for its 

interdisciplinary nature and real-world applicability, most existing frameworks and 

implementations focus on students in formal education settings, leaving interactive 

and structured opportunities to explore these processes in non-formal education 
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settings. In other words, while research has demonstrated its efficacy in formal 

classrooms, where it enhances studentsô learning awareness, interdisciplinary 

connections, and affective engagement (Carroll et al., 2010; Goldman et al., 2016; 

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

operates in non-formal learning environments, such as science centers, which offer 

interactive, autonomous, and collaborative spaces ideal for hands-on learning (Falk 

& Dierking, 2000). That is, a significant gap exists in understanding how DT can be 

effectively implemented in extra-curricular programs, particularly for 6th graders in 

non-formal learning environments such as society and science centers.  

This gap is critical, as non-formal settings can 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 learners. While 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 extra-curricular programs tailored to young 

adolescents in non-traditional learning spaces remains largely unexplored. This 

research gap limits the ability of educators and curriculum designers in non-formal 

learning environment to fully leverage DT to cultivate innovative thinking and 21st-

century skills among middle school students (Koh et al., 2015). 

Middle school students, particularly 6th graders (ages 11ï12), are at a developmental 

stage where they begin to develop abstract reasoning and problem-solving skills, yet 

require structured support to engage with multifaceted issues effectively (Inhelder & 

Piaget, 1958). This makes them well-suited 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 within non-formal 

settings. Understanding their perceptions is critical to assessing the effectiveness of 

such programs in fostering skills like creativity, problem-solving, and self-efficacy, 

which are vital for addressing societal challenges/social innovations (Wagner & 

Compton, 2012).  
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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 among 6th-grade student 

groups, including their ability to iterate, refine designs, and collaborate effectively, 

remains poorly understood in the context of extra-curricular programs. Without 

insight into their prototyping capabilities, it is challenging to design interventions 

that support students in overcoming barriers such as limited resources, group 

dynamics, or technical skills, which hinders the development of practical problem-

solving abilities. 

Furthermore, the strategies employed by practitioners during DT activities (whether 

fostering or challenging) are pivotal to the success of such programs. Fostering and 

challenging strategies shape studentsô engagement and learning outcomes. However, 

there is a lack of research on the specific fostering and challenging strategies used in 

design thinking-based extra-curricular 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 

challenging strategies in non-formal learning environments. 

The problem is twofold: first, the limited research on design thinking in non-formal 

learning environments restricts the development of programs that leverage science 

centersô unique affordances for middle school students; second, the experiences of 

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 effective and meaningful learning. Therefore, 

this study seeks to fill these gaps by exploring how a design thinking-based extra-

curricular program can be designed and implemented to reveal 6th gradersô opinions 

on their experiences in a science center, providing insights 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 design inclusive, 
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scalable programs that empower young learners to tackle complex problems in non-

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 approach. In this context, it was 

attempted to explore the 6th grade studentsô interpretation and evaluation on their 

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 problem during the extra-curricular program and the fostering and 

challenging strategies used in this process in society and science centers were also 

investigated. 

1.4 Significance of the Study 

This study, exploring the design, development and implementation of a design 

thinking-based extra-curricular program for 6th graders in science centers, holds 

significant implications for educational theory, practice, and policy, particularly in 

addressing studentsô opinions on their experiences, the level of prototype 

performance of student groups and fostering and challenging strategies used in the 

design thinking process.  

By investigating how design thinkingða human-centered, iterative methodology 

encompassing Empathize, Define, Ideate, Prototype, and Test stages (d.school, 

2010)ðcan be applied in non-formal learning environments, the study addresses 

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 significance lies 

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

interdisciplinary, student-centered learning experiences. 

Theoretically, this study enriches the understanding of design thinking within non-

formal learning environments, an area underexplored compared to formal classroom 

settings. While prior research has demonstrated design thinkingôs efficacy in 

enhancing subject understanding and creative confidence in schools (Carroll et al., 

2010; Goldman et al., 2016; Koh et al., 2015), its application in science centersð

characterized by interactive, autonomous, and collaborative environmentsð(Falk & 

Dierking, 2000) remains limited.  

This study aligns with constructivist theories, which emphasize active knowledge 

construction through collaborative, hands-on experiences (Vygotsky, 1978). The 

present study further refines theoretical models by highlighting the level of prototype 

performance among student 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 for future theoretical advancements. 

Practically, the study offers actionable insights for educators and science center 

facilitators by identifying effective fostering strategies and addressing 

implementation challenges. These strategies provide a scalable model for designing 

extra-curricular programs that engage middle school students in complex problem-

solving. The study offers practical guidance for prioritizing hands-on activities to 

foster cognitive and affective growth by addressing fostering strategies 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 for real-world challenges, ensuring that young 

learners develop both technical knowledge and practical skills. 

From a policy perspective, the study underscores the importance of integrating 

design thinking into non-formal education to support and complement formal 

curricula, addressing the need for interdisciplinary, student-centered learning 
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approaches in middle school education. Policymakers can use this evidence to 

advocate for increased funding and support for science center programs that 

incorporate design thinking, promoting equitable access to innovative learning 

experiences.  

The studyôs focus on 6th graders, a critical developmental stage for developing 

abstract reasoning and problem-solving skills (Inhelder & Piaget, 1958), highlights 

the timeliness of such interventions, as early exposure to design thinking can foster 

long-term interest in interdiciplinary fields and civic engagement with issues like the 

climate crisis. Furthermore, the studyôs identification of inclusive practices for 

novice learners (Cross, 2004), supports policies that prioritize universal access to 

design thinking programs, ensuring that diverse student populations benefit from 

collaborative, creative learning opportunities. Moreover, its emphasis on the climate 

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

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

Ultimately, an extra-curricular program based on design thinking approach would 

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

model, as many as possible out of school environments. This studyôs significance 

lies in its comprehensive contribution to advancing design thinking as a 

transformative educational approach, empowering 6th graders to become creative, 

collaborative problem-solvers in non-formal learning environments and beyond. 

1.5 Research Questions 

1. How do 6th-grade 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 extra-curricular program? 
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3. What are the fostering and challenging strategies used during the 

implementation of design thinking-based extra-curricular program for 6th 

graders in society and science centers? 

1.6 Limitations  

This study has some limitations. First, the sample size of the study was relatively 

small with only 15 students participating. 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 different cities. Third, the study was limited 

by the diversity of materials available. By allocating more time, the content could be 

diversified with more and various materials and equipment could be added so that 

students could make the prototypes they develop at different levels of difficulty and 

sophistication. Additionally, a technology-supported teaching program could be 

developed to investigate the effect of technology on this process.  

Since this study was conducted at the METU Society and Science Center, that is, 

since the out-of-school learning environment was selected as the context, it was 

limited to a duration of 5 days.  

Finally, the study was relied on the observations made by the researcher and a co-

observer at various stages. If conditions permit, the inclusion of students' teachers or 

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

1.7 Delimitations 

This thesis study has three delimitations: (i) the selected theme, (ii) the selected 

material, and (iii) the selected science center context. First, the selected theme was 

delimited to ñClimate Crisisò. Thus, the scientific concepts for this study were 

delimited according to the theme. Second, the selected materials were delimited to 
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develop soft prototypes within the context of the theme. Finally, the selected science 

center context was delimited to METU Society and Science Center, thus the study 

context was organized in a way that the science center environment allowed. 

1.8 Definitions of Terms 

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

learning that focuses on developing studentsô creative confidence and where 

participants engage in hands-on design challenges (Carroll et al, 2010). In this study, 

the terms óDesign Thinkingô and óDesign Based Thinkingô are used interchangeably 

to mean the same thing. 

Flow Protocol Paper: These documents, which are often referred to as óworksheetsô 

in the literature, are teaching materials used at various levels 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 (Safran, 2008). 

Prototyping:  It is about producing a budget-friendly 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 manufacture time (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 making sense of their own learning and 

thinking processes (Ersözlü, 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. 

Science Center: Non-school education institutions (Falk & Dierking, 2010) where 

students of different age groups carry out their own self-regulated learning 

experiences during their free time (Allen, 2004). 

Society and Science Center: They are educational institutions 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 appropriate 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 Acklam (2000, p. 30) define warm-up 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  

2 LITERATURE REVIEW  

This literature review explores the theoretical foundations of design thinking, its 

applications in K-12 education, and the role of extra-curricular programs in fostering 

design-based 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 extra-curricular program aimed at exploring 6th 

gradersô design thinking processes are highlighted. 

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 different fields. 

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 problem-solving as a design activity and described design as a way of 

thinking that deals with creating new solutions. Cross (2011) states that ñdesigning 

is not a search for the optimum solution to the given problem, but that is it an 

exploratory processò (p. 8). Indeed, in design the role of óknowing howô is 

emphasized and is distinct from óknowing thatô (Cross et al., 1981). According to 

Owen (2007), design thinking differs from scientific thinking because both can be 

creative but science deals with discovery while design deals with making (deals with 

real-world 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 understanding of the manôs concern with surroundings. 

Design thinking is ñrigorous process by which we come up with things that do not 

existò (Fisher & Larsen, 2010, p. 1). According to Glanville (1999), design can be 

both a product of work and a tool for carrying out that work. Commonly, design is 

thought of as a problem-solving approach (Gibbons & Rogers, 2009; Jonassen, 2008; 

Nelson et al., 1988), and design problems are complex (ill-defined) (Rittel & 

Webber, 1973) and require extensive effort to understand the problem and generate 

solutions (Dorst, 2004; Schön, 1983). Rittel and Webber (1973) introduced the term 

ñwicked problemsò to describe complex social challenges that require iterative, 

design-based approaches, in the sense that these problems are ill-defined. ñWicked 

problemsò are those that are ill-defined and characterized as incomplete, 

contradictory, changing, and complex (Rylander, 2009, p. 10). Faste (Stanford, 

1980s) expanded design thinking as a methodology for creative problem-solving 

(Goodyear, 2003, March 13). Arnold (1959) identified four areas of creative thinking 

(1. 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 involves first generating alternatives for ill-defined 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 defined, 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, 2014).  

In this context, anyone who aims to transform existing 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 business world (OôDonoghue, 

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) because 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 in design and business through early conceptualizations by Brown 

(2008), while more recent work has expanded its scope to education and social 

impact (Koh et al., 2015a). Design thinking has been integrated into educational 

settings to encourage student engagement 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.schoolôs five-step model (Empathize, Define, Ideate, Prototype, and Test) and 

IDEOôs 3-step model (Inspiration, Ideation, and Implementation) provided a 

structured approach that guides students through the problem-solving process 

(Doorley et al., 2018). The growing recognition of design thinking as a creative 

approach has led to its integration into educational context, where it serves as a tool 

for developing students' problem-solving skills (Luka, 2014). Research shows that 

design thinking fosters a variety of skills, improving studentsô ability to tackle 

complex, real-world challenges (Luka, 2014). According to Martin (2009), design 

thinking can be developed and learned by adopting the experiences, perspectives and 

tools of designers. Lawsonôs (1979) study of design thinking suggests that designers 

learn solution-focused 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 

problem-solving methods. First, it is human-centered design, which means that 
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solutions are focused on usersô needs and experiences (Brown, 2009). Design 

thinking processes begin with empathy, which helps to be human-centered 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 refinement 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 redefine a given 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 multidisciplinary 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 problem allows 

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 

embraced 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 can learn 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 al., 2012). In fact, to summarize, we can say that design thinking 

is an effective thinking process that is human-oriented, experimental and testable, 

repeatable, accepts errors and difficulties as a natural part of the process, where 

different fields can work in cooperation, frames ill-defined 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 for their learning.  
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Observational studies of how designers work tend to support the view that there is a 

distinct form of ódesignerô activity that is distinct from typical scientific activities 

(Cross, 1982). For example, Lawson (1979) designed ill-defined problems to observe 

and compare the problem-solving strategies of designers with those of others, and 

when he gave the same problems to both design students and non-design students, 

he found that the two groups showed different problem-solving strategies. These 

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 process are (1) designers (teams), (2) process, 

(3) content (or mindset) and (4) context (space) (HPI d-school., 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 innovation 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 problem solving 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 teams to be guided 

and progressed through the stages of complex design work by focusing and exploring 

new approaches (HPI d-school., n.d). (3) The content includes ambiguous and 

complex design problems and the creative solutions that emerge for them (Dorst, 

2008; Schön, 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 inside and outside the project are utilized (as cited in Tracey & Baaki, 

2014). According to HPI d-school, in design thinking, space is not just a physical 

space and plays an important role in creativity, collaboration and innovation. Spaces 

need to be designed flexibly 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 

problem-solving 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.schoolôs Five-Stage Model, which is developed by the Hasso Plattner 

Institute of Design at Stanford University (d.school), and emphasizes a non-linear, 

iterative process where stages can be revisited as needed. It is one of the most widely 

recognized models. (Stages: Empathize, Define, Ideate, Prototype, and Test) (Dam 

& Siang, 2025, March 9). 

2. IDEOôs Three-Phase Model, which is pioneered by IDEO, a global design firm 

founded by David Kelley, and played a key role in popularizing design thinking. It 

has a flexible 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 consists of two key phases of divergent 

and convergent thinking which is based on B®la H. B§n§thyôs 1996 ñdivergence-

convergenceò model (as cited in Dam & Siang, 2025, March 9). It highlights the 

importance of divergent and convergent thinking at different stages. (Stages: 

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

4. Hasso Plattner Institute (HPI) Model (6-Stage Model), which is a variation from 

the Hasso Plattner Institute in Germany, closely tied to Stanfordôs approach but with 

an extra step. It adds an explicit ñUnderstandò 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 LUMA Instituteôs System, which is developed by LUMA Institute for design 

thinking to be accessible and applied by people (teams) from different sectors. Based 

on the human-centered design (HCD) approach, it emphasizes teaching people the 

skills to solve problems on their own. 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, 2025, March 9; LUMA Institute, n.d.). 

The best model depends on the context and education can prefer Stanfordôs model, 

which is probably the most suitable due to its widespread use in education, clear 

structure, and adaptability for young students. In this study, Stanford d.schoolôs Five-

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. 

2.1.3.1 Stanford d.schoolôs Five-Stage Model 

Developed by the Hasso Plattner Institute of Design at Stanford University (2007) 

(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, human-centered, 

iterative, and creative approach. This model provides a structured but flexible and 

non-linear process, meaning previous stages can be revisited, and it consists of five 

stages: Empathize, Define, Ideate, Prototype, and Test (see Figure 2.1). Each stage 

in this process reflects a specific attitude of design thinking. The 5-Stage Design 

Thinking Processðd.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 & Siang, 2025, March 9).  
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Figure 2.1. The design thinking Model of Hasso-Plattner-Institute/Stanford. 

d.school (2015) 

2.1.3.1.1 Empathize 

The empathy step basically involves understanding users and their needs. According 

to Carroll et al. (2010), during the empathy process, students focus on discovering 

peopleôs implicit and explicit needs, and thus empathy develops through this óneed 

discoveryô process. It 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 putting oneself in another personôs shoes 

(Bialystok & Kukar 2018; Nelems & Theo, 2018). According to Brown (2008), 

empathy is adopting a óhuman firstô approach, imagining the world in great detail 

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

to Lande (2010), empathy is developed through the óneeds discoveryô process, and 

in this process, people's explicit 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; Feshbach & Feshbach, 2009). A study conducted with 13 

middle school students participating in STEM-based lessons in an after-school 

science club aimed to communicate empathy, interest, and belonging, and the study 

findings revealed that students were able to better understand 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 benefit, distinguishes 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, May 2), in the 

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 

problem 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 observations and 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 focus on the userôs perspective and needs, not the 

designerôs. According to Brown (2008), one should try to see the distinct and 

sometimes contradictory aspects of the problem.  

Rittel argued that most of the problems addressed in the design thinking process are 

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). 
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According to Rittel, wicked problems are a class of social system ill-formulated 

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

values and the entire system is completely confusing (Churchman, 1967; Rittel & 

Webber, 1973). These ñwicked problemsò are referred to by design thinkers as 

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 embrace tackling wicked problems as a 

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

problems that are considered ill-defined or ill-structured (such as problems, issues, 

or decisions that people encounter more frequently in daily life). 

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 problem-solving phase has been highlighted (Ishii, 2009; Lester 

& Piore, 2004; Takaoka & Kotler, 2016). Given a specific problem, the problem 

definition effort 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 likelihood of 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 the problem 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. According to Stanford Universityôs d.schoolôs bootleg bootcamp, you 

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 Ideate 

In design thinking, new ideas, solutions, alternatives and choices that meet the 

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 

design 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; Donar, 2011; Schlenker & Chantelot, 2014). 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 and each 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 ideas and 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 is to brainstorm and encourage divergent thinking to generate 

different, creative possibilities to solve the identified problem.  Encouraging wild 

ideas and developing them collaboratively can stimulate the natural curiosity of 

young students, helping to develop their creativity and self-confidence. Solving real-

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

for both academic and professional life (Wrigley & Straker, 2015). 

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 

against each 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 challenges students to grapple with problems that require complex 

relationships and conflicting priorities to find a solution to an ill-defined problem, 

and to creatively reimagine solutions (Cook & Bush, 2018, p. 94). One of the most 

fundamental characteristics of design 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 ósatisficingô process that produces any one of several 

satisfactory solutions rather than 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 different way 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 using brainstorming, divergent 

thinking, etc. 

2.1.3.1.4 Prototype 

The prototype step essentially involves creating low-fidelity, tangible 

representations of ideas, i.e. developing simple experimental models or mock-ups to 

test key aspects of the solution. This step encourages rapid 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 concepts rather 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 information contained 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 embody the messages 

(Cross, 1982). According to Carroll et al. (2010), prototyping is a way to quickly 
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communicate an idea. Douglas and Isherwood (1979) have emphasized the 

importance of this communication between people and the óworld of goodsô.  

Prototyping is an important stage in the design thinking process (Luchs 2015). IDEO 

says ñIf a picture is worth a thousand words, then a prototype is worth a thousand 

meetings.ò (as cited in Dam, & Siang, 2020, July 20, p.2). In general, the prototyping 

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 thought-oriented structures, and 

engaging people 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 explore design 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 designers 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 initial stage of 

development (prototyping). Therefore, there are cases where developers cannot 

clearly define the next step and so they go through trial-and-error 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 (Dörner, 1999). In other words, prototypes can come in various formats, 

and the only common 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, rough paper prototypes of digital interfaces, and role-playing to 

simulate a service, etc.) (Dam & Siang, 2020, July 20). 
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Talking about prototyping types, there are two different levels: soft (low-precision) 

and hard (high-precision). Soft prototyping is a three-dimensional draft that is made 

simply using the available materials, and provides sufficient representation at the 

conceptual level (Kaygan et al., 2021a, 2021b). Hard prototyping includes close to 

reality product samples that go beyond remaining at a conceptual level, and are 

produced with as much real material as possible (Kaygan et al., 2021a, 2021b). 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 step basically involves testing prototypes with users, gathering feedback, 

and then improving as needed. The goal of testing is to learn what works and what 

doesnôt and then iterate, which means the student goes back to their prototype and 

changes it based on feedback (Carroll et al., 2010). This 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 ensures that 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 opportunity (Gaver et al., 2009). 

It is the presentation of a prototype as a solution to get the original userôs opinion 

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, feedback 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 testing phase 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 is gained and feedback is received to 
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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 teaching-learning 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 framework 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 receiving information (Papert, 1980). 

Papert (1980) argued that children learn most effectively when they are actively 

engaged in constructing personally meaningful artifactsða philosophy foundational 

to both design thinking. Piaget (1972b) argued that learners build understanding by 

engaging in meaningful experiences and by reflecting on outcomes. According to 

Piagetôs (1972a) constructivism, learning occurs when individuals actively construct 

knowledge through experience. This concept aligns with the hands-on, project-based 

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-

centered, applied, project-based, real-world problem-solving-focused nature of the 

design thinking approach. On the other hand, Banduraôs (1977) social learning 

theory argues that learning occurs through observation, imitation, and modeling, and 

emphasizes the role 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 learning occurs 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 of design 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 it uses 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 team-based learning process, claim 

that constructivist learning can be facilitated by 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, which is the basis 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 well-defined solution to develop and test prototypes (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 mature solution 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) ñTheory of Mindò involves understanding the perspectives and 

feelings of others. Since design thinking is human-centered, 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 cognitive and psychological basis reinforces the importance of incorporating 

design thinking into educational programs, especially to develop higher-level 

cognitive skills, and grounds the implementation of the design thinking approach 

based on these theories into practice in the educational environment. 
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2.1.5 Design Thinking in Educational Context 

In todayôs ever-evolving and changing world, students' memorization, passive 

acquisition of knowledge, and standardized test performance are not sufficient and 

qualified criteria, 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 twenty-first 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 the twenty-first 

century and twenty-first century skills are necessary to succeed in todayôs complex 

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 thinking bridges the gap between theoretical findings and 

the actual application of skills required in the future. Moreover, out-of-school 

settings can provide researchers with valuable insight into what might be good 

practices for assessing 21st-century skills (Nielsen et al., 2018). 

Design thinking is about ñconceiving and realizing new thingsò and focuses on 

ñplanning, inventing, making, and implementingò (Cross, 1997, p. 1), all of which 

are important to the field of education. Design education should not be thought of 

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 education, design 

thinking stands out as a pedagogical framework that enhances studentsô adaptability, 

critical thinking, and problem-solving skills. According to Fox (1981), design has a 

strong educational rationale for helping develop cognitive skills and abilities for real-

world problem-solving. According to Kelly (2012, p. 225), in education, design 
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thinking is ña learning orientation that involves the activation of the ability to create 

effective change and active problem-solvingò. According to Crismond and Adams 

(2012), design-based 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 

hands-on design challenges focused on developing creative confidence, empathy and 

metacognitive awareness, encouraging idea generation and creative problem-solving 

(Carroll et al., 2010). When it comes to problem solving, the educational value of 

ócritical thinkingô (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 producing óeducatedô people who can 

understand the nature of wicked complex 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 interesting, interdisciplinary and relevant to the real 

world (Brown, 2009; Razzouk & Shute, 2012). Unlike traditional learning 

methodologies, design thinking is both a dynamic non-linear process (Serrat, 2010) 

and a mindset (Carrol, 2014). In traditional education, students directly receive 

information, memorize it, and reproduce it according to assessments, which is a 

linear, teacher-centered model. On the other hand, with the design thinking approach 

in education, student-centered learning occurs where the student is active 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 distinguishes 

design thinking from other approaches is its focus on the process rather than the 

product, and this process follows a creative, action-oriented, human-centered, 

prototype-oriented and non-judgmental mindset. Besides, according to Zupan et al. 

(2005), the design thinking framework is similar to the frameworks of other existing 

course design methodologies, but they added that it offers a holistic solution for 

innovation-oriented course design that promotes learning rather than teaching. 
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According to Rice (2011), design thinking emphasizes developing people who are 

empathetic, use new ways of thinking about problems, use trial-and-error iterative 

processes to overcome obstacles, and are committed to changing implementation 

systems. 

Design thinking is also being applied in K-12 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, and to be open to ideas (as cited in Lor, 2017). Moreover, 

design thinking has the potential to influence skills such as following a process, 

working in groups, defining problems, and generating solutions (Barron, 2006). In 

different studies on the implementation of design thinking in K-12 education, there 

is a trend towards implementing it as a project-based learning approach, particularly 

focusing on STEM subjects, with the aim of teaching empathy, creativity, 

innovation, collaboration, and a prototyping mindset (Lor, 2017). Henriksen et al. 

(2019) suggest that design thinking in STEAM education helps develop creative, 

authentic, real-world, and problem-focused learning experiences. From a different 

perspective, Alashwal (2020) argues that STEM education 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 design thinking. 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 student collaboration 

(through their willingness to listen, take risks, and share ideas among peers) (Carroll 

et al., 2010). On the other hand, design thinking-based studies in mathematics 

(Goldman et al., 1998), science (Kolodner et al., 2003), and technology (Kafai & 

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.schoolôs Five-Stage Model (Brown, 2009). This structured and iterative 



 

 

36 

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 partnership 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 findings 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 classroom activity 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 Stanford d. schoolôs 

Five-Stage Model in the context of education is 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 task-oriented conversation and interaction while 

dealing with assigned tasks and ultimately create the conditions 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, student-centered, and problem-solving pedagogical approach, unlike 

traditional educational approaches. 

With the twenty-first 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 develop their 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; Henriksen et al., 2021). For example, Carroll's 

(2014b) study focused on moving from content-based to problem-based curriculum 

by enriching the current curriculum. In a qualitative study by Zupan et al. (2005), 

design thinking was applied as a course design strategy and found 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 develop a deep understanding not 

only of the subject matter, but also of how students will interact with it (Carroll et 

al., 2010). Moreover, design thinking can be used not only as a teaching strategy but 

also in actual curriculum design (Bruton, 2010). According to Carroll 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 creating activities that 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 

students (Carroll et al., 2010), and therefore this approach can be used as a powerful 

teaching and learning method. According to Lorôs a critical review of literature 

(2017), those who apply design thinking in education argue that this approach 

encourages skills such as creativity, innovation, collaboration and problem solving. 

Studies integrating design thinking into K-12 education (especially in structured 

educational environments) have shown promising results in developing these skills 

in students and improving student 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 problem-based learning. Carroll 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 when appropriately 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 creativity, risk-taking, and 

productive failure. In the study where design thinking was used as a STEM learning 

intervention, it was observed that studentsô (from various age groups from 11 to 20) 

knowledge and awareness about the subject matter increased and their attitudes 

towards 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 empathy, which 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 take risks, 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 creative thinking and risk-taking abilities, 

and even students who take risks and struggle with failure may not be given enough 

importance, but people generally learn more when they fail (Gaver et al., 2009; 

Henriksen et al., 2021; Kwek, 2016). Trial and error and retrying are the nature of 

the iterative design process, and finding out ówhat didnôt workô and ówhy it didnôt 

workô leads to a deeper understanding of the problem being worked on (Colker, 2023 

October). According to Professor Amy Edmondson, this is óproductive failureô (as 

cited in Colker, 2023 October). Concepts such as risk-taking, trial-and-error, and 

retrying emerge in the design thinking process. Additionally, design thinking 

encourages metacognitive awareness by making students aware of where they are in 

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 researchers, 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; Noweski et al., 

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 

encountered when implementing the design thinking approach (Carroll, 2014b; 

Kwek, 2011). It is argued that teaching outside of school is driven by real-life 

problems that are not linked to textbooks and is an ideal environment for problem-

based learning, where the time constraint between curriculum adaptation and 

implementation is alleviated (Berg et al., 2021). The findings in the literature are 

predominantly from curriculum-integrated programs, leaving questions about its 

effectiveness in less rigid, voluntary contexts such as extracurricular activities. For 

design thinking education, it will be important to explore the concept through various 

design activities in various formal and non-formal educational settings (Alashwal, 

2020). Although there are studies in the literature 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 

real-life-based non-curricular subject in non-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 these benefits to 6th grade 

students, increasing their curiosity and openness to experimentation in a less formal 

setting, as supported by Koh et al. (2015a). 

2.1.5.1 Design Thinking in Middle School Learners 

Design thinking encourages studentsô creativity, collaboration, and critical thinking, 

and is essentially an iterative, human-centered problem-solving process, and the 

skills fostered in this process are all crucial skills for middle school students (Carroll 

et al., 2010; Lor, 2017). Developmentally, middle school students (usually ages 11-

14) are capable of abstract reasoning, willing to explore real-world challenges, and 

more independent. With a design thinking approach to middle school education, 

learning can be made more engaging and meaningful, while studentsô problem-

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 developmental stage. 

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 target audience (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, 1972b). Research shows that middle school students benefit 

from project-based and experiential learning approaches because these methods meet 

their developmental needs by encouraging autonomy and hands-on exploration 

(National Research Council, 2012). The hands-on nature of design thinking aligns 

with middle school studentsô need for experiential learning. Kolodner et al. (2003) 

found in their study on learning through design that iterative, project-based activities 

improved engagement and retention among young adolescents, making them ideal 

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 developing peer collaboration skills, a key 

component of the team-based approach to design thinking. Vygotskyôs (1978) 

sociocultural theory emphasizes the role of peer collaboration and social interactions 

in cognitive development, which aligns well with the collaborative nature of design 

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

stage. Design thinkingôs emphasis on empathyðunderstanding the perspectives of 

othersðalso aligns with this developmental milestone as students begin to navigate 

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

suggest that a well-designed intervention can enhance both cognitive and social 

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

to Lorôs 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 learning model 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. Carroll 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 research 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 and students 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 Stanford d.school design thinking model as 

a pedagogical framework in the process of implementing the design thinking 

approach, it was aimed to obtain a more in-depth understanding of middle school 

students' views and experiences of design thinking. In the study where design 

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 liking of the stages, 

and their views on participating in design thinking activities outside of school were 

revealed (Çiftçi & Topçu, 2020). According to Carroll et al. (2010), design thinking 

practices can provide new ways of thinking that can be incorporated into both 

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 within mostly science (or rarely technology and 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 particularly receptive to design thinking in non-
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formal contexts such as science centers. All this justifies focusing on this age group 

and the out-of-school learning environment for the proposed program by examining 

these developmental possibilities. 

2.2 Extra-Curricula r 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 outside 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 than traditional 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 school-related) and are designed to increase studentsô knowledge, 

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, not just the school 

environment (Banks et al., 2007). Examples of these environments include clubs, 

workshops, camps, competitions, or community-based projects, often organized by 

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

Unstructured, experiential learning that occurs naturally in everyday life is referred 

to as non-formal education. In other words, non-formal 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 standardized curricula or mandatory 

assessments, and in fact, unlike formal education, experiential and self-directed 

learning is prioritized. That is, these environments usually do not have formal 

assessments and are student-centered environments that encourage intrinsic 

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 well-known examples). 

In such environments, from a cognitive perspective, students are exposed to real-

world applications of knowledge and open-ended 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 perspective, such 

environments increase studentsô self-esteem by encouraging cooperation, 

negotiation, and leadership through group activities and by enabling them to 

overcome challenges, and community-based learning through volunteering projects. 

In addition, hands-on 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, after-school programs, non-formal 

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. 2013). Non-formal learning 

environments (such as science centers, museums, and after-school programs) offer 

students unique opportunities for experiential learning beyond traditional 

classrooms. In other words, out-of-school learning environments are effective in 

developing studentsô proficiency in language, reading, mathematics, and a variety of 

other school-related areas (Lave, 1988; Morrison et al., 1995). Children's 

experiences with science outside of school can significantly influence their school 

learning practices and the level of participation in scientific activities in 

extracurricular environments shows that out-of-school learning environments should 

not be ignored in terms of learning opportunities. (Korpan et al., 1997). According 

to Gardner (1991) and Tressel (1988), this type of learning contributes valuablely to 

classroom instruction and lifelong learning. In the literature, researchers have 

examined how participants learn science in museums and other non-formal settings 

(Crowley & Callanan, 1997; Dierking & Falk, 1994; Soren et al., 1994). There are 

studies showing that contextual, hands-on, and experiential learning in non-formal 
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learning environments increases student engagement and strengthens classroom 

knowledge (Bevan et al., 2013; Falk & Dierking, 2000). For example, in a study 

examining the effects of out-of-school learning environments on the attitudes of 6th 

grade students towards science class, it was observed that the attitudes of students 

who visited out-of-school learning environments increased significantly (Yēldērēm, 

2018). The volunteer nature of extracurricular programs can also increase 

motivation, a critical factor for young students. Informal 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 self-determination 

theory, intrinsic motivation develops in environments where students feel 

autonomous and capable; these conditions are often met in non-formal environments. 

By integrating a student-centered, problem-solving design thinking approach into 

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

Additionally, non-formal learning environments 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, 2000). For example, the California Science 

Center offers design-based workshops that encourage students to explore scientific 

concepts through problem-solving and prototyping activities (California Science 

Center; Falk et al., 2001). Extracurricular STEM programs are 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 design thinking 

pedagogies with the flexibility of non-formal environments, an important 

consideration when designing this studyôs intervention. Design thinking is a 

powerful framework for structuring extra-curricular and non-formal learning, 

providing a problem-solving approach that fosters creativity, collaboration, and 

iterative learning. This part advocates for a structured extra-curricular approach that 



 

 

45 

leverages these strengths and offers a model for integrating design thinking into non-

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

2.2.1 Role of Science Centers in Fostering Design Thinking 

Science centers serve as interactive, non-formal learning environments where 

visitors engage in hands-on experiments, exhibits, and workshops. With increasing 

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 changed (Falk, & Needham, 2011). It is important that 

science centers act as bridging institutions between formal education and real-world 

scientific discovery. Science centers provide hands-on learning experiences, real-

world problem-solving 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 long-term knowledge retention. In one study, adults who reported 

that their children had visited a science center generally stated that the visit increased 

their childrenôs understanding, appreciation, curiosity, and interest in science or 

technology (Falk, & Needham, 2011). The National Research Council (NRC, 2009) 

report argues that museums and 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, healthcare, 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 significant role of science centers is to bridge the gap between 
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academic knowledge and solving real-world problems through interactive exhibits. 

In other words, the fact that science centers provide interactive, real-world contexts 

for learning is very important in shaping educational experiences. In studies of 

STEM-rich interventions, science centers have been found to promote inquiry-based 

learning and are closely aligned with design thinking's emphasis on discovery and 

iteration (Bevan et al., 2015). These environments 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 allow students 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 science center 

programming for young learners, particularly in extra-curricular 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 

learners 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 rarely 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, interaction, and motivational 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 more meaningful and practical 

way. The five-stage 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 instructions so that 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 well-documented (Carroll et al., 

2010), its use in extra-curricular contexts remains underexplored (Bell et al., 2009). 

Second, there is very limited research on how 6th graders specifically engage with 

design thinking, particularly in non-formal settings like science centers (Goldman & 

Kabayadondo, 2017). Additionally, existing studies include few studies at the middle 

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 

single-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 deficiencies by developing and testing an extra-curricular 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 extracurricular settings 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 potential of non-

formal environments to foster creativity and flexibility, which are at the heart of 

design thinking (Falk & Dierking, 2000). According to Polmear et al. (2023), non-

formal learning can provide significant skill development in students, but their work 

does not fully intersect with the design thinking approach. In fact, although 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; Bevan et al., 2013; 
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Bevan et al., 2015; Dierking & Falk, 1994; Falk et al., 2001; Korpan et al., 1997; 

Tressel, 1988; Yēldērēm, 2018) and studies on design thinking in formal learning 

environments (Carroll et al., 2010; Dunne & Martin, 2006; Scheer et al., 2012) 

especially intersecting with STEM education and different curriculum courses 

(Breen et al., 2023; Carroll, 2014b; Cook & Bush, 2018; Çiftçi & Topçu, 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, 2014; Goldman & Kabayadondo, 2017; Kwek, 

2011), a non-formal program developed with the design thinking approach is 

underexplored in the literature. This disconnect motivates the current studyôs 

exploration of a structured yet flexible and design thinking based program outside 

traditional school hours.  

Finally, the fewness of age-specific 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, especially in real-world 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 thinking into non-

formal learning. 
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CHAPTER 3  

3 METHODOLOGY  

In this chapter, the planning of the research design within this framework is shared 

in detail and the research questions of the study are revisited and restated. 

Additionally, detailed information is provided 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 Research Design 

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 in-dept insight. Qualitative research is an interpretive (extracting 

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 multi-method and taking place in a natural 

setting. The current study requires the interpretation of non-numerical 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).  This study 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 similarities and 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 sciences (Heale & 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 its real-life context (Yin, 

2018, p.51). For instance, they are described as ña partial example of a larger set of 

phenomenaò (Orum et al., 2016),  ña research conducted to gain deeper 

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

event occurredò (Gerring, 2004; Heale & Twycross, 2018), and ñrevealing an in-

depth understanding of the caseò (Creswell, 2002, p. 61) where a detailed analysis 

of the case can be a specific situation, event, activity, process or social unitò (Schoch, 

2020).  

According to Yin (2018), the choice of case study largely depends on the research 

question(s), and if the questions attempt to explain ñhowò or ñwhyò some social 

phenomenon, or if they require a comprehensive and "in-depth" description of them, 

the choice of case study research will be more meaningful. According to Stake 

(2005), case study differs from 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 properties of case study according 

to their 'prototype view' perspective. According to Khanôs (2007) prototype view of 

case study, there are seven common features for a case study. These are (1) smaller 

sample size than survey research, (2) contextualized analysis of an phenomenon in 

action, (3) complex settings where there is little control over behavior or events, (4) 

having a specific temporal and spatial boundaries, (5) emerging serendipitous 

findings throughout the process of the data collection and analysis, (6) using multiple 

data sources to provide triangulation, (7) 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. 
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Table 3.1 Characteristics of case study (Khan, 2007) 

Characteristics Explanations 

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

conducted with smaller sample size than 

survey research in order to reveal in-depth 

meaning. 

Contextualized analysis 

 

 

 

 

Complex settings 

 

 

 

 

Boundaries 

¶ It offers a highly detailed contextualized 

analysis, aiming to give the reader the feeling 

of ñbeing there.ò  

¶ It defines the phenomenon in terms and 

reveals its particularities. 

¶ Researcher has little control over events or 

behaviors and it investigates this type of 

situations. 

¶ There is no single cause and effect 

relationships. 

¶ Case studies naturally have specific temporal 

and spatial boundaries. 

¶ For example, a classroom has spatial 

boundaries in a school setting in terms of 

space, schedule, curriculum etc. 
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Table 3.1 (continued) Characteristics of case study (Khan, 2007)  

Characteristics Explanations 

Serendipitous findings ¶ The phenomenon studied emerges throughout 

the process of the study. 

¶ Researchers learn new lessons throughout the 

whole process stages. 

¶ Through serendipitous findings emerging 

during data collection and analyzing 

procedures, several regarding can be generated 

about the nature of the study. 

Multiple data sources ¶ Case studies generally do not use just one type 

of data source. 

¶ It performs triangulation using multiple data 

sources and provides findings that are likely to 

be more accurate and convincing. 

Extendability ¶ Case study tries to uncover inseparable 

elements of the phenomena. 

¶ 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 study. This 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 emerging 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 prototype view of a case study. The 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 activities for 5 days at the METU Society and 

Science Center and provided findings for multiple data sources.  

The research questions are restated below.  

3.2 Research Questions 

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 

questions that the researcher aimed to answer are presented below. 

1. How do 6th-grade 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 extra-curricular program? 

3. What are the fostering and challenging strategies used during the 

implementation of design thinking-based extra-curricular program for 6th 

graders in science and society centers? 

The contextual setting 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 organized.  

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 

(especially in educational fields). This approach best suits the purpose of the study. 

The subject chosen here was ñclimate changeò, which concerns all humanity and 

where various solution ideas can be developed. The chosen topic is quite general and 

is something that 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 were carefully 

planned step by step. At this stage, an expert in the field of industrial design (an 

Assistant Professor from the Department of Industrial Design) was consulted and 

and relevant studies from the literature were extensively referenced. Based on the 

expert's feedback, several key elements were developed: (1) Warm-up activities to 

be conducted before each design thinking step, (2) flow protocol papers (see 

Appendix J) to provide structure at each step and (3) a reflective thinking document 

(see Appendix H) to be completed at the end of each day. Detailed explanations for 

warm-up activities and flow protocol paper are provided below. Reflective thinking 

document is also a data source and is explained in detail under the heading of Data 

Sources. 

3.3.1 Warm-up Activities:  

In the literature, the concept of warm-up 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 education, the concept of warm-up 

activities is also included in the literature as ñice breakersò or ñenergy boostersò. 
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Robertson and Acklam (2000, p.30) define warm-up 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. According to Rushidi (2013, 

p.10), warm-up, as a preliminary stage, allows students to create a positive learning 

atmosphere and to be comfortable. Warm-up activities are short activities that 

prepare students for the learning process and are used before the topic to be learned. 

The main purpose of warm-up activities is to attract studentsô attention to the topic, 

increase their participation in the activity, and motivate them to learn by having fun 

(Kaygan et al., 2021a, 2021b). Based on this, it can be said that warm-up activities 

in education are preparing the mind for a subject that includes cognitive processes 

by doing short cognitive/affective/psychomotor exercises before starting to learn the 

subject. In the literature, warm-up 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), ensuring that they concentrate 

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 warm-up activities play encouraging roles in order to provide an 

context in which students feel more comfortable participating in discussions and  

producing linguistic content. According to Nashôs (1975) educational study, warm-

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

to a study on teaching English, warm-up activities using fun activities affect 

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

In this study, warm-up activities were created to prepare students for each step in the 

DT application process. While warm-up activities were designed, short activities 

were planned that would provide students with preliminary information about the 

DT step to be covered that day and facilitate their mental preparation for the 

necessary skills of the step. Some of these warm-up activities included games, some 

drawings, some verbal sharing, and some written documents, and prepared students 

for the activities they would do in that step and their thinking structure. Expecting 

students to fulfill the requirements of the steps without prior preparation would be 



 

 

56 

challenging and inadequate. Therefore, it was thought that this approach would 

contribute to students' adaptation skills to the steps in the process. The details of 

these warm-up activities are presented in activity sheet (see Appendix K) and activity 

packages (see Appendix L). One of the visual example of warm-up activities are 

given in Figure 3.1. 

 

Figure 3.1. Warm-up activities ï Drawing & Creativity 

3.3.2 Flow Protocol Papers:  

In this study, the documents called flow 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 to as óworksheetsô in the literature, are teaching 

materials used at various levels 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 (Safran, 2008). According to ķahin and Yēldērēm (1999), 

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 

misconceptions. 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 practice environment (Kaygan et al., 2021a, 2021b). ñWorksheets are 

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 in the given activity at the same timeò (Aydoĵdu and Kesercioĵlu, 

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 they are used as a material to help students learn and 

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

worksheets to eliminate misconceptions (Atasoy, 2008; Burhan, 2008; Demircioĵlu, 

Demircioĵlu, & Ayas, 2004; Elvan, 2012), studies on their use in problem-based 

learning approaches (Cantürk-G¿nhan & Baĸer, 2009; Yazlēk & Erdoĵan, 2016), 

studies on their use in museum visits (Buyurgan, & Demirdelen, 2009; Yolcu & 

Karamustafaoĵlu, 2021), and studies on their use in group discussions (Sezer & 

Tokcan, 2003). In the current study, flow protocol papers were used as worksheets 

in order to direct and follow the flow (see Figure 3.2 and Figure 3.3). The flow 

protocol papers include the necessary instructions and short explanations for students 

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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Figure 3.2. Flow protocol paper ï Empathize 

 

Figure 3.3. Flow protocol paper ï Define 

Simultaneously, interview questions (Appendix G) were prepared. It was decided to 

group the questions under two themes: cognitive and affective. The interview 

questions were semi-structured open-ended questions. Rules that students should 

follow when sharing their ideas and brainstorming within the group were planned 
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and created as a reminder document (see Appendix S). Moreover, weekly program, 

activity sheet (see Appendix K), and activity packages (see Appendix L) were 

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 and Guidance 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 full-day event. 

After that, a special web page for study announcement (see Appendix E) and an 

online application form (see Appendix F) were prepared 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 (Instagram, Facebook and X). The application system 

was closed after receiving 16 main and 6 reserve student applications. Then, an 

informative e-mail was sent to the participants stating their primary and reserve 

status. Also, one-on-one phone calls was made with 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 were organized. At the same time, 5 cameras were used for recording 

and within the scope of this study, the environment in the Society and Science Center 

Building was arranged and the seating arrangements and equipment were arranged 

according to the student groups. Students were divided into groups and used 

computers when necessary if they wanted. Before the activities started, parents 

signed the parent consent form (see Appendix C) and students signed the voluntary 

participation form (see Appendix D). Since the number of students was high, there 

was another observer besides the researcher. 

In the first step of design thinking process, students watched a documentary on 

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 fourth step, 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 process, 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 non-probability method, was used to determine the 

sample suitable for the purpose of the study (Etikan et al., 2016). According to 

Fraenkel et al. (2011), when it is difficult or (sometimes impossible) to select a 

random sample, 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 likely to be biased. Therefore, 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., 2011). Since the 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. Additionally, since 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 determined schedule (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, availability at a given time, or the 

willingness to participate was important. That is why the convenience sampling 

method was preferred. If a general call for participation is made on the web page and 

the decision to participate depends largely on the participants, it 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 application 

form created on the METU SSC official website (see Appendix E and Appendix F). 

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. Since 

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 16 

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) stated 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 substitutes 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 with 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 participants are presented in Table 3.2. Participants can therefore 

be considered óaccidental samplesô because they were spatially located relative to 

where the researcher conducted data collection (Etikan et al., 2016). Analysis of 

convenience sample results is 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 understand 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 attempted to 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. 

Table 3.2 Demographic information of the participants 

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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Table 3.2 (continued) Demographic information of the participants 

 

 

 

 

 

3.5 Data Collection 

3.5.1 Data Sources 

Since this is a qualitative study, triangulation was done with more than one data 

source for reliability. 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 another 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 interview has been 

identified as a ófavorite methodological toolô by 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 individual face-to-face in-depth interview 

encourages learning about individual experiences and perspectives on a particular 

set of topics (DiCicco Bloom, & Crabtree, 2006). The interview is the main data 

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 
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source of this study and was created after a long study. It is good for learning attitudes 

and provides in-depth information. It also provides information about the subjective 

ways of thinking of the participants and can be applied to randomly selected samples 

(Christensen, 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 time-consuming. In addition, effects originating 

from the researcher 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 questions 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 

semi-structured interview consists of two main themes, Cognitive and Affective. 

There are 5 questions for each of these themes. In other words, a total of 10 open-

ended questions were asked based on the research questions of the study and aimed 

at the student's interpretation and evaluation of their own 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 amount of and 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 characteristics and tried to reached the 

most amount of and most precise information in the shortest time by establishing 

rapport with the participants. 

3.5.1.2 Reflective Thinking Documents 

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 making sense of their own learning and thinking 
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processes (Ersözlü, 2008). Documents called óreflective thinking documentsô in this 

study have generally been used as óreflective diaries/journalsô for 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 learning process. Reflective journals are used to ensure that students 

make process-oriented assessments of their learning experiences (Malthouse and 

Roffey, 2013). Reflective thinking means that a person examines the experience 

he/she has gained from a critical perspective, 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 because it allows students to use what they have 

learned in new and different situations (Kaygan et al., 2021a, 2021b). Studentsô 

awareness levels of their own learning processes can be determined by using 

reflective journals (Moon, 2009). Reflective writing levels and explanations 

determined by Moon (2009) are given in the tables below (Table 3.3). 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 together, the óreflective writingô level was deemed 

appropriate and applied.   

Table 3.3 Reflective writing levels (Moon 2009) 

Level Depth of reflection 

Descriptive writing - Writing productions include a small amount of 

reflection. Rather than an evaluation of the learning 

process, the sequence followed in the learning process 

is described. 

- There may be references to emotional reactions, 

ideas, particular issues but they are not questioned and 

not related to behavior or the meanings of events. 
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Table 3.3 (continued) Reflective writing levels (Moon 2009) 

Level Depth of reflection 

Descriptive account with 

some reflection 

- These are writings that do not contain much 

reflection but mark points for reflection. They 

generally contain descriptions as if they were in 

question-answer form and refer to alternative 

viewpoints or attitudes towards others, comments, 

etc. The analysis of the learning process is insufficient 

because the reflection does not go deep enough to 

allow us to understand it. 

Reflective writing - The learner has a reflective idea about the process 

and it allows to partially discover the reasons of the 

behavior, but this idea does not cover the whole 

process, it only includes certain stages due to interest, 

attention, etc.  

- The learner has analyses for the process for these 

stages, has made reflective evaluations, awareness has 

started to form, but this awareness is limited to certain 

stages. There is a desire to criticize the actions of 

others and to question oneself to some extent and 

alternative points of view may exist but cannot be 

analyzed. 
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Table 3.3 (continued) Reflective writing levels (Moon 2009) 

Advanced reflective 

writing 

- It is the structure of writings that include a deep-

thinking process and metacognitive strategies, draw 

attention to more than one perspective, self-

questioning is evident, prior knowledge and 

experiences guide new learning, emotions play a role 

in shaping ideas, the learner produces different 

solutions to eliminate the problems encountered in the 

process by monitoring the learning process and makes 

an evaluation accordingly. 

 

Reflective thinking documents require students to express themselves verbally or in 

writing. In the current study, a reflective thinking document was prepared 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 acquired (Kaygan et 

al., 2021a, 2021b). 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 applied, the information 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 reflective thinking 

document used in this study is shown in Figure 3.4. 
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Figure 3.4. Reflective thinking document 

This data source includes written data collected from students. At the end of each 

day, students answered 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 end of 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 after the 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 designed and 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 researcher observes the 
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participants and takes notes on what they are engaged in according to certain criteria 

(Fraenkel et al., 2011). In the current study, the researcher conducted observations 

throughout the entire process. As in every qualitative study, observation 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 to which criteria 

(Christensen, 2014/2015, p. 60). The current study used a ready-made framework to 

standardize the observation process. Besides, there are types of observers, listed from 

the least qualitative to the most qualitative (Full observer, observer as participant, 

participant as observer and full participant) (Christensen, 2014/2015, p. 61). The 

researcher is a óparticipant as observerô in this study, that is, the researcher is also 

present throughout the implementation process as a practitioner and the participants 

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 included in 

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) and they 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 Framework (see Appendix I) was used because it is most 

suitable ready-made observation framework 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, 2018; Robinson, 

2024). While Activities (A) are a set of 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 participants as 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 
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sometimes complex. Users (U), as the name suggests, are actually participants and it 

is about their roles, needs, behaviors, approaches, relationships, thoughts, feelings 

etc. (Fitzpatrick, 2018; Robinson, 2024). All these are interrelated and 

interconnected within this entire system. This framework can be used to provide an 

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 

(Seeschaaf-Veres, & 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 kinds of 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, when necessary, 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 decision-making, as a way to capture everything that happens in context. But the 

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 events and pursue the answers we seek. At least on one level, a video recording 

saves us time (Pirie, 1996, p. 3). 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 repeatedly (Roschelle, 
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2000). A lot can be learned about the intricacies of teaching and learning by watching 

videos of people in action (Hall, 2000). A video recording can provide us with a 

specific perspective 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 studentsô written work and observation notes in the context (Pirie, 

1996, p. 4). It is the video recordings that need to be examined to learn about the 

environment, context, and nature of the interventions surrounding the participantsô 

activity patterns that may have influenced their formation (Pirie, 1996, p. 4). 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 limitations are 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 questions (Pirie, 1996, p. 4). 

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 choose the video 

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 there 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 separate cameras for students working in groups to see each groupôs 

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, the interactions 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 active application 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, studentsô task 

sharing, brainstorming ideas, and the effort and participation 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 

qualitative study. Thus in the data analysis process, the observersô notes 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 

implementation process, 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.  

3.5.2 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 pm. Figure 3.5 presents visual representations 

of the METU SSC implementation class. In this context, students were divided into 

groups and completed the entire process by working in groups (see Figure 3.6). 

Within the scope of the planned study, students completed the process by 

implementing the 5 steps of the design 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 in warm-up 

activities before each step and used flow protocol papers for each step. The entire 
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process of the students during the day was noted by two different observers and also 

recorded on video. 

 

Figure 3.5. Photo of the METU SSC implementation class 

    

Figure 3.6. 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. The first step of DT is óEmpathizeô and 

a warm-up 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 awareness in the game and empathize with their other friends. 

Another game also requires teamwork and coordination. After this warm-up process, 

the students watched a documentary about óClimate Changeô. (Link) While watching 
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the documentary, the students were asked to use the flow protocol papers distributed 

to them. The students empathized with the people they saw in the documentary video 

and filled in the flow protocol papers as necessary by empathizing. After having 

lunch and playing games during the lunch break, the students worked in groups for 

the second step of DT, óDefineô (the problem), and shared the problems they 

identified with each other and discussed common and different views (see Appendix 

P). In addition, the students were given the opportunity to do research 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 this process, they used the 

flow protocol paper to 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, reflective thinking documents were distributed to the students and 

they were asked to fill them out. Before leaving, an end-of-day game was played. At 

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

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

On the second day, first a short summary of yesterday was made and then warm-up 

activities were carried out before moving on to the third step of DT, óIdeationô. In 

these warm-up activities, students were 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 problem they defined. 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 and brainstormed, 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 ideas were evaluated 

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 criteria they 

determined (e.g. theme/subject/purpose/material to be used, applicability, budget, 

etc.) by using the distributed post-its. After the lunch break, group spokespeople 

presented the solution idea or ideas they found to the class so that the ideas could be 

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 large-size (A3) papers were distributed to the groups for drawing. At 

the same time, flow protocol papers were used for task sharing and production 

planning. Each group 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 groupsô brainstorming. 

At the end of the day, reflective thinking documents were distributed to the students 

and they were asked to fill them out. Before leaving, an end-of-day game was played. 

At the end of the second day, all camera recordings were transferred to the computer 

and all data documents and observation 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 them. During the painting, the students actually had the 

opportunity to detail their ideas and made additions and arrangements. Then, for the 

fourth step of DT, óPrototypeô, the materials that the students could use were placed 

in a suitable location by the researcher and introduced to the students. Some of the 

materails required for prototyping are shown below (see Figure 3.7). The students 

were given time to choose the materials they would need during prototyping and the 

groups selected their materials one by one and 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, they used flow 
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protocol papers for material selection, task sharing and 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 out. At the end 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. 

 

Figure 3.7. Some of the materials required 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, óTestô, and the students presented their completed prototypes to 

the group they were paired with, and noted the opinions of the other group. All 

groups used flow protocol papers during this time. At the end of the day, reflective 

thinking documents were distributed to the students and they were asked to fill them 

out. Before leaving, an end-of-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 day, 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 photographed. 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 given prizes. 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 the end of the fifth day, all camera recordings were 

transferred to the computer and the observation notes and interview records were 

compiled. Figure 3.8 shows the implemetation process diagram. 

 

Figure 3.8. Implementation process diagram 

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 process, the raw data included; the researchersô observation notes, 

reflective thinking documents filled out by students at the end of each day (Kaygan 

et al., 2021a, 2021b), video recordings shot throughout the day, studentsô learning 

outcomes (categorization of idea documents, drawings, prototypes etc.) and 
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interview transcriptions. All these materials were prepared for analysis by the 

researcher. The 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 

qualitative study, the data analysis steps of Creswell and Cresswell (2018) were 

followed in qualitative research to validate the accuracy of the information (see 

Figure 3.9). Accordingly, in order to analyze the collected raw data, it was necessary 

to organize and prepare it first, and therefore, they were classified and foldered 

according to data type, student names and implementation days. Later, in order to 

become familiar with the data and develop an in-depth understanding, the data were 

examined and especially the transcript data was read repeatedly by the researcher. 

As a result of reading and rereading the transcripts, the researcher coded the data and 

created categories by using MAXQDA 2024 (Release 24.6.0) (Qualitative Data 

Analysis program). For interview transcript data, 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 & Corbin, 1990, 1998; Neuman, 2009). In fact, this is an iterative process 

to create codes, categories and themes and these were constantly revised during the 

qualitative data analysis. During open coding, the transcriptions were examined in 

terms of the determined categories and the facts/phenomenons 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 the categories 

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 result, a coding table was created 

that included all categories and subcategories. During axial coding, all data were 

coded to develop a sense of the context and approach of the study and through 

selective coding, 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 study. She was 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 was revised 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 process). Thus, the same codes and categories were 

determined by 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 that supported each other were presented together in the 

findings section, and so triangulation was performed to verify the data. 

 

Figure 3.9. Data analysis stages of qualitative research (Creswell & Cresswell, 

2018) 
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For the second research question (RQ2. What is the level of prototyping performance 

among student groups at the end of the extra-curricular program?), two 

academicians who are experts in this field analyzed the data using a rubric that has a 

validity in the literature (see Appendix N). A rubric includes criteria and standards 

for various levels of performance and provides a framework for explaining how 

performance will be perceived at each level (Rogers & Kaplan, 2022). According to 

Wiggins (1991), rubrics 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 (Chhetri, 2020). According to Popham (1997), 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 (rubric). As a type of scoring guide, 

a rubric evaluates 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, n.d.). 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 skills (Popham, 1997). 

In this context, using a ready-made 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 that is a valid one was used, in accordance with the features and criteria in the 

literature and the purpose of this study. The 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 

conducted 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 differences of the prototypes produced by the students, and therefore the rubric 

developed by Huang and Jong (2020) was preferred. In fact, the original of the ready-

made rubric was adapted in line with this study. The original rubric has six evaluation 
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dimensions: (i) problem definition, (ii) feasibility, (iii) user experience, (iv) 

entrepreneurship, (v) teamwork, and (vi) presentation and justification. In this 

current study, the rubric used to evaluate students' cognitive and physical learning 

outcomes was used by removing two evaluation dimension ((iv) entrepreneurship 

and (vi) presentation and justification) from the original and the adapted rubric 

consists of a total of 4 criteria. The reason for removing these dimensions is that the 

expert academics who will conduct the evaluation do not have the opportunity to 

observe the students' general entrepreneurship, presentation and justification. In the 

original rubric, each dimension consists of 3 sub-dimensions and 3 different levels. 

The expressions have been updated to make an evaluation directly related to the 

problem instead of the "design goals, missions, and potential societal impacts" 

section mentioned in the first sub-dimension of the problem definition, which is the 

first dimension of the rubric. Other levels are preserved with their explanations and 

used in this study without any changes (see Appendix N). The findings of the 

evaluations of two expert academicians who evaluated all students' prototypes 

(taking into account their drawings and solution categorizations) using this adapted 

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

For the third research question (RQ3. What are the fostering and challenging 

strategies used during the implementation of design thinking-based extracurricular 

program for 6th graders in science and society centers?), interviews were conducted 

with two observers who were the implementers of the study. In this semi-structured 

interview, questions were asked about the supportive and challenging strategies 

encountered 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 of reading 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 

qualitative 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 their activities as a practitioner, and did not make a short-term 

observation but rather made observations for 5 full days, which was sufficient in line 

with the purpose and scope of the study, by maintaining an open-minded approach 

and by awaring personal biases 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 or situations (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 researchers 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 results when 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 and time-invariant 

results. Also, the researcher 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 subjective, that is, they are not affected by the positive or negative biases of the 
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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. Also, member 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. In this study, trustworthiness components and the 

criteria applied to ensure them are summarized in Table 3.4, which was created by 

taking into account the trustworthiness criteria and techniques of Lincoln and Guba 

(1985). 

Table 3.4 Trustworthiness of this study (Lincoln & Guba, 1985) 

Criterian Strategy Explanations 

Credibility 

(Internal validity) 

 

Triangulation 

 

 

 

 

 

 

 

Peer Debriefing 

 

 

 

 

Prolonged engagement 

 

 

Persistent observation 

 

Multiple data sources: 

-different data collection tools 

(interviews, reflective thinking 

documents, observations and 

video recordings) 

Multiple investigators: 

-having co-observer 

 

-Doctoral Steering Committee 

-Another Ph. D. Researcher 

-An academician from the 

Department of Industrial Design 

 

-Researcher spent 5 full days for 

the implementation 

 

-Focusing on details and most 

relevant features throughout the 

entire process 
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Table 3.4 (continued)Trustworthiness of this study (Lincoln & Guba, 1985) 

 

Transferability 

(External Validity) 

 

 

 

 

 

 

 

Dependability 

(Reliability) 

 

 

 

 

 

Confirmability 

(Objectivity) 

 

Thick description 

 

 

 

 

 

 

 

 

Intercoder agreement 

 

 

 

 

 

 

Reflexivity 

 

-Researcher provided 

comprehensive descriptions of the 

behavior, experiences, emotions 

and context so that they make 

sense to the reader 

-The research design, 

methodology, and findings were 

explained in detail 

 

-Another Ph. D. Researcher coded 

the interview data 

-An academician assessed the 

learning outcomes such as 

drawings and prototypes by 

using a rubric 

 

-Researcher examined her own 

conceptual perspectives, biases, 

assumptions, and values, and 

became aware of how these 

influenced research decisions 

3.8 Researcherôs Role 

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 phenomena and in-depth 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 the study. 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 researcher was 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 collection process 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 different researchers 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  

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 Findings on Studentsô Interpretation and Evaluation of Their 

Experiences and Learning Outcomes 

RQ1: How do 6th-grade students interpret and evaluate their experiences and 

learning outcomes following their engagement in design thinking activities? 

The researcher 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. 

ñindividual interviewsò conducted at the end of the study, 2. ñreflective thinking 

documentsò collected from students at the end of each day, 3. ñobservation notesò 

kept by the researchers during the day, and 4. ñvideo recordingsò recording the entire 

day. The themes, categories and subcategories that emerged from the interviews are 

shown in Table 4.1. There are two main themes: ñCognitiveò and ñAffectiveò. Each 

theme has its own categories/subcategories and codes. The code book created for the 

content analysis of interviews 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 day during all 5-day 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 the relevant 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 during all 5-day 

and their experiences were observed and noted down by two observers. In order to 

observe the proces, AEIOU Observation Framework (see Appendix I) was used 

because it is most suitable ready-made observation framework accepted in the 

literature and especially used in design studies. Details regarding the AEIOU 

Observation Framework are already provided in the Methodology Chapter under 

Data Sources. Following 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 result, the 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 about the reflective thinking documents, observations, and video 

recordings were presented, for each level located in the Table 4.1. Also, for a 

summary visual inference, word cloud regarding the content of the interviews was 

created (see Appendix M). 
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Table 4.1 Themes, categories, subcategories and codes emerged for the RQ1 

Theme Category Sub-category Code 

Cognitive 

Dimension 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Learning 

Awareness 

 

 

2. Comparison 

with school 

 

 

 

 

2.1. DBT as a 

teaching 

approach 

 

 

 

 

2.2. 

Relationship 

between DBT 

steps and 

lessons 

- Content 

- DBT 

- Past Experience 

 

- Experiences on first 

three steps  

- Experiences on 

prototyping step  

- Experiences on testing 

step 

 

- Science 

- Information 

Technologies (IT) 

- Turkish-Social Studies 

- Other Lessons 

 

- Having fun 

- Emotional change 

 

- Stressful 

- Tiring 

 

- Define 

- Ideate 

- Drawing 

- Prototype 

Affective 

Dimension 

3. Positive 

feelings 

 

4. Negative 

feelings 

 

5. Favorite/Least 

favorite steps 
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Additionally, a visualized version of the Table 4.1 is presented below (see Figure 

4.1). 

 

 

Figure 4.1. Visualization of theme-category-code tree 

The researcher interviewed fifteen students at the end 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 learning outcomes, they responded 

in two different dimensions. They expressed the processes they experienced 

cognitively and affectively. The codes extracted from the studentsô discourses and 

the categories created by integrating these codes were gathered under these two 



 

 

91 

themes. Hereby, there are two main themes identified in this context: Cognitive 

dimension and Affective dimension (Table 4.2).  

Table 4.2 Themes emerging in the content analysis 

Main Themes 

1. Cognitive Dimension 

2. Affective Dimension 

4.1.1 Cognitive Dimension 

Cognitive dimension is the first theme that has two main categories: learning 

awareness and comparison with school (Table 4.3). While talking about their 

experiences, students expressed their beliefs on what they learned and actually 

expressed the points where they had awareness about learning. They also compared 

their experiences with school. 

Table 4.3 Categories of the theme ócognitive dimensionô 

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 studentsô learning 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 the DBT steps. In addition, students 

who had similar experiences before also mentioned their experiences at before. 

Herewith, there are three codes included. (Table 4.4).  
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Table 4.4 Codes of the category ólearning awarenessô 

Codes   

Content 

DBT 

Past Experience 

  

 

On the other hand, a document-based frequency graph was created to show the 

distribution of participantsô coded statements on the subject of ñLearning awarenessò 

(see Figure 4.2). 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. It is also seen that 6 students have declared that they have had 

experience with design thinking before. The studentsô statements and detailed 

analyses are presented under the following relevant headings. 

 

Figure 4.2. Document-based frequency graph of participants' statements on the 

subject of ñLearning awarenessò 

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 subject ñClimate Crisisò increased during this process. 

Some of these expresses are presented below. 
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I learned about the climate crisis and the state of the world. (P4) 

Ķklim krizi ve d¿nyanēn haliyle ilgili bilgiler edinmiĸ oldum. (P4) 

I learned about the reasons for the climate crisis and what we need to do to 

prevent it from happening. (P5) 

Ķklim krizinde, yani iklim krizinin sebepleri olur iĸte sebepleri ya da olmamasē 

i­in yapmamēz gerekenleri ºĵrendim. (P5) 

 

(I learned) how drought affects agriculture and farmers. (P7) 

Kuraklēĵēn tarēmē ve ­ift­ileri nasēl etkilediĵini (ºĵrendim). (P7) 

First of all, I 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) 

Ķlk baĸta iklim krizi ile ilgili ĸeyler, mesela nerde kuraklēk olduĵunu nerde 

fazlaca yaĵēĸ olduĵunu, kimlerin ne sorunlar ­ektiĵini (ºĵrendim). (P8) 

 

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

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

stayed in my mind the most. (P9) 

Mesela iklim krizinin insanlara verdiĵi zarar, ya da insanlarēn iklim krizine 

sebep olduĵu ĸeyler, onlar aklēmda kaldē daha ­ok. (P9) 

 

We learned things about the environment, such as drought and floods. (P11) 

¢evre ile alakalē ĸeyler ºĵrendik mesela kuraklēk, sel. (P11) 

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

are doing about it. (P13) 

Ķklim krizinin ­evreyi nasēl etkilediĵini ºĵrendim. Ķnsanlarēn bu durum i­in ne 

yaptēklarēnē ºĵrendim. (P13) 

 

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 now. (P15) 

Karadeniz bölgesinde mesela sellerden dolayē ­ok fazla ¿r¿n kaybē yaĸēyorlar 

hani tarēmcēlar felan ĸu anda ­ok kºt¿ durumda. (P15) 

 

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 written statements 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 the Black Sea. (P8) 
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Ķklim krizini, ­ift­ilerin zor ĸeyler ­ektiĵini, kuraklēk olduĵunu, Karadeniz'de 

yaĵēĸlarēn fazla olduĵunu (ºĵrendim). (P8) 

 

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

(P7) 

Çiftçilerin ve balēk­ēlarēn iklim krizinden kºt¿ etkilendiĵini (ºĵrendim). (P7) 

 

I (learned) the details of climate change. (P2) 

Ķklim deĵiĸikliĵinin detaylarēnē (ºĵrendim). (P2) 

 

(I learned) the causes and consequences of the climate crisis. (P14) 

Ķklim krizinin sebeplerini ve sonu­larēnē (ºĵrendim). (P14) 

 

(I learned) about the climate crisis, the wheat shortage in Konya, drought and 

agriculture. (P13) 

Ķklim krizini, Konya'da buĵday kētlēĵēnē, kuraklēk ve tarēmē (ºĵrendim). (P13) 

 

Today I learned about the impact of global warming on our lives. (P9) 

Bug¿n k¿resel ēsēnmanēn hayatēmēza etkisini ºĵrendim. (P9) 

 

(I learned) the effects of climate change on agriculture and animal husbandry. 

(P6) 

Ķklim deĵiĸikliĵinin tarēm ve hayvancēlēk ¿zerindeki etkilerini (ºĵrendim). (P6) 

 

I learned to protect the environment more strongly. (P12) 

¢evreyi korumayē daha baskēn bir ĸekilde ºĵrendim. (P12) 

 

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

While the students were making a group presentation to summarize 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 studentsô general awareness of 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 members. In this context, it was 

observed that there were points where the studentsô awareness 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 (Design Based Thinking)  

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. The DBT steps 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 

4.5).  

Table 4.5 The most frequently mentioned DBT steps and strategy 

DBT Steps / Strategy N 

Empathize 4 

Ideate 3 

Prototype 6 

Test 1 

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 had no prior knowledge about what to do in 

that step. It was recorded that the studentsô awareness of the DBT steps increased 

when the steps were explained by the researcher and the flow protocol papers were 

used. Later, the students also made statements in individual interviews about their 

awareness of the steps. Some participantsô statements regarding the steps they 

believed they learned the most from the steps they experienced are presented below. 

(I learned) the importance of teamwork. (P2) 

Takēm ­alēĸmasēnēn ºnemini (ºĵrendim). (P2) 
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Friendship, when I say friendship, teamwork, teamwork was very effective. 

(P4) 

Arkadaĸlēk, arkadaĸlēk derken takēm ­alēĸmasē, takēm ­alēĸmasē ­ok etkili oldu. 

(P4) 

 

First of all, I learned to work in a group and freely. In other words, to do things 

with my friends, to do group work with them in general. (P5) 

Yani grup ­alēĸmasēnda ve ºzg¿r bir ĸekilde ­alēĸmayē ºĵrendim ºncelikle. 

Yani daha arkadaĸlarēmla birlikte bir ĸeyler yapmayē, onlarla birlikte iĸte grup 

­alēĸmasē yapmayē aslēnda genelde. (P5) 

 

I was not a person who was good at group work. Yesterday and today I got 

used to it a little more, cooperated, and got a little more control over group 

work. (P6) 

Ben grup ­alēĸmasēnda iyi olan bir insan deĵildim. D¿n ve bug¿n biraz daha 

alēĸtēm, iĸ birliĵi yaptēm, biraz daha h©kim oldum grup ­alēĸmasēna. (P6) 

 

(I learned) how to make models, how to do proper research, etc. (P7) 

Nasēl maket falan yapēldēĵēnē, nasēl d¿zg¿n araĸtērma yapēldēĵēnē falan 

(ºĵrendim). (P7) 

 

And (I learned) about group work, empathy, prototyping. (P8) 

Ve grup ­alēĸmasēnē, empati yapmayē, prototip yapmayē (ºĵrendim). (P8) 

 

For example, I learned to take responsibility, I learned to empathize. (P9) 

Sorumluluk almayē ºĵrendim mesela, empati kurmayē ºĵrendim. (P9) 

 

I learned how to work in a group, but also how to behave in such a social 

environment. (P10) 

Grup ­alēĸmasē yapmayē ºĵrendim, onun dēĸēnda hani bºyle bir sosyal 

ortamda nasēl davranēlmasē gerektiĵini ºĵrendim. (P10) 

 

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 step.) 

(P11) 

Bizim robotta bazē ĸeyler olmamēĸtē mesela, fazla g¿zel olmamēĸtē mesela, 

onlara oy verdik filan. ... Evet deĵerlendirme yaptēk. Sonra kendi 

malzemelerimizi yaptēk kendi ¿r¿n¿m¿z¿ savunmaya ­alēĸtēk. (Test adēmēndan 

bahsediyor.) (P11) 

 

In group work, I did more handcraft and developed my hands more. (P12) 

Grup ­alēĸmasēnda daha ­ok el iĸi, daha ­ok elimi geliĸtirdim. (P12) 

 

I learned how to generate ideas, solution ideas. (P13) 
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Fikir ¿retmeyi ºĵrendim, ­ºz¿m fikri. (P13) 

 

We made prototypes, (I learned) that we can find more than one solution to the 

problems in the environment. (P15) 

Prototip yaptēk, ­evredeki sorunlara birden ­ok ­ºz¿m bulabileceĵimizi 

(ºĵrendim). (P15) 

 

On the other hand, when looking at the reflective thinking documents, the written 

statements of the students regarding the parts they believe they learned from the steps 

they experienced are presented below. 

(I learned) how to group ideas and think more creatively. é Defining the 

problem increases the quality of the solutions produced for it. ... (While 

generating a solution idea) I pay attention to its logicality, prototyping, reality 

and sustainability. é I learned that it is better to divide the work within the 

group. (P3) 

Fikir gruplandērmayē ve daha yaratēcē d¿ĸ¿nmeyi (ºĵrendim). é Problemi 

tanēmlamak ona ¿retilen ­ºz¿mlerin kalitesini artērēr. ... (¢ºz¿m fikri 

¿retirken) mantēklē oluĸuna, prototiplenebilmesine, ger­ekliĵine, 

s¿rd¿r¿lebilirliĵine dikkat ederim. é Ķĸlerin grup i­inde bºl¿ĸ¿lmesinin daha 

iyi olduĵunu ºĵrendim. (P3) 

 

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 research. (P4) 

Problemi tanēmlamak benim i­in ­ok ºnemli çünkü ilk önce problemi 

bilmeliyiz. ... ¢ºz¿m fikri ¿retirken arkadaĸlarēmēzēn da fikrini aldēk ve 

araĸtērma yaptēk. (P4) 

 

(I learned) about group work and that there is a solution to everything. é 

Empathy is looking at events from the other person's perspective 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 selfish. é If we do not define and 

clarify the problem, 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 what was needed. é I learned to act 

in a group. (P14) 

Grup ­alēĸmasē yapmayē ve her ĸeyin ­ºz¿m¿ olduĵunu (ºĵrendim). é Empati 

olaylara karĸēdaki kiĸinin veya kiĸilerin bakēĸ a­ēsēndan bakmak ve onu her 

yºnden anlamaya ­alēĸmaktēr. Sadece kendi bakēĸ a­ēsēnē kullanan kiĸi 

karĸēdakini anlayamaz dolayēsēyla iletiĸim bozukluĵu yaĸar ve bencilleĸir. é 

Eĵer problemi tanēmlayēp netleĸtirmezsek ­ºz¿m ¿retemeyiz. ... ¢ºz¿mleri 

¿retirken sorunun kºk¿ne indik ve neye ihtiya­ olduĵunu anlamak i­in sorunu 
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yaĸayan insanlarla empati kurduk. é Bir grup halinde hareket etmeyi 

ºĵrendim. (P14) 

 

(I learned) group work and research with my friends. é Defining the problem 

helps us understand the main problem. ... When generating a solution idea, it 

must be sustainable. é I learned to work collaboratively in group work. (P10) 

Grup ­alēĸmasēnē ve arkadaĸlarēmla birlikte araĸtērmayē (ºĵrendim). é 

Problemi tanēmlamak, ana problemi anlamamēza yardēm eder. ... ¢ºz¿m fikri 

¿retirken s¿rd¿r¿lebilir olmasē lazēm. é Grup ­alēĸmasēnda ortak ­alēĸmayē 

ºĵrendim. (P10) 

 

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

understand others and not to upset them. (P11) 

Empati kendini baĸkalarēnēn yerine koymaktēr. Baĸkalarēnē ¿zmemek ve onlarē 

anlamak için önemlidir. (P11) 

 

(I learned) empathy and team spirit. é Empathy is putting yourself in someone 

else's shoes. 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. é Defining the problem is important to reach its solution. ... While 

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

and to ensure that the solution was applicable. (P7) 

Empati kurmayē, takēm ruhunu (ºĵrendim). é Empati kendini baĸkasēnēn 

yerine koymaya denir. Herkes farklēdēr. Birinin maddi durumu, saĵlēĵē vb. 

ĸeyleri ºb¿r¿nden daha iyi olabilir. ¢¿nk¿ herkes diĵerleri gibi ĸanslē 

olmayabilir. Bu y¿zden kendimizi onlarēn yerine koyup hayata onlarēn 

gºzlerinden de bakmak gerekir. é Problemi tanēmlamak onun ­ºz¿m¿ne 

ulaĸmak i­in ºnemlidir. ... ¢ºz¿m fikri ¿retirken herkesten fikir almaya ve 

­ºz¿m¿n uygulanabilir olmasēna dikkat ettik. (P7) 

 

(I learned) to find a problem and find solutions to that problem. é Empathy is 

understanding other people's feelings. (P15) 

Bir sorun bulup o soruna ­ºz¿mler bulmayē (ºĵrendim). é Empati baĸka 

insanlarēn hislerini anlamaktēr. (P15) 

 

(I learned) empathy, working in groups, team spirit, climate and mindset. é 

Empathy is the ability to understand the other person's feelings and thoughts. 

It is important for better communication with the other person. (P8) 

Empati kurmayē, grupla ­alēĸmayē, takēm ruhunu, iklim ve d¿ĸ¿nme yapēsēnē 

(ºĵrendim). é Empati karĸēdaki insanēn duygularēnē d¿ĸ¿ncelerini anlamaya 

denir. Karĸēmēzdaki kiĸi ile daha iyi iletiĸim kurmak i­in ºnemlidir. (P8) 

 

(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 thinking 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 comfort. (P12) 

Empati yapmayē, takēm ­alēĸmasēyla ­evre sorunlarēna ­ºz¿m bulmayē 

(ºĵrendim). Empati kendimizi zor durumdaki bir bireyin yerine koyarak onun 

gibi d¿ĸ¿nmektir. Sadece kendi rahatēmēzē d¿ĸ¿nmeden insanlarē da d¿ĸ¿nmek 

ve yaĸanan olaylarēn farkēna varmak i­in empati yapmalēyēz. (P12) 

 

(I learned) that there are many solutions to every problem. é Empathy is 

thinking that you are in the shoes of people in order to understand the events 

and emotions they experience. é In order to find a solution to the problem and 

eliminate it, it is necessary to define the problem. ... While generating solution 

ideas, I tried to produce ideas that I could adapt to real life and that would be 

useful. é Group work is when people work by dividing the labor. I learned 

that in group work we need to make joint decisions and listen to each other's 

ideas. (P6) 

Her problemin bir sür¿ ­ºz¿m¿ olduĵunu (ºĵrendim). é Empati insanlarēn 

yaĸadēĵē olay ve duygularē anlamak i­in onun yerine ge­tiĵini d¿ĸ¿nmektir. é 

Probleme yºnelik bir ­ºz¿m bulmak ve problemi ortadan kaldērmak i­in 

problemi tanēmlamak gerekir. ... ¢ºz¿m fikri ¿retirken ger­ek hayata 

uyarlayabileceĵim ve yararē olabilecek fikirler ¿retmeye ­alēĸtēm. é Grup 

­alēĸmasē insanlarēn iĸ bºl¿m¿ yaparak ­alēĸmasēdēr. Grup ­alēĸmasēnda ortak 

kararlar almamēz gerektiĵini ve birbirimizin fikirlerini dinlememiz gerektiĵini 

ºĵrendim. (P6) 

 

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

é (Defining the problem) is important to understand the problem. ... (While 

generating a solution idea) I paid attention to the fact that it had not been done 

before, its cost, and that it was realistic and applicable. é I learned to listen 

to each other's ideas and to have all people work on the project (in a group) 

rather than just one person. (P13) 

Fikir ¿retmeyi, empati kurmayē, grup ­alēĸmasē yapmayē, beyin fērtēnasē 

(ºĵrendim). é (Problemi tanēmlamak) problemi anlamak i­in ºnemlidir. ... 

(¢ºz¿m fikri ¿retirken) daha ºnce yapēlmamēĸ olmasēna, maliyetine, ger­ek­i 

ve uygulanabilir olmasēna (dikkat ettim). é Birbirimizin fikirlerini dinlemeyi 

ve tek bir kiĸinin deĵil t¿m kiĸilerin projede (grupta) ­alēĸmasēnē ºĵrendim. 

(P13) 

 

Empathy is thinking that we are experiencing what the other person feels or 

experiences. Empathy is important for human relationships. é By defining the 

problem, we find out how to solve it. It is important to define the problem in 

order to understand and solve the problem. é When generating solution ideas, 

we must pay attention to how effective our solution will be or how accurate 

and applicable our solution is. é Working in a group teaches you to take 

responsibility. In group work, I learned that I shouldn't do every job by myself 
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or someone else, that I should distribute tasks equally to everyone and that we 

should respect each other's ideas. (P9) 

Empati bir insanēn karĸēsēndaki insanēn hissettiklerini veya yaĸadēklarēnē 

kendimizin yaĸadēĵēnē d¿ĸ¿nmektir. Empati insan iliĸkisi i­in ºnemlidir. é 

Problemi tanēmlayarak nasēl ­ºzeceĵimizi buluruz. Problemi anlamak ve 

­ºzmek i­in problemi tanēmlamak ºnemlidir. é ¢ºz¿m fikri ¿retirken 

çözümümüzün ne kadar etkili olacaĵē veya ­ºz¿m¿m¿z¿n ne kadar doĵru ve 

uygulanabilir olduĵuna dikkat etmeliyiz. é Grup ­alēĸmasē yapmak 

sorumluluk almayē ºĵretir. Grup ­alēĸmasēnda her iĸi kendim veya bir 

baĸkasēnēn yapmamasē gerektiĵini, herkese eĸit gºrev daĵēlēmē yapmayē ve 

birbirimizin fikirlerine saygēlē olmamēz gerektiĵini ºĵrendim. (P9) 

 

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 is made 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 portion of 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 the drawing phase, the difference in the strategies 

used, the similarity to project-based studies, and the similarity in the application of 

other steps. As a result, some participantsô statements emphasizing the different and 

similar points between these two experiences are given below.  

Frankly, since I 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.) ... Three-dimensional designs. ... We 

had done things like converting two to three dimensions. (Talking about the 

process applied in Deneyap Workshops.) (P3) 

A­ēk­asē bunlarēn bir­oĵunu zaten Deneyapôta da gºrd¿ĵ¿m i­in daha ­ok 

pekiĸtirme dersi gibi oldu. ... A­ēk­asē imalat aĸamalarē ve onu bir ĸeyi 

¿retirken ki kullanēlan malzemeler orada atºlyede falan oluyordu. Onlarda 
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­alēĸēp falan bºyle yapēyorduk. ... Torna, kēl testere. (Deneyap Atºlyelerinde 

kullanēlan malzemelerden bahsediyor.) ... ¦­ boyutlu tasarēmlar. ... Ķkiyi ¿­ 

boyutluya ­evirme falan onlarē yapmēĸtēk. (Deneyap Atºlyelerinde uygulanan 

süreçten bahsediyor.) (P3) 

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 problem-solving 

activities for potential middle school, high school and university 

students. 

  

Yes, I participated in Deneyap, but I didnôt like it because it was such a long 

thing. (P12) 

Evet Deneyapôa katēldēm ama bºyle ­ok uzun bir ĸey olduĵu i­in onu 

sevmemiĸtim. (P12) 

 

I'm going to Deneyap right now. ... We were also doing some prototyping 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 they made in this study) ... I mean, we didn't play any games there. 

(He's referring to the warm-up games/activities before the steps used as 

strategies in this study.) But we did these steps one by one. (P13) 

Deneyapôa gidiyorum ĸu anda. ... Biraz da orada da prototip falan yapēyorduk. 

... Orada galiba ­izim ­ok yapmamēĸtēk. Onunla uĵraĸmamēĸtēk tam. Orada 

ĸey yapmēĸtēk, ilk bºyle daha, ­ºz¿m fikrimizi daha k¿­¿k bir prototipte 

gºsterip sonrasēnda daha bºyle b¿y¿k bir yapmēĸtēk. (Bu ­alēĸmada yaptēklarē 

prototipten bahsediyor) ... Yani orada hani ºyle oyun falan oynamadēk. (Bu 

­alēĸmada strateji olarak kullanēlan adēmlar ºncesi ēsēndērma 

oyunlarēnē/etkinliklerini kasdediyor.) Ama yine tek tek bu aĸamalarē yaptēk. 

(P13) 

 

I go to Deneyap. ... We had a design production class. ... Yes, it looked similar. 

(P15) 

Deneyapôa gidiyorum ben. ... Tasarēm ¿retim dersimiz vardē. ... Evet 

benziyordu. (P15) 

 

I entered Bilsem in the first grade and got in, and Iôve been going for 5-6 years. 

... So, thereôs a science and biology course rather than a project, I saw it a 

little more intensely. (P6) 

Yani ­ok daha fazla bºyle projeden ­ok ĸey yapēlēyor bºyle Fen dersi ve 

Biyoloji dersi biraz daha yoĵun gºrd¿m ben. (P6) 

Note: ñBilsem is the abbreviation of Science and Art Education Centers. 

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 
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disrupting their education in formal education institutions and that they 

develop their capacities and use them at a high level.ò (Bilsem Online, 

2023, December 14). 

Bilsem Online (Ed.). (2023, December 14). Bilsem Nedir?. Bilsem 

Online. https://bilsemonline.com/bilsem-nedir 

 

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 paper. (P14) 

Bilsemôdeyim. ... Bilsemôde de genelde projeye yºnelik ­alēĸēyoruz. ... 

Teknoloji tasarēm dersi gibi Bilsemôdeki. ... Karton kaĵētla bºyle. (P14) 

 

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 had difficulty 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 video recordings. 

As a result, a code sub-code section model was created to display the participantsô 

views on ñLearning awarenessò in a summary manner (see Figure 4.3). 
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Figure 4.3. Code sub-code section model of participantsô views on the topic 

ñLearning awarenessò 

4.1.1.2 Comparison with School 

The ñComparison with schoolò category consists of 2 subcategories and addresses 

the similarities and differences of DBT as a teaching approach with school practices 

(DBT as a teaching approach) and the association of DBT steps with school lessons 

(Relationship between DBT steps and lessons), based on the experiences and 

evaluations of the participants (Table 4.6). In addition, not only the studentsô 

comparisons 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 sections. Also, a coded section-based 

hierarchical code sub-code model of participantsô views on the topic ñComparison 

with schoolò is shown in Figure 4.4. 
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Table 4.6 Subcategories of the category ócomparison with schoolô 

Subcategories  

DBT as a teaching approach  

Relationship between DBT steps and lessons  

 

 

Figure 4.4. Coded section-based hierarchical code sub-code model of participantsô 

views on the topic ñComparison with schoolò 

4.1.1.2.1 DBT as a teaching approach 

While students were experiencing DBT 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 three steps (Empathize, Define, Ideate) (Table 

4.7). 

Table 4.7 Codes of the subcategory óDBT as a teaching approachô 

Codes   

Experiences on first three steps   

Experiences on prototyping step   

Experiences on testing step   
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Also, a document-based frequency graph was created to show the distribution of 

participantsô coded statements on the subject of ñDBT as a teaching approachò (see 

Figure 4.5). 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 

the first three steps in parts. Details are presented in the following parts. 

 

Figure 4.5. Document-based frequency graph of participantsô statements on the 

subject of ñRelationship between DBT steps and lessonsò 

Before moving on to more specific statements, when general views about DBT are 

examined, the students explained that they did not do much practice-based and 

project-style applications at school, that traditional lectures were mostly done and 

group work was less, but that they had fun learning while prototyping within the 

scope of this study. Some of the students' general opinions about DBT can be given 

as follows: 

For example, while there were less practical things at school, here it was fully 

practical. (P2) 

Mesela okulda daha az uygulamalē ĸeyler varken burada full uygulamalēydē. 

(P2) 

 

No, we donôt do such things at school. Yes, we see and learn a few things about 

climate, but we canôt say that we do many projects about it. (P3) 

Yok okulda bºyle ĸeyler yapmēyoruz. Evet iklimle ilgili birka­ ĸey gºr¿yoruz, 

ºĵreniyoruz ama bununla ilgili bºyle pek fazla proje yaptēĵēmēz sºylenemez. 

(P3) 
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This place was different from school (she thinks), there was teamwork, because 

we normally do teamwork, but it is very rare. (P4) 

Burasē okuldan (d¿ĸ¿n¿yor), ya takēm ­alēĸmasē vardē o yºnden farklēydē, 

­¿nk¿ biz de normalde takēm ­alēĸmasē yapēyoruz ama ­ok nadir oluyor. (P4) 

 

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

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

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

lessons. I mean, here they are like games. (P9) 

Burada yaptēklarēmēz okuldan ĸºyle farklēydē, okulda yapēyor olsaydēk bu 

kadar ĸey ge­mezdi, mesela burada daha rahat oldu gibi, okulda bºyle 

olmuyor. ... Okulda daha ders gibi yapēlēyor bunlar. Yani burada oyun gibi. 

(P9) 

 

Here, we learn the things we need to learn, but we learn by having fun. It 

doesn't happen exactly like that at school. The lesson is taught in a more 

straightforward way. (P10) 

Burada bºyle hani yine ºĵrenmemiz gereken ĸeyleri ºĵreniyoruz ama 

eĵlenerek ºĵreniyoruz. Okulda bu tam olarak bºyle olmuyor. Daha bºyle d¿z 

olarak ders anlatēlēyor. (P10) 

 

They donôt make us do group activities at school. We do it alone, everyone 

does it alone. ... We always do individual things, I mean we don't do group 

things like that. (P11) 

Grupla etkinlikler falan yaptērmazlar bize okulda. ¥yle tek baĸēmēza, herkes 

tek baĸēna yapar. ... Hep bireysel, yani bºyle grupsal bir ĸeyler yapmēyoruz. 

(P11) 

 

We didnôt do that many activities at school, so I wasnôt having that much fun. 

(P12) 

Okulda bu kadar ­ok etkinlik yapmēyorduk, yani bu kadar ­ok eĵlenmiyordum. 

(P12) 

 

So itôs not applied (DBT steps) much in schools. Because in schools, there are 

more course-related things rather than prototypes or anything like that. (P13) 

Yani okulda ­ok fazla uygulanmēyor (DBT adēmlarē). ¢¿nk¿ okulda hani bºyle 

prototip falan deĵil de daha ­ok dersle ilgili ĸeyler oluyor. (P13) 

 

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 the prototyping 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 prototyping stage 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 warm-up activities performed between the DBT steps. 

The students performed warm-up 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 observersô notes, the flow 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 the video recordings were 

examined, the same observations were made regarding warm-up activities and the 

use of flow protocol papers. In addition, when watching the video recordings, 

especially one point that was noticed was that although the students had defined the 

problems and produced solution ideas when they started the drawing phase, they had 

question 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 expected. 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 reflective thinking 

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 school). (P11) 

(Okulda) hi­ bºyle ĸeyler yapmazdēk. (P11) 
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It was more free, I would like to practice freely at school as well. é It was a 

little different from school. They (researchers) showed us a video here and 

allowed us to do research. They (researchers) didnôt give us information, we 

found it ourselves. (P5) 

Daha ºzg¿rd¿, okulda da ºzg¿r bir ĸekilde uygulama yapmak isterdim. é 

Okuldan biraz farklēydē. Burada video izlettirdiler ve araĸtērma yapmamēza 

izin verdiler. Onlar (araĸtērmacēlar) bilgi vermedi, biz kendimiz bulduk. (P5) 

 

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

is, they give us homework to do at home. é The research we do at school is 

not this fun and is usually homework. (P6) 

Okulda bu kadar d¿ĸ¿n, ­iz, tasarla gibi bir s¿re­ olmuyor, olursa da evde 

yapmamēz i­in ºdev veriyorlar. é Okulda yaptēĵēmēz araĸtērmalar bu kadar 

eĵlenceli olmuyor ve genelde ºdev oluyor. (P6) 

 

There is not much group work at school. (P13) 

Okulda grup ­alēĸmasē ­ok yapēlmēyor. (P13) 

 

We don't do teamwork like this very often. (P4) 

Bºyle takēm ­alēĸmasēnē ­ok sēk yapmēyoruz. (P4) 

4.1.1.2.1.1 Experiences on first three steps 

The findings indicated that empathy has not gone beyond being a concept given only 

as a definition 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 the following expressions:  

Thereôs no such thing as teamwork in the current school. They donôt talk much 

about this climate change either. So, thereôs nothing. ... Teachers don't really 

teach empathy, to be honest. (P1) 

ķu anki okulda takēm ­alēĸmasē diye bir ĸey yok. Bu iklim deĵiĸikliĵinden de 

pek sºz etmezler. Yani hi­ bir ĸey yok. ... Empatiyi a­ēk­asē pek ºĵretmiyorlar 

ºĵretmenler. (P1) 
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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 guidance purposes, to get to know us, and it 

is of no use to us. But here, when I was filling out something about empathy, I 

felt it inside me, I thought about how I should do it, it was running through my 

mind. There (referring to the school), we just mark it and move on. (P6) 

Mesela s¿rekli olarak bize form doldurtuyorlar ama rehberlik amacēyla bizi 

tanēmak i­in doldurtuyorlar, hi­bir iĸimize de yaramēyor. Ama burada empati 

ile ilgili bir ĸey doldururken onu kendim i­imde hissettim bºyle nasēl yapmam 

gerektiĵini d¿ĸ¿nd¿m, aklēmdan ge­iyordu. Orada (okulu kasdediyor) sadece 

iĸaretleyip ge­iyoruz. (P6) 

 

We have a steam course at school, but we don't do that much in the steam 

course, I mean the teacher gives instructions and we do it, that kind of thing. 

... no, we don't produce ideas ourselves, they don't let us produce them. (P7) 

Okulda bizde steam dersi var ama steam dersinde biz bu kadar ĸey yapmēyoruz 

yani ºĵretmen talimatē veriyor biz yapēyoruz, o gibi. O tarz birĸeyler. ... hayēr 

kendimiz fikir üretmiyoruz, ürettirmiyorlar. (P7) 

 

We donôt 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 shoes. (P12) 

Empatiyi oyun ĸeklinde yapmēyoruz. Bºyle anlatēyor ilk ºnce tanēmē, ondan 

sonra mesela atēyorum bir tane arkadaĸēnēzēn yerinde olsaydēnēz ne yapardēnēz 

diye bºyle birka­ tane etkinlik yapēyoruz. (P12) 

 

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

generate ideas. (P15) 

Empatiyi ­ºzmek i­in kullandēĵēmēz bir ders yok ama fikir ¿retmek i­in 

kullandēĵēmēz dersler hani var. (P15) 

 

(Empathy) we have always just defined. ... We do not work project-oriented at 

school. We work more on problem solving and exam-oriented. ... We did group 

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

(P14) 

(Empatiyi) hep sadece tanēmladēk. ... Okulda proje odaklē ­alēĸmēyoruz. Daha 

­ok soru ­ºz¿m¿, sēnav odaklē ­alēĸēyoruz. ... grup ­alēĸmasē yapmēĸtēk. ... Ya 

Hoca anlatēnca da ºĵreniyorum, ama bºyle olunca daha eĵlenceli oluyor. 

(P14) 

 

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

in the warm-up activities implemented before the empathy step, but then they started 

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 creative while 

generating ideas and that they eliminated some ideas by evaluating each otherôs 

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. 

4.1.1.2.1.2 Experiences on prototyping step 

When asked about the studentsô experiences with the prototyping process, all 

students mentioned the similarities and differences with the practices they did at 

school and also most of them made self-evaluations 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 presentations they made 

at school.  

While some stated that they had never developed a prototype, some mentioned that 

they had produced small-scale prototypes in their project-based studies at school. 

Here are some sample statements: 

We donôt make a complete prototype. ... Sometimes the teacher wants us to 

design something on Canva, we design it on Canva and send it to him. (P1) 

Prototip tam olarak yapmēyoruz. ... ¥ĵretmen arada bizim bir ĸey 

tasarlamamēzē istiyor Canvaôdan, Canvaôdan tasarlayēp ona gönderiyoruz. 

(P1) 

 

Teachers give a topic and we do a project on it. Then we present it. (P2) 

Hocalar bir konu veriyor, onun hakkēnda proje yapēyoruz. Ondan sonra 

sunuyoruz. (P2) 

 

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

presentation style in general. (P3) 

...pek fazla proje yaptēĵēmēz sºylenemez. ... Daha ­ok sunum. Sunum tarzēydē 

genelinde. (P3) 

 

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

that. (P5) 
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Genelde model geliĸtirmiyoruz. Prototip falan geliĸtirmiyoruz. (P5)  

 

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 itôs very difficult when you try to do it alone. (P3) 

Ger­ekten uĵraĸtērēyor ve tek baĸēna yapēlmaya ­alēĸēlēnca ­ok zor. (P3) 

 

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

racked our brains a lot. P4k) 

¢ok eĵlendim, baya bir ­alēĸtēk, yorulduk, ­ok eĵlenceli ve g¿zeldi. Baya bir 

kafa patlattēk zaten. (P4) 

 

It was more enjoyable because you didnôt interfere, you didn't say do this or 

do that. ... We were able to get the materials we liked and make what we 

wanted, models, right away. (P5) 

Daha bºyle siz karēĸmadēĵēnēz i­in daha ĸunu yapēn bunu yapēn demediĵiniz 

i­in daha bºyle keyifliydi. Biz oradan beĵendiĵimiz istediĵimiz malzemeleri 

alēp hemen yapabildik d¿ĸ¿nd¿ĵ¿m¿z¿, maketleri iĸte. (P5) 

 

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

more, and started to divide the work. (P6) 

baĸlangē­ta biraz zorlandēk, sonradan biraz daha bºyle alēĸtēk, iĸ bºl¿m¿ 

yapmaya baĸladēk. (P6) 

 

The prototyping process was good, it was fun. (P7) 

Prototipleme süreci iyiydi, eĵlenceliydi. (P7) 

 

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

it was fun and nice. (P8) 

Fazla odaklanamadēk. Yani biraz odaklanma sorunumuz var. Onun dēĸēnda 

eĵlenceliydi, g¿zeldi. (P8) 

 

It was very enjoyable and fun. I mean, it taught me most things. (P10) 

Gayet keyifliydi eĵlenceliydi. Yani ºĵretti bana ­oĵu ĸeyi. (P10) 

 

I think it was very fun. ... it was also good for socializing. And it was actually 

quite fun to think, to try to improve yourself, to try to do something new. (P12) 

Bence ­ok eĵlenceliydi. ... sosyalleĸme i­in de iyi oldu aslēnda. Ve baya 

eĵlenceliydi aslēnda kafa yormak, kendini geliĸtirmeye ­alēĸmak, yeni bir ĸey 

yapmaya ­alēĸmak. (P12) 
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So, it went well. There were a lot of different materials, we tried to prototype 

our solution idea from all of them. (P13) 

Yani g¿zel ge­ti. Bir s¿r¿ farklē malzeme vardē, hepsinden ­ºz¿m fikrimizi 

prototiplemeye ­alēĸtēk. (P13) 

 

It was fun, I like making models. (P14) 

Eĵlenceliydi, maket ¿retmeyi seviyorum. (P14) 

 

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 they mentioned about the prototype 

they developed are presented below: 

Frankly, we couldnôt show those rainwater collecting areas there. Maybe we 

could have done them, but time was a thing (limited). (P3) 

A­ēk­asē o yaĵmur suyu toplayan yerleri pek orada gºsteremedik. Onlarē 

yapabilirdik belki ama zaman ĸeydi (sēnērlē). (P3) 

 

Yes, Iôm very pleased. I'm happy with it. (P4) 

Evet ­ok memnunum. Ķ­ime sindi. (P4) 

 

Well, Iôm happy, I think it turned out well, I mean itôs not a big deal, itôs not 

perfect, itôs not like I was participating in a science thing, but I still think it 

turned out well. (P7) 

Ya ben memnunum, bence g¿zel oldu, yani ºyle ­ok ĸey deĵil, m¿kemmel birĸey 

deĵil yani sanki bºyle bir bilim ĸeyine katēlēyormuĸ gibi olmadē ama gene de 

güzel oldu bence. (P7) 

 

Yes, I am satisfied. ... I think the prototype is good like that. (P8) 

Evet memnunum. ... Prototip bence böyle iyi. (P8) 

 

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

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

(P9) 

Bir tane bina daha yapmēĸtēk ama birazcēk k¿­¿k olduĵu i­in tam 

sēĵdēramadēk. Hem de ekleyeceĵimiz birka­ ĸey daha vardē, onlarē 

ekleyemedik. (P9) 

 

It could have been much better. (P10) 

Daha çok daha iyisi olabilirdi. (P10) 

 

Especially the watermill was very difficult for me. é I'm happy. It turned out 

very well. ... I think we did very well. (P11) 
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Hele hele su deĵirmeni beni ­ok zorladē. é Memnunum. ¢ok g¿zel oldu. ... 

Bence gayet g¿zel yaptēk. (geliĸtirdikleri prototipten bahsediyor) (P11) 

 

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

something even better. (P12) 

G¿zel oldu ama hani biraz daha ¿st¿nde ­alēĸsaydēk daha g¿zel bir ĸey de 

yapabilirdik. (geliĸtirdikleri prototipten bahsediyor) (P12) 

 

I think we did a pretty good job. (P13) 

Bence baya g¿zel bir iĸ ­ēkardēk. (P13) 

 

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 thought. (P15) 

Bizim prototipimiz fena deĵildi. S¿re­te bazē kargaĸalar yaĸadēk gene. ... 

Hatalarēmēz oldu. ... mesela bizim orada ilk tasarladēĵēmēz fikirle bu hiç 

alakalē bir ĸey deĵil. ... Drone bºl¿m¿ aynē oldu ama bu su tanker kēsmē olmadē 

d¿ĸ¿nd¿ĵ¿m¿z gibi. (P15) 

 

If we had more time, we could have done better, but thatôs good too. But the 

deleting of animation was a bit bad. (P14) 

Zaman daha geniĸ olsaydē daha iyisini yapabilirdik ama bu da g¿zel. Ama 

animasyonun silinmesi biraz kötü oldu. (P14) 

 

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

process: 

It was a little difficult for me, as I said, I was not a person who did much group 

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. (P6) 

Benim i­in biraz zor oldu dediĵim gibi daha ºncesinde ­ok grup ­alēĸmasē 

yapan bir insan deĵildim. Ve grup arkadaĸēm ­ok inat­ē bir insan, o y¿zden 

baĸlangē­ta biraz zorlandēk, sonradan biraz daha bºyle alēĸtēk, iĸ bºl¿m¿ 

yapmaya baĸladēk. (P6) 

Yes, we had a hard time because we couldnôt do anything on the first day, we 

couldnôt focus much when we first started because we were laughing. ... (P11) 

Evet ­ok zorlandēk ­¿nk¿ ilk g¿n hani ĸey yapamamēĸtēk hani ilk 

baĸladēĵēmēzda fazla odaklanamamēĸtēk g¿lmekten. ... (P11) 



 

 

114 

4.1.1.2.1.3 Experiences on testing step 

When asked about studentsô experiences with the testing process, students talked 

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 during 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 want 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, I mean will 

the plate be opened?, it will create a greenhouse effect, they said. Despite our 

answer, others said the same thing. (P1) 

Bize hep aynē ĸeyi dediler. Ķĸte plaka ne olacak, yani plaka a­ēlacak mē, sera 

etkisi yaratacak dediler. Cevapladēĵēmēza raĵmen diĵerleri de aynē ĸeyi dedi. 

(P1) 

 

For example, they said that the aluminum foil was a little wrinkled, you can 

flatten it a little more. (P2) 

Mesela o biraz kērēĸēktē o al¿minyum folyo, onlarē biraz daha d¿zleyebilirsiniz 

dediler. (P2) 

 

They said, ñIt would be better if there was an automatic system, where 

everyone could decide on their own, if there was such an automatic system.ò 

(P3) 

Yani o otomatik olarak yapēlan, otomatik bir d¿zen olsa hepsi kendi, kendileri 

karar verse böyle otomatik bir düzen olsa daha iyi olabilirdi falan dediler. (P3) 

 

Well, he said, why don't they have hands, you can add hands. He also said that 

this can't produce much garbage and the energy is only enough for itself, you 

can make a faster mechanism. (P4) 

ķey, elleri niye yok, el ekleyebilirsiniz dedi. Bir de bu ­ok fazla ­ºp ¿retemez 

ve bunda enerji sadece kendine yeter, daha hēzlē bir mekanizma yapabilirsiniz 

dedi. (P4) 

 

For example, I think they said things like the robot should have hands and 

feet... They said it could have wheels. (P5) 

Ķĸte robotu mesela robotun elleri olsun ayaklarē olsun onun gibi ĸeyler 

sºylemiĸlerdi sanērēm. ... Tekeri olabilir demiĸlerdi. (P5) 
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They never told us clearly. They said it was very nice. é Actually, we could 

have made something like the robot they made that collects garbage, like a 

small robot vacuum cleaner. ... Actually, I thought, we could 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 add it. (P6)  

Bize hi­ a­ēk sºylemediler. Gayet g¿zel olmuĸ dediler. é Aslēnda yaptēklarē 

robot gibi ­ºp toplayan bir ĸey yapabilirdik, k¿­¿k robot s¿p¿rge gibi. ... Ben 

aslēnda ĸey diye d¿ĸ¿nd¿m, hani yapabilirdik, ama zaten bizim prototip baya 

gecikmiĸti, yaptēĵēmēz fabrikalar olmadē baĸtan yaptēk falan, baya geride 

kalmēĸtēk o y¿zden ekleyemedik. (P6)  

 

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 that, they liked the idea of concrete (floor) that absorbs 

water. (P7) 

Diĵer gruplar bazē ĸeyleri, deĵiĸtirmemiz i­in bize ºnerilerde bulundu. Mesela 

o cam plakayē a­ēlēr kapanabilir yapmak daha mantēklē olurdu ­¿nk¿ g¿neĸ 

camē ĸey yaptēĵē zaman daha fazla sēcak geliyor ve daha kötü oluyor. O yüzden 

a­ēlēr kapanēr yapma konusunda fikir sºylediler. Onun dēĸēnda suyu emen 

beton (zemin) fikrini beĵenmiĸlerdi. (P7) 

 

So, they told us to focus better, to work in groups better, to use better materials. 

... They said to make the panel openable. So, in this way, if we think about it in 

reality, the trees will be better, there will be no greenhouse effect. (P8) 

Yani onlar bize daha iyi odaklanmayē, daha iyi grup ­alēĸmasē yapmayē, bºyle 

daha iyi malzeme kullanmayē sºylediler. ... Paneli a­ēlēr kapanēr yapēn dediler. 

Yani bºylece hem ger­ekte d¿ĸ¿n¿rsek aĵa­lar daha iyi olur, sera etkisi olmaz. 

(P8) 

 

There were good feedbacks. ... They told us the comment when we had already 

planned it and started doing it, so we couldn't add it later. (P9) 

G¿zel dºn¿ĸler oldu. ... Onlar bize yorumu biz zaten planladēĵēmēzda yapmaya 

baĸladēĵēmēzda sºyledikleri i­in hani sonradan ekleyemedik. (P9)  

 

They liked it, I mean most of them liked it generally. I mean, of course they told 

us our shortcomings, but... Our prototypes were finished anyway, but if they 

weren't, I would have made an effort for the electric wire. (P10) 

Beĵendiler, yani ­oĵu beĵendi genellikle. Yani hani eksiklerimizi tabii ki 

söylediler ama. ... Zaten prototiplerimiz bitti, ama bitmeseydi elektrikli tel için 

bir çaba gösterirdim. (P10)  

 

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 actually a concrete dam. (P11) 
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Odun yerine beton ĸey yapabilirsin demiĸlerdi. Odun set yapacaktēk, onun 

yerine dediler ki fazla taĸēyamayabilir onun yerine demir set yapsanēz daha 

güzel olur beton set. (P11) 

 

For example, they liked the idea in general. But they said, 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 city. (P12) 

Mesela genel olarak fikri beĵendiler. Ama bazē ĸeyler yok mu dediler, ama biz 

daha ­ok bunlarē herkesin yapmasē i­in yapmayanlarēn ceza almasē, 

zorunluluk halinde yapmasē gibi (d¿ĸ¿nd¿k) ve biz Ankaraôyē yaptēĵēmēz i­in 

ĸehri geliĸtirmek amacēyla yapmēĸtēk. (P12) 

 

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 open automatically and water could fill in. ... 

Cameras or electric fences could be used in security. (P13) 

ķimdi ĸey fikrimiz beĵenildi dronelarla su taĸēmak. Ama ĸºyle bir ĸey de 

olabilirdi hani drone o su tankerini taĸērken su tanker onu gºt¿r¿p dºkerken 

otomatik olarak a­ēlabilirdi. Bir de yaĵmur yaĵarken de kapaklar otomatik 

a­ēlarak i­ine su dolabilir. ... G¿venlikte de kamera veya elektrikli ­it 

kullanēlabilir. (P13) 

 

It was asked how these drones would charge. Other than that, it was asked how 

they would do in non-sunny weather. Then, to improve it, we frankly had made 

these charging parts. We added solar panels on the drone. (P15) 

Bu dronelarēn ĸarj iĸi nasēl olacak dendi. Onun dēĸēnda g¿neĸsiz havalarda 

nasēl olacak dendi. Sonra geliĸtirmek i­in a­ēk­asē bu ĸarj kēsēmlarēnē 

yapmēĸtēk ama. G¿neĸ panelleri ekledik dronenun ¿st¿ne. (P15) 

 

I mean, they didn't really give a lot of feedback. I donôt think it helped a lot. ... 

We wanted to stick to the plan because we had planned ahead. Because it 

would have taken too long and we didnôt plan how we were going to do it. 

(P14) 

Yani, ­ok fazla dºn¿ĸte bulunmadēlar. Bence ­ok fazla yardēmē olmadē. é 

¥nceden planlamēĸtēk ­¿nk¿, plana baĵlē kalmak istedik. ¢¿nk¿ fazla uzun 

s¿rerdi ve nasēl yapacaĵēmēzē planlamamēĸtēk. (P14) 

 

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 

comment or simply said they liked it because they did not listen or understand the 
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opposing groupôs project very well. Here are some examples of student evaluations 

in the testing step: 

I asked them if they will increase the number of their robots if they are thinking 

more seriously, and what will this robot do with the garbage. (P1) 

Ben onlara ĸey robotlarēnēn sayēsēnē yani daha ciddi d¿ĸ¿n¿yorlarsa 

artēracaklar mē, bir de bu robot ­ºplerle ne yapacak. (P1) 

 

Frankly, I couldnôt do much, Iôm not very good at interpreting them. I liked 

(their projects). (P3) 

A­ēk­asē pek ĸey yapamadēm, onlarē yorumlamakta pek iyi deĵilimdir. 

(Projelerini) beĵenmiĸtim. (P3) 

 

I said, they were going to make such a closed area, no matter how often it was 

in this closed area, it could harm the air. I didnôt like this idea very much, but 

I 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. (P4) 

Ben ĸey sºyledim, bºyle kapalē bir alan yapacaklardē, bu kapalē alanda ne 

kadar sēk olursa olsun havaya zarar verebilirdi. Bu fikri ­ok beĵenmedim ama 

beton (beton zemin) fikri bence güzeldi. Fazla suyu emer, o suyla da enerji 

¿retebilir. Diĵer su da zaten bitkileri tarēmda kullanēlēr. (P4) 

 

I 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, it canôt pour it 

slowly, it lifts the tank all at once. That was the only problem for me, other 

than that, their project is also nice. (P6) 

Bence onlarēn yaptēĵē da mantēklēydē. Ama benim aklēma takēlan tek soru 

ĸuydu, onlarēn drone u suyu alēyor, bir anda bērakēyor, yavaĸ yavaĸ dºkemez 

onu, depoyu kaldērēyor bir anda. Benim i­in tek sēkēntē oydu, onun dēĸēnda 

g¿zel onlarēn projesi de. (P6) 

 

I told them, I 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 burst. (P7) 

Ben onlara ĸey demiĸtim, ĸºyle ki, robota bacak yapmak yerine tank tekerleĵi 

kullanabilirler demiĸtim. ¢¿nk¿ tank tekerlekleri hem daĵa falan da 

­ēkabiliyor, hem de ºyle kolay kolay patlayabilecek tekerlekler deĵil. (P7) 

 

Theirs was good too, there were a few things missing but it was still good. For 

example, they made drones that work with solar energy, but for example, how 

will these drones work when itôs raining? I mean, it won't work because itôs 

raining, for example, what will happen to a plant that requires less water when 

it rains. (P9) 
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G¿zeldi onlarēnki de, birka­ ĸey eksikti ama yine de g¿zeldi. Mesela onlar 

g¿neĸ enerjisiyle ­alēĸan dronelar yapmēĸlar ama mesela hava yaĵmurluyken 

bu dronelar nasēl ­alēĸacak? Yani ­alēĸmayacak da hani yaĵmur olduĵu i­in, 

mesela daha az su isteyen bir bitki yaĵmur yaĵdēĵēnda ne olacak gibi. (P9) 

 

I really liked the other groupôs work, to be honest. I didnôt fully understand 

some of the issues, but still, it seemed to me like a work I could understand 

very well. I mean, it didn't seem to have any shortcomings to me. (P10) 

Ben diĵer grubun ­alēĸmasēnē ­ok beĵendim a­ēk­asē. Bazē konularē tam olarak 

anlamadēm ama yine de hani bana gayet iyi bir ĸekilde anlayabildiĵim bir 

­alēĸma gibi geldi. Yani hi­bir eksikleri yoktu gibi geliyor bana. (P10) 

 

I said, for example, you can add hands or feet-legs etc. (P11) 

Ben ĸey demiĸtim. Mesela el veya ayak-bacak filan ekleyebilirsiniz filan. (P11) 

 

I mean, it was very logical because it wasnôt something that was very often. 

But as I said, there was a solar panel on top of it, solar energy was good, it 

actually made sense. é I said, for example, those tankers should be filled with 

rainwater and when there is a major drought, those drones cannot carry that 

water. (P12) 

Yani hani çok olmayan bir ĸey olduĵu i­in ­ok mantēklēydē. Ama dediĵim gibi 

yani orada bir ĸekilde hem ¿st¿ g¿neĸ paneli olduĵu i­in, g¿neĸ enerjisi 

g¿zeldi aslēnda mantēklēydē. é Ben ĸey demiĸtim, o tankerlere yaĵmur suyu 

dolmasē (gerektiĵi), bir de ­ok b¿y¿k bir kuraklēk olduĵunda o dronelar o suyu 

taĸēyamaz mesela. (P12) 

 

Their idea was good. How should I 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 mandatory. (P13) 

Onlarēn fikri g¿zeldi. Nasēl desem yani normalde insanlar bunu, bºyle bir ĸey 

var ama insanlar bunu ­ok uygulamēyor. Onlar b¿t¿n ĸehri bºyle yapēp 

zorunlu hale getirmiĸlerdi. (P13) 

 

The group we were matched with had good ideas. I didnôt give them an idea. I 

liked it. (P15) 

Eĸleĸtiĵimiz grubun g¿zeldi fikirleri. Bir fikir vermedim. Beĵendim. (P15) 

 

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 against the 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 

feedback. These observations are consistent with the video recordings. 
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4.1.1.2.2 Relationship between DBT steps and lessons 

Students associated DBT steps with school lessons. In this context, they expressed 

their opinions about which DBT step could be applied in which lesson. There were 

also those who stated in which lesson context all DBT steps could be used. Table 4.8 

shows how frequently students mention which courses.  

Table 4.8 Codes of the subcategory órelationship between DBT steps and lessonsô 

Codes   

Science   

Information Technologies (IT)   

Turkish ï Social Studies   

Other Lessons   

 

Also, a document-based frequency graph was created to show the distribution of 

participantsô coded statements on the subject of ñRelationship between DBT steps 

and coursesò (see Figure 4.6). According to this graph, the vast majority of students 

established a relationship 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. 

 

Figure 4.6. Document-based frequency graph of participantsô statements on the 

subject of ñRelationship between DBT steps and lessonsò 
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On the other hand, the answers given to the question ñIn which courses would you 

like to have such activities?ò 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 students also 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 the 

relationship between the participantsô views on ñLearning awarenessò and 

ñRelationship between DBT steps and lessonò (see Figure 4.7). Accordingly, 

students who stated that they gained learning awareness about DBT steps and content 

associated DBT steps mostly with Science, Turkish and Social courses. The fact that 

the selected subject was ñClimate Crisisò may have partially affected this result. 

 

Figure 4.7. Code relationship browser/table regarding the participantsô views on 

ñLearning awarenessò and ñRelationship between DBT steps and lessonò 

4.1.1.2.2.1 Science 

13 out of 15 students stated that all or some of the DBT steps could be covered in 

Science classes at school. For example, some of them expressed their opinions by 

saying: 

In science, yes, in fact, since it is related to science, yes, it is suitable for that 

too. (P1) 

Fen (Bilgisi)nde evet aslēnda bilimle alakalē olduĵu i­in evet ona da uygun. 

(P1) 

 

Science. We already do more projects in Science, that's why. (P2) 

Fen (Bilgisi). Fen (Bilgisi)nde zaten daha ­ok proje yapēyoruz, o y¿zden. (P2) 
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We apply it in science class. é Yes, not exactly the same, not very often either. 

(P4) 

Fen dersinde uyguluyoruz. é Evet birebir aynēsēnē deĵil, ­ok sēk da deĵil. (P4) 

 

I 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 

sometimes, it would be easier if we applied it like that. (P6) 

Prototip geliĸtirme ve ­izim bence Fen i­in mantēklē. Fenôde zaten iklimle ilgili 

bir s¿r¿ konumuz olduĵu i­in. Konu i­erisinde bir s¿r¿ bir ĸey anlatēyor Hoca, 

anlamasē da zor olabiliyor bazen, hani ºyle uygulasak daha rahat olurdu. (P6) 

 

I 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 related to that subject by 

forming a team. (P7) 

Fen ve Biliĸim dersine uygun gºr¿yorum. ... Ya Fende ĸey i­in kullanēlabilir 

yani bºyle laboratuvara gideriz, bºyle ºĵretmen mesela konuyu anlatēr biz de 

o konuyla alakalē maket yaparēz mesela takēm halinde oluĸup. (P7) 

 

Social (Studies), Science, like that. Climate change and doing research are 

suitable for Social (Studies), and prototyping is suitable for Science. (P8) 

Yani Sosyal, Fen, bºyle. Sosyal (Bilgiler)ôe iklim deĵiĸikliĵi, araĸtērma yapma 

ĸeyi; Fen (Bilgisi)ône de o prototip yapma kēsēmlarē uygun. (P8) 

 

We already do similar things in some subjects in Science lessons. It would be 

nice there too. (P9) 

Zaten Fen dersinde bazē konularda yapēyoruz benzeri ĸeyler. Orada da g¿zel 

olur. (P9) 

 

Mathematics, science, main courses. ... Empathy is actually something that can 

be used in most courses. It can also be done in Mathematics, science, main 

courses again. (P10) 

Matematik, Fen, ana dersler. ... Empati ­oĵu derste kullanēlabilecek bir ĸey 

aslēnda. Matematik, fen, yine ana derslerde yapēlabilir. (P10) 

 

Science. For example, they ask us for a project. (P11)  

Fen aynen fen. Mesela proje isterler bizden. (P11) 

 

For example, I would like it to be in the English class or the Social (Studies) 

class or the Science class. (P12) 

Mesela Ķngilizce dersinde veya Sosyal dersinde olmasē ya da Fen dersinde 

olmasēnē isterdim. (P12) 
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So, it would probably be Science. In science, because we have more 

environmental issues. We could develop prototypes for them. (P13) 

Yani büyük ihtimalle Fen olurdu. Fende çünkü hani böyle daha çok çevre ile 

ilgili konularēmēz var. Onlarla ilgili prototip geliĸtirebilirdik. (P13) 

 

I think we could have applied the whole process in the Science class and 

produced something new. (P14) 

Bütün süreci Fen Bilimleri dersinde uygulayabilirdik bence yeni bir ĸey 

üretebilirdik. (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 such activities). (P3) (P6) (P7) (P8) (P14) 

(P15) 

Fen Bilgisi dersinde (bu tür etkinlikler olsun isterdim). (P3) (P6) (P7) (P8) 

(P14) (P15) 

4.1.1.2.2.2 Information Technologies (IT) 

3 students stated that all or some of the DBT steps 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 about that climate crisis. (P5) 

Onun i­in ayrē bir ders olabilirdi belki. ... Ya da Biliĸim dersi var, bilgisayar 

dersi. Onlarda falan yani o bilgisayar ¿zerinden bir ĸeyler tasarlayēp onun 

hakkēnda o iklim krizi hakkēnda ºyle bir ĸeyler olabilirdi. (P5) 

 

I think it is suitable for Science and IT courses. é In IT, for example, we can 

prepare posters or something like that. (P7) 

Fen ve Biliĸim dersine uygun gºr¿yorum. ... Biliĸimde de mesela poster felan 

hazērlayabiliriz. O tarz bir ĸeyler. (P7) 

 

These can be in IT lessons. (P9) 

... Bunlar Biliĸim derslerinde olabilir. (P9) 
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4.1.1.2.2.3 Turkish ï Social Studies 

13 out of 15 students stated that all or some of the DBT steps could be covered in 

Turkish or Social Studies at school. For example, some of them stated their opinions 

by saying: 

It is suitable for the Social Studies course. é But in our Social Studies course, 

the teacher cared a lot about such problems, climates, etc. For example, he 

kept talking about things like drought and the Mediterranean climate, so I think 

it would have been more appropriate in that course, but the teacher might not 

have been able to do much during the prototyping phase. (P1) 

Ders olarak Sosyal (Bilgiler) dersine uygun. é Ama biz Sosyal dersinde Hoca 

böyle sorun yani iklimleri falan çok ºnemsediĵi i­in ... Mesela kuraklēk, 

Akdeniz iklimi gibi ĸeyleri ikide bir anlatēp durduĵu i­in bence o derste daha 

uygun olurdu da yani prototip yapma aĸamasēnda hoca pek ĸey 

yapamayabilirdi. (P1)  

 

é (Empathy step) In Social (Studies). (P6) 

é (Empati adēmēnē) Sosyal (Bilgiler) dersinde. (P6) 

 

Social (Studies), Science, like that. Climate change and doing research are 

suitable for Social (Studies), and prototyping is suitable for Science. (P8) 

Yani Sosyal, Fen, bºyle. Sosyal (Bilgiler)ôe iklim deĵiĸikliĵi, araĸtērma yapma 

ĸeyi; Fen (Bilgisi)ône de o prototip yapma kēsēmlarē uygun. (P8) 

 

I would like to have them in Turkish lessons. (P9) 

Türkçe dersinde olsun isterdim. (P9) 

 

Empathy is actually something that can be used in most courses. We do 

(Problem definition and idea generation) in Turkish course. (P10) 

Empati ­oĵu derste kullanēlabilecek bir ĸey aslēnda. (Problem tanēmlama ve 

fikir ¿retme) T¿rk­e dersinde yapēyoruz. (P10) 

 

The empathy part is already in Social (Studies). Thatôs why itôs Social 

(Studies). (P11) 

Empati kēsmē zaten Sosyal (Bilgiler)de var. O y¿zden Sosyal (Bilgiler) yani. 

(P11) 

 

For example, I would like it to be in the English class or the Social (Studies) 

class or the Science class. ... Since empathy is already in the Social class, I 

think there is no need to think about it that way. (P12) 
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Mesela Ķngilizce dersinde veya Sosyal dersinde olmasē ya da Fen dersinde 

olmasēnē isterdim. ... Empatiyi zaten Sosyal dersinde de olduĵu i­in onu ­ok 

bºyle d¿ĸ¿nmeye gerek yok bence. (P12) 

 

These can be applied in Social (Studies). ... In Social (Studies), this empathy 

section could be there. (P15) 

Bunlar Sosyalôde uygulanabilir. ... Sosyalôde bu empati bºl¿m¿ olabilir. (P15) 

 

We could have covered empathy in the Social Studies class. There is nothing 

else. (P14) 

Empatiyi Sosyal Bilimler dersinde iĸleyebilirdik. Baĸka da yok. (P14) 

 

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 activities). (P7) (P8) (P15) 

Türkçe dersinde (bu tür etkinlikler olsun isterdim). (P7) (P8) (P15)  

 

In Social Science class (I wish there were such activities). (P1) (P2) (P7) (P8) 

(P12) (P15) 

Sosyal Bilgiler dersinde (bu tür etkinlikler olsun isterdim). (P1) (P2) (P7) (P8) 

(P12) (P15)        

4.1.1.2.2.4 Other Lessons 

5 students indicated that all or some of the DBT steps could be covered in Turkish 

or Social Studies at school. Some of their expressions like that: 

(Problem definition and solution generation stages) In Mathematics. (P6) 

(Problemi tanēmlama ve ­ºz¿m ¿retme aĸamalarē) Matematikte. (P6) 

 

Mathematics, science, main courses. ... Empathy is actually something that can 

be used in most courses. It can also be done in Mathematics, science, main 

courses again. (P10) 

Matematik, Fen, ana dersler. ... Empati ­oĵu derste kullanēlabilecek bir ĸey 

aslēnda. Matematik, fen, yine ana derslerde yapēlabilir. (P10) 

 

For example, I would like it to be in the English class or the Social (Studies) 

class or the Science class. (P12) 

Mesela Ķngilizce dersinde veya Sosyal dersinde olmasē ya da Fen dersinde 

olmasēnē isterdim. (P12) 
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Five students stated in their reflective thinking document that they wanted such 

activities to be included in other courses. 

In visual arts class and music class (I wish there were such activities). (P11) 

(P8) 

Görsel Sanatlar ve Müzik dersinde (bu tür etkinlikler olsun isterdim). (P11) 

(P8)   

 

In visual arts class (I wish there were such activities). (P12) 

Görsel Sanatlar dersinde (bu tür etkinlikler olsun isterdim). (P12) 

 

In mathematics class (I wish there were such activities). (P8) (P10) (P15) 

Matematik dersinde (bu tür etkinlikler olsun isterdim). (P8) (P10) (P15) 

 

Moreover, a code co-occurrence model was created to see the co-occurrence of the 

participantsô views on ñDBT as a teaching approachò and ñRelationship between 

DBT steps and lessonò (see Figure 4.8). 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 experiences in this process. In fact, as can be seen in 

some of the sample statements above, we can say that these two ideas co-occurred 

in the students. 

 

Figure 4.8. Code co-occurrence model for participantsô views on ñDBT as a 

teaching approachò and ñRelationship between DBT steps and lessonò 
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4.1.2 Affective Dimension 

Affective dimension is the second theme that has three main categories: positive 

feelings, negative feelings, and favorite/least favorite steps (Table 4.9). 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. 

Table 4.9 Categories of the theme óaffective dimensionô 

Categories    

Positive feelings    

Negative feelings    

Favorite/Least favorite steps    

4.1.2.1 Positive Feelings 

Positive feelings are the 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 emotional status 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. 

(Table 4.10).  

Table 4.10 Codes of the category ópositive feelingsô 

Codes  N  

Having fun  15  

Emotional change  13  

 

Also, a document-based frequency graph was created to show the distribution of 

participants' coded statements on the subject of ñPositive Feelingsò (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. 

 

Figure 4.9. Document-based frequency graph of participantsô statements on the 

subject of ñPositive Feelingsò 

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 in 

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. I generally had fun, so it was nice. (P3) 

A­ēk­asē hem o grup i­i ­alēĸmada o dayanēĸmayē hissetmek g¿zel de biraz 

yoruyor. Genelde eĵlendim yani g¿zeldi. (P3) 

 

I was happy. It was fun. I was satisfied. (P4) 

Mutluydum. Eĵlenceliydi. Memnundum. (P4) 

 

I felt happy. I am satisfied. (P5) 

Kendimi mutlu hissettim. Memnunum. (P5) 

 

I was already very happy to come here. As I said, I am a person who likes to 

do different things, so I go to different places, whenever my mother finds like 

that. So, if it happened again, I would come again. (P6) 
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Ben buraya gelmekten çok mutluydum zaten. Dediĵim gibi ben bºyle farklē 

ĸeyler yapmayē da seven bir insanēm, o y¿zden bºyle farklē farklē yerlere 

giderim, annem buldukça falan. O yüzden yine olsa yine gelirim. (P6) 

 

I was happy, it was good, it was fun. Yes, I came, I had fun, would I come again 

if it happened again? Yes, I would. (P7) 

Mutluydum, iyiydi, eĵlenceliydi. Evet geldim, eĵlendim, bir daha olsa bir daha 

gelir miyim? Evet gelirim. (P7) 

 

It was good, I felt happy. Yes (I would participate again). Because it was good, 

and because I learned. (P9) 

G¿zeldi, mutlu hissettim. Evet (tekrar katēlērdēm). G¿zel ge­tiĵi i­in, hem 

ºĵrendiĵim i­in. (P9) 

 

Yes, I am leaving very happy. I would definitely join (if it were to happen 

again). (P10) 

Evet gayet mutlu ayrēlēyorum. Kesinlikle (tekrar olsa) katēlērēm. (P10) 

So, it was good, it was perfect. ... Yes, I liked it very much. (P11) 

Yani iyiydi, m¿kemmeldi. ... Evet ­ok hoĸuma gitti. (P11) 

 

I mean, I had fun. ... Yes (if it were to happen again) I would always join. It 

was fun to be in this environment, in METU, and also, the activities here were 

great and nice. (P12) 

Yani eĵlendim. ... Evet (tekrar olsa) her zaman katēlērēm. Ya hem bu ortamda 

yani ODT¦ôn¿n i­inde olmak eĵlenceli, bir de ya ­ok eĵlenceliydi burada 

etkinlikler iyi güzeldi yani. (P12) 

 

I mean, it was very fun. I was happy. ... Yes, I learned something too. (If it were 

to happen again) I would participate. (P13) 

Yani ­ok eĵlenceli ge­ti. Mutluydum. ... Evet bir ĸeyler de ºĵrendim. (Tekrar 

olsa) katēlērēm. (P13) 

 

My mood was good, I was happy. I would participate (if it happened again). 

(P15) 

Duygu durumum iyiydi, mutluydum hani. (Tekrar olsa) katēlērēm. (P15) 

 

On the other hand, students also expressed their views on how they felt in the 

reflective thinking document. They generally 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 notes, 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 groups achieved 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 that a good atmosphere 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. The majority 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 feelings as follows: 

At first, I thought it would be a little boring, but it wasnôt. I thought of it like 

school. (P2) 

Ķlk baĸta biraz sēkēcē olacaĵēnē d¿ĸ¿nm¿ĸt¿m ama olmadē. Okul gibi 

d¿ĸ¿nm¿ĸt¿m. (P2) 

 

I thought we would sit here and study like in class. I didnôt really think it would 

be like this. Yes, I was thinking about developing prototypes and such, but now 

I see that the activities are much more intense. Itôs better. (P3) 

Bºyle oturup sēnēftaki gibi ders iĸleyeceĵiz falan sanēyordum. Bºyle olacaĵēnē 

pek d¿ĸ¿nm¿yordum. Evet, prototip geliĸtiririz falan onlarē d¿ĸ¿n¿yordum, 

ama ĸimdi ­ok daha etkinliklerin yoĵun olduĵunu gºrd¿m. Daha iyi. (P3) 

 

I thought about whether I could get along well with other students. ... I thought 

more about the friends and also wondered what kind of experiments and things 

we would do. ... I thought it was bad, but it turned out good. (P4) 

Acaba iyi anlaĸabilir miyim diye d¿ĸ¿nd¿m. ... Arkadaĸ ortamēnē daha ­ok 

d¿ĸ¿nd¿m bir de acaba nasēl deneyler nasēl ĸeyler yapacaĵēz diye 

düĸ¿nm¿ĸt¿m. ... Kºt¿ sanēyordum iyi ­ēktē. (P4) 
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I was excited when I came, I wondered what it would be like, I was a little 

curious. Now my curiosity is gone, but Iôm still happy, I mean Iôm glad I came. 

(P5) 

Gelirken heyecanlēydēm iĸte acaba nasēl bir ĸey olacak meraklēydēm yani biraz 

da. ķimdi meraĵēm gitti yani ama hala mutluyum yani iyi ki de gelmiĸim 

diyorum. (P5) 

 

Iôm still happy, just different, Iôm tired. ... It was worth it. (P6) 

Hala mutluyum, sadece farklē olarak yorgunum. ... (Geldiĵime) deĵdi. (P6) 

 

I didnôt think I would have this much fun when I arrived. Then I had a lot of 

fun when I left. I thought it was pretty good. (P7) 

Geldiĵimde bu kadar eĵleneceĵimi d¿ĸ¿nm¿yordum ben. Sonra ĸimdi 

giderken ­ok eĵlendim. Bence gayet g¿zeldi. (P7) 

 

When I came, I was a little excited, stressed, but happy. When I leave, only 

happiness will remain. (P8) 

Gelirken biraz heyecanlēydēm, stresliydim ama mutluydum. Giderken de 

mutluluk kalacak sadece. (P8) 

 

When I came, I was thinking that it would be boring, but it wasnôt. ... I thought 

it would be boring like an IT course or something like we would be doing it on 

a full computer, but itôs better. (P9) 

Gelirken sēkēcē ge­er belki diye d¿ĸ¿n¿yordum ama sēkēcē ge­medi. ... Bºyle 

Biliĸim dersi gibi aslēnda bºyle sēkēcē ya da bºyle hani full bilgisayarda 

yapacaĵēz gibi d¿ĸ¿nm¿ĸt¿m ama yani daha g¿zel. (P9) 

 

I thought it would be boring, to be honest. But the friendships I made here and 

the feelings I felt really made it feel very different and very interesting from 

school. ... Yes, Iôm leaving very happy. (P10) 

Sēkēcē olacaĵēnē d¿ĸ¿n¿yordum a­ēk­asē sºylemem gerekirse. Ama burada 

edindiĵim arkadaĸlēklar ve hani hissettiĵim duygular ger­ekten hani okuldan 

ger­ekten ­ok ayrē ve ­ok ilgin­ hissettirdi. ... Evet gayet mutlu ayrēlēyorum. 

(P10) 

 

At first, I was so shy, then it got even more beautiful. (P11) 

Ķlk baĸta ­ok utanmēĸtēm ondan sonra daha da g¿zelleĸti. (P11) 

 

I was very excited when I came because I also wanted to study at METU, so 

this has been a big dream of mine for years. I was very excited to visit and see 

this place. When I arrived, I was still very happy to be here. I mean, itôs really 

nice, Iôm very lucky to have attended this event. (P12) 

Gelirken ­ok heyecanlēydēm ­¿nk¿ ben de ODT¦ôde okumak istiyordum, yani 

yēllardēr bu ­ok b¿y¿k bir hayalim. Burayē gezeceĵim, gºreceĵim i­in ­ok 



 

 

131 

heyecanlēydēm. Gelince hala ­ok mutluyum burada olduĵum i­in. Yani ­ok 

g¿zel aslēnda bu etkinliĵe katēldēĵēm i­in ­ok ĸanslēyēm. (P12) 

 

I mean, when I arrived, I didnôt know anyone, I didnôt 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 process. (P13) 

Yani geldiĵimde kimseyi tanēmēyordum, ne yapacaĵēmēzē da az ­ok 

bilmiyordum yani. Ama sonrasēnda hani ĸu an 5 g¿n boyunca baya problemi 

tanēmladēk, fikir ¿rettik, prototip yaptēk, ­izim yaptēk. Hani ­ok eĵlenceli bir 

süreçti. (P13) 

 

I was excited when I came, wondering what it would be like. I was happy when 

I left, too. (P15) 

Gelirken heyecanlēydēm hani nasēl bir ĸey olacak diye merak ediyordum. 

Giderken de gene mutluyum. (P15) 

 

I was excited when I came, I think we will do something different and talk about 

something other than the climate crisis. But not much has changed, I still had 

fun overall. (P14) 

Gelirken heyecanlēydēm, bºyle iklim krizi deĵil de baĸka birĸeyler yapacak, 

konu alacaĵēmēzē d¿ĸ¿n¿yorum. Ama ­ok bir deĵiĸiklik olmadē yine eĵlendim 

genel olarak. (P14) 

 

Additionally, in the observation notes, there is some notes about 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. In the individual interviews 

conducted later, it was revealed that the majority of the students were happy to 

encounter a situtation they had not expected because some of their initial concerns 

and negative thoughts were unfounded. 

4.1.2.2 Negative Feelings 

óNegative feelingsô is the second category of theme affective dimension and is 

related to the emotions in which studentsô negative attitudes during the process. 

Students generally used expressions of feelings like stressful, boring and tiring for 

explaining their emotional status during the process. Here, there are two codes 

included. (Table 4.11).  
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Table 4.11 Codes of the category ónegative feelingsô 

Codes  N  

Stressful / Boring  6  

Tiring / Problem / Difficult   3  

 

Also, a document-based frequency graph was created to show the distribution of 

participantsô coded statements on the subject of ñNegative Feelingsò (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 following parts. 

 

 

Figure 4.10. Document-based frequency graph of participants' statements on the 

subject of ñNegative Feelingsò 

As stated before, students also expressed their views on how they felt in the reflective 

thinking document. They 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 thinking documents). 

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. Secondly, it was stated 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 stages of the 

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 tired. In the individual interviews conducted later, some of the 

students also included the same words in their statements. Student statements from 

the interviews are presented below. In addition, these statements are supported by 

statements noted by watching the video recordings. 

4.1.2.2.1 Stressful 

Some of the students (30%) stated that they experienced stress at some stages of the 

activity or during group work: 

(I felt) happiness, a little stress. I mean, we wonôt be able to finish the work, 

we wonôt be able to do it at all, weôre not focusing at all. (P8) 

Mutluluk, biraz stres (hissettim). Yani yetiĸtiremeyeceĵiz falan, hi­ 

yapamayacaĵēz, hi­ odaklanmēyoruz. (P8) 

 

(Empathizing) seemed boring. (P2) 

(Empati yapmak) sēkēcē geldi. (P2) 

 

The activities, some of them were boring, for example, there is the problem-

solving phase on the board, or the empathy phase, I already knew those parts, 

I filled out a paper about it, yes, because I had to, but it was very (boring). ... 

Yes, filling out the paper was boring. (P4) 

Etkinlikler, bazēlarē sēkēcēydē mesela hani tahtadan problem ­ºzme aĸamasē var 

ya, ya da empati aĸamasē, o kēsēmlarē zaten biliyordum, onla ilgili bir kaĵēt 

doldurdum evet mecbur olduĵum i­in ama ­ok da (sēkēcēydē). ... Evet kaĵēdē 

doldurmak sēkēcē geldi. (P4) 

 

(Filling out a reflective thinking form) seems a bit boring to me. (P7) 

(Yansētēcē d¿ĸ¿nme kaĵēdē doldurmak) birazcēk sēkēcē geliyor bana. (P7) 

 

(During the problem definition phase) I got a little bored. (P10) 

(Problemi tanēmlama aĸamasēnda) biraz sēkēldēm. (P10) 

 

While defining the problem, they were a little more boring because we were 

constantly writing. (P12) 
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Problemi tanēmlarken, s¿rekli hani yazē yazdēĵēmēz i­in, onlar biraz daha 

sēkēcēydē. (P12) 

4.1.2.2.2 Tiring / Problem / Difficult  

Almost half of the students (7 out of 15) reported that they felt tired or had 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) 

A­ēk­asē hem o grup i­i ­alēĸmada o dayanēĸmayē hissetmek g¿zel de biraz 

yoruyor. (P3) 

 

Iôm still happy, just different, Iôm tired. (P6) 

Hala mutluyum, sadece farklē olarak yorgunum. (P6) 

 

I mean, it was a lot of fun. I was happy. Of course, some days I was tired. (P13) 

Yani ­ok eĵlenceli ge­ti. Mutluydum. Bazē g¿nler tabii yorgundum. (P13) 

 

Especially (building) the water mill was very difficult for me. (P11) 

Hele hele su deĵirmeni (yapmak) beni ­ok zorladē. (P11) 

 

There was just a problem with my teammates. (P1) 

Sadece takēm arkadaĸlarla bir sēkēntē oldu. (P1) 

 

Actually, I like to think, but my groupmate made a comment on all of them. ... 

She said this happened like this, this happened like that, and I changed it, she 

finally accepted it, that was a bit of a problem. (P6) 

Ben aslēnda d¿ĸ¿nmeyi de severim ama grup arkadaĸēm hepsine bir yorum 

yaptē. ... Bu bºyle olmuĸ dedi, ĸu ĸºyle olmuĸ dedi, onu deĵiĸtirdim, en sonunda 

kabul etti, o biraz sēkēntēydē. (P6) 

 

But the animation deletion was a bit bad. ... They didnôt give much feedback. I 

don't think it helped much. (P14) 

Ama animasyonun silinmesi biraz kºt¿ oldu. ... ¢ok fazla geri dºn¿ĸte 

bulunmadēlar. Bence ­ok fazla yardēmē olmadē. (P14) 

4.1.2.3 Favorite/Least Favorite Steps 

óFavorite/Least favorite stepsô is the third category of theme affective dimension and 

touches upon to 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 most favorite step for some students, while the same steps were shown 

as the least favorite step for other students. (Table 4.12).  

Table 4.12 Codes of the category ófavorite/least favorite stepsô 

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 that the 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 the garden 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 

students liked 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 bored, but their drawings were very beautiful on the contrary. On the other hand, 
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according to the observersô notes, one of the groups especially enjoyed the drawing 

stage and made very detailed and beautiful drawings. As mentioned before, the 

researchers noted that 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 very few 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 and 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 they liked the warm-up 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, 

Generating 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 of the 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 liked it). (P3) 

Muhtemelen problem se­me ve tanēmlama ­ok daha iyiydi. ... ¢¿nk¿ sonu­ 

olarak bir problem tanēmlarsak onun prototipini daha iyi geliĸtirebiliriz, daha 

iyi çözümler bulabiliriz.  ... Evet, kilit nokta diye (sevdim). (P3) 
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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 is the problem-

solving phase on the board or the empathy phase, I already knew those parts, 

I filled out a paper about it because I had to, but (I didnôt like it) that much. 

(P4) 

Etkinlikler, bazēlarē sēkēcēydē mesela hani tahtadan problem ­ºzme aĸamasē var 

ya ya da empati aĸamasē, o kēsēmlarē zaten biliyordum, onla ilgili bir kaĵēt 

doldurdum evet mecbur olduĵum i­in ama ­ok da é(sevmedim). (P4) 

 

My least favorite part is defining the problem. ... I mean, thereôs no need to 

define the problem that much anyway. You read things there, you see them, 

you understand the problem. (P8) 

En az hoĸuma giden problem tanēmlama. ... Yani zaten problem ­ok da 

tanēmlamaya gerek yok. Zaten orada ĸey okuyorsun, görüyorsun problemi 

anlēyorsun. (P8) 

 

(The step I liked the least) could be defining the problem. For example, I liked 

the drawing part because I have a talent for it, but this is not a big deal (it was 

difficult and I didnôt like it). (P9) 

(En az hoĸuma giden adēm) problemi tanēmlamak olabilir. Yani mesela ­izim 

kēsmē hoĸuma gitti ­¿nk¿ orada bir yeteneĵim var ama hani bu pek de ĸey deĵil, 

(zordu ve hoĸuma gitmedi). (P9) 

 

(My least favorite step) would probably be defining the problem. Because it's 

very tiring and requires a lot of research. ... Iôm a little bit bored. ... Of course, 

I mean, it was important to do the project. (P10) 

(En az hoĸuma giden adēm) muhtemelen problemi tanēmlamak olabilir. ¢¿nk¿ 

­ok yorucu ve b¿y¿k araĸtērma gerektiriyor. ... Biraz, biraz sēkēldēm. ... Tabii 

ki yani projeyi yapmak için önemliydi. (P10) 

 

They were a little more boring because we were constantly typing while 

defining the problem. (P12) 

Problemi tanēmlarken s¿rekli hani yazē yazdēĵēmēz i­in falan onlar biraz daha 

sēkēcēydē. (P12) 

 

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, I had a little difficulty there. (P14) 

En az hoĸuma giden (adēm), mesela videoyu izlerken not almamēz gerekiyor ya 

hocam, sonrasēnda ĸey yaptēk, sorunu tek bir c¿mleyle ºzetleyin diyor, orada 

biraz zorlandēm. (P14) 
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4.1.2.3.2 Ideate 

Just one of the students stated that the ideation phase was her favorite step. She 

expressed it as follows: 

(The step I liked the most) was generating ideas. ... Yes, because I could think 

wildly in my imagination. (P1) 

(En ­ok beĵendiĵim adēm) fikir ¿retmekti. ... Evet hayal g¿c¿mde ­ēlgēnca 

d¿ĸ¿nebildiĵim i­in. (P1) 

 

Three students stated that ideation was the step they liked the least. They pointed out 

their opinions as follows: 

(The step I 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. 

(Because I was criticized) (P6) 

(En az beĵendiĵim adēm) fikir kēsmēydē. Ben aslēnda d¿ĸ¿nmeyi de severim 

ama grup arkadaĸēm mesela bu bºyle ĸu ĸºyle dedi hepsine bir yorum yaptē. 

(eleĸtirildiĵim i­in) (P6) 

 

The idea generation part seems a bit difficult to me, because sometimes I try 

to generate ideas for problems, but when there is no source of inspiration, 

sometimes the brain does not work like that. (P7) 

Fikir ¿retme kēsmē birazcēk bana ĸey geliyor, ­¿nk¿ ben bazenleri problemlere 

fikir ¿retmekte ĸey yapēyorum, ilham kaynaĵē olmayēnca bazenleri bºyle beyin 

­alēĸmēyor. (P7) 

 

(The step I liked the least was) writing our ideas, I think. ... because I had 

written so many that only one of them remained and I couldnôt like it that much. 

... Thatôs why (since my ideas were eliminated) I didnôt like it, yes. (P11) 

(En az hoĸuma giden adēm) fikirlerimizi yazdēĵēmēzdē sanērsam. ... ­¿nk¿ ben 

­ok yazmēĸtēm onlardan sadece bir tanesi kaldēĵē i­in ben onu sevemedim 

fazla. ... O y¿zden (fikirlerim elendiĵi i­in) hoĸuma gitmedi evet. (P11) 

4.1.2.3.3 Drawing 

The drawing phase is not actually one of the five basic steps of DBT, but it can be 

considered a strategy, and students frequently expressed whether they particularly 

liked or disliked this strategy. Three of the students stated that drawing was the step 

they liked the most and expressed themselves as follows: 
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(The step I liked the most) was drawing and prototyping. (P6) 

(En ­ok hoĸuma giden adēm) ­izim ve prototip geliĸtirmeydi. (P6) 

 

(The step I liked the most) was drawing. ... It was nice to design the drawing 

in which we would do the project. (P9) 

(En ­ok hoĸuma giden adēm) ­izim yapmaktē. ... Projeyi yapacaĵēmēz ­izimi 

tasarlamak güzeldi. (P9) 

 

(The step I liked the most) was drawing. ... Well, not because my drawing is 

good, but frankly Iôm not very good at developing prototypes (Iôm good at 

drawing). (P10) 

(En ­ok hoĸuma giden adēm) ­izimdi. ... Ya ­¿nk¿, ­izimim g¿zel olduĵu i­in 

deĵil yani ama prototip geliĸtirme konusunda ben pek baĸarēlē deĵilim a­ēk­asē 

(çizimde iyiyim). (P10) 

 

Four students expressed that drawing was the step they liked the least and said: 

(The step I liked least) was drawing. ... I couldnôt draw anyway because my 

drawing wasnôt very good. (P1) 

(En az beĵendiĵim adēm) ­izim yapmaydē. ... Zaten ­izimim pek g¿zel olmadēĵē 

için çizemezdim. (P1) 

 

No, actually the drawing wasnôt that good. ... Even if drawing was really good, 

it was still a lot of work, sometimes I thought the time I spent on it wasnôt worth 

it. (P3) 

Yok aslēnda ­izim o kadar da ĸey (hoĸ) deĵildi. ... Ya ger­ekten ­izim iyi olsa 

bile uĵraĸtērmasē a­ēk­asē o kadar, bazen ona ge­irdiĵim s¿renin ona 

deĵmediĵini falan d¿ĸ¿n¿yorum. (P3) 

 

I think the (step) I liked the least was drawing. I didnôt find drawing that much 

fun. ... I actually like drawing but I didnôt find it that much fun, it wasnôt good. 

(P13) 

En az hoĸuma giden (adēm) galiba ­izimdi. Hani ­izim yapmayē o kadar ­ok 

eĵlenceli bulmamēĸtēm. ... ¢izmeyi aslēnda seviyorum ama o kadar da eĵlenceli 

bulmamēĸtēm, iyi deĵildi yani. (P13) 

 

There wasnôt one that I liked the least, I mean I liked them all. ... If I were to 

say one, it would be drawing. ... Yes, because Iôm not very good with drawing. 

(P15) 

En az hoĸuma giden yoktu yani hepsi hoĸuma gitti. ... Birini sºylemek istesem 

çizim yapmak. ... Evet çünkü çizimle pek aram yok. (P15) 
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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 statements are given below: 

The step I liked the most was making animations (in the prototyping phase). ... 

I didn't work much with cardboard, I mean I worked with dough. (I liked it). 

(P2) 

En ­ok (hoĸuma giden adēm) animasyon yapmak (prototipleme aĸamasēnda). 

... Kartonla ­ok uĵraĸmadēm da yani hamurla (uĵraĸtēm.) (Hoĸuma gitti). (P2) 

 

I really enjoyed making robots and moving forward with teamwork. (P4) 

Robot yapmak, takēm ­alēĸmasēyla ilerlemek, o ­ok hoĸuma gitti. (P4) 

 

Among the activity steps, empathy and prototype development (I liked it the 

most). ... Prototype, that is, because it was the first time I did it in my life, it 

was different and also because I like putting things together and gluing them 

together. (P5) 

Etkinlik adēmlarēndan, empati ve prototip geliĸtirme (en ­ok hoĸuma gitti). ... 

Prototip de yani hayatēmda ilk defa yaptēĵēm i­in deĵiĸik olduĵu i­in bir de 

iĸte bir ĸeylere birleĸtirip yapēĸtērmak hoĸuma gittiĵi i­in o y¿zden. (P5) 

 

(The step I liked the most) was drawing and prototyping. ... On the other hand, 

since my mother is a technology design teacher, I like to play with construction 

papers and such when my mother is making something, so I also liked the 

development and production process. (P6) 

(En ­ok hoĸuma giden adēm) ­izim ve prototip geliĸtirmeydi. ... Bir yandan da 

annem teknoloji tasarēm ºĵretmeni olduĵu i­in annem bir ĸey yaparken bºyle 

eliĸi kaĵētlarēyla falan oynamayē severim o y¿zden geliĸtirme yapēm s¿reci de 

hoĸuma gitti. (P6) 

 

I think making the prototype was the most fun part. (P7) 

Prototip yapma en eĵlenceli kēsmēydē bence. (P7) 

 

(The step I liked the most) was prototyping. ... So, you prepare something 

yourself, you make it, you glue it, you draw it and make something (itôs fun). 

(P8) 

(En ­ok hoĸuma giden adēm) prototip yapmaydē. ... Yani daha bºyle kendim bir 

ĸeyleri hazērlēyorsun, yapēyorsun, yapēĸtērēyorsun, ­izip ĸey yapēyorsun 

(eĵlenceli yani). (P8) 
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I think (the step I liked the most), we did the prototype with the materials. Yes, 

prototyping. ... I liked it a lot. (P11) 

Bence ĸey (en ­ok hoĸuma giden adēm), yaptēk ya malzemelerle prototip. Evet 

prototipleme. ... Ben çok sevdim. (P11) 

 

Developing a project and doing it was more fun. ... Developing a prototype 

was more fun because I'm not very good at drawing so I canôt do much. But 

since I like developing things like that more, it was more fun. (P12) 

Bir proje geliĸtirmek ve yapmak daha eĵlenceliydi. ... Prototip geliĸtirmek 

daha eĵlenceliydi ­¿nk¿ ­izimde ­ok iyi olmadēĵēm i­in ­ok ĸey yapamēyorum. 

Ama böyle ĸeyler geliĸtirmekte daha ­ok sevdiĵim i­in o daha eĵlenceliydi. 

(P12) 

 

(The step I 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. I 

mean, I liked that. (P13) 

(En ­ok hoĸuma giden adēm) Prototip yapmaktē. ... Yani prototipte bºyle farklē 

malzemelerle bir s¿r¿ farklē malzemelerle hani bºyle 3 boyutlu bir ĸey ortaya 

­ēkarēyoruz. Ķĸ yapēyoruz baya bir. Yani o hoĸuma gitmiĸti. (P13) 

 

(The step I liked the most) was prototyping. (P15) 

(En ­ok hoĸuma giden adēm) prototip geliĸtirmeydi. (P15) 

 

(The step I liked the most) was prototyping. (P14) 

(En ­ok hoĸuma giden adēm) prototip ¿retmeydi. (P14) 

 

As a result, a code sub-code section model was created to display the participantsô 

views on ñFavorite / Least favorite stepsò in a summary manner (see Figure 4.11). 
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Figure 4.11. Code sub-code section model of participantsô views on the topic 

ñFavorite / Least favorite stepsò 

4.2 Findings on the Level of Prototyping Performance Among Student 

Groups 

RQ2: What is the level of prototyping performance among student groups at the 

end of the extra-curricular program? 

Secondly, the researcher sought an answer to this question with the findings obtained 

from the study. In order to find an answer to this question, the physical learning 

outcomes (prototypes) produced by students were evaluated using a product 

evaluation rubric. In this context, a reference rubric suitable for the purpose of the 

study, which is a valid one in the literature, was found. This reference rubric was 

adapted to suit the characteristics of the outcomes to be evaluated (see Appendix N). 

Details on the rubric are provided in Methodology Chapter section 3.6 Data Analysis. 

Student products were evaluated separately by the researcher and the co-advisor 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 

evaluation results. On the other hand, while evaluating prototypes according to this 

rubric, the visuals of the studentsô categorization of the ideas worksheet in the ideate 

phase and the pencil and colored drawings in the drawing strategy that they made 

before the prototyping phase were also considered. Thus, 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, video recordings and the work done by the students during the process 

(internet research, problem definitions, ideas they produced, presentations they 

prepared, etc.) were shared with her.  

After the evaluations were completed, the researcher analyzed the results of the two 

evaluators and presented the important findings under the evaluation dimensions 

headings below. It should be noted that students worked in groups during the design 

thinking process and the products produced by a total of 4 groups were evaluated 

separately. ñGroups created by the instructorò was 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., 2021). In general, when 

we look at the evaluations based on groups, the differences are few and the 

similarities are more striking. Also, in these evaluations, it should be emphasized 

that the evaluations 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 errors. Examples of ócategorization of ideas worksheetsô, ódrawings (in 

pencil and colored pencil)ô, and óprototypesô visuals belonging to Group 3 are 

presented below (see Figure 4.12). All ócategorization of ideas worksheetsô can also 
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be viewed in Appendix O, all ódrawingsô in Appendix Q, and all óprototypesô visuals 

in Appendix R. 

   

    

Figure 4.12. Examples of ócategorization of ideas worksheetsô, ódrawings (in pencil 

and colored pencil)ô, and óprototypesô visuals (Group 3) 

4.2.1 Problem Definition 

In the problem definition dimension, both how the determined problem was defined 

and the solution idea produced were evaluated with sub-dimensions. The first sub-

dimension assesses the clarity and coherence of studentsô explanations regarding the 

problem their prototypes aimed to address. According to the results of two different 

evaluators, all groups showed moderate performance in this dimension. While 

students sufficiently defined the problems, their framing could have been more 

precise. In other words, across the evaluated prototypes, students achieved average 

performance, characterized by a reasonable explanation of the problem with a few 

minor errors. For example, in the theme óClimate Crisisô identified within the scope 

of the study, Group 1 defined the problem by focusing on ñhow can we inform people 
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about the climate crisisò and identified the lack of knowledge among people as a 

concern. This explanation 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 problem. Group 2, interested in reducing the effects of excess rainfall in the 

Black Sea, stated ñMethod of constructing water retaining concrete dams in 

agricultural areasò, which was a valid starting point, but their context shifted slightly 

by adding ñgenerating energy by adding water mills in areas with excessive rainfallò, 

which led to ambiguity. In 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 installing filters on factory chimneys to car 

parks with solar energy panels, from recycling bins to smart home systems. The last 

group developed water carrier drones and water storage areas to solve the drought 

problem in the Central Anatolia Region, but they could not provide clear 

explanations about the operation of the system. These 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 is consistent 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 problem without guidance. The theme, ñClimate Crisisò 

and the related documentary may have helped students ground their ideas in real-

world observations, and the related flow protocol paper may have guided them to 

define the problem in a concise and clear sentence. Till, the 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 like ñWho is affected by this problem, and how?ò could better 

support studentsô problem framing. In addition, no warm-up activity was conducted 

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 second sub-dimension, which evaluates the description of the product or 

serviceôs features and functions, according to the both evaluators, students again 

demonstrated average performance in the solution idea they proposed to the problem, 

which is marked by reasonable 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 climate 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 garbage-collecting robot, and there were 

also vague explanations about where the robot gets its energy from. Although they 

stated that it would generate its own energy from recyclable waste, they could not 

fully explain how this process works. While this demonstrates 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 in the Central Anatolia 

Region had inaccuracies in their explanations, such as the claim that ñall drought in 

the region can be stopped by carrying waterò; this was an exaggeration reflecting a 

lack of technical precision. Another group claimed that they could prevent 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 (such 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 materials for prototypes presented 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 and could have benefited more from this 

process with the necessary facilitators. 

In addition, in the third sub-dimension, the groups explained the uniqueness, 

strengths, and limitations of their solutions reasonably, and there were no major 

errors. But there were 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 stated that ña holistic approach where all of them can be 

applied together is better than independent studies in different areasò. However, they 

did not compare this to the current application areas of existing recycling or 

renewable energy technologies, and their constraint analysis vaguely stated ñit can 

be time-consuming and costlyò without providing details about costs or 

implementation difficulties. The group using drone technology to combat drought 

claimed that their design was unique and strong because it was ñtechnology 

integratedò for ñeasier irrigation than regular agriculture,ò but in their discussion of 

constraints, they simply said ñit costs moneyò and skipped over deeper constraints 

such as installation complexity, sustainability, and safety. Another 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 performances highlight the developmental readiness of 6th graders for 

comparative thinking, a property 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 enhanced by 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 the activities (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 

creative in the process and not limit their ideas, a greater emphasis on feasibility and 

sustainability may support stronger and more unique designs. 

On the other hand, in the evaluation in this process, not only the prototypes but also 

the students' categorization 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 make the final decision on their solution ideas at the drawing 

stage and shows that the drawing strategy is effective in concretizing and clarifying 

the ideas. Overall, in this first dimension, this level of performance indicates that 

students have a reasonable understanding 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 

error-free prototype. According to 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 SSC, a non-formal learning environment, are 

in fact suitable for this, but require a scaffolding 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 dimension, in addition to the applicability of the 

solutions, the functioning of the process and the future developability of the product 

idea were evaluated with sub-dimensions.  

The first sub-dimension assesses the practicality and coherence of the studentsô 

proposed solution for developing their product or service. According to the results 

of two different evaluators, all groups presented a reasonable solution to the problem, 

except for a few minor errors. For example, one group designed a prototype ñwater 



 

 

149 

carrier drone systemò designed for use in agriculture for irrigation purposes during 

droughts. Their development plans included supplying drones and building a water 

tank, which were feasible in concept but ignored minor technical details such as the 

dronesô water carrying capacity or the provision of electricity for charging. Similarly, 

another group proposed an ñintelligent robotò to inform humanity and recycle 

garbage, outlining the robotôs working principle, but their explanations contained 

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 make implementation 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 environment of 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 needed in the idea 

generation and prototyping stages. In the current study, the warm-up activities and 

strategy of using flow protocol papers as 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 or production 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' ability to propose fully practical designs. 

The second sub-dimension evaluates the clarity and accuracy of the process from 

design to production. Two of the four groups performed well on the second sub-

dimension and explained the process from idea to prototype clearly and accurately, 

but the other two groups performed averagely and made minor errors in explaining 

the process. For example, the group designing cities using advanced technologies 
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with smart systems explained this as a step-by-step process: drawing a section of the 

cityôs architectural structure, selecting the technologies to be used, combining 

different technologies and approaches, and developing the city by taking ideas from 

other groups. Their explanations were precise and explained in detail how each step 

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: designing an embankment, 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, it can be said that there was strong performance compared to the other 

sub-dimensions and this strong performance highlights the effectiveness of the 

design thinking program at the science center in promoting procedural clarity, an 

important aspect of the prototyping 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 that flow protocol papers 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 in enabling students to transform ideas into 

structured processes, a critical skill for problem solving in everyday situations. 

The third sub-dimension examines the evidence provided to demonstrate that the 

product or service will work. In fact, all groups provided sufficient and high evidence 

by drawing and developing prototypes that the solution idea would work. All groups 

presented their ideas by preparing presentations and made pencil drawings 

explaining the design process in detail and colored them to detail it. Moreover, 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 multi-faceted 

evidence (combining a physical model with documentation) confirmed the feasibility 

of the solution. The 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 success of this sub-dimension shows that the program effectively uses the non-

formal environment to encourage practical verification, which is the cornerstone of 

the human-centered approach to design thinking. It can be said that the addition of 

the drawing strategy to the process has influenced the success of this sub-dimension. 

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 evaluators, 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 final result. This shows that students can achieve a 

meaningful and feasible result by adequately applying the steps in design thinking. 

4.2.3 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 dimension. According to the both evaluators, students demonstrated good 

proficiency in the first sub-dimension, 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 sub-dimensions was average, reflecting 

reasonable usability, acceptable 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 insights for optimizing extracurricular programs 

to develop user-centered design skills in a non-formal learning environment. 

The first sub-dimension assesses studentsô ability to explain how their products or 

services are compatible with the needs of their intended users. 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 reduce human 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 how the filters 

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 

agriculture 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 developing social awareness and abstract reasoning (Inhelder & 

Piaget, 1958), the liberal nature of the non-formal learning environment likely 

provided rich contexts for empathy and allowed users to express their needs clearly. 

The absence of errors suggests that the structure of the extracurricular program 

(including warm-up activities and flow protocol papers implemented before the 

empathy phase) successfully supported this process. The success of this subscale 

highlights the potential of non-formal environments to develop human-centered 

design thinking, a cornerstone of the extracurricular program's goals. 

In the second sub-dimension, which evaluates the usability or potential usability of 

the product/service and user experience, students showed an average performance 

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 compromised by a 

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 excessive rainfall 

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 high-performance advanced user experience feature.  

This average performance is consistent with the developmental limitations of 6th 

grade students who can prototype functional solutions but may have difficulty fine-

tuning details that improve usability (Goldman & Kabayadondo, 2017). The 

motivational context of the out-of-school learning environment and the variety and 

ample supplies and materials provided likely facilitated prototyping, encouraging 

engagement similar to Csikszentmihalyiôs (1990) flow state. However, minor 

usability flaws suggest that students need more iterative testing opportunities to 

improve their designs, an important aspect of the testing phase of the Stanford model. 

Practitioners can enhance this sub-dimension by encouraging students to 

collaboratively identify and resolve minor design flaws, thereby enhancing social 

learning (Bandura, 1977). 

The third sub-dimension examines the extent to which students 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 groups) who acted 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 drones. Similarly, 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 study and had to 

rely on informal classmate responses rather than structured responses from the actual 

target users. This is not a direct indicator of studentsô performance because their 

peers were the only source of feedback in the context of the study and they were 
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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 studentsô lack of performance but 

rather to the time constraints and hence structural deficiency of the extracurricular 

program. It is normal in this context that they fell short of the abundant, dual-source 

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 

opportunities 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. The non-formal environment of the science center likely fostered 

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 on users or experts during the testing phase. This would be consistent with 

Normanôs (1988) emphasis on iterative design, where multiple feedback loops 

improve usability. Developing this sub-dimension could include integrating science 

center resources such as guest scientists or community volunteers to expand students' 

feedback networks and reinforce the human-centered spirit of design thinking. 

4.2.4 Teamwork 

According to the both evaluators, evaluation of prototypes developed by 6th grade 

students during design thinking workshops at the science center revealed 

consistently high performance in the teamwork dimension, with all four groups 

achieving good performance in the first and second sub-dimensions, demonstrating 

adequate collaboration and well-defined responsibilities. In the third sub-dimension, 

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 planning. These findings 

highlight the strengths of 6th grade students in fostering collaborative dynamics in a 
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non-formal 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 sub-dimension assesses the extent of collaboration among team members 

during the design thinking process. All four groups achieved good performance, 

demonstrating sufficient collaboration that facilitated the development of their 

prototypes. For example, Group 1, which designed a ñrobotò to inform people, 

demonstrated smooth collaboration as members actively shared ideas during 

brainstorming sessions, divided tasks equally during prototyping of a robot with two 

different functions (information and recycling), and supported each other in testing 

the robotôs operating principle. Similarly, Group 2, which worked on ñwater-

retaining concrete damsò aimed at reducing the effects of excessive rainfall for the 

Black Sea region, demonstrated strong collaboration during science center 

workshops by collectively improving prototype designs based on peer feedback and 

ensuring that all voices were heard. Groups 3 and 4, focusing on ñsmart citiesò and 

ñwater carrier drones,ò respectively, also demonstrated strong teamwork, with 

members coordinating tasks such as drawing, building, and presenting without 

apparent conflicts.  

This high performance aligns with the psychological principles of social learning 

theory, where students learn through observing and modeling peersô behaviors 

(Bandura, 1977). The science centerôs non-formal setting, with its collaborative 

maker spaces, likely fostered a sense of relatedness, 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, where collaboration is 

critical for integrating diverse perspectives (Goldman et al., 2014). The absence of 

collaboration deficits suggests that the programôs structureð involving warm-up 

activities, flow protocol papers and implementer (researcher) guidanceðeffectively 

cultivated a cooperative ethos, a key strength of the extra-curricular design. 
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The second sub-dimension assesses how clearly the responsibilities of team 

members were defined during the project. All four groups achieved high 

performance with well-defined 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 fourth group 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 tasks such as 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 task of conducting 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 testing stages. 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 the process.  

This strong performance reflects the developmental readiness of 6th grade students 

for structured collaboration, especially when supported by clear expectations 

(Inhelder & Piaget, 1958). The hands-on, 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. Well-defined responsibilities are 

consistent with the prototyping phase of design thinking, where division of tasks 

increases efficiency (Goldman & Kabayadondo, 2017). The success of the program 

in this sub-dimension suggests that tools such as the strategy for forming groups, 

determining brainstorming and idea-reporting rules, emphasizing points to be 

considered in group 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 sub-dimension examines the effectiveness of project planning and 

management, 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 three groups made regular checks to adjust tasks as needed, 

created plans for selecting materials for their prototypes, and ensured that deadlines 

were met without delay. In contrast, Group 2, working on water-retaining concrete 

dams, achieved average performance 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 allocation. For example, 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 projects were completed successfully, these 

gaps prevented the flawless execution seen in the other groups.  

The dominant high performance on this sub-dimension highlights the role of the 

science center in encouraging structured creativity, where access to tools and 

materials likely supported effective planning (Bevan et al., 2015). The 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 the non-formal setting allowed all groups to complete their prototypes, but Group 

2's acceptable planning suggests the need for more mentoring to upgrade their skills. 
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4.3 Findings on the Fostering and Challenging Strategies Used During the 

Implementation of Design Thinking-based Extra-curricular Program  

RQ3: What are the fostering and challenging strategies used during the 

implementation of design thinking-based extra-curricular 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 co-observer was included in order not to miss details, to 

make detailed observations, and to get help during the implementation to advance 

the process more accurately and completely. This co-observer 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 taken by the researcher and the co-observer 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 

question: 1) What strategies did you observe 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 the strategies implemented? While two 

observers were answering these questions, audio recordings were made and then the 

audio recordings were transcribed and content analysis was performed. Observers 

gave group-based or student-based answers to the questions. The 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 consistency in process 

evaluations and is important in terms of minimizing possible unintentional errors. 
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4.3.1 Fostering Strategies 

The content analysis of the researcherôs and co-observerôs observation notes and 

interviews revealed several strategies that significantly fostered 6th gradersô progress 

in the design thinking-based extra-curricular program. These strategies, rooted in the 

programôs implemented approaches, facilitated engagement, creativity, 

collaboration, and skill development, aligning with the Stanford d.school modelôs 

five stages (Empathize, Define, Ideate, Prototype, Test). The consistency between 

the two observersô accounts underscores the reliability of these findings, highlighting 

the science centerôs role in creating an autonomy-driven, hands-on learning 

environment (Falk & Dierking, 2000). 

4.3.1.1 Warm-up Activities 

According to the observers (researcher and co-observer teacher), the warm-up 

activities conducted before the Empathize and Ideate stages of the design thinking 

process were effective in encouraging the creative self-confidence, empathy 

experience, limitless thinking, and openness of 6th grade students and created a 

strong foundation for generating innovative solutions to the climate crisis. 

Strategically implemented in the non-formal learning environment of the science 

center, these activities included empathy-focused exercisesðñConvey Your 

Feelingsò, ñGroup Dance with Group Choreographyò, and ñEarth-Climate Crisis 

Gameòðbefore the Empathy stage and creativity-focused exercisesðñCrazy Story 

Creationò, ñWhat Am I?ò and ñ20 Circlesòðbefore the Ideation stage. Observers 

noted that these activities created a dynamic, fun, and inclusive atmosphere, allowing 

students to overcome their initial hesitations, develop collaboration skills, and 

generate bold, user-centered ideas for prototypes such as a water-carrying drone, 

smart cities, and a recycling robot. The activities were consistent with 

Csikszentmihalyiôs (1990) theory of flow, in which engaging tasks match studentsô 

skill levels, sustain motivation, and encourage creative immersion, a critical 
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precursor to the human-centered design process of the Stanford d. school model. The 

fun atmosphere of the science center enhanced this 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-up 

activities designed to prepare students for the empathy step allowed students to 

engage with the emotional and social dimensions of human-centered design. On the 

other hand, exercises such as the ñ20 Circlesò, in which students transformed circles 

into objects, encouraged divergent thinking, a key component of idea generation 

(Guilford, 1967). 

4.3.1.1.1 Empathy-Focused Warm-Up Activities (Before Empathize Stage) 

Designed to enhance studentsô understanding of emotions through facial 

expressions, the ñConvey Your Feelingsò activity involved students standing in a 

row and silently 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 

activity sharpened studentsô ability to recognize emotional states, a vital skill for the 

Empathy phase. For example, students who practiced identifying frustration later 

empathized with farmers facing water scarcity, developed designs for water carrier 

drones and rainwater storage systems, and contributed to their high performance in 

expressing user needs (Prototype Evaluation Rubric (PER), User Test, Sub-

Dimension 1). This fostered theory of mind (Premack & Woodruff, 1978), which 

was developmentally important for 6th graders 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 ñGroup Dance with Group Choreographyò 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 peers. Observers 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 for the design of a human-informed robot 

and demonstrated high performance in teamwork (PER, Teamwork, Sub-dimension 

2). This warm-up activity used social learning theory (Bandura, 1977) and supported 

the relationship that is an important motivation in self-determination 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 risk-taking (Csikszentmihalyi, 1990). 

A role-play scenario, the ñEarth-Climate Crisis Game,ò required students to hold 

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 the world, 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 perspective-taking 

necessary for human-centered design. 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 excessive rainfall, and water-carrying drones for arid 

regions. This activity supported the Empathy phaseôs goal of understanding user 

experiences (Carroll et al., 2010; Koh et al., 2015a). Additionally, the immersive 

environment of the science center made this activity more engaging. 

4.3.1.1.2 Creativity -Focused Warm-Up Activities (Before Ideate Stage) 

The ñCrazy Story Creationò activity, conducted before the Ideation phase, involved 

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 story about ñfunny adventures of animals on a boat vacationò later proposed a wide 

variety of prototypes reflecting the creative freedom encouraged by the exercise. 

This activity was consistent with Guilfordôs (1967) divergent thinking framework, 

which is critical for the Ideation 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 the activity, preparing them to confidently brainstorm 

solutions for the climate crisis. 

The ñWhat Am I?ò activity invited students to take an everyday object, describe it 

with a fantastical or partially plausible feature, and share it with the group. For 

example, a student holding a water bottle might claim that it ñinstantly turns ocean 

plastic into clean water,ò connecting their imagination to the real world. Observers 

reported that this exercise encouraged students to think beyond traditional uses and 

developed innovative problem-solving skills. A student who described a ñsmart pen 

that writes invisible magic wordsò then contributed to the average proof of 

functionality (PER, Feasibility, Sub-dimension 3) by prototyping an informative and 

recycling smart robot with her groupmates. This activity supported cognitive 

flexibility, a characteristic of creativity (Guilford, 1967), and took advantage of the 

hands-on environment of the science center where physical objects (prototype 

materials) provide inspiration (Falk & Dierking, 2000). It also aligned with the 

emphasis of the Ideation phase on generating bold, user-centered ideas. 

The ñ20 Circlesò activity required students to transform 20 circles drawn on paper 

into a quick sketch of each different object within a set time limit. For example, a 

circle could be a sun, a frying pan, a basketball, an emoji, or a futuristic object. This 

activity was adapted from the 30 Circles Exercise (Kelley, 2018, October). Observers 

noted that some students were even more creative, combining multiple circles to 

create a shape. Observers also noted that this fast-paced exercise increased students' 

idea generation fluency and encouraged rapid iteration and creative risk-taking. 
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Students who produced the most different drawings in the shortest 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 

warm-ups/tools), this exercise encouraged divergent thinking and was consistent 

with 6th gradersô 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 of flow protocol papers, partially 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 

studentsô progress in the design thinking-based 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 taken throughout the documentary, problem statement 

templates, and ideation worksheets, provided structured support for navigating the 

complex, human-centered design process. For example, they provided a framework 

with explanations and examples on how to write the problem statement. They 

contributed to studentsô average performance on all sub-dimensions of the Problem 

Definition dimension, as evidenced by reasonable-few-defective problem 

descriptions, feature descriptions, and uniqueness of the solution (Prototype 

Evaluation Rubric-PER). This scaffolding is consistent with Vygotskyôs (1978) zone 

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 in usability and feedback gathering (PER, User Test, Sub-dimesions 2 
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and 3). Observers indicated that efforts were needed to structure flow protocol papers 

more appropriately in these two phases. This mixed result highlights both the 

strengths and weaknesses of flow protocol papers, providing insights into their role 

in supporting young students in a non-formal science center setting. It is presented 

under the 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 the good points of the flow protocol papers, they are the materials were 

especially effective 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. According to 

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, Sub-dimension 1). For example, a group designing water-carrying 

drones took accurate empathy notes to identify farmersô difficulties accessing water, 

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, Feasibility, 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 environment of the 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, Sub-dimension 1). This is consistent with 

constructivist learning, where structured guidance facilitates knowledge construction 

(Vygotsky, 1978). 

Considering the downsides of flow protocol papers, observers noted that students 

rarely followed flow protocol papers during the Prototyping and Testing phases, 

which may have caused to their average performance in usability (PER, User 

Testing, Sub-dimension 2) and feedback gathering (PER, User Testing, Sub-
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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 on 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 specific prototyping templates, in contrast to DENEYAPôs detailed 

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 situation. 

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 helped students 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, Sub-dimension 2). Observers 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 time. Observers also emphasized that 

students did not use all of the ideas they produced and selected for 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 that students clarified 

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 studentsô ability to visually communicate 

ideas, a skill particularly 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 evidenced 

by all groups achieving high performance in collaboration and role definition (PET, 

Teamwork, Sub-dimensions 1 and 2). Role-playing user scenarios and game rules 

challenges created a sense of relatedness, increasing intrinsic motivation (Deci & 

Ryan, 2000). Observers 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 dynamics, increased 

collaboration, enabling 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 performance anxiety and allowed students to approach complex 

tasks with greater openness and creativity. Observers reported that such games 

allowed students to ñlet goò of their self-consciousness and created a psychologically 

safe space in which they could experiment with bold ideas such as water-carrying 

drones. The playful nature of the games also supported Csikszentmihalyiôs (1990) 

concept of flow, where students enter into an optimal state of engagement that 

balances challenge and skill, evident in their seamless collaboration during 

prototyping sessions in the science centerôs construction areas. These games were 

also consistent with social learning theory (Bandura, 1977) in that students modeled 

cooperative behavior and reinforced group dynamics through observation and 

imitation. In particular, the science centerôs interactive environment with open 

spaces for physical and social activities was critical to the success of the games. 

Unlike formal classrooms, this environment allowed students to move freely, laugh, 



 

 

167 

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, observersô emphasis on relaxation also suggests a potential limitation: 

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 by consistent and 

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 contributed to 

studentsô high performance in teamwork and user-centered design. 

4.3.1.5 Internet Research During Define Stage 

Internet research during the Define 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 Environment, Urbanization, 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, Sub-Dimension 1) despite minor errors by 

grounding ideas in real-world data. The science centerôs digital access facilitated this 

research, consistent with constructivist learning in which students actively construct 

knowledge (Vygotsky, 1978). According to observers, more quality results could 

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 definition step, which 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 reported that this structured approach helped students 

prioritize feasible and effective solutions and contributed to evidence of high 

functionality (Feasibility, Sub-dimension 3). This strategy encouraged convergent 

thinking (Guilford, 1967), allowing students to 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 ownership. Observers noted that presentations 

such as the informational and recycling robot clarified studentsô reasoning and were 

consistent with the expression of a high user need (PET, User Test, Subscale 1). This 

strategy reinforced Banduraôs (1977) social learning 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 quieter students, gave everyone experience in how and with what 

considerations to share their ideas, and contributed to increased collaboration (PET, 

Teamwork, Sub-dimension 1). By creating a safe space for sharing ideas, the science 

center supported psychological safety, 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, Applicability, 

Sub-Dimension 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., 2014). This 

hands-on 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 programôs successes, observers identified several strategies that 

presented challenges for 6th grade students, often due to developmental constraints, 

implementation limitations, or contextual factors. These challenges 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 was fostering, it also challenged 

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, Sub-Dimension 1, Level 2). For example, a 

group investigating 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, 1958). 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 performance in explaining 

solution uniqueness (PET, Problem Definition, Sub-dimension 3). Observers 

reported that students found it difficult to balance criteria like technological 

feasibility and social benefit, resulting in superficial analyses. This complexity taxed 

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 to its partial negativity and lack of 

expert or audience input. This contributed to the average performance in collecting 

feedback (PET, User Testing, Sub-dimension 3). Observers noted that peer feedback 

on designs such as water carrier drones and recycling robots was often 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 (e.g., architect) 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 group could address this issue. 

4.3.2.4 Documentary Video in Empathize Stage 

Using a documentary video during the Empathize stage, while time-efficient, lacked 

the depth of face-to-face communication, posing a challenge. Observers reported that 
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while the video on the climate crisis engaged students, it limited their ability to 

conduct empathy interviews, potentially contributing to minor errors in problem 

articulation (PET, Problem Definition, Sub-dimension 1, Level 2). Direct user 

interactions, as emphasized by the Stanford model, would enhance empathy-building 

(Koh et al., 2015a). 

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 overload, provide 

curated resources or search templates during the Define stage. This strategy 

would reduce cognitive overload for 6th graders, who are developing 

information literacy skills (Inhelder & Piaget, 1958), and align with 

constructivist learning by scaffolding 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 Test, Sub-dimension 

1, Level 3). 

- Simplified Idea Categorization Frameworks: These could involve visual 

matrices with fewer criteria (e.g., ñIs it doable?ò ñDoes it help people?ò) or 

color-coded prioritization tools to make evaluation intuitive. This approach 

would align with 6th gradersô cognitive development, where abstract 

reasoning is emerging (Inhelder & Piaget, 1958), and support convergent 

thinking in the Ideate stage (Guilford, 1967), potentially elevating Problem 

Definition outcomes. 

- Expert and User Involvement: Incorporate science center experts or 

community stakeholders in the Test stage to diversify feedback. This aligns 

with Normanôs (1988) emphasis on iterative, user-centered testing and 

supports the Stanford modelôs testing phase. Such interactions would also 
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foster real-world connections, boosting motivation and engagement in the 

science centerôs contextual environment (Falk & Dierking, 2000). 

- Empathy Interviews: Replace or supplement the documentary with face-to-

face or virtual user interviews to deepen empathy. This strategy would 

deepen studentsô empathy, a core component of the Empathize stage (Koh et 

al., 2015a), and enhance their ability to articulate precise problem statements. 

The science centerôs community ties could facilitate these interactions, 

supporting 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 design flaws. These could include checklists 

prompting students to test specific features (e.g., ñIs the prototype easy to use 

for all users?ò) and peer observation forms to document usability issues 

during testing sessions. This strategy would support iterative refinement, 

aligning with the Stanford modelôs non-linear process, and address 6th 

gradersô developmental gap in systematic testing (Inhelder & Piaget, 1958). 

- Peer Mentoring Across Groups: Observers proposed a peer mentoring system 

where groups with strengths in specific areas (e.g., effective planning, Level 

3 in PET, Teamwork, Sub-dimension 3) mentor others. This strategy would 

leverage social learning theory, as students model successful behaviors 

(Bandura, 1977), and enhance the science centerôs collaborative ethos, 

promoting relatedness and motivation (Deci & Ryan, 2000). It could also 

improve feedback collection (PET, User Test, Sub-dimension 3) by 

encouraging constructive critique, moving toward high performance. 

- Creative Warm-Up Activities in All Stages: Building on the success of warm-

up activities, observers recommended rotating creative warm-up activities 

across all stages, not just Empathize and Ideate, to sustain creativity. This 

would maintain flow states (Csikszentmihalyi, 1990) and support divergent 

thinking (Guilford, 1967), leveraging the science centerôs playful 

environment to keep students engaged (Falk & Dierking, 2000). 
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- Community Showcase Events: To enhance motivation and real-world 

impact, observers suggested hosting community showcase events where 

students present prototypes to families, local leaders, or environmental 

organizations. This would contextualize their work, reinforcing the climate 

crisisôs relevance and encouraging deeper feedback collection (PET, User 

Test, Sub-dimension 3). Such events would boost intrinsic motivation 

through public recognition (Deci & Ryan, 2000) and align with the science 

centerôs community-oriented mission (Falk & Dierking, 2000), potentially 

elevating engagement and performance across dimensions. 

4.4 Summary of Findings 

The study investigated the implementation of a design thinking based extra-

curricular program for 6th grade students in society and science centers, focusing on 

studentsô experiences, prototyping performance, and the stimulating and challenging 

strategies used. The findings provide valuable insights into how middle school 

students engage with DT processes and the role of non-formal learning environments 

in promoting 21st century skills. 

Sixth grade students reported highly positive experiences with design thinking 

activities, describing them as engaging, collaborative, and enjoyable. They valued 

the opportunity to address real-world societal and scientific challenges, which 

contributed to their sense of initiative and social responsibility. Students particularly 

appreciated the empathic, creative, and prototype-based aspects of design thinking, 

and indicated that creatively thinking about solutions and developing products for 

solutions while empathizing with users helped them develop empathy, groupwork, 

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 open-ended nature of design 

thinking challenging, and structured guidance was needed to effectively navigate 

uncertainty. 



 

 

174 

Student group prototyping performance varied, with most groups demonstrating 

moderate to high proficiency by the end of the program. Demonstrating strong 

collaboration and effective communication, groups produced functional, user-

centered, and solution-focused prototypes that reflected a clear understanding of the 

DT process. Challenges included time management, intragroup conflict, level of 

readiness (lack of prior knowledge), 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 studentsô performance at this stage. 

Practitioners used a range of strategies to support student engagement in the DT 

process. Some were fostering, while others were challenging. Fostering strategies 

included generating ideas through brainstorming prompts, providing examples of 

successful prototypes, and creating a supportive environment that encouraged risk-

taking and divergent thinking. Challenging strategies were found in internet research 

overload, categorization complexity, limited feedback sources in test stage, and 

documentary video in empathize stage. Observations and researcher interviews 

indicated that developing and enriching fostering strategies and eliminating 

challenging strategies with appropriate interventions could be effective in sustaining 

student motivation and encouraging deep learning. Challenging strategies 

occasionally led to demotivation, partial failure, and some lack of self-confidence 

among students, highlighting the importance of adapting strategies to studentsô 

developmental needs. 

Overall, the findings highlight the potential of design thinking based extra-curricular 

programs in science centers to promote creativity, collaboration, and problem-

solving skills among 6th grade students. The study emphasizes the importance of 

specially designed facilitation strategies, warm-up activities, and structured support 

for prototyping to maximize learning outcomes. These insights contribute to the 

design of effective non-formal learning programs and provide a foundation for 

further research on design thinking in middle school education. 
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CHAPTER 5  

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 thinking in non-formal 

learning, and the conclusion of this study is explained with implications for 

practitioner, followed by recommendations for future research. 

5.1 Opinions of Students on Their Experiences and Learning Outcomes 

Design thinking is a human-centered, iterative problem-solving approach used in a 

wide variety of sectors (business, management, architecture, engineering, health, 

community, education etc.) (Brown, & Katz, 2011; Dym et al., 2005; Hassi & 

Laakso, 2011; Kimbell, 2011; Liedtka, 2018; Watson, 2015) and studies 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, 2014a; Carroll et al., 2010; Cross, 2011; Diefenthaler et al., 

2017; Dorst, 2011; Goldman et al., 2016; Goldman & Kabayadondo, 2017; 

Goldschmidt, 2014; Henriksen et al., 2017; Kijima et al., 2021;  Koh et al., 2015a, 

2015b; Kwek, 2011; Melles et al., 2012; Noweski et al., 2012; Scheer et al., 2012; 

Svihla et al., 2023; Wrigley & Straker, 2015). However, despite the studies in formal 

learning environments, research on design thinking in non-formal learning 

environments is still limited and it is obvious that non-formal learning environments 

are very suitable for the implementation of this approach due to their interactive, 

autonomy and collaborative nature (Falk & Dierking, 2000) and that an extra-

curricular program to be prepared for this purpose is important. For this reason, the 

study aimed to reveal the thoughts of middle school students on how they experience 

this process by implementing an extra-curricular program based on design thinking 
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in science centers, which are non-formal learning environments. According to the 

findings, the experiences that 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 cognitive aspects: learning awareness 

and comparison with school.  

Learning awareness: This first category was further divided into three subcategories: 

content, DBT, and past experience. When DBT used as a teaching method, studentsô 

views on their experiences indicate that learning about the content occurs 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 importance of design 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, the design thinking process can support gaining 

learning awareness about the subject. The findings also revealed that students 

became aware of the DBT (steps/principles of it) during the implementation process 

(Carroll et al., 2010); because experiencing this process already provides the 

opportunity to practice the steps, studentsô views that they have gained experience 

about these steps are also in line with the nature of the process. Studentsô views on 

their experiences indicate that students gain knowledge about 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 studentsô learning 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 short period of time, but for 
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actual learning of design thinking skills, adequate practice within meaningful 

settings (non-formal learning environments in our study), along with scaffolding and 

formative feedback is required (Razzouk & Shute, 2012). Finally, the findings 

revealed that students with past experience believe 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 process. Having 

previous experience does not qualify as an expert in this study, but with continued 

moderate development, óexpertô level of achivement is as much as the experience 

they have (Cross, 2004). In problem solving approaches that involve creativity, such 

as design thinking, both experts and novices use similar bottom-up or backwards 

problem solving strategies (Cross, 2004; Waldron & Waldron, 1996). However, 

some studies showed that inexperienced students are problem focused (Razzouk & 

Shute, 2012), tend to solve 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 information gathering (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 students' previous 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 said that novice designers tend to 

use backward reasoning and a deductive approach, while experienced designers tend 

to move between forward and backward reasoning (Ericsson & Charness, 1997; 

Waldron & Waldron, 1996) and in this study, all of the students were in the novice 

status because they tended to reason backward.  

As a result for this subcategory, using design thinking as a teaching method can help 

increase studentsô learning awareness about the subject and provide an opportunity 

to learn by experiencing the DBT steps. In addition, although previous experience 

provides students with preliminary information about the process, the experienced 
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ones became ñnovicesò when executing a design task outside their area of knowledge 

(Ahmed et al., 2003) and so the process can 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 school: The 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 mentioned 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, multiple frameworks have been presented to implement empathy throughout 

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 (Makki, 2020). This method actually involved empathizing with 

people through a documentary, not face-to-face. In the current study, rather than 

students instinctively grasping the emotions of the people in the documentary, 

reflecting the perspectives of others (Smeenk 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's situation from the current situation to a 

better one (Makki, 2020). In addition, according to observations, the empathy 

approach had a supportive effect on increasing studentsô participation in the lesson 

(Lee et al., 2018). On the other hand, when most of the students 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 shoes at school 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 approach was given in 

schools, especially to define the problem, emphasized that they could not freely 

ideate in formal education processes and that teacher-centered approaches were 

generally used, not student-centered 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 creativity (Lee et al., 2019) and participation in the process (Bandura, 

1977). 

Secondly, when students' experiences on prototyping step are examined, it is seen 

that they mentioned similarities and differences with the practices they did at school 

(e.g. projects and presentations), 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 most similar approach was developing small-scale projects with 

a project-based approach. PBL can support students in developing scientific 

knowledge that can enhance science learning (Krajcik et al., 2023), but it is not 

human-centered like the design thinking process. The findings showed that students 

actively participated in the development (Kunicina et al., 2020) and carried out 

complex design tasks in a practical, hands-on manner (Yrjönsuuri et al., 2019). 

Students gained more knowledge about prototyping, reported greater 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 (Yrjönsuuri et al., 2019). According to the observations, the 

prototyping step helped students complete their incomplete mental ideas 

(Viswanathan et al., 2014b), and prototype representations supported the visual 

representation of ideas and the verbal presentation of ideas (Yrjönsuuri et al., 2019). 

While students stated that they had fun in the prototyping step (Chu et al., 2017), 

some expressed that it was difficult (Sadiqin, 2017, May). According to the study 

findings, it was revealed that studentsô changing skills in prototyping and the 
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materials used affect the prototyping process (Yrjönsuuri et al., 2019) and 

prototyping is a time-consuming process (Kunicina et al., 2020).  

Thirdly, when looking at studentsô experiences on testing step, it is seen that they 

talked about the feedback they received from 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.), but due to 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 

extra-curricular program implemented, and the program should 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, some said that 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 from mistakes 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 

(Gaver et al., 2009; Marks & Chase, 2019) and 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 process (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 step, students have empathic 

concern for people, even through the documentary, and strive for ideas that could 

make peopleôs situations better. In addition, while it was stated by the students that 

the empathy approach, which was felt to be lacking in schools, increased 

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 information by 

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 small-scale projects they did in school, and in the current 

study, all of them 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, in the testing phase, cross-collaboration 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 are important principles for design thinking. However, it can be 

emphasized that the extra-curricular program needs to be developed as the time and 

opportunity for user testing and expert opinion.  

When relationship between DBT steps and lessons evaluated, students talked 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 subcategories were 

created under this subcategory. 

Although middle school students in Carroll et al.ôs (2010) study could not establish 

a relationship between Design Thinking and Learning Content, students in the same 

age group in this study established a connection between the subject they learned 

and DBT and even related this connection to other lessons in the school environment. 

The fact that they clearly stated the relationship between the DBT steps and the 

lessons in school shows the strength and distinctive aspect of this study. For example, 

they mostly associated empathy with the social studies lesson (sometimes with 

Turkish lesson) because they mentioned that they learned about empathy 

conceptually or in some way practically in this course. This study suggests a positive 

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 approach in 

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 reasoning 

(Crowley & Callanan, 1997, April), but to frame the problem correctly in order to 

obtain a satisfactory result with a human-centered 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) and science lessons and shared their 

views that the design thinking approach (mostly the prototyping step) can be used 

effectively in 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; 

Cook& Bush, 2018; English, 2019; Henriksen et al., 2019; Kijima et al., 2021; Ward, 

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 this study. A small number of students made a 

connection between the DBT steps and IT course (Tracey & Baaki, 2014; Goldman 

& Kabayadondo, 2017) and had the opinion that drawing and 3D modeling tools and 

3D printers could be used during the prototyping phase. This connection 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 they applied or 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 the interdisciplinary nature of 

the process and offers a comparative perspective of school and out-of-school 

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' feelings about 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 feelings: When the students' positive feelings were examined, the students 

talked about the parts they enjoyed and also talked about their emotional changes 

between the beginning and the end of the process. While it was observed that they 

had fun and enjoyed the process 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 process and 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 observations, the students were quite interactive and 

communicative during the warm-up 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 this created a positive atmosphere. 

In particular, warm-up 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., 2021a, 2021b) and a 

suitable environment was provided for students' creative self-confidence (Carroll et 

al, 2010; Goldman & Kabayadondo, 2017) and self-efficacy (Bandura, 1977). It can 

be said that this directly served the effective functioning of the process, students' 

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., 2021a, 2021b) to permanent learning. The interactive, self-regulated, 

collaborative, and motivational nature of out-of-school learning environments 
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(Allen, 2004; ¢ēĵrēk, 2016; Falk & Dierking, 2000; Sheridan et al., 2014; Tressel, 

1988) may have influenced this result. 

Negative feelings: When the studentsô negative feelings are examined, some students 

stated that they were sometimes stressed, while others stated that they were tired/had 

problems or difficulties. While there was no negativity in the process in general, the 

parts where they were stressed were generally anxiety due to 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, group work 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 

divergent thinking (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 characteristics 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 extra-curricular program is suitable for the 

developmental level of the students and 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 drawing (Kaygan et al., 2021a, 2021b) 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 flow protocol paper at the problem definition stage (Kaygan et al., 

2021a, 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 prototyping stage. Based 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 that this directly 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 can be said that this study 

was effective in evaluating failures as learning opportunities (Colker, 2023; Kwek, 

2016; Razzouk & Shute, 2012). Again, the interactive, self-regulated, collaborative, 

and motivational nature of out-of-school learning environments (Allen, 2004; ¢ēĵrēk, 

2016; Falk & Dierking, 2000; Sheridan et al., 2014; Tressel, 1988) may have 

influenced this result. 

Favorite/least favorite steps: While students were talking about favorite and least 

favorite design thinking steps, only 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, the define step was seen as important (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 important and critical for the design thinking 

process (Doorley et al., 2018; Nash, 1975) because it needs critical thinking (Carroll 

et al., 2010). As another example, in the ideate step, some students said that they had 

a lot of fun while freely generating creative ideas (Alashwal, 2020; Carroll et 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 favorite step. 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 thinking process, 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 students was 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. The prototyping step was not 

shown as the least favorite step by any student and was expressed as the 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 eyes of the observers. 

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 fun while drawing, 

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 extra-curricular 

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 steps in a self-regulated learning environment (¢ēĵrēk, 2016; Eker, 2014) 

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 emotionally 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 were still 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 here, it was 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 of Prototyping Performance Among Student Groups at the 

End of the Extra-curricular Program 

Problem Definition: The similar and consistent average performance of all groups 

on the three sub-dimensions of first evaluation dimension (problem definition which 

is also including 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, measures 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 and superficial comparative analyses, are 

developmentally appropriate, reflecting the cognitive and experiential limitations of 

11- to 12-year-olds (Inhelder & Piaget, 1958). In fact, despite most of the students 

experiencing design thinking for the first time in an out-of-school learning 

environment, the fact that all of them were able to perform averagely rather than 

poorly also demonstrates the effectiveness of the warm-up activities (Nash, 1975; 

Rahmayanti et al., 2019; Robertson & Acklam, 2000) and flow protocol papers 

(Kaygan et al., 2021a, 2021b) used as facilitating strategies in this study. These 

findings confirm the potential of implementing an extra-curricular program 

developed with a design thinking approach in non-formal learning environments to 

enhance students' design thinking experiences, as the interactive and free context of 

the science center motivates students through autonomy and hands-on exploration 

(Falk & Dierking, 2000). These findings also have the potential to guide the 

implementation of 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 empathizing, defining, and ideating phases of the 

Stanford model (Dam, 2025, March 13), but need more support to achieve precision 

and depth. For example, more structured prompts during empathy approaches can 
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sharpen problem descriptions, while prototyping workshops with iterative feedback 

can improve feature descriptions (Kaygan et al., 2021a, 2021b; Kelley & Kelley, 

2013; OôDonoghue, 2022, December 19). The important point here is that sufficient 

time should be devoted to these stages, and in contrast to this study, more practice 

time can be provided to deepen the stages. Similarly, guided comparisons with real-

world solutions can deepen studentsô understanding of uniqueness and constraints 

and can use science center resources for this purpose (Falk & Dierking, 2000; Falk 

& 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 literature on design thinking in education. 

Compared to formal classroom studies (e.g., Carroll et al., 2010), the non-formal 

setting provided greater flexibility and allowed students to creatively explore social 

problems (Falk et al., 2001; Pedretti, 2004), but with less 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 mature. Future 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 thinking in non-formal learning 

environments while highlighting the need for targeted scaffolding to elevate 

performance, offering practical insights for refining your extra-curricular program 

and contributing to the theoretical understanding of design thinkingôs developmental 

fit for young learners.  

Feasibility: On the other hand, the mixed performance in the feasibility dimensionð

average in developing solutions but good in describing processes and proving 

functionalityðoffers a nuanced view of 6th gradersô design thinking capabilities. 

The average performance in the first sub-dimension 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 sub-dimensions highlight their strengths in 

articulating clear processes and providing convincing evidence, reflecting the role of 

the implemented extra-curricular program in the effective functioning of the process 

by ensuring practical learning, critical thinking, communication, and collaboration 

(examples of similar results for formal learning environments: Carroll et al., 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 

non-formal context allowed students to experiment freely (Falk & Dierking, 2000; 

Falk & Needham, 2011; Falk et al., 2001; Pedretti, 2004), resulting in robust process 

descriptions and functional prototypes. However, the minor mistakes in solution 

development echo Goldman and Kabayadondoôs (2017) observation that young 

learners need scaffolding to navigate practical constraints. To address this, future 

program iterations could incorporate mini-workshops on resource planning or expert 

consultations (e.g., engineers, architectures, professionals at the science center) to 

reduce errors in the first sub-dimension while maintaining strengths in the others. Of 

course, a suitable time plan should be made for this. The extension of the 

implementation process may make it difficult to implement this program in non-

formal learning environments. Because in these environments that require voluntary 

participation, students may get bored in long-term programs, or continuity may not 

be provided for different reasons. Therefore, this balance should be established well. 

The different performance between sub-dimensions of feasibility also informs the 

cognitive and psychological underpinnings of the program. The average 

performance suggests a gap in divergent thinking during ideation, where students 

generated ideas but didnôt fully refine them (Guilford, 1967). Conversely, the good 

performances demonstrate strong convergent thinking in testing and documentation 

(Guilford, 1967), supported by social learning through peer and facilitator 
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interactions (Bandura, 1977). This balance underscores the programôs potential to 

foster both creativity and motivation, particularly in an extra-curricular setting that 

prioritizes autonomy, relatedness and engagement (Deci & Ryan, 2000). 

In summary, the feasibility dimension revealed a blend of average and good 

performance among 6th-grade prototypes. The reasonable but error-prone solutions 

in the first sub-dimension indicate developmental areas for growth (Inhelder & 

Piaget, 1958), while the clear process descriptions and robust proof in the second 

and third sub-dimensions showcase the studentsô ability to translate ideas into 

actionable, verifiable designs. These findings affirm the value of design thinking in 

extra-curricular programs for young learners while suggesting targeted 

interventionsðsuch as enhanced more scaffolding for solution development in 

addition to warm-up activities and flow protocol papersð (Kaygan et al., 2021a, 

2021b) to bridge performance gaps, contributing to both practical program design 

and theoretical insights into 6th gradersô design thinking processes. 

User Test: Mixed performance on the user test dimension (good at explaining user 

needs but average at gathering usability and feedback) provides a multifaceted 

perspective on the design thinking abilities of 6th graders. High performance on the 

first sub-dimension indicates their ability to connect empathy-focused insights to 

prototype design (Burns & Lesseig, 2017, October); this strength is further enhanced 

by the contextual learning opportunities of the science center (Falk & Dierking, 

2000). Conversely, moderate performance on the second sub-dimension indicates 

areas for growth, where minor usability flaws reflect developmental and experiential 

limitations (Goldman and Kabayadondo, 2017; Inhelder & Piaget, 1958), and 

average performance on the third sub-dimension 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 in user-centered 

expression but need support 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., 2010; Lor, 2017; Luka, 

2014), the non-formal science center environment allowed students to authentically 

engage with user needs and use empathy to guide design. However, average usability 

and feedback results reflect Bevan et al.ôs (2015) observation that young students 

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 

to iterate 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 scaffolding in testing could maximize user-centered 

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 highlighted studentsô empathy-focused strengths, while reasonable usability 

and moderate feedback collection indicated areas for improvement. The student 

group prototypes illustrate how the non-formal environment of the science center 

supports user-centered design, but also highlight the need for improved 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 contributing to 

theoretical understandings of the design thinking processes of 6th grade students in 

non-formal settings. 
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Teamwork: The findings on the teamwork dimension suggest a robust capacity for 

collaboration among 6th graders, with all groups demonstrating excellence in 

collaboration and role delineation and most demonstrating effective project 

planning. The exceptionðGroup 2's average performance on planningðhighlights 

variability in developmental readiness and the importance of personalized support 

for complex tasks. Examples such as the information robot, water-holding concrete 

dams, smart cities, and water-carrying drones illustrate how the non-formal 

environment of the science center (Falk & Dierking, 2000) fosters teamwork through 

hands-on participation and peer interaction (Goldman et al., 2014), consistent with 

the Stanford model's emphasis on collaborative ideation and prototyping (Carroll et 

al., 2010; Dam, 2025, March 13). These findings also contribute to the literature on 

design thinking in education, particularly in non-formal 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, reflecting Falk and Dierkingôs (2000) contextual learning model. However, 

Group 2ôs planning challenges align with Goldman and Kabayadondoôs (2017) 

observation that young students need structured guidance to manage project 

complexity. To address this, future program iterations could include more 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 6th grade studentsô increased ability to coordinate group 

efforts (Vygotsky, 1978). At the same time, the collaborative environment increases 

psychological motivation by meeting studentsô relatedness and competence needs 

(Deci & Ryan, 2000). The average performance of Group 2 suggests the need for 

more explicit mentoring to achieve peer outcomes. These insights confirm the 

programôs success in identifying opportunities to strengthen project management 

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 prototypes developed demonstrate the power of non-

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 extracurricular program in promoting 

collaborative design thinking and offer practical and theoretical implications for 

supporting 6th grade students in science centers. 

5.3 The Fostering and Challenging Strategies Used During the 

Implementation of Design Thinking-based Extra-curricular Program  

Collectively, the warm-up activitiesðthree empathy-focused and three creativity-

focusedðcreated a robust foundation for the design thinking process (Kaygan et al., 

2021a, 2021b) by fostering emotional intelligence, empathetic 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, Sub-dimension 1), while the 

creativity activities fueled the Ideate stage (Kelley, 2018, October; Perry, 2019, 

August), supporting high performance outcomes in collaboration (Teamwork, Sub-

dimension 1) and high/average performance in prototype functionality (Feasibility, 

Sub-dimension 3). The science centerôs non-formal, autonomy-driven environment 

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 challenges like the climate crisis. These activities not only 

enhanced studentsô engagement but also aligned with constructivist learning 

principles, where active, collaborative experiences build knowledge (Vygotsky, 

1978).  

The fostering strategiesðwarm-up activities, flow protocol papers, drawing, group 

games, research, categorization, presentations, brainstorming, and material varietyð

created a robust framework for 6th graders to engage with design thinking (Kaygan 
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et al., 2021a), contributing to Level 3 performances 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 social learning, where 

students construct knowledge through social interaction with peers by observing and 

imitating the actions of others in teamwork (Bandura, 1977). The challenging 

strategiesðresearch overload, categorization complexity, limited feedback, empathy 

with documentary, and usability refinementðexplain the average performances in 

Problem Definition, Feasibility (solution development), and User Test (usability, 

feedback), reflecting developmental limits (Goldman & Kabayadondo, 2017) and 

implementation gaps. 

The science centerôs non-formal setting was pivotal, fostering autonomy, reletedness 

and engagement (Deci & Ryan, 2000; Falk & Dierking, 2000) while amplifying 

challenges where structure was lacking. The consistency between observersô 

findings validates the programôs evaluation, minimizing bias and reinforcing the 

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 & Needham, 2011; 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 to achieve uniform high performance. 

Theoretically, the findings contribute to understanding how design thinking fits 6th 

gradersô cognitive and social development, offering a model for non-formal design 

thinking education. This study affirms the potential of science centers to cultivate 

21st-century skills, with clear pathways for optimization. 
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5.4 Implications of the Study 

This studyôs findings on the cognitive and affective dimensions of design thinking, 

the level of prototype performance (as learning outcomes) among student groups, 

and the fostering and challenging strategies in a design thinking-based extra-

curricular program for 6th graders in science centers offer valuable suggestions and 

significant insights for enhancing and optimizing educational practices in non-formal 

learning environments. By highlighting studentsô increased learning awareness, 

interdisciplinary connections, and emotional engagement, the study provides 

actionable insights for integrating design thinking into middle school education, 

particularly for addressing complex issues like the climate crisis. On the other hand, 

the mixed high/average functionality outcomes highlight the strengths of 

collaborative, hands-on prototyping and the challenges posed by time constraints and 

skill variability and this contributes to the theoretical understanding of design 

thinkingôs prototyping stage. Moreover, by identifying strategies that enhance 

cognitive and affective outcomes (e.g., warm-up activities, group games) and those 

that pose challenges (e.g., cognitive overload, time constraints), the study contributes 

to the theoretical and practical understanding of design thinking implementation. The 

following suggestions, derived from the studyôs results, aim to inform educators, 

curriculum designers, 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 crisis: 

¶ Design thinking can be integrated as a tool for content learning in non-formal 

settings: The study shows that studentsô awareness of the climate crisis 

increased through design thinking, indicating its efficacy as a teaching 

method for complex subjects. Educators should incorporate design thinking 

into science center programs to enhance subject comprehension, using hands-

on, human-centered tasks like those in your program (e.g., empathy warm-
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ups) to achieve high performance user needs articulation (User Test, 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 formal and non-

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, Sub-dimension 1). 

¶ Emotional resilience and engagement can be fostered via playful 

environments: The shift from initial anxiety to satisfaction, particularly in the 

Prototyping stage, highlights design thinkingôs role in cultivating positive 

emotions and self-efficacy. Science centers should prioritize interactive, 

playful settings with warm-up activities (e.g., ñCrazy Story Creationò) to 

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 minimal prior knowledge, using scaffolds like flow 

protocol papers (Kaygan et al., 2021a) to support novices, as seen in your 

programôs broad applicability across diverse student backgrounds. 

¶ Prototyping can be highlighted as a key driver of engagement and cognitive 

processes in prototype development can be examined:  Researchers should 

investigate how prototyping can be leveraged as a primary engagement tool 

in non-formal settings, exploring its impact on motivation and creative 

confidence. The ability to transform conceptual ideas into tangible solutions 

indicates cognitive growth in problem-solving and visualization. Studies 

should explore the cognitive demands of prototyping, such as mental model 
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completion (Viswanathan et al., 2014a), to develop targeted scaffolds that 

enhance studentsô design thinking skills. 

¶ Variability in prototyping outcomes can be addressed: The mixed 

performance levels suggest that group dynamics influence prototype quality. 

Research should examine how collaborative strategies impact prototyping 

success, ensuring equitable outcomes across diverse student groups. 

¶ Challenges can be mitigated through program design: Difficulties in 

prototyping, such as time constraints and skill limitations, indicate structural 

barriers. Researchers should investigate program designs that allocate 

sufficient time and provide skill-building workshops in non-formal learning 

environments to optimize prototyping performance, addressing the Level 2 

functionality gaps. 

¶ Cognitive barriers can be addressed with targeted scaffolds: Challenges in 

the Define and Test stages (Average Level Problem Definition and User Test) 

indicate cognitive overload and structural limitations (Razzouk & Shute, 

2012). Practitioners should implement structured tools, such as guided 

research frameworks and usability testing protocols, to reduce cognitive load 

and enhance iterative learning, ensuring students can effectively frame 

problems and test solutions. 

¶ Cognitive and affective strategies can be integrated for holistic learning: The 

interplay of cognitive (e.g., learning awareness) and affective (e.g., 

enjoyment in Prototyping) outcomes highlights the need for integrated 

approaches. Researchers should develop frameworks that combine fostering 

strategies to maximize both emotional engagement and subject 

comprehension, particularly for interdisciplinary topics like the climate 

crisis. 

These suggestions underscore design thinkingôs potential to enhance cognitive and 

affective learning outcomes, the prototypingôs role in cognitive and affective 

learning and the balance between fostering engagement and addressing 

implementation challenges, in non-formal settings, advancing the theoretical 
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framework of design thinking and offering a model for constructivist education 

(Vygotsky, 1978). Critically, while the study demonstrates accessibility and 

engagement, prototypingôs strengths, and the efficacy of interactive strategies, the 

cognitive challenges in certain stages and the variability in prototype outcomes 

highlight the need for ongoing refinement to optimize its educational impact.  

5.4.1 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 thinking-based extra-curricular program for 

6th graders in science centers offer practical suggestions for educators and science 

center instructors. By highlighting studentsô increased learning awareness, 

collaborative engagement, and emotional resilience, the study provides actionable 

strategies to enhance the implementation of design thinking in non-formal 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 like diverse materials and group collaboration, as well as 

challenges like time limitations and skill disparities. Additionally, by leveraging 

successful strategies like warm-up activities and group games, and addressing 

challenges such as cognitive overload and limited testing, practitioners can enhance 

the efficacy of design thinking for 6th graders in non-formal settings. The following 

suggestions aim to guide practitioners in fostering effective, student-centered design 

thinking programs and offer actionable steps to enhance prototyping performance 

and overall program efficacy and to optimize program design and delivery: 

¶ Structured scaffolds can be utilized to support problem definition: The 

cognitive challenges in the Define stage (Average Level Problem Definition) 

indicate a need for tools to reduce cognitive overload. Practitioners should 

incorporate flow protocol papers, such as templates or guided research 
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frameworks, to help students frame complex problems like the climate crisis, 

enhancing learning awareness and critical thinking. 

¶ Playful warm-up activities can be incorporated to boost engagement: The 

success of empathy and creativity warm-ups (e.g., ñConvey Your Feelingsò, 

ñCrazy Story Creationò, ñWhat am I?ò) in achieving high level user needs 

articulation (User Test, Sub-dimension 1) underscores their role in fostering 

emotional and cognitive engagement. Practitioners should design interactive 

tasks to stimulate empathy and creativity, creating a positive atmosphere that 

supports student motivation. 

¶ Collaboration through group games can be promoted: Group games 

contributed to high level performance of teamwork (Teamwork, Sub-

dimension 1), highlighting their role in encouraging divergent thinking and 

collaboration. Practitioners should integrate collaborative activities, such as 

the ñEarth-Climate Crisis Gameò and ñGroup Dance with Group 

Choreographyò to enhance group dynamics and creative problem-solving, 

aligning with design thinkingôs collaborative and creative confidence 

principles. 

¶ Diverse materials and ample time for prototyping can be provided: Studentsô 

enthusiasm for the Prototyping stage, which supported mixed high/average 

functionality (Feasibility, Sub-dimension 3), emphasizes the importance of 

hands-on creation. Practitioners should ensure access to varied prototyping 

materials and allocate sufficient time to sustain engagement and allow 

students to transform conceptual ideas into tangible solutions. 

¶ Pre-prototyping skill-building activities can be incorporated: Studentsô 

varying skills impacted prototype quality (Kaygan et al., 2021a). 

Practitioners should introduce workshops on basic design techniques (e.g., 

sketching, model-building) before prototyping, addressing skill disparities 

and supporting cognitive growth (Viswanathan et al., 2014a). 

¶ Drawing can be used as a preparatory strategy: The drawing phase 

Practitioners should encourage pre-prototyping sketching to refine mental 
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models, ensuring alignment with developmental stages (Inhelder & Piaget, 

1958). 

¶ Structured testing with expert and target-user feedback can be implemented: 

The limited implementation of the Test stage (Average Level User Test, Sub-

dimension 3) due to time constraints and lack of expert input highlights a 

critical gap (Razzouk & Shute, 2012). Practitioners should incorporate 

structured user testing with real target audiences and expert feedback (e.g., 

engineers, architectures, science center professionals etc.), ensuring students 

engage in iterative learning, learnr from failures, and refine their prototypes 

effectively.  

¶ Negative emotions can be addressed through reflective practices: Some 

students experienced stress from time constraints or group conflicts, yet 

resolved these collaboratively. Practitioners should introduce reflective 

journals or peer mentoring to help students process negative emotions, 

fostering resilience and maintaining a flow state despite challenges. 

¶ A supportive environment for risk-taking can be created: Studentsô 

enjoyment and active participation in prototyping reflect a positive, risk-

tolerant atmosphere. Practitioners should maintain an interactive, playful 

setting with warm-up activities (e.g., ñ20 Circlesò) to boost creative 

confidence and sustain engagement (Bandura, 1977). 

¶ Autonomy can be balanced with guidance in non-formal settings: The 

interactive, self-regulated nature of science centers contributed to positive 

outcomes (Falk & Dierking, 2000), but cognitive challenges suggest a need 

for structure. Practitioners should balance student autonomy with guided 

facilitation, using strategies like your flow protocol papers to ensure a 

supportive yet flexible learning environment. 

These suggestions provide a roadmap for practitioners to optimize design thinking 

programs, leveraging the studyôs insights to create engaging, inclusive, and effective 

learning experiences that align with constructivist principles (Vygotsky, 1978). 

Furthermore, these suggestions equip practitioners with strategies to maximize the 
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benefits of design thinking while addressing implementation challenges, fostering a 

collaborative and meaningful learning environment. Critically, while the programôs 

success in fostering collaboration and engagement is evident, ongoing adjustments 

are needed to address cognitive and structural (e.g. time and opportunities) barriers, 

particularly in the Define and Test stages.  

5.5 Recommendations for Future Research 

The present study aimed to design and develop an extra-curricular 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 6th-grade studentsô interpretation and evaluation on their 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 problem during the extra-curricular program and the fostering and challenging 

strategies used in this process in society and science centers were attempted to be 

investigated. This study provides a robust foundation for understanding how design 

thinking fosters cognitive and affective learning outcomes in non-formal settings, 

particularly for addressing complex issues such as the climate crisis. The findings 

highlight strengths, such 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 recommendations 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:  

¶ Future research may design longitudinal studies that 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., problem-solving skills) and 
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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 problem-framing 

skills. Mixed-methods approaches could explain how these tools align with 

cognitive development stages (Inhelder & Piaget, 1958) and support 

constructivist learning (Vygotsky, 1978).  

¶ The studyôs focus on a single science center limits generalizability, despite 

the interactive environmentôs success in fostering engagement (Falk & 

Dierking, 2000). Comparative studies can be conducted in different non-

formal settings, such as museums, community 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 warm-up activities and group games, which drove 

high collaboration.  

¶ In this study, the variation in studentsô favorite and least favorite design 

thinking steps (e.g., Prototyping vs. Define) suggests that individual factors, 

such as creativity, prior experience, or emotional resilience, shape 

engagement. Further studies may employ mixed-methods designs to explore 

how these differences impact affective outcomes, particularly in the context 

of self-regulated learning environments.  

¶ In current study, studentsô connections between design thinking steps and 

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 non-

formal settings. If a similar study is conducted in a school environment, 

longer-term 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 of technology (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, integrating Artificial Intelligence (AI)  

technology (e.g. collaboration with AI, AI creative tools etc.) into the process 

can be a good approach to observe the effects of different technologies on the 

process. If a similar study is done with technology integration, 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 low-precision prototypes due to their limited functionality 

(Kaygan et al., 2021a). Future practitioners 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 

platforms (e.g., Tinkercad, Fusion 360) and hybrid approaches (combining 

physical and digital prototyping) to create high-precision prototypes. 

Experimental designs could compare outcomes between groups using basic 

(or physical) versus advanced (or digital) resources, assessing how material 

quality (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.g., engineers, architectures, science center 

professionals etc.) and target-user on prototype refinement and learning 

outcomes. Comparative studies could assess the relative efficacy of expert 

versus peer feedback in fostering an iterative mindset and learning from 

failures.  

¶ The constrained Test stage, due to limited access to real target audiences 

(Average Level User Test, Sub-dimension 3), highlights a logistical barrier 

on this study. In future research the use of AI-generated user personas or 

simulated feedback systems may be explored to facilitate testing when real 
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users are unavailable. Studies could assess how AI-driven tools, designed to 

mimic diverse user perspectives (e.g., climate crisis stakeholders), impact 

studentsô ability to iterate prototypes, ensuring alignment with design 

thinkingôs human-centered principles (d.school, 2010). 

¶ The success of design thinking process (e.g. fostering strategies like warm-

up activities and group games or eliminating challenging strategies) relied on 

facilitatorsô ability to implement design thinking effectively, and in this 

study, researcher had knowledge about implementation of the process. Future 

research may investigate teacher training programs that equip educators with 

the skills to integrate design thinking into their educational environments, 

both formal and non-formal. Studies could evaluate training models that 

focus on practical facilitation techniques, scaffold design, and managing 

affective challenges, ensuring teachers can adapt design thinking to diverse 

classroom and science center contexts. 

¶ The studyôs findings may be influenced by the specific cultural and 

educational context of the science center, potentially limiting applicability. 

Cross-cultural studies may investigate how cultural factors, such as 

collaborative norms or attitudes toward creativity, shape design thinking 

outcomes in diverse global settings.  

¶ The studyôs short duration limited insights into the long-term effects of 

design thinking on studentsô cognitive and affective development. 

Prospective researchers may conduct follow-up studies to assess how 

participation in design thinking programs influences skills like problem-

solving, creativity, and emotional resilience over time (evaluating long-term 

impacts), particularly in interdisciplinary career interests.  

These recommendations provide a comprehensive roadmap for advancing design 

thinking research, addressing the studyôs limitations (e.g., time constraints, single 

setting, small sample) and building on its strengths (e.g., high cognitive and affective 

engagement, 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 thinking in non-formal 

education, fostering innovative learning experiences for middle school students.   
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ƛȊƭŜȅŜŎŜƪΣ ƎǊǳǇ œŀƭƤǒƳŀǎƤ ȅŀǇŀŎŀƪΣ ƳŀƪŜǘ ƎŜƭƛǒǘƛǊŜŎŜƪΣ ƻȅǳƴƭŀǊ ƻȅƴŀȅŀŎŀƪ ǾŜ ƎŜǊŜƪǘƛƐƛƴŘŜ 

ōƛƭƎƛǎŀȅŀǊ ƪǳƭƭŀƴŀŎŀƪǘƤǊΦ 4ŀƭƤǒƳŀȅŀ ōŀǒƭŀƳŀŘŀƴ ǀƴŎŜ ǀƐǊŜƴŎƛƳƛȊŘŜƴ ǎǀȊƭǸ ƻƭŀǊŀƪ ƪŀǘƤƭƤƳƤȅƭŀ 

ƛƭƎƛƭƛ ǊƤȊŀǎƤ ŀƭƤƴŀŎŀƪǘƤǊΦ mƐƭŜ ȅŜƳŜƪƭŜǊƛ œŀƭƤǒƳŀȅƤ ȅǸǊǸǘŜƴ ŀǊŀǒǘƤǊƳŀŎƤ ǘŀǊŀŦƤƴŘŀƴ 

ǎŀƐƭŀƴŀŎŀƪǘƤǊΦ  

Veri toplama süreci: ¢ǸƳ ŜǘƪƛƴƭƛƪƭŜǊ ǾƛŘŜƻ ƪŀȅŘƤƴŀ ŀƭƤƴŀŎŀƪǘƤǊΦ {ǸǊŜœ boyunca 

ǀƐǊŜƴŎƛƳƛȊƛƴ ŘŀǾǊŀƴƤǒƭŀǊƤ ƎǀȊƭŜƳƭŜƴŜŎŜƪ ǾŜ ƴƻǘƭŀǊ ŀƭƤƴŀŎŀƪǘƤǊΦ {ǸǊŜœ ǎƻƴǳƴŘŀ ōƛǊŜȅǎŜƭ 

ƎǀǊǸǒƳŜƭŜǊ ȅŀǇƤƭŀǊŀƪ ǀƐǊŜƴŎƛƳƛȊƛƴ ǎǸǊŜœ ǾŜ ŜǘƪƛƴƭƛƪƭŜǊ ƘŀƪƪƤƴŘŀƪƛ ƎǀǊǸǒƭŜǊƛ ŀƭƤƴŀŎŀƪǘƤǊΦ 

DǀǊǸǒƳŜƭŜǊ ŜǎƴŀǎƤƴŘŀ ǎŜǎ ƪŀȅŘƤ ŀƭƤƴŀŎŀƪ ǾŜ ǀƐǊŜƴŎƛƳƛȊƛƴ ǎƻǊǳƭŀǊŀ ǾŜǊŘƛƐƛ ȅŀƴƤǘƭŀǊ ƴƻǘ 

edilecektir.  

±ŜǊƛƭŜǊƛƴ ƪǳƭƭŀƴƤƳƤΥ IŜƳ ǎƛȊƛƴ ƘŜƳ ŘŜ ǀƐǊŜƴŎƛƳƛȊƛƴ ƪƛǒƛǎŜƭ ǾŜǊƛƭŜǊƛ όŀŘΣ ǎƻȅŀŘΣ ƛƳȊŀΣ 

ses, görüƴǘǸ ǾōΦύ ǘŀƳŀƳŜƴ ƎƛȊƭƛ ǘǳǘǳƭŀŎŀƪΣ ƘƛœōƛǊ ǒŜƪƛƭŘŜ ŀǊŀǒǘƤǊƳŀŎƤƭŀǊ ŘƤǒƤƴŘŀ ƪƛƳǎŜȅƭŜ 

ǇŀȅƭŀǒƤƭƳŀȅŀŎŀƪǘƤǊΦ DǀȊƭŜƳ ǾŜ ƎǀǊǸǒƳŜƭŜǊ ȅƻƭǳȅƭŀ ǘƻǇƭŀƴŀƴ ǾŜǊƛƭŜǊ ƛǎŜ ǎŀŘŜŎŜ bilimsel 

ŀƳŀœƭŀ όǘŜȊΣ ȅŀȅƤƴΣ ƪƻƴŦŜǊŀƴǎ ǎǳƴǳƳǳΣ ǾōΦύ ƪǳƭƭŀƴƤƭŀŎŀƪ ǾŜ ǾŜǊƛƭŜǊ ƛƭŜ ƪƛƳƭƛƪ ōƛƭƎƛƭŜǊƛ 

ŜǒƭŜǒǘƛǊƛƭƳŜȅŜŎŜƪǘƛǊΦ mƐǊŜƴŎƛƳƛȊƛƴ œŀƭƤǒƳŀȅŀ ƪŀǘƤƭŀǊŀƪ ōƛȊŜ ǎŀƐƭŀȅŀŎŀƐƤ ōƛƭƎƛƭŜǊ ǀƐǊŜƴŎƛƭŜǊƛƴ 

ǘŀǎŀǊƤƳ ƻŘŀƪƭƤ ŘǸǒǸƴƳŜ ǎǸǊŜœƭŜǊƛƴƛ ŘŜǊƛƴƭŜƳŜǎƛƴŜ ƛƴŎŜƭŜƳŜƳƛȊŜ ǀƴŜƳƭƛ ōƛǊ ƪŀǘƪƤŘŀ 

ōǳƭǳƴŀŎŀƪǘƤǊΦ 
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C. Parent Consent Form (continued) 

Bilmeniz gerekenler: YŀǘƤƭƤƳ ǎƤǊŀǎƤƴŘŀ ƘŜǊƘŀƴƎƛ ōƛǊ ƴŜŘŜƴŘŜƴ ǀǘǸǊǸ ǀƐǊŜƴŎƛƳƛȊ 

ƪŜƴŘƛǎƛƴƛ ǊŀƘŀǘǎƤȊ ƘƛǎǎŜǘǘƛƐƛƴƛ ōŜƭƛǊǘƛǊǎŜ ǾŜȅŀ ƪŜƴŘƛ ōŜƭƛǊǘƳŜǎŜ ŘŜ ŀǊŀǒǘƤǊƳŀŎƤ ǀƐǊŜƴŎƛƳƛȊƛƴ 

ǊŀƘŀǘǎƤȊ ƻƭŘǳƐǳƴǳ ǀƴƎǀǊǸǊǎŜΣ œŀƭƤǒƳŀȅŀ ǘŀƳŀƳƭŀƴƳŀŘŀƴ ƘŜƳŜƴ ǎƻƴ ǾŜǊƛƭŜŎŜƪǘƛǊΦ  ŀȅŜǘ ǎƛȊ 

ǀƐǊŜƴŎƛƳƛȊƛƴ ǊŀƘŀǘǎƤȊ ƻƭŘǳƐǳƴǳ ƘƛǎǎŜŘŜǊǎŜƴƛȊΣ ōǀȅƭŜ ōƛǊ ŘǳǊǳƳŘŀ œŀƭƤǒƳŀŘŀƴ ǎƻǊǳƳƭǳ 

ƪƛǒƛȅŜ ǾŜƭƛǎƛ ƻƭŘǳƐǳƴǳȊ ǀƐǊŜƴŎƛƴƛƴ œŀƭƤǒƳŀŘŀƴ ŀȅǊƤƭƳŀǎƤƴƤ ƛǎǘŜŘƛƐƛƴƛȊƛ ǎǀȅƭŜƳŜƴƛȊ ȅŜǘŜǊƭƛ 

ƻƭŀŎŀƪǘƤǊΦ  

ÇalƤǒƳŀȅƭŀ ƛƭƎƛƭƛ ŘŀƘŀ ŦŀȊƭŀ ōƛƭƎƛ ŀƭƳŀƪ ƛœƛƴΥ hǊǘŀ 5ƻƐǳ ¢Ŝƪƴƛƪ «ƴƛǾŜǊǎƛǘŜǎƛΣ 

.ƛƭƎƛǎŀȅŀǊ ǾŜ mƐǊŜǘƛƳ ¢ŜƪƴƻƭƻƧƛƭŜǊƛ 9ƐƛǘƛƳƛ .ǀƭǸƳǸ mƐǊŜǘƛƳ «ȅŜǎƛ tǊƻŦΦ 5ǊΦ {ƻƴŜǊ ¸ƤƭŘƤǊƤƳ 

ǾŜȅŀ ŘƻƪǘƻǊŀ ǀƐǊŜƴŎƛǎi Merve Aytekin Bircan ƛƭŜ ƛƭŜǘƛǒƛƳ ƪǳǊŀōƛƭƛǊǎƛƴƛȊΦ  

.ǳ œŀƭƤǒƳŀȅŀ ƪŀǘƤƭƤƳƤƴƤȊ ƛœƛƴ ǒƛƳŘƛŘŜƴ ǘŜǒŜƪƪǸǊ ŜŘŜǊƛȊΦ 

[ǸǘŦŜƴ ōǳ ŀǊŀǒǘƤǊƳŀȅŀ ǾŜƭƛǎƛ ƻƭŘǳƐǳƴǳȊ ǀƐǊŜƴŎƛƴƛƴ ƪŀǘƤƭƳŀǎƤ ƪƻƴǳǎǳƴŘŀƪƛ ǘŜǊŎƛƘƛƴƛȊƛ 

ŀǒŀƐƤŘŀƪƛ ǎŜœŜƴŜƪƭŜǊŘŜƴ ǎƛȊŜ Ŝƴ ǳȅƎǳƴ ƎŜƭŜƴƛ ƛǒŀǊŜǘƭŜȅŜǊŜƪ ve ŀƭǘƤƴŀ ƛƳȊŀƴƤȊƤ ŀǘŀǊŀƪ 

belirtiniz ve bu formu ƻƴƭƛƴŜ ōŀǒǾǳǊǳ ŦƻǊƳǳƴŘŀ ƛƭƎƛƭƛ ŀƭŀƴŀ ȅǸƪƭŜȅŜǊŜƪ ǘŀǊŀŦƤƳƤȊŀ ƛƭŜǘƛniz. 

A) .ǳ œŀƭƤǒƳŀŘŀ ǾŜƭƛǎƛ ƻƭŘǳƐǳƳ ǀƐǊŜƴŎƛƴƛƴ ƪŀǘƤƭƤƳŎƤ ƻƭƳŀǎƤƴŀ ƛȊƛƴ ǾŜǊƛȅƻǊǳƳ ǾŜ ǾŜƭƛǎƛ 

ƻƭŘǳƐǳƳ ǀƐǊŜƴŎƛƴƛƴ ǾŜǊŘƛƐƛ ōƛƭƎƛƭŜǊƛƴ ōƛƭƛƳǎŜƭ ŀƳŀœƭƤ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƳŀǎƤƴƤ ƪŀōǳƭ ŜŘƛȅƻǊǳƳΦ 

Veli Ad-Soyad: ________________      

TƳȊŀΥ _________________________            

mƐǊŜƴŎƛƴƛƴ ŀŘƤ ǎƻȅŀŘƤ ǾŜ ŘƻƐǳƳ ǘŀǊƛƘƛΥ ψψψψψψψψψψψψψψψψ    

Bugünün Tarihi: ________________  

B) .ǳ œŀƭƤǒƳŀŘŀ ǾŜƭƛǎƛ ƻƭŘǳƐǳƳ ǀƐǊŜƴŎƛƴƛƴ ƪŀǘƤƭƤƳŎƤ ƻƭƳŀǎƤƴŀ ƛȊƛƴ ǾŜǊƳƛȅƻǊǳƳΦ 

Veli Ad-Soyad: ________________      

TƳȊŀΥ _________________________            

mƐǊŜƴŎƛƴƛƴ ŀŘƤ ǎƻȅŀŘƤ ǾŜ ŘƻƐǳƳ ǘŀǊƛƘƛΥ ψψψψψψψψψψψψψψψψ    

Bugünün Tarihi: ________________ 
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D. Student Voluntary Participation Form  

!w! ¢Lwa!¸! Dmb«[[« KATILIM FORMU 

.ǳ œŀƭƤǒƳŀ hǊǘŀ 5ƻƐǳ ¢Ŝƪƴƛƪ «ƴƛǾŜǊǎƛǘŜǎƛ .ƛƭƎƛǎŀȅŀǊ ǾŜ mƐǊŜǘƛƳ ¢ŜƪƴƻƭƻƧƛƭŜǊƛ 

9ƐƛǘƛƳƛ .ǀƭǸƳǸ ŘƻƪǘƻǊŀ ǀƐǊŜƴŎƛǎƛ aŜǊǾŜ !ȅǘŜƪƛƴ .ƛǊŎŀƴ ǘŀǊŀŦƤƴŘŀƴ ȅǸǊǸǘǸƭƳŜƪǘŜŘƛǊΦ Bu 

ŦƻǊƳ ǎƛȊƛ ŀǊŀǒǘƤǊƳŀ ƪƻǒǳƭƭŀǊƤ ƘŀƪƪƤƴŘŀ ōƛƭƎƛƭŜƴŘƛǊƳŜƪ ƛœƛƴ ƘŀȊƤǊƭŀƴƳƤǒǘƤǊΦ 

4ŀƭƤǒƳŀƴƤƴ !ƳŀŎƤ bŜŘƛǊΚ 

4ŀƭƤǒƳŀƴƤƴ ŀƳŀŎƤΣ .ƛƭƛƳ aŜǊƪŜȊƭŜǊƛƴŘŜ ƪǳƭƭŀƴƤƭŀōƛƭŜŎŜƪ ǘŀǎŀǊƤƳ ƻŘŀƪƭƤ ŘǸǒǸƴƳŜ 

ȅŀƪƭŀǒƤƳƤƴŀ ŘŀȅŀƭƤ ōƛǊ ƳǸŦǊŜŘŀǘ ŘƤǒƤ ǇǊƻƎǊŀƳ ǘŀǎŀǊƭŀƳŀƪ ǾŜ ƎŜƭƛǒǘƛǊƳŜƪ ƛœƛƴ сΦ ǎƤƴƤŦ 

ǀƐǊŜƴŎƛƭŜǊƛƴ ǘŀǎŀǊƤƳ ƻŘŀƪƭƤ ŘǸǒǸƴƳŜ ǎǸǊŜœƭŜǊƛƴƛ ƛƴŎŜƭŜƳŜƪǘƛǊΦ 

.ƛȊŜ bŀǎƤƭ ¸ŀǊŘƤƳŎƤ hƭƳŀƴƤȊƤ TǎǘŜȅŜŎŜƐƛȊΚ 

!ǊŀǒǘƤǊƳŀȅŀ ƪŀǘƤƭƳŀȅƤ ƪŀōǳƭ ŜŘŜǊǎŜƴƛȊΣ ǎƛȊŘŜƴ р ƎǸƴ ǎǸǊŜŎŜƪ ŜǘƪƛƴƭƛƪƭŜǊƛƳƛȊŜ Ŝǘƪƛƴ 

ǾŜ ŘŜǾŀƳǎƤȊƭƤƪ ȅŀǇƳŀŘŀƴ ƪŀǘƤƭƳŀƴƤȊ ōŜƪƭŜƴƳŜƪǘŜŘƛǊΦ .ǳ р ƎǸƴƭǸƪ ǎǸǊŜœǘŜ ǎƛȊƭŜǊŜ ǾƛŘŜƻ 

ƛȊƭŜǘǘƛǊƛƭŜŎŜƪΣ ƎǊǳǇ œŀƭƤǒƳŀǎƤ ȅŀǇƳŀƴƤȊΣ ƎǊǳǇ ƛœƛƴŘŜ ǾŜ ŘƛƐŜǊ ƎǊǳǇƭŀǊŀ ŦƛƪƛǊƭŜǊƛƴƛȊƛ ǎǳƴƳŀƴƤȊΣ 

ƎǊǳǇ œŀƭƤǒƳŀǎƤ ƛƭŜ ǎƛȊŜ ǎŀƐƭŀƴŀƴ ƳŀǘŜǊȅŀƭƭŜǊƛ ƪǳƭƭŀƴŀǊŀƪ ƳŀƪŜǘ ƎŜƭƛǒǘƛǊƳŜƴƛȊ ƛǎǘŜƴŜŎŜƪΣ ŀǊŀ 

ŀǊŀ ƻȅǳƴƭŀǊ ƻȅƴŀƴŀŎŀƪΣ ƎŜǊŜƪƛǊǎŜ ōƛƭƎƛǎŀȅŀǊ ƪǳƭƭŀƴŀŎŀƪǎƤƴƤȊ ǾŜ ƎǊǳǇ ŀǊƪŀŘŀǒƭŀǊƤƴƤȊƭŀ ǾŜ 

ŘƛƐŜǊ ƎǊǳǇƭŀǊƭŀ ŜǘƪƛƭŜǒƛƳ ƘŀƭƛƴŘŜ ƻƭƳŀƴƤȊ ōŜƪƭŜƴŜŎŜƪΦ р ƎǸƴ ōƻȅǳƴŎŀ ȅŀǇǘƤƐƤƴƤȊ œŀƭƤǒƳŀƭŀǊ 

ŀǊŀǒǘƤǊƳŀŎƤ ǘŀǊŀŦƤƴŘŀƴ ƎǀȊƭŜƳƭŜƴŜŎŜƪ ǾŜ ǾƛŘŜƻ ƪŀȅŘƤƴŀ ŀƭƤƴŀŎŀƪΦ р ƎǸƴǸƴ ǎƻƴǳƴŘŀ ǎƛȊŜ 

ǎǸǊŜœǘŜ ȅŀǇƤƭŀƴ ŜǘƪƛƴƭƛƪƭŜǊ ƛƭŜ ƛƭƎƛƭƛ ǎƻǊǳƭŀǊ ȅǀƴŜƭǘƛƭŜŎŜƪΦ {ƻǊǳƭŀǊŀ ǾŜǊƛƭŜƴ ȅŀƴƤǘƭŀǊ 

ŀǊŀǒǘƤǊƳŀŎƤ ǘŀǊŀŦƤƴŘŀƴ ƴƻǘ ŜŘƛƭŜŎŜƪ ǾŜ ǎŜǎ ƪŀȅŘƤ ŀƭƤƴŀŎŀƪΦ  

{ƛȊŘŜƴ ¢ƻǇƭŀŘƤƐƤƳƤȊ .ƛƭƎƛƭŜǊƛ bŀǎƤƭ YǳƭƭŀƴŀŎŀƐƤȊΚ 

!ǊŀǒǘƤǊƳŀȅŀ ƪŀǘƤƭƤƳƤƴƤȊ ǘŀƳŀƳŜƴ ƎǀƴǸƭƭǸƭǸƪ ǘŜƳŜƭƛƴŘŜ ƻƭƳŀƭƤŘƤǊΦ 4ŀƭƤǒƳŀŘŀ 

ǎƛȊŘŜƴ ƪƛƳƭƛƪ ǾŜȅŀ ƪǳǊǳƳ ōŜƭƛǊƭŜȅƛŎƛ ƘƛœōƛǊ ōƛƭƎƛ ƛǎǘŜƴƳŜƳŜƪǘŜŘƛǊΦ /ŜǾŀǇƭŀǊƤƴƤȊ ǘŀƳŀƳƤȅƭŀ 

gizli tutulacakΣ ǎŀŘŜŎŜ ŀǊŀǒǘƤǊƳŀŎƤƭŀǊ ǘŀǊŀŦƤƴŘŀƴ ŘŜƐŜǊƭŜƴŘƛǊƛƭŜŎŜƪǘƛǊΦ YŀǘƤƭƤƳŎƤƭŀǊŘŀƴ ŜƭŘŜ 

ŜŘƛƭŜŎŜƪ ōƛƭƎƛƭŜǊ ǘƻǇƭǳ ƘŀƭŘŜ ŘŜƐŜǊƭŜƴŘƛǊƛƭŜŎŜƪ ǾŜ ōƛƭƛƳǎŜƭ ȅŀȅƤƳƭŀǊŘŀ ƪǳƭƭŀƴƤƭŀŎŀƪǘƤǊΦ 

{ŀƐƭŀŘƤƐƤƴƤȊ ǾŜǊƛƭŜǊ ƎǀƴǸƭƭǸ ƪŀǘƤƭƤƳ ŦƻǊƳƭŀǊƤƴŘŀ ǘƻǇƭŀƴŀƴ ƪƛƳƭƛƪ ōƛƭƎƛƭŜǊƛ ƛƭŜ 

ŜǒƭŜǒǘƛǊƛƭƳeyecektir. 
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D. Student Voluntary Participation Form (continued) 

YŀǘƤƭƤƳƤƴƤȊƭŀ ƛƭƎƛƭƛ ōƛƭƳŜƴƛȊ ƎŜǊŜƪŜƴƭŜǊΥ 

4ŀƭƤǒƳŀΣ ƎŜƴŜƭ ƻƭŀǊŀƪ ƪƛǒƛǎŜƭ ǊŀƘŀǘǎƤȊƭƤƪ ǾŜǊŜŎŜƪ ǎƻǊǳƭŀǊ ǾŜȅŀ ŜǘƪƛƴƭƛƪƭŜǊ 

ƛœŜǊƳŜƳŜƪǘŜŘƛǊΦ !ƴŎŀƪΣ ƪŀǘƤƭƤƳ ǎƤǊŀǎƤƴŘŀ ǎƻǊǳƭŀǊŘŀƴ ȅŀ Řŀ ƘŜǊƘŀƴƎƛ ōŀǒƪŀ ōƛǊ ƴŜŘŜƴŘŜƴ 

ǀǘǸǊǸ ƪŜƴŘƛƴƛȊƛ ǊŀƘŀǘǎƤȊ ƘƛǎǎŜŘŜǊǎŜƴƛȊ ǎǸǊŜŎƛ ȅŀǊƤŘŀ ōƤǊŀƪƤǇ œƤƪƳŀƪǘŀ ǎŜǊōŜǎǘǎƛƴƛȊΦ .ǀȅƭŜ ōƛǊ 

dǳǊǳƳŘŀ œŀƭƤǒƳŀȅƤ ǳȅƎǳƭŀȅŀƴ ƪƛǒƛȅŜΣ œŀƭƤǒƳŀŘŀƴ œƤƪƳŀƪ ƛǎǘŜŘƛƐƛƴƛȊƛ ǎǀȅƭŜƳŜƪ ȅŜǘŜǊƭƛ 

ƻƭŀŎŀƪǘƤǊΦ  

!ǊŀǒǘƤǊƳŀȅƭŀ ƛƭƎƛƭƛ ŘŀƘŀ ŦŀȊƭŀ ōƛƭƎƛ ŀƭƳŀƪ ƛǎǘŜǊǎŜƴƛȊΥ 

.ǳ œŀƭƤǒƳŀȅŀ ƪŀǘƤƭŘƤƐƤƴƤȊ ƛœƛƴ ǒƛƳŘƛŘŜƴ ǘŜǒŜƪƪǸǊ ŜŘŜǊƛȊΦ 4ŀƭƤǒƳŀ ƘŀƪƪƤƴŘŀ ŘŀƘŀ 

fazla bilgi almak için ODTÜ .ƛƭƎƛǎŀȅŀǊ ǾŜ mƐǊŜǘƛƳ ¢ŜƪƴƻƭƻƧƛƭŜǊƛ 9ƐƛǘƛƳƛ .ǀƭǸƳǸ mƐǊŜǘƛƳ 

«ȅŜǎƛ tǊƻŦΦ 5ǊΦ {ƻƴŜǊ ¸ƤƭŘƤǊƤƳ ǾŜȅŀ ŘƻƪǘƻǊŀ ǀƐǊŜƴŎƛǎƛ aŜǊǾŜ !ȅǘŜƪƛƴ .ƛǊŎŀƴ ƛƭŜ ƛƭŜǘƛǒƛƳ 

kurabilirsiniz.  

¸ǳƪŀǊƤŘŀƪƛ ōƛƭƎƛƭŜǊƛ ƻƪǳŘǳƳ ǾŜ ōǳ œŀƭƤǒƳŀȅŀ ǘŀƳŀƳŜƴ ƎǀƴǸƭƭǸ ƻƭŀǊŀƪ 

ƪŀǘƤƭƤȅƻǊǳƳΦ  

όCƻǊƳǳ ŘƻƭŘǳǊǳǇ ƛƳȊŀƭŀŘƤƪǘŀƴ ǎƻƴǊŀ ǳȅƎǳƭŀȅƤŎƤȅŀ ƎŜǊƛ ǾŜǊƛƴƛȊύΦ 

Ad-Soyad:    Tarih   TƳȊŀ   

    

---/ ----/ ----- 
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E. Study Announcement Web Page Visual 
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F. Online Application Form 
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G. Interview Questions 

Gºr¿ĸme Sorularē 

Biliĸsel: 

1. Bu s¿re­te neler ºĵrendiĵini d¿ĸ¿n¿yorsun?  

2. Bu s¿re­te takip ettiĵin adēmlar okulda yaptēĵēn ĸeylerden ne yºnden 

farklēydē? + Bu t¿r bir yaklaĸēmē okulda da uygulamak sana yardēmcē olur 

mu? 

3. Prototipleme s¿reci hakkēndaki d¿ĸ¿ncelerin nelerdir? + Oluĸturduĵun 

prototip hakkēndaki d¿ĸ¿ncelerin nelerdir? 

4. Test aĸamasēnda diĵer gruplardan ne t¿r geri dºn¿tler aldēn? + Diĵer 

gruplara prototiplerini geliĸtirmeleri i­in ne t¿r tavsiyelerde bulundun?  

5. Okulda hangi derslerde bu s¿re­te gºrd¿ĵ¿n hangi adēmlarē 

uygulayabileceĵini d¿ĸ¿n¿yorsun? 

 

Duyuĸsal: 

1. Bu süreçte neler hissettin?  

2. Bu etkinlik adēmlarēndan en ­ok hangisini beĵendin, neden?  

3. Bu etkinlik adēmlarēndan en ­ok hangisini beĵenmedin, neden?  

4. S¿recin baĸēndaki ve sonundaki duygu ve d¿ĸ¿ncelerinde bir deĵiĸim oldu 

mu, nasēl? + Bu t¿r bir etkinlik tekrar olsa yine katēlēr mēsēn, neden? 

5. Eklemek istediĵin duygu ve d¿ĸ¿ncelerin var mē? Her t¿rl¿ gºr¿ĸ¿n¿ 

bizimle paylaĸabilirsin.  

 

 

 

 



 

 

250 

H. Reflective Thinking Document 
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I. AEIOU Observation Framework 

A E I  O U 

Activities Environments Interactions Objects Users 

Gözlemlenen 

ºĵrenme 

faaliyeti: 

Grup 

­alēĸmasē, 

sunum, 

materyal 

kullanēmē, 

fikir -çözüm 

üretme, geri 

bildirim alma, 

soru sorma, 

aktif 

katēlēmé 

Fiziksel/dijital 

ve sosyal 

ortam 

koĸullarē: 

Kalabalēk, 

sessiz, 

gürültülü, 

aydēnlēk, 

kameralar 

a­ēké 

Ķnsan-insan, 

insan-ortam, 

insan nesne 

vb. 

etkileĸimler: 

¥ĵrenci-hoca 

birebir proje 

tartēĸmasē, 

ºĵrencilerin 

­alēĸmalarēnē 

bir yere 

yüklemesi, 

hocanēn kayēt 

almasē, 

ºĵrencinin 

soru sormasē, 

grup içi 

tartēĸmalar, 

ºĵrencinin 

diĵer 

gruplara 

sunum 

yapmasēé 

Fiziksel/dijital 

nesne ve 

araçlar: Maket, 

pafta, prototip, 

model, 

projektör, 

kamera, ses 

kayēt cihazē, 

dizüstü 

bilgisayar, 

yazēlēmlaré 

Ortamda 

bulunan ya 

da 

bulunmayan 

aktörler: 

¥ĵretim 

elemanlarē 

(jüri), 

ºĵrenciler, 

misafir 

ºĵretmen, 

araĸtērmacē, 

idari 

personel 
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J. Flow Protocol Papers 
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J. Flow Protocol Papers (continued) 
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J. Flow Protocol Papers (continued) 
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K. Activity Sheet 

 

 

 

 Adē Kavramlar  Etkinlik ¢eĸidi 

 Tanēĸma  Büyük Grup (Oyun) 

Etkinlik Paketi 1  Duygunu Pasla! Empati, Hisler Büyük Grup (Oyun) 

Etkinlik Paketi 2  Grup Dansē Empati, Aktif Dinleme, 

Ķĸ Birliĵi 

Küçük Grup (Oyun, 

Dans) 

Etkinlik Paketi 3  Kurt-Kuzu Empati, Ķĸ Birliĵi Büyük Grup (Oyun) 

Etkinlik Paketi 4  D¿nyamēza Ne 

Oluyor? 

Ķklim Krizi, Ķklim 

Deĵiĸikliĵi, Enerji 

Tasarrufu, Geri 

Dºn¿ĸ¿m, Doĵa 

Olaylarē (Problemi 

Tanēmlama) 

Grup ¢alēĸmasē (Fen, 

Teknoloji, Sosyal 

Bilimler) 

Etkinlik Paketi 5  Hayalimizdeki Dünya Ķklim Krizi, Ķklim 

Deĵiĸikliĵi, Enerji 

Tasarrufu, Geri 

Dºn¿ĸ¿m, Doĵa 

Olaylarē (Fikir Üretme) 

Grup ¢alēĸmasē (Fen, 

Teknoloji, Sanat, Sosyal 

Bilimler) 

Etkinlik Paketi 6  Hayalimizdeki 

D¿nyayē ¢izelim  

¢izim, Tasarēm, Fikri 

Somutlaĸtērma 

Grup ¢alēĸmasē 

(Tasarēm, Sanat) 

Etkinlik Paketi 7  Hayallerimizi 

Ger­ekleĸtirelim! 

Prototip, Tasarēm, 

Maket 

Grup ¢alēĸmasē 

(Teknoloji, Tasarēm, 

Sanat) 

Etkinlik Paketi 8  Hayaller Gerçek Oldu 

Mu? 

Test B¿t¿nleĸtirilmiĸ B¿y¿k 

Grup (Fen, Teknoloji, 

Sanat, Sosyal Bilimler) 

 Kapanēĸ Etkinlikleri  Bilgisayar Tabanlē 

Uygulamalar, Büyük 

Grup (Oyun) 
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L. Activity Packages 

TANIķMA ETKĶNLĶĴĶ 

Etkinlik Adē - Ķ­eriĵi: Tanēĸma 

Etkinlik ¢eĸidi: Büyük Grup (Oyun) 

Süre: 10-15 dk. 

Seviye: 6. Sēnēflar 

Materyaller:  Yok 

Amaç: ¥ĵrencilerin eĵitmenlerle ve birbiriyle tanēĸmasēnē saĵlamak ve olumlu bir 

sēnēf atmosferini desteklemek 

S¿re­ Adēmlarē:  

¶ ¥ĵrencilerden ­ember olacak ĸekilde bir araya gelmeleri istenir. Aynē 
zamanda eĵitmenler de ­embere dahil olur. 

¶ ¢emberin herhangi bir kēsmēndaki ºĵrencinin eline top verilir. Elinde top 
olan ºĵrenci kendi ismini y¿ksek sesle sºyler ve topu saĵ tarafēndaki 

arkadaĸēna verir. Topu alan ikinci ºĵrenci bu sefer ºnce kendinden ºnce 

ismini sºyleyen arkadaĸēnēn ismini daha sonra da kendi ismini söyler ve 

topu bir saĵēndakine verir.  

¶ Bu ĸekilde t¿m ­emberdeki ºĵrenci ve eĵitmenler kendinden ºnce gelen 
isimleri aklēnda tutmaya ­alēĸēr ve ­emberdeki son kiĸiye yaklaĸtēk­a 

isimleri doĵru hatērlamasē zorlaĸēr. ¥nemli olan beraber eĵlenerek isimleri 

ºĵrenmektir.  

¶ ¢emberdeki son kiĸi de kendinden ºnce gelen isimleri ve kendi ismini 
sºylediĵinde oyun biter. 

¶ Etkinlik, harcanan s¿re de gºz ºn¿nde bulundurularak ºĵrenciler istediĵi 
kadar tekrarlanabilir. (Ķkinci tur da en sondaki kiĸiden baĸlamak daha iyi 

olacaktēr.) 

Deĵerlendirme: Tanēĸma etkinliĵinde neler hissettiniz? Sēra size geldiĵinde 

isimleri hatērlamak i­in hangi becerilerden yararlandēnēz? Bu becerileri oyun 

dēĸēndaki durumlarda nasēl kullanabiliriz? vb. sorulardan yararlanēlabilir.  

Öneriler:  ¥ĵrenciler iki gruba ayrēlarak s¿re tutulmasē ve ºĵrencilerin belirlenen 

s¿re i­erisinde en fazla sayēda ismi doĵru sayarak ­emberi tamamlamasē istenir. 

Belirlenen s¿re i­erisinde daha ­ok sayēda ismi doĵru sºyleyen grup oyunu kazanēr. 

Oyun esnasēnda hafif hareketli m¿zik ­alabilir. Oyuna baĸlamadan bir iki deneme 

yaptērēlabilir. 
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L. Activity Packages (continued) 

ETKĶNLĶK PAKETĶ 1 

Etkinlik Adē - Ķ­eriĵi: Duygunu Pasla! (Empati Yapma) 

Etkinlik ¢eĸidi: Büyük Grup (Oyun) 

Süre: 10-15 dk. 

Seviye: 6. Sēnēflar 

Materyaller:  Yok 

Kavramlar:  Empati, Y¿z Ķfadeleri, Hisler, Taklit 

Sözcükler: Empati kurma, taklit etme, mutlu, ¿zg¿n, heyecanlē, sinirli, kaygēlē, 

ĸaĸkēn, meraklē vb. 

Amaç: ¥ĵrencilerin gºzlem yoluyla insanlarēn y¿z ifadelerinden duygularē doĵru 

yorumlamasēnē saĵlamak ve duygusal ipu­larēnē yakalama becerilerini 

güçlendirmek 

S¿re­ Adēmlarē:  

¶ ¥ĵrencilerden arka arkaya sēra olmalarē istenir. En arka sēradaki ºĵrencinin 
y¿z¿yle ifade edebileceĵi bir duyguyu se­mesi istenir. ¥n¿ndeki 

arkadaĸēnēn omzuna yavaĸ­a dokunarak kendisine bakmasēnē saĵlar ve 

se­tiĵi y¿z ifadesini arkadaĸēna gºstermesiyle oyun baĸlar. 

¶ ¥ĵrenciler y¿z ifadesini yalnēzca bir kere gºrecektir. Her ºĵrenci kendi 
omzuna dokunulduĵunda gºrd¿ĵ¿ y¿z ifadesini, bir sonraki ºĵrenciye 

paslamalēdēr. 

¶ Sēranēn en baĸēndaki ºĵrenci de arkasēndaki arkadaĸēnēn gºsterdiĵi y¿z 
ifadesini gºrd¿kten sonra t¿m arkadaĸlarēna gºrd¿ĵ¿ y¿z ifadesini gºsterir 

ve ifadenin doĵru ĸekilde iletilip iletilmediĵi anlaĸēlēr. 

¶ Daha sonra bu ifadenin hangi duyguyu temsil ettiĵi tartēĸēlēr.  

¶ Etkinlik harcanan s¿re de gºz ºn¿nde bulundurularak ºĵrenciler istediĵi 
kadar tekrarlanabilir. 

¶ Oyun sonunda beyin fērtēnasē yapēlarak hisleri ifade eden sºzc¿klerden 
oluĸan bir liste hazērlanēr. 

Deĵerlendirme: Duygularēnē pasla oyununda neler hissettiniz? Sēra size geldiĵinde 

duyguyu paslamak i­in y¿z ifadenizi ayarlarken hangi becerilerden yararlandēnēz? 

Bu becerileri oyun dēĸēndaki durumlarda nasēl kullanabiliriz? vb. sorulardan 

yararlanēlabilir. 

Öneriler:  ¥ĵrenciler iki gruba ayrēlarak s¿re tutulmasē ve ºĵrencilerin belirlenen 

s¿re i­erisinde en fazla sayēda duyguyu paslamasē ve doĵru tahmin etmesi 

saĵlanabilir. Belirlenen s¿re i­erisinde daha ­ok sayēda duyguyu paslayarak doĵru 

tahmin eden grup oyunu kazanēr. Oyun esnasēnda hafif hareketli m¿zik ­alabilir. 

Oyuna baĸlamadan bir iki deneme yaptērēlabilir. 
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L. Activity Packages (continued) 

ETKĶNLĶK PAKETĶ 2 

Etkinlik Adē - Ķ­eriĵi: Grup Dansē (Empati ve Ķĸ birliĵi Yapma) 

Etkinlik ¢eĸidi: Küçük Grup (Oyun, Dans) 

Süre: 10-15 dk. 

Seviye: 6. Sēnēflar 

Materyaller:  Müzik 

Kavramlar:  Empati, Aktif Dinleme, Taklit 

Sözcükler: Empati kurma, koordinasyon, koreografi, taklit etme, gözlem, aktif 

dinleme, aktif katēlēm, iĸ birliĵi vb. 

Amaç: ¥ĵrencilerin insanlarēn hareketlerini taklit ederek empati kurma, v¿cut 

dilinden anlam ­ēkarma ve sºzs¿z ipu­larēnē yakalama becerilerini g¿­lendirmek, 

arkadaĸlarēnē aktif dinleyerek iĸ birliĵi yapma becerilerini desteklemek 

S¿re­ Adēmlarē:  

¶ ¥ĵrenciler 4ôerli gruplara ayrēlēr.  

¶ Her ºĵrenciye 1-4 arasēnda bir rakam verilir. 

¶ ¥ĵrencilerin dans edebileceĵi eĵlenceli ve hareketli bir ĸarkē dinletilir. 

¶ Her ºĵrencinin bu ĸarkēya uygun bir dans hareketi belirlemesi istenir. 

¶ Her ºĵrencinin sērayla grup i­erisinde kendi belirlediĵi hareketini grup 
arkadaĸlarēna ºĵretmesi istenir. (1ôden 4ôe doĵru sērayla) 

¶ Her grubun ºĵrendiĵi hareketleri tek bir dansta bir araya getirmesi beklenir.  

¶ Her grup dansēnē sēnēfa sunar. 

¶ Etkinlik harcanan s¿re de gºz ºn¿nde bulundurularak ºĵrenciler istediĵi 
kadar tekrarlanabilir. 

¶ Oyun sonunda ºĵrencilere, grubunun onun hareketini yaptēĵēnda ve bir ekip 
olarak dans ettiklerinde neler hissettikleri sorulur.  

Deĵerlendirme: Grup dansē yaparken neler hissettiniz? Grubunuz sizin 

hareketinizi yaparken neler hissettiniz? Arkadaĸlarēnēzēn gºsterdiĵi hareketleri 

yapabilmek i­in hangi becerilerden yararlandēnēz? Bu becerileri oyun dēĸēndaki 

durumlarda nasēl kullanabiliriz? vb. sorulardan yararlanēlabilir. 

Öneriler:  Oyuna baĸlamadan bir iki deneme yaptērēlabilir. ¥ĵrenciler daha ­ok 

sayēda kiĸiden oluĸan gruplara ayrēlabilir. Her grup kendi m¿ziĵini belirleyebilir.  
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L. Activity Packages (continued) 

ETKĶNLĶK PAKETĶ 3 

Etkinlik Adē - Ķ­eriĵi: Ķklim Krizi - Dünya (Empati ve Ķĸ birliĵi Yapma) 

Etkinlik ¢eĸidi: Büyük Grup (Oyun) 

Süre: 10-15 dk. 

Seviye: 6. Sēnēflar 

Materyaller:  Müzik 

Kavramlar:  Empati, Aktif Katēlēm 

Sözcükler: Empati kurma, koordinasyon, gºzlem, aktif katēlēm, iĸ birliĵi vb. 

Amaç: ¥ĵrencilerin bir ekip halinde aynē ama­ i­in iĸ birliĵi yaparak hareket etme, 

v¿cut dilinden anlam ­ēkarma ve sºzs¿z ipu­larēnē yakalama becerilerini 

g¿­lendirmek, arkadaĸlarēnē aktif dinleyerek iĸ birliĵi yapma becerilerini 

desteklemek 

S¿re­ Adēmlarē:  

¶ T¿m ºĵrenciler ­ember olacak ĸekilde kol kola girer. 

¶ ¥ĵrencilerden bir tanesi iklim krizi olarak se­ilir ve ­ember dēĸēna ­ēkarēlēr. 

¶ ¥ĵrencilerden bir tanesi de d¿nya olarak se­ilir ve ­ember i­erisine ge­er. 

¶ ¢emberdeki ºĵrenciler insanlēĵē temsil eder ve d¿nyayē iklim krizinden 
koruyacak insanlardēr. 

¶ Ķklim krizi d¿nyaya dokunursa oyunu kazanan iklim krizi olur. Ķklim krizi 

d¿nyaya dokunamazsa iklim krizi oyunu kaybeder, insanlēk ve d¿nya 

kazanēr. 

¶ ¢emberdeki ºĵrencilerin gºrevi d¿nyayē iklim krizinden korumaktēr. 
(¥rneĵin, iklim krizi ­emberi zorlayarak i­eri girmeye ­alēĸabilir, bu 

durumda ºĵrenciler ­emberi sēklaĸtērarak iklim krizinin i­eri girmesine 

engel olmalēdēr. Ķklim krizi bir ĸekilde ­ember i­erisine girmeyi baĸarērsa 

hēzlē bir ĸekilde d¿nyayē ­ember dēĸēna ­ēkarmalarē gerekir. Bu ĸekilde 

stratejilerle oyun devam eder.) 

¶ Belli bir süre tutulur ve süre sonunda kazanan ilan edilir. 

¶ Etkinlik, harcanan s¿re de gºz ºn¿nde bulundurularak ºĵrenciler istediĵi 
kadar tekrarlanabilir. 

Deĵerlendirme: Ekip olarak aynē ama­ i­in hareket ettiĵinizde neler hissettiniz? 

Siz kuzu iken ­emberdeki arkadaĸlarēnēz sizi korumaya ­alēĸērken neler hissettiniz? 

vb. sorulardan yararlanēlabilir. 

Öneriler:  Oyuna baĸlamadan bir iki deneme yaptērēlabilir. Oyunda d¿nya 

belirlendikten sonra ­ember i­erisine alēnmayēp ­emberin bir ¿yesi olarak kalabilir 

ve iklim krizi ­emberdeki d¿nyayē yakalamaya ­alēĸēr. Bu durumda iklim krizini 

d¿nyadan uzak tutmak i­in ­ember s¿rekli hareket eder ve gerektiĵinde halkayē 

geniĸleterek iklim krizini uzaklaĸtērmayē deneyebilir. 
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L. Activity Packages (continued) 

ETKĶNLĶK PAKETĶ 4 

Etkinlik Adē - Ķ­eriĵi: D¿nyamēza Ne Oluyor? (Problemi Tanēmlama) 

Etkinlik ¢eĸidi: Grup ¢alēĸmasē (Fen, Teknoloji, Sosyal Bilimler) 

Süre: ~60 dk. 

Seviye: 6. Sēnēflar 

Materyaller:  Ķklim Videosu, Diz¿st¿ Bilgisayar (internet baĵlantēlē), K©ĵēt-Kalem 

Kavramlar:  Ķklim Krizi/Deĵiĸikliĵi, Doĵa Olaylarē (Problem Tanēmlama) 

Sözcükler: K¿resel Ķklim, K¿resel Isēnma, Yenilenebilir Enerji, S¿rd¿r¿lebilir 

Enerji, Dºn¿ĸt¿r¿lebilir Atēk, Araĸtērma, Problem Tanēmlama 

Amaç: ¥ĵrencilerin izledikleri videodaki kiĸilerle empati yaparak problem 

belirleme ve anahtar sºzc¿kler ile belirledikleri problemi doĵru tanēmlama 

becerilerini g¿­lendirmek, ­evre okuryazarlēĵē yaratmak 

S¿re­ Adēmlarē:  

¶ ¥ĵrencilerden U ĸeklinde ayarlanmēĸ sēralara oturmalarē istenir. ¥ĵrencilere 
Ķklim Krizi ile ilgili bir video izlettirilir. Videoyu izlerken ºĵrencilerden 

kendilerini videodaki insanlarēn yerine koymasē istenir.  

¶ Videonun sonunda ºĵrencilere "Bu doĵa olaylarēnēn sebebi ne olabilir? 

Ķnsanlar ne t¿r problemlerle karĸē karĸēya? Ne t¿r ºnlemler alēnabilir? 

¥nlem alēnmazsa neler olabilir?" vb. sorular sorulur.  

¶ Daha sonra ºĵrenciler 4ôer kiĸilik gruplara ayrēlēr. Öĵrencilerin, grup 

arkadaĸlarē ile birlikte belirledikleri problemleri tartēĸmasē istenir. (T¿m 

grup üyelerinin en az bir problem belirlemesi beklenir.) 

¶ Problemleri tartēĸērken bir yandan da masalarda bulunan diz¿st¿ 
bilgisayarlar yardēmēyla belirledikleri probleme yºnelik internetten 

araĸtērma yapabilirler. Bu s¿re­te not tutmalarē istenir. 

¶ Alēnan notlar ēĸēĵēnda ºĵrencilerin belirlenen problemleri anahtar kelimeler 
kullanarak tanēmlamalarē beklenir.  

¶ Her grup için bir grup sözcüsü seçmeleri istenir. Seçilen grup sözcüsü 

tanēmladēklarē problemi t¿m sēnēfla paylaĸēr. (T¿m gruplarēn sērasēyla bu 

adēmē ger­ekleĸtirmesi beklenir.) 

Deĵerlendirme: Videoyu izlediĵinizde neler hissettiniz? Problemi tanēmlamak i­in 

hangi becerilerden yararlandēnēz? Bu becerileri okulda nasēl kullanabiliriz? vb. 

sorulardan yararlanēlabilir. 

Öneriler:  Belirlenen s¿re i­erisinde daha ­ok sayēda problem belirlenip 

tanēmlanabilir. Diz¿st¿ bilgisayar olmamasē durumunda öĵrenciler kendi arasēnda 

tartēĸabilir ve k©ĵēt-kalem kullanēlarak not alēnabilir veya problem c¿mleleri 

tahtaya yazēlabilir. Konu ile ilgili baĸka videolar izlettirilebilir. ¥ĵrencilerin konu 

ile ilgili varsa tecr¿belerini paylaĸmalarē istenebilir. 
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L. Activity Packages (continued) 

ETKĶNLĶK PAKETĶ 5 

Etkinlik Adē - Ķ­eriĵi: Hayalimizdeki Dünya (Fikir Üretme) 

Etkinlik ¢eĸidi: Grup ¢alēĸmasē (Fen, Teknoloji, Sanat, Sosyal Bilimler) 

Süre: ~60 dk. 

Seviye: 6. Sēnēflar 

Materyaller:  Diz¿st¿ Bilgisayar (internet baĵlantēlē), ¢evrimi­i Kavram Haritasē 

Uygulamasē, K©ĵēt-Kalem 

Kavramlar:  Ķklim Krizi, Ķklim Deĵiĸikliĵi, Enerji Tasarrufu, Geri Dºn¿ĸ¿m, Doĵa 

Olaylarē (Probleme Yºnelik ¢ºz¿m Fikirleri ¦retme) 

Sözcükler: K¿resel Ķklim, K¿resel Isēnma, Yenilenebilir Enerji, S¿rd¿r¿lebilir 

Enerji, Dºn¿ĸt¿r¿lebilir Atēk, Kavram Haritasē 

Amaç: ¥ĵrencilerin belirledikleri problemlere ­ºz¿m fikirleri ¿retme becerilerini 

(problem ­ºzme becerilerini) g¿­lendirmek, yaratēcēlēĵē ve ºzg¿r d¿ĸ¿nceyi 

desteklemek 

S¿re­ Adēmlarē:  

¶ Daha ºnce 4ôer kiĸilik gruplara ayrēlmēĸ olan ºĵrencilerin beyin fērtēnasē 
yaparak tanēmladēklarē problemlere ­ºz¿m fikirleri ¿retmeleri istenir. 

¶ Öĵrencilerin ­ºz¿m fikirlerini deĵerlendirmeye tabii tutmadan her t¿rl¿ 

fikri not etmesi istenir. (Tüm grup üyelerinin en az bir fikir üretmesi 

beklenir.) 

¶ ¥ĵrenciler kavram haritasē kullanarak t¿m ­ºz¿m fikirlerini kategorize 
edebilirler. (Kavram haritalarēnēn anlamsal ­er­evede renklendirilmesi 

saĵlanēr.)  

¶ Prototip geliĸtirmek i­in ­ºz¿m fikirlerinden kendilerince en uygun olan bir 
tanesini se­meleri istenir. (Grup olarak bir fikre oy birliĵiyle veya oy 

­okluĵuyla karar vermeleri gerekir.) 

¶ Daha önce seçilen grup sºzc¿s¿ diĵer gruplarēn gºreceĵi ĸekilde ayaĵa 

kalkarak ­ºz¿m fikirlerini/kavram haritasēnē t¿m sēnēfla paylaĸēr ve 

se­tikleri ­ºz¿m fikrini a­ēklar. (T¿m gruplarēn sērasēyla bu adēmē 

ger­ekleĸtirmesi beklenir.) 

¶ T¿m bu s¿re­te eĵitmen(ler) ºĵrencilere rehberlik eder ve kavram haritasē 

geliĸtirmeleri i­in yeterli desteĵi saĵlar. 

Deĵerlendirme: Probleme çözüm üretirken neler hissettiniz? Çözüm fikirleri 

¿retirken hangi becerilerden yararlandēnēz? Bu becerileri okulda nasēl 

kullanabiliriz? vb. sorulardan yararlanēlabilir. 

Öneriler:  Çevre ile ilgili derneklerden, kurumlardan, belediyelerden destek 

alēnarak bu kurumlara gezi d¿zenlenebilir ya da kurum ­alēĸanlarē okula davet 

edilebilir. Etkinlik esnasēnda hafif m¿zik ­alabilir. 
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L. Activity Packages (continued) 

ETKĶNLĶK PAKETĶ 6 

Etkinlik Adē - Ķ­eriĵi: Hayalimizdeki D¿nyayē ¢izelim (Fikri Somutlaĸtērma) 

Etkinlik ¢eĸidi: Grup ¢alēĸmasē (Tasarēm, Sanat) 

Süre: ~45 dk. 

Seviye: 6. Sēnēflar 

Materyaller:  Diz¿st¿ Bilgisayar (internet baĵlantēlē), Canva Uygulamasē, Resim 

K©ĵēdē, Boya Kalemleri, K©ĵēt-Kalem 

Kavramlar:  Ķklim Krizi, Ķklim Deĵiĸikliĵi, Enerji Tasarrufu, Geri Dºn¿ĸ¿m, Doĵa 

Olaylarē (Probleme Yºnelik ¢ºz¿m Fikirleri ¦retme) 

Sözcükler: K¿resel Ķklim, K¿resel Isēnma, Yenilenebilir Enerji, S¿rd¿r¿lebilir 

Enerji, Dºn¿ĸt¿r¿lebilir Atēk, Afiĸ/Poster 

Amaç: ¥ĵrencilerin belirledikleri problemlere ¿rettikleri ­ºz¿m fikirleri arasēnda 

deĵerlendirme yapma ve karar verme becerilerini g¿­lendirmek, yaratēcēlēĵē ve 

tasarēmsal d¿ĸ¿nceyi desteklemek 

S¿re­ Adēmlarē:  

¶ Daha ºnce 4ôer kiĸilik gruplara ayrēlmēĸ olan ºĵrencilerin grup arkadaĸlarē 
ile birlikte daha ºnce se­tikleri ­ºz¿m fikrine yºnelik bir afiĸ hazērlamasē 

istenir. 

¶ Resim k©ĵēdē ve boya kalemlerini kullanarak grup i­erisinde iĸ birlik­i 

­alēĸma ile afiĸlerini hazērlayabilirler. (Her grup en az bir afiĸ 

hazērlamalēdēr.) 

¶ T¿m bu s¿re­te eĵitmen(ler) ºĵrencilere rehberlik eder ve afiĸlerini 
geliĸtirmeleri i­in yeterli desteĵi saĵlar. 

Deĵerlendirme: Çözüm fikrinize yºnelik afiĸ hazērlarken neler hissettiniz? Afiĸ 

hazērlarken hangi becerilerden yararlandēnēz? Bu becerileri okulda nasēl 

kullanabiliriz? vb. sorulardan yararlanēlabilir. 

Öneriler:  Vakit yeterli olmasē durumunda ve ºĵrencilerin hazēr bulunuĸluĵu 

kapsamēnda, diz¿st¿ bilgisayar yardēmēyla Canva vb. uygulamalar kullanarak 

afiĸlerini hazērlayabilirler. 
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L. Activity Packages (continued) 

ETKĶNLĶK PAKETĶ 7 

Etkinlik Adē - Ķ­eriĵi: Hayallerimizi Ger­ekleĸtirelim! (Prototipleme) 

Etkinlik ¢eĸidi: Grup ¢alēĸmasē (Teknoloji, Tasarēm, Sanat) 

Süre: ~120 dk. (10ôar dakikalēk molalar verilir. Farklē g¿nlerde 2 aĸamada 

yapēlabilir.) 

Seviye: 6. Sēnēflar 

Materyaller:  Diz¿st¿ Bilgisayar (internet baĵlantēlē), Sēnēf i­erisindeki ­eĸitli 

malzemeler (Karton kutu, karton bardak, plastik pipet, pet ĸiĸe, kulak ­ºp¿, 

makarna, k¿rdan, kumaĸ par­alarē, pamuk, tuvalet kaĵēdē rulosu, yapēĸkan, ip, 

makas, cetvel, oyun hamuru, Lego-Yapboz, b¿y¿te­, tel, poĸet, pil, balon, kaĵēt-

kalem-kitap vb.) 

Kavramlar:  Prototip, Model, Maket 

Sözcükler: K¿resel Ķklim, K¿resel Isēnma, Yenilenebilir Enerji, S¿rd¿r¿lebilir 

Enerji, Dºn¿ĸt¿r¿lebilir Atēk, Maket vb. 

Amaç: ¥ĵrencilerin ¿rettikleri ­ºz¿m fikirlerine yºnelik prototip geliĸtirme 

becerilerini g¿­lendirmek, yaratēcēlēĵē, ºzg¿r d¿ĸ¿nceyi, tasarēmsal d¿ĸ¿nceyi 

desteklemek 

S¿re­ Adēmlarē:  

¶ Daha ºnce 4ôer kiĸilik gruplara ayrēlmēĸ olan ºĵrencilerin grup arkadaĸlarē 
ile birlikte seçtikleri çözüm fikrini prototiplemeleri istenir. 

¶ Prototip geliĸtirirken sēnēf i­erisinde bulunan ­eĸitli materyalleri kullanarak 
el sanatlarē ile bir ¿r¿n maketi ortaya koymalarē istenir. 

¶ T¿m bu s¿re­te eĵitmen(ler) ºĵrencilere rehberlik eder ve prototipi 

geliĸtirmeleri i­in yeterli desteĵi saĵlar. 

¶ Daha ºnce se­ilen grup sºzc¿s¿ diĵer gruplarēn gºreceĵi ĸekilde ayaĵa 
kalkarak geliĸtirdikleri prototipi t¿m sēnēfla paylaĸēr ve 

¿r¿n¿/sistemi/modeli tanētēr. (T¿m gruplarēn sērasēyla bu adēmē 

gerçekleĸtirmesi beklenir.) 

Deĵerlendirme: Çözüm fikrinizi prototiplerken neler hissettiniz? Prototipleme 

yaparken hangi becerilerden yararlandēnēz? Bu becerileri okulda nasēl 

kullanabiliriz? Geliĸtirdiĵiniz prototipleri beĵendiniz mi? vb. sorulardan 

yararlanēlabilir. 

Öneriler:  ¥ĵrencilere farklē imkanlar da sunulabilir. (¥rneĵin, 3B modelleme, 3B 

baskē, kodlama ve robotik kodlama, mobil uygulama geliĸtirme, sanal ger­eklik-

artērēlmēĸ ger­eklik uygulamalarē, yapay zek© uygulamalarē vb.) Sunulan ºĵretim 

materyallerinin (3B Modelleme ve Baskē vb.) ºĵrencilere anlatēlmasē ve 

kullanēmēnēn ºĵretilmesi gerekir.  
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L. Activity Packages (continued) 

ETKĶNLĶK PAKETĶ 8 

Etkinlik Adē - Ķ­eriĵi: Hayaller Gerçek Oldu Mu? (Test Etme) 

Etkinlik ¢eĸidi: B¿t¿nleĸtirilmiĸ B¿y¿k Grup (Fen, Teknoloji, Sanat, Sosyal 

Bilimler) 

Süre: ~60 dk. 

Seviye: 6. Sēnēflar 

Materyaller:  Diz¿st¿ Bilgisayar (internet baĵlantēlē), K©ĵēt-Kalem 

Kavramlar:  Ķklim Krizi, Ķklim Deĵiĸikliĵi, Enerji Tasarrufu, Geri Dºn¿ĸ¿m, Doĵa 

Olaylarē 

Sözcükler: K¿resel Ķklim, K¿resel Isēnma, Yenilenebilir Enerji, S¿rd¿r¿lebilir 

Enerji, Dºn¿ĸt¿r¿lebilir Atēk, Test 

Amaç: ¥ĵrencilerin geliĸtirdikleri prototipleri test etme becerilerini g¿­lendirmek, 

yaratēcēlēĵē, ºzg¿r d¿ĸ¿nceyi, eleĸtirel d¿ĸ¿nceyi desteklemek 

S¿re­ Adēmlarē:  

¶ Gruplar ikiĸerli olarak eĸleĸtirilir.  

¶ Eĸleĸtirilen gruplar birbirlerinin prototiplerini sērasēyla test eder. 

¶ Prototipi test eden grubun ayrēntēlē geri bildirimler vermesi ve yorum 
yapmasē istenir. (T¿m grup ¿yelerinin gºr¿ĸ¿ alēnēr.) 

¶ Prototipi test edilen grup, verilen geri bildirimleri ve önerileri not eder. 

¶ Her grup not ettiĵi geri dºn¿tleri kendi grubu i­erisinde tartēĸēr.  

¶ Tartēĸēlan fikirlerden uygulanmasēna karar verilen bir dºn¿t olursa, prototip 
bu dºn¿tler ēĸēĵēnda geliĸtirilir ve nihai haline ulaĸtērēlēr.   

Deĵerlendirme: Prototipinizi test ederken neler hissettiniz? Bu süreçte hangi 

becerilerden yararlandēnēz? Bu becerileri okulda nasēl kullanabiliriz? Diĵer 

gruplarēn prototipini nasēl deĵerlendirdiniz? vb. sorulardan yararlanēlabilir. 

Öneriler:  Tasarēm ve Eĵitim Fak¿ltelerinden ilgili akademisyenler, eĵitmenler ve 

ºĵrencilerden bir j¿ri oluĸturularak prototipleri deĵerlendirmeleri saĵlanabilir ya da 

okula davet edilerek prototipler sergilenebilir. 
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L. Activity Packages (continued) 

KAPANIķ ETKĶNLĶĴĶ 

Etkinlik Adē - Ķ­eriĵi: Kapanēĸ - Veda 

Etkinlik ¢eĸidi: Bilgisayar Tabanlē Uygulamalar 

Süre: ~120 dk. (10ôar dakikalēk molalar verilir.) 

Seviye: 6. Sēnēflar 

Materyaller:  Diz¿st¿ Bilgisayar (internet baĵlantēlē), Web 3.0 Uygulamalarē 

Amaç: ¥ĵrencilerin yoĵun bir ºĵretim s¿recinden sonra eĵlenceli ve etkili vakit 

ge­irmelerini saĵlamak ve olumlu bir sēnēf atmosferini desteklemek 

S¿re­ Adēmlarē:  

¶ ¥ĵrencilerden U ĸeklinde ayarlanmēĸ sēralara oturmalarē istenir. Her 
ºĵrenciye bir diz¿st¿ bilgisayar temin edilir.  

¶ Eĵitmen tarafēndan bir web tabanlē uygulama se­ilir ve ºĵrencilere 
uygulamanēn ara yüzü tanētēlēr. 

¶ Eĵitmen ve ºĵrenciler hep birlikte uygulamayē kullanmayē pratik eder. 

¥ĵrencilerin eĵitmeni takip ederek yapēlan adēmlarē eĸ zamanlē olarak 

uygulamasē istenir. 

¶ Beraber yapēlan etkinlik tamamlandēktan sonra ºĵrencilere serbest zaman 
verilir. ¥ĵrenciler bu zaman diliminde ister beraber yapēlan etkinliĵi kendi 

yaratēcēlēklarē kapsamēnda geliĸtirir, isterlerse de sēfērdan yeni bir uygulama 

yaparlar. 

¶ Bu s¿re­te eĵitmen ºĵrencilere rehberlik eder ve uygulamayē etkili 
kullanabilmeleri i­in yeterli desteĵi saĵlar. 

Deĵerlendirme: Bu etkinlikte neler hissettiniz? Uygulamayē etkili kullanmak i­in 

hangi becerilerden yararlandēnēz? vb. sorulardan yararlanēlabilir. 

Öneriler:  ¥ĵrencilerin Web 3.0 Uygulamalarēndan birini kendileri se­meleri 

saĵlanabilir.  
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L. Activity Packages (continued) 

KAPANIķ ETKĶNLĶĴĶ- 2 

Etkinlik Adē - Ķ­eriĵi: Kapanēĸ - Veda 

Etkinlik ¢eĸidi: Büyük Grup (Oyun) 

Süre: ~45 dk. 

Seviye: 6. Sēnēflar 

Materyaller:  Yok 

Amaç: ¥ĵrencilerin eĵlenceli vakit ge­irmelerini saĵlamak ve olumlu bir ayrēlēĸ 

atmosferini desteklemek 

S¿re­ Adēmlarē:  

¶ ¥ĵrencilerden ­ember olacak ĸekilde bir araya gelmeleri istenir. Aynē 
zamanda eĵitmen(ler) de ­embere dahil olur. 

¶ ¢emberdeki ºĵrenciler kiĸi sayēsēna gºre numaralandērēlēr. (16 kiĸilik bir 
ºĵrenci ­emberinde 1ôden 16ôya kadar sayēlar ºĵrencilere sērasēyla verilir.) 

¶ ¢emberde bulunan bir kiĸi ebe se­ilir. Ebe oyunu baĸlatan kiĸidir. (Ķlk ebe 
eĵitmen olabilir.) 

¶ Ebe ñTarlayē ektim bi­tim 10 kabak olduò der. 10 numaralē ºĵrenci hemen 
ñ10 kabak olmazò der. Ebe bu sefer hemen ñYa ka­ kabak olsun?ò der. 10 

numaralē ºĵrenci bu sefer ñ10 kabak olmaz 5 kabak olurò der.  

¶ 5 numaralē ºĵrenci hemen ñ5 Kabak olmaz derò. 10 numaralē ºĵrenci ñYa 

ka­ kabak olsun?ò der. 5 numaralē ºĵrenci bu sefer ñ5 kabak olmaz 8 kabak 

olurò der. 

¶ Oyun bu ĸekilde hēzlē hēzlē devam eder. Yanēlan veya ge­ cevap veren 
ºĵrenci oyundan ­ēkar.  

¶ Oyunda kalanlar elenen ºĵrencilerden birisinin sayēsēnē sºylerse yanēlmēĸ 

olur ve oyundan ­ēkar. 

Deĵerlendirme: Kapanēĸ etkinliĵinde neler hissettiniz? Sēra size geldiĵinde hēzlē 

olmak ve sayēlarē hatērlamak i­in hangi becerilerden yararlandēnēz? Bu becerileri 

oyun dēĸēndaki durumlarda nasēl kullanabiliriz? vb. sorulardan yararlanēlabilir. 

Öneriler:  ¥ĵrenciler sēralarēnda oturacak ĸekilde oyun d¿zeni kurulabilir. Sayēsē 

sºylenen ºĵrenci ayaĵa kalkar ve bir baĸka arkadaĸēnēn sayēsēnē sºyleyerek tekrar 

oturur. Yanēlan ºĵrenci oyunda aktif olmaz ama sērasēndan da kalkmaz ve böylece 

akēl karēĸtērēcē olarak oyunu zorlaĸtērmēĸ olur. Oyun esnasēnda hareketli m¿zik 

­alabilir. Oyuna baĸlamadan bir iki deneme yaptērēlabilir. 
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M. Word Cloud for Interviews  
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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. A 

few minor errors. 

Level 1: Vague explanation of the problem. Major 

errors. 

 

Level 3: Clear and concise description of the features 

and functions of the product/service. 

Level 2: Reasonable description of the features and 

functions of the product/service. Several minor 

mistakes. 

Level 1: Vague description of the features and 

functions of the product/service. Major mistakes. 

 

Level 3: A clear and concise explanation of the 

uniqueness, strengths, and restrains of the solution in 

comparison to others in the market. 

Level 2: Reasonable explanation of the uniqueness, 

strengths, and restrains of the solution in comparison 

to other existing ones in the market. Several minor 

mistakes. 

Level 1: Vague explanation of the uniqueness, 

strengths, and restrains of the solution in comparison 

to other existing ones in the market. Major mistakes. 

Limited coherence. 

 

Feasibility  
Level 3: Provides a complete and practical solution 

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/service. Limited coherence. 

Level 3: Clear and accurate description of the 

process of design to production. 

Level 2: Reasonable description of the process from 

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 will 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 concise 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. Several 

minor mistakes. 

Level 1: Vague explanation of how the 

product/service can match the needs of users. Major 

mistakes. Limited coherence. 

 

Level 3: Demonstrates a high level of usability (or 

potential usability) of the product/service. Provides 

enhanced user experience. 
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Level 2: Demonstrates a reasonable level of usability 

(or potential usability) of the product/service. 

Provides acceptable user experience. 

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 collection of 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 among 

team members. 

Level 2: Demonstrates some level of collaboration 

among team members. 

Level 1: Fails to demonstrate sufficient collaboration 

among team members. 

 

Level 3: Responsibilities of team members are well-

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 and 

management 

Level 2: Demonstrates acceptable project planning 

and management 

Level 1: Demonstrates of poor project planning and 

management 

 



 

 

271 

O. Categorization of Ideas Worksheets 
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O. Categorization of Ideas Worksheets (continued) 
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O. Categorization of Ideas Worksheets (continued) 
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P. Problem Definitions 

Group 1 

Ķnsanlarē iklim krizi hakkēnda nasēl bilgilendirebiliriz? 

(How can we inform people about the climate crisis?) 

Group 2 

Karadenizôde fazla yaĵēĸēn etkilerini nasēl azaltabiliriz? 

(How can we reduce the effects of excessive rainfall in the Black Sea?) 

Group 3 

K¿resel ēsēnmaya sebep olan insan faktºrlerini nasēl ºnleyebiliriz? 

(How can we prevent human factors that cause global warming?) 

Group 4 

Ķ­ Anadolu Bºlgesiôndeki kuraklēk problemini nasēl ­ºzeriz? 

(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: 

    

Group 2: 
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R. Prototypes (continued) 

Group 3: 

    

Group 4: 
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