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ABSTRACT  

 

INTEGRATING REFLECTION PATTERNS AND STRATEGIES  

THROUGH A DOCUMENTATION TOOL  

INTO INDUSTRIAL DESIGN STUDIO EDUCATION  

 FOR ENHANCED REFLECTIVE LEARNING  

 

 

Demirci Berberoĵlu, Hatice Merve 

Doctor of Philosophy, Industrial Design 

Supervisor : Prof. Dr. ¢aĵla Doĵan 

 

 

 

June 2025, 598 pages 

 

Reflective practice is recognized as a key element in industrial design education, 

supporting deep learning, creative thinking, and effective problem-solving. Yet, its 

ineffective use can have an impact on student learning and engagement. This 

doctoral research aims to develop, integrate, and evaluate a reflection documentation 

tool based on Donald Schºnôs framework of ñreflection-in-actionò and ñreflection-

on-actionò in design education. 

Employing a  research through design approach, the doctoral research unfolded in 

four phases. Phase 1 included questionnaires and interviews with the students from 

ID301 Industrial Design III and ID302 Industrial Design IV design studio courses 

(2022ï23) to understand their competencies and reflection habits. Phase 2 entailed 

visual content analysis of 83 project process portfolios using a specific rubric, 

identifying nine emerging reflection patterns. These patterns informed the design of 

the documentation tool. 

In Phase 3, the tool was integrated into a Miro-based project template and piloted in 

the Spring 2024, ID202 Industrial Design II studio course. The students completed 



 

 

vi 

 

pre- and post-perception questionnaires, and a second visual analysis was conducted 

to assess changes in reflective practices. Phase 4 involved a workshop at the UTAK 

2024 National Design Research Conference, where the participants evaluated the 

tool's usability and effectiveness. 

Findings revealed that the tool helped the industrial design students articulate design 

decisions, integrate feedback, and engage in reflective practices. This research 

contributes to developing a model for translating Schºnôs theory into practice, a 

visual analysis framework for portfolios, and a tool adaptable to varied design studio 

settings, offering practical guidance for enhancing reflective learning in design 

education. 

 

Keywords: Reflection in Industrial Design Education, Reflective Learning, Project 

Documentation, Design Process, Reflection Patterns 
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¥Z 

 

GELĶķTĶRĶLMĶķ YANSITICI ¥ĴRENME Ķ¢ĶN  

YANSITMA ¥R¦NT¦LERĶNĶ VE STRATEJĶLERĶNĶ  

BĶR BELGELEME ARACIYLA  

END¦STRĶYEL TASARIM ST¦DYOSU EĴĶTĶMĶNE DAHĶL ETMEK  

 

 

Demirci Berberoĵlu, Hatice Merve 

Doktora, End¿stri ¦r¿nleri Tasarēmē 

Tez Yºneticisi: Prof. Dr. ¢aĵla Doĵan 

 

 

Haziran 2025, 598 sayfa 

 

Yansētēcē uygulama, end¿striyel tasarēm eĵitiminde derin ºĵrenmeyi, yaratēcē 

d¿ĸ¿nmeyi ve etkili problem ­ºzmeyi destekleyen ºnemli bir unsur olarak kabul 

edilmektedir. Ancak, bu uygulamanēn etkisiz kullanēmē, ºĵrencilerin ºĵrenme ve 

katēlēmlarēnē etkileyebilir. Bu doktora araĸtērmasē, Donald Schºnô¿n "eylem i­inde 

yansētma" ve "eylem ¿zerine yansētma" kavramlarēna dayalē bir yansētma belgeleme 

aracēnēn tasarēm eĵitiminde geliĸtirilmesini, dahil edilmesini ve deĵerlendirilmesini 

ama­lamaktadēr. 

Tasarēm yoluyla araĸtērma yaklaĸēmē benimsenen doktora araĸtērmasē dºrt aĸamada 

y¿r¿t¿lm¿ĸt¿r. Birinci aĸamada, ID301-ID302 derslerindeki (2022ï23) ºĵrencilerle 

yapēlan anket ve gºr¿ĸmeler aracēlēĵēyla ºĵrencilerin kazandēklarē yeterlilikler ve 

yansētma alēĸkanlēklarē incelenmiĸtir. Ķkinci aĸamada, 83 proje portfolyosunun ºzel 

olarak geliĸtirilen bir ºl­¿t seti ile gºrsel i­erik analizi yapēlmēĸ ve geliĸen dokuz 

yansētma ºr¿nt¿s¿ belirlenmiĸtir. Bu ºr¿nt¿ler, yansētma belgeleme aracēnēn 

tasarēmēna yºn vermiĸtir. 
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¦­¿nc¿ aĸamada, geliĸtirilen ara­ Miro tabanlē bir proje ĸablonuna entegre edilerek 

2024 Bahar dºneminde ID202 st¿dyo dersinde pilot uygulama olarak kullanēlmēĸtēr. 

Proje ºncesi ve sonrasē algē anketleri yapēlmēĸ, ºĵrencilerin yansētma 

davranēĸlarēnda, belgeleme kalitesinde ve ara­la etkileĸim d¿zeylerinde meydana 

gelen deĵiĸiklikler ikinci bir gºrsel analizle deĵerlendirilmiĸtir. Dºrd¿nc¿ aĸamada, 

UTAK 2024 Ulusal Tasarēm Araĸtērmalarē Konferansēônda ger­ekleĸtirilen ­alēĸtay 

ile ara­, kullanēlabilirliĵi ve eĵitimsel etkisi a­ēsēndan deĵerlendirilmiĸtir. 

Sonu­lar, aracēn ºĵrencilerin tasarēm kararlarēnē ifade etmelerini, geri bildirimleri 

dahil etmelerini ve yansētma uygulamalarēna katēlmalarēnē desteklediĵini 

gºstermektedir. Bu araĸtērma, Schºnô¿n kuramēnēn uygulamaya dºn¿ĸt¿ren bir 

model, portfolyo analizi i­in gºrsel bir deĵerlendirme ­er­evesi ve farklē st¿dyo 

ortamlarēna uyarlanabilir bir ara­ sunarak tasarēm eĵitiminde yansētēcē ºĵrenmeyi 

geliĸtirmeye yºnelik pratik rehberlik saĵlamaktadēr. 

 

Anahtar Kelimeler: End¿striyel Tasarēm Eĵitiminde Yansētma, Yansētēcē ¥ĵrenme, 

Proje Belgelemesi, Tasarēm S¿reci, Yaratēcē ¥r¿nt¿ler 
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CHAPTER 1  

1 INTRODUCTION   

Industrial design refers to, according to the World Design Organization (2015) 

defines industrial design as ña strategic problem-solving process that drives 

innovation, builds business success, and leads to a better quality of life through 

innovative products, systems, services, and experiences. Industrial Design bridges 

the gap between what is and whatôs possible. It is a trans-disciplinary profession that 

harnesses creativity to resolve problems and co-create solutions with the intent of 

making a product, system, service, experience or a business, better (WDO, n.d.).ò 

Furthermore, the profession combines innovation, technology, research, and 

business, and emphasizes aesthetics, ergonomics, and manufacturing feasibility, yet 

the evolving definition reflects a shift toward strategic, systemic, and user-centered 

goals (Vo¾te et al., 2020). However, the scope and definition of industrial design 

have undergone a profound transformation. As Meyer and Norman (2020) argue, the 

21st century has brought new societal, technological and systemic challenges that 

fundamentally redefine what it means to be a designer. Designers are no longer solely 

responsible for creating discrete objects; they are increasingly engaged in shaping 

complex sociotechnical systems, facilitating innovation, managing multidisciplinary 

teams, and contributing to strategic decision-making within organizations. This 

redefinition has challenged the boundaries of industrial design and reshaped the 

learning expectations placed on future practitioners. 

The dynamic transition in design education approaches has also been addressed by 

other researchers in the field. Redstrºm (2020) emphasizes that uncertainty and 

complexity are integral aspects of design practice, arguing that contemporary 

education should move beyond fixed curricula to support emerging forms of 

knowledge production and experimentation. Rather than teaching students a single 

definition of design, institutions should instead foster an adaptive mindset that allows 
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students to make sense of complex problems and navigate uncertain futures 

(Redstrºm, 2017;2020). Muratovski (2020) adds that the traditional outcome-based 

approach should evolve to prioritize exploratory, research-driven, and collaborative 

models of design education. His analysis of the University of Cincinnati's Ullman 

School of Design reveals the significance of cooperative education and industry 

collaboration in preparing students to lead rather than merely participate in the 

profession (Muratovski, 2020). This emphasis on industry collaboration is also 

reinforced by Evyapan, Korkut, and Hasdoĵan (2005), who explore how METUôs 

Department of Industrial Design graduation project course strategically integrates 

partnerships with industry to provide real-world relevance to studentsô design 

education by fostering professional experience, deepen understanding of practical 

constraints, and promote innovation in design studio outcomes. 

This transformation in professional practice has significantly impacted the 

competencies required of industrial designers (Alonso-Garc²a, de-C·zar-Mac²as, & 

Blazquez-Parra, 2021; Yang, You & Chen, 2005). Designers should exhibit systems 

thinking, ethical awareness, adaptability, and reflective decision-making in addition 

to technical expertise and creativity (Meyer & Norman, 2020). As a result, the role 

of an industrial designer goes beyond generating innovative ideas; it includes the 

iterative process of refining these ideas through critical self-reflection (Schºn, 1983). 

Reflection allows designers to evaluate their design decisions, understand the impact 

of their work, and learn from both successes and failures (Kolko, 2015). This 

iterative process is fundamental to the practice of industrial design, aiming to create 

user-centered products that are functional, aesthetically pleasing, and sustainable 

(Buchanan, 1992). As the field advances, there is an increasing emphasis on 

developing reflective practitioners who can critically assess their work, adapt to new 

challenges, and continuously improve their design processes (Adams, Turns & 

Atman, 2016). 

Recent empirical studies have highlighted the multifaceted benefits of reflective 

practices in industrial design education. For example, Gelmez and Baĵlē (2018) 

emphasize that structured reflective writing enhances cognitive understanding and 
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metacognitive awareness, fosters emotional engagement and provides a 

communication bridge between students and educators. Their findings suggest that 

reflective writing serves multiple functions in the design studio, as a learning tool, a 

self-assessment mechanism, and a mediator of pedagogical dialogue (Gelmez & 

Baĵlē, 2018). These reflective capacities are essential for developing designers 

capable of navigating uncertainty, responding to user needs, and integrating 

feedback into evolving design solutions. Within industrial design education, 

fostering such reflective habits can empower students to identify their learning 

progress, articulate their reasoning, and develop autonomy and strategic awareness 

in their projects. 

1.1 Importance of Reflection in Industrial Design Education 

Reflection practices are crucial in industrial design education as they foster critical 

thinking, self-awareness, and lifelong learning (Moon, 2004). Through reflective 

practices, students analyze their design processes, understand their decision-making 

strategies, and learn from their experiences (Boud, Keogh & Walker, 1985). This 

reflection is essential for their development as competent and adaptable designers, 

helping them connect theoretical concepts with practical applications and deepening 

their understanding of how to apply knowledge in real-world contexts (Akēn, 2001; 

Schºn, 1983). 

Despite its recognized importance, reflection is often implemented inconsistently in 

industrial design curricula, leading to varying levels of student engagement and 

effectiveness (Gray, 2014). Although the pedagogical value of reflection is 

acknowledged, its systematic integration into design curricula remains inconsistent 

from a variety of factors, such as differing interpretations of what constitutes 

meaningful reflection, the absence of widely adopted structured tools, and variability 

in studentsô ability or comfort with articulating their design experiences. By 

establishing systematic reflection practices, educators can better support students in 

developing the critical skills necessary for professional practice. 
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Moreover, reflection plays a significant role in the professional development of 

designers. In the rapidly changing landscape of design, continuous learning and 

adaptation are essential (Brown, 2009). Reflective practitioners are better equipped 

to navigate these changes, critically evaluating new information, integrating it into 

their existing knowledge base, and applying it to their practice (Dorst, 2015). This 

ability to learn and adapt is increasingly important in a field that constantly evolves 

with new technologies, materials, and user needs (Cross, 2006). 

In conclusion, the integration of reflective practices in industrial design education 

not only enhances students' learning experiences but also prepares them for the 

demands of the professional world. By fostering a culture of reflection, educators 

can cultivate designers who are not only skilled and knowledgeable but also 

reflective and adaptable, ready to face the challenges of an ever-evolving industry 

(Rodgers & Bremner, 2011). 

1.2 Aim of the Research 

The aim of this research is to explore and enhance reflection practices in industrial 

design education. This study seeks to develop a comprehensive framework for 

understanding and implementing reflective practices that can improve educational 

outcomes and better prepare students for professional practice. By examining current 

practices, identifying challenges, and proposing an adapted reflection documentation 

tool, this research aims to contribute to the development of more effective 

educational strategies in industrial design.  

The adapted reflection documentation tool is grounded in Donald Schºn's models of 

"reflection-in-action" and "reflection-on-action" (Schºn, 1983). This tool is designed 

to encourage and reinforce industrial design students to think critically about the 

steps, decisions, and processes involved in their design processes. The goal is to 

increase studentsô awareness of their own learning processes, to help them recognize 

their strengths and weaknesses, and to support them in making more informed and 

strategic decisions throughout their design projects. Thus, the research contributes to 
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a broader pedagogical aim by fostering reflective habits that extend beyond the 

design studio courses and into students' future professional practice.  

In conclusion, by aligning the tool with established reflection theory and iteratively 

evaluating its use in studio-based learning environments, this research aims to offer 

a scalable, theoretically grounded, and pedagogically relevant solution to enhance 

reflective practice in industrial design education. 

1.3 Research Objectives 

To achieve this aim, the research is guided by the following objectives: 

1. To identify and categorize the essential knowledge, skills, and competencies 

that industrial design students are expected to acquire. 

2. To analyze how reflective practices contribute to the development and 

articulation of these competencies. 

3. To investigate the ways in which industrial design students document and 

reflect on their design processes through project portfolios. 

4. To develop and iteratively refine a reflection documentation tool informed 

by empirical findings and existing reflection theories. 

5. To evaluate the usability, adaptability, and educational impact of the 

reflection documentation tool in various studio-based design learning 

environments. 

The objectives aim to inform both academic discourse and educational practice by 

offering a structured and critically evaluated method to enhance reflection in 

industrial design education.  

This systematic approach ensures that each aim contributes to a comprehensive 

understanding and enhancement of reflection practices. 
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1.3.1 Research Questions 

To achieve this aim, the research is guided by the following questions (Figure 1.1). 

¶ What are the essential knowledge, skills, and competencies in design 

education? (Addressed in the Literature Review (Chapter 2), which involved 

a literature review to identify and categorize design-related skills, 

knowledge, and competencies.) 

¶ What is the role of documentation in the design process for reflecting on 

knowledge, skills and competencies? (Investigated in Research Phase 1 

(Chapter 4), which involved exploratory research, including questionnaire 

and semi-structured interviews, and continued in Research Phase 2 (Chapter 

5) through an initial visual content analysis.) 

¶ How do students document and reflect on their design processes? What are 

the patterns of reflection? (Explored in Research Phase 2 (Chapter 5) and 

extended in Research Phase 3 (Chapter 6) through rubric development, a 

second round of visual content analysis, and definition of reflection patterns.) 

¶ How can the reflection documentation and reflection patterns be adapted in 

design education effectively? (Examined in Research Phases 3 and 4 

(Chapters 6-7) through the adaptation of a Miro template, application of a 

reflection documentation tool, pre/post-perception questionnaires, visual 

content analysis, and a final workshop to evaluate the toolôs usability and 

impact.
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Figure 1.1 The Structure of Doctoral Research Phases and Their Relation to Research Questions
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1.4 Structure of the Research 

This research is structured into several key sections: 

Chapter One introduces the research context, situating the study within the broader 

evolution of industrial design and its educational implications. It begins by outlining 

how shifts in societal, technological, and professional expectations are redefining the 

scope of industrial design and requiring future designers to develop competencies 

that extend beyond traditional form-making to systems thinking, collaboration, and 

reflective practice. This chapter highlights the growing demand for adaptability and 

self-awareness in design education and argues that pedagogical frameworks need to 

be rethought to align with these evolving demands. The importance of research is 

explained in relation to the changing nature of design practice and the critical role 

that structured thinking plays in preparing students for uncertainty and complexity. 

The chapter also articulates the overall aim of the study, which was to develop a 

reflection documentation tool based on Schºn's theories. It outlines the specific 

research objectives and questions that guided the research. 

Chapter Two presents a literature review that critically examines key themes in 

design education, including changing definitions of design, the increasing 

complexity of design problems, and the expanding scope of competencies expected 

of industrial designers. This chapter contextualizes reflection as a critical 

pedagogical component in response to changing professional expectations. It 

emphasizes how the field is moving from a focus on object-centered aesthetics to a 

broader, systems-oriented and socially engaged practice, and how these 

transformations require an adaptive and reflective educational framework. In 

addition, the literature review explores the theoretical grounds of reflection in design, 

particularly through the lens of Donald Schºn's notions of reflection in action and 

reflection on action, and examines existing tools and models that aim to develop 

reflective competencies in students. Finally, this chapter identifies gaps in the 

integration and operationalization of reflection in industrial design education, which 
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this study aims to address through the adaptation and evaluation of a structured 

reflection documentation tool. 

Chapter Three details the methodological approach, including data collection 

methods such as questionnaires, semi-structured interviews, visual content analysis, 

and workshop-based evaluation. Each method was carefully chosen to capture 

different layers of qualitative and quantitative research into how students perceive 

and engage with reflective practices throughout their design education. 

Questionnaires helped assess studentsô initial and evolving perceptions of reflection, 

while semi-structured interviews offered in-depth narratives about studentsô 

internalization of reflection during project work. Visual content analysis of studentsô 

project process portfolios enabled a detailed examination of how reflection was 

documented and communicated across projects. The workshop created a 

participatory environment where students engaged directly with the reflection tool, 

providing practical and contextual feedback. This chapter also outlines the rationale 

behind the development and iterative refinement of the reflection documentation 

tool, informed by Schºnôs theoretical models of reflection-in-action and reflection-

on-action, the findings of the visual content analysis, and pedagogical considerations 

tailored to the dynamics of industrial design studio education. 

Chapter Four (Research Phase 1) presents the first phase of the research, which 

focuses on the collection of empirical data to gain a foundational understanding of 

studentsô perceptions regarding their learning processes. Data was gathered through 

an online questionnaire and semi-structured interviews conducted with third-year 

industrial design students enrolled in the ID301 and ID302 studio courses during the 

Fall and Spring semesters of the 2022ï2023 academic year. This initial phase was 

designed to capture how students conceptualized the knowledge, skills, and 

competencies they had acquired, and how they engaged in reflective thinking within 

the context of studio-based learning. The insights obtained informed the direction of 

subsequent phases by highlighting both the prevalence and limitations of 

unstructured reflection practices within existing curricula. 
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Chapter Five (Research Phase 2) builds on this foundation by introducing a 

systematic visual content analysis of 83 project process portfolios selected from the 

same cohort of students. This phase aimed to identify recurring themes and patterns 

in studentsô reflective documentation. To support this analysis, a bespoke rubric was 

developed, enabling a structured examination of reflective depth, clarity, and 

contextual integration across different stages of the design process. The outcome of 

this analysis was the definition of nine distinct reflection patterns, which emerged as 

common yet under-articulated elements in studentsô work. These patterns served as 

the conceptual basis for the development of a structured Reflection Documentation 

Tool, establishing a taxonomy through which reflection could be more effectively 

integrated into studio pedagogy. 

Chapter Six (Research Phase 3) describes the implementation and iterative 

adaptation of the Reflection Documentation Tool in a real studio environment. The 

tool was embedded into a Miro-based project process template and piloted with 

second-year students in the ID202 Industrial Design II course during the Spring 2024 

semester. This phase followed a three-stage structure: a pre-perception questionnaire 

to capture studentsô expectations and prior experiences, the integration of the tool 

into the second studio project, and a post-perception questionnaire administered after 

project completion. A second visual content analysis of studentsô updated portfolios 

was conducted to evaluate changes in reflective behavior, documentation quality, 

and tool engagement. This chapter highlights how the integration of structured 

reflection at an earlier stage of education influenced studentsô design thinking and 

project articulation. 

Chapter Seven (Reserach Phase 4) concludes the empirical component of the 

research by presenting the dissemination and evaluative processes associated with 

the Reflection Documentation Tool. This phase involved a hands-on workshop 

conducted at the UTAK 2024 National Design Research Conference, where 

industrial design students engaged with the tool alongside the nine defined reflection 

pattern cards. Participants were invited to evaluate the usability, contextual 

relevance, and pedagogical potential of the tool through guided exercises and 



11 

 

discussion. Their feedback provided critical insights into how the tool could be 

further refined and adapted to diverse learning contexts. This final chapter thus 

serves as an assessment of the toolôs effectiveness and as a reflective synthesis of its 

development, underscoring its contribution to fostering deeper engagement with 

reflective practices in industrial design education. 

Chapter Eight concludes the study by summarizing key findings from each research 

phase and linking them back to the research objectives and questions. It evaluates 

the overall contribution to both theoretical and practical knowledge in the field of 

industrial design education, particularly in the integration of a structured reflection 

practice. The chapter discusses how the adapted reflection documentation tool 

contributed to enhancing studentsô awareness of their learning processes, as well as 

the ways it supported more strategic and informed decision-making throughout 

design projects. Based on the empirical findings, the chapter offers actionable 

recommendations for educators on how to adapt and implement the tool effectively 

within varying curricular contexts. These recommendations emphasize the 

importance of flexibility, contextual integration, and ongoing iteration. In addition, 

Chapter Eight reflects critically on the limitations of the study, such as institutional 

constraints and participant variability, and outlines directions for future research, 

including longitudinal studies of reflective skill development and the scalability of 

the tool across different institutions and cultural contexts. Ultimately, the chapter 

positions this research as a meaningful contribution to the advancement of reflective 

pedagogies in industrial design education.
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CHAPTER 2  

2 LITERATURE REVIEW  

In a rapidly transforming world where innovation, adaptability, and critical thinking 

are indispensable (Cross, 2011; Norman, 2013; Kolko, 2015), industrial design 

stands at the intersection of creativity, technology, and human-centered inquiry 

(Brown, 2009; Krippendorff, 2006; Verganti, 2009). As a discipline, it extends far 

beyond the aesthetics of products (Hekkert, 2006; Desmet & Hekkert, 2007), 

embedding itself within the cultural (Julier, 2013), technological (Buchanan, 2001), 

and the ethical foundation of society (Fry, 2009; Papanek, 2005). Consequently, the 

education of industrial designers requires not only the transfer of basic skills and 

knowledge but also the development of reflective, adaptive and systems-oriented 

thinking. 

This chapter critically explores the evolution of industrial design and its pedagogy, 

tracing how the field has grown from a product-centric profession to a strategic, 

interdisciplinary practice. Drawing on global and local perspectives, mapping the 

changing competencies expected of industrial designers and relevant educational 

responses aimed at preparing them for dynamic and ambiguous futures. 

At the core of this exploration lies the concept of reflection, a metacognitive practice 

integral to both learning (Moon, 2004) and professional design action (Schºn, 1983; 

Valkenburg & Dorst, 1998). Reflection enables students to make sense of complex 

problems (Lawson & Dorst, 2013), navigate ambiguity (Tracey & Hutchinson, 

2016), and internalize iterative processes that define design thinking (Goldschmidt 

& Rodgers, 2013; Razzouk & Shute, 2012). Theories advanced by Dewey, Schºn, 

Kolb, and others provide the foundational lens through which reflection is analyzed 

not as a passive recounting of experience, but as an active, critical, and 

transformative process essential for design learning and practice. Furthermore, this 

chapter evaluates how reflection has been operationalized in industrial design 
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education, through pedagogical strategies, reflective tools, and curricular integration, 

and how it contributes to deeper learning and professional preparedness. By 

examining empirical studies, educational models, and toolkits developed, the 

literature review synthesizes insights into how reflective practices can be 

meaningfully embedded in design curricula to enrich studentsô learning outcomes. 

In conclusion, this chapter aims to provide a conceptual and practical grounding for 

understanding the intertwined development of industrial design education and 

reflective learning (Figure 2.1). It identifies and categorizes key elements shaping 

the field while establishing a scholarly foundation for the development of more 

responsive, reflective, and contextually aware pedagogies in design education. 
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Figure 2.1 Literature Review Mind Map 



16 

 



17 

 

2.1 Industrial Design Education 

Industrial design education operates at the intersection of creativity, technology, and 

socio-cultural responsiveness. As a discipline shaped by continuous shifts in 

industry, user expectations, and technological possibilities, its educational 

foundations must be equally adaptive. This section critically examines the 

pedagogical underpinnings of industrial design education, beginning with an 

exploration of how industrial design is defined and scoped both globally and within 

the Turkish context (Section 2.1.1). It then turns to a comprehensive review of the 

essential knowledge, skills, and competencies that contemporary industrial designers 

are expected to develop through their formal education (Section 2.1.2). Together, 

these discussions provide a foundation for understanding how the field of industrial 

design has evolved and how its education systems are responding to increasingly 

complex and interdisciplinary professional realities. 

2.1.1 Definitions and Scope of Industrial Design 

Industrial design, historically recognized as a multifaceted discipline, combines art, 

technology, and user-centered approaches to create objects, systems, and services 

that respond effectively to human needs (Bayazit, 2004; Margolin, 2002; Fallman, 

2003; Ulrich & Eppinger, 2016). The profession involves creative problem-solving 

to enhance both functionality and aesthetics, while taking into consideration the 

broader social, economic, and environmental contexts (Heskett, 1980; Tovey, 1997). 

Industrial design stretches from everyday consumer products to complex 

technological systems, underscoring its expansive and evolving nature. 

In the Turkish context, the Industrial Designersô Society of Turkey (ETMK) 

characterizes industrial design as ñthe intellectual development of products produced 

in the industry, intended for the end user, taking into account criteria such as 

functionality, suitability to the taste of the target audience and the needs of the user, 
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and projecting it as a new product suitable for productionò (ETMK, n.d.). In other 

words according to this definition, industrial design is a profession aimed at 

establishing the relationship of objects produced by industrial methods with human 

beings. Thus, this definition notably accentuates industrial design's commitment to 

addressing human-centered needs within both local and global scales, reflecting an 

increased consciousness regarding sustainability and societal impacts. 

However, contemporary discussions of industrial design suggest that its scope has 

shifted significantly from product-centric definitions toward strategic and 

exploratory practices shaped by increasing complexity and uncertainty. Redstrºm 

(2020) argues that the essence of industrial design has transformed from primarily 

"making things" to "making things possible," where speculative experimentation, 

prototyping, and exploratory research have become central rather than peripheral 

activities (Figure 2.2). He highlights that design practices should continually 

question established methods and concepts, embracing uncertainty as a fundamental 

aspect of the discipline. Thus, industrial design education needs to prepare students 

to navigate this inherent instability, fostering their capacity to actively reshape 

products and systems, and the processes and conceptual frameworks by which design 

itself is practiced and understood (Redstrºm, 2020). 

 

 

Figure 2.2 (retrieved from Redstrºm, 2020, p. 98) 

 

Collectively, these different organizationsô definitions illuminate industrial designôs 

trajectory from a primarily product-focused discipline towards a strategic, system-

oriented practice. Today's industrial designers are expected to navigate complex 
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societal challenges, utilize advanced technologies, and collaborate across diverse 

disciplines (Meyer & Norman, 2020). Thus, the scope of industrial design continues 

to expand, requiring educational approaches that effectively equip future designers 

with the competencies to thrive in an ever-changing global landscape. 

2.1.2 Essential Knowledge, Skills, and Competencies in Industrial Design 

The evolving nature of industrial design from object-oriented solutions to broader, 

systems-oriented strategies creates a critical need to redefine what the designers of 

the future need to know and be able to do. As the discipline increasingly interacts 

with complex social, technological, and environmental contexts, expectations of 

industrial designers have moved beyond form or usability. Designers are expected to 

think critically, work collaboratively, adapt quickly, and act with a deep 

understanding of both human needs and technological potentials. In this changing 

environment, identifying core knowledge, skills, and competencies becomes a 

fundamental step in preparing the next generation of designers. This chapter explores 

these essential qualities by examining how industrial design education might prepare 

students to meet the multifaceted demands of contemporary and future design 

practice. 

 Evolution of Industrial Design Competencies 

The competencies essential for industrial designers have significantly evolved, 

reflecting technological advancements, market dynamics, and shifts in educational 

paradigms. Historically, competencies were more rigidly defined, focusing primarily 

on art, engineering, economics, and humanities (Lippincott, 1945). As the discipline 

progressed, Croston (1998) expanded these competencies, highlighting creative 

problem-solving, concept sketching, multi-disciplinary interaction, materials and 

manufacturing processes, and design theory. 
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Further on, academics such as Yeh (1999) emphasized further competencies 

including computer-assisted design abilities, marketing strategies, global 

perspectives, and mechanical and structural design. Takesue (2000) later highlighted 

ñsofter skillsò, suggesting that sensibility, imagination, creativity, and coordination 

are fundamental for effective industrial design practice. 

Building upon these views, Wang (2001) developed an ñIndustrial Design Ability 

Indexò (IDAI), identifying competencies such as product modeling, free-hand 

sketching, ergonomic design, and computer application skills as critical areas for 

industrial designers. Press and Cooper (2003) further proposed an expanded set of 

competencies, describing industrial designers as intelligent producers, knowledge 

workers, sustainable entrepreneurs, and active citizens. 

Luh and Lin (2005) articulated competencies from an industrial perspective, 

prioritizing professional design expertise, problem-solving abilities, teamwork 

skills, and technical skills like information literacy and tool operation. Meanwhile, 

Hsu, Chang and Yang (2007) identified creativity, aesthetic literacy, modeling 

capability, and observation skills as predominant. 

Liu et al. (2013) synthesized previous frameworks and defined eight key 

competencies essential for industrial designers: aesthetic literacy, design expression, 

creativity, planning and integration capability, engineering capability, computer 

application skills, ergonomics understanding, and foreign language proficiency. 

Recent research has expanded the understanding of industrial design competencies 

to address the realities of 21st-century practice, including rapidly shifting 

technological and socio-economic landscapes. Schneorson, Persov, and Bigger 

(2019) highlight the integration of entrepreneurial thinking, creative leadership, and 

lifelong learning as essential competencies, suggesting that industrial designers must 

move beyond traditional notions of object-centered creativity to operate within 

complex business and innovation ecosystems. Their findings emphasize the need for 

competencies such as critical thinking, interdisciplinary collaboration, adaptability, 

and systems thinking, while also calling attention to the importance of peer learning 
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and reflective practice in higher education environments. Complementing this 

perspective, Wong, Chen, and Chen (2016) investigate the metamorphosis from 

novice to expert designer, stressing the significance of tacit knowledge transfer, 

situated learning, and social interaction within professional contexts. They argue that 

much of the expertise in industrial design is cultivated through on-the-job 

experience, informal mentoring, and collaborative knowledge exchange, rather than 

through formal education alone. Additionally, Rodrigues, Madeira and  Coelho 

(2013) provide insights into the alignment between academic training and market 

expectations, identifying technical software proficiency, innovation capabilities, 

foreign language skills, and collaborative mindset as high-priority qualifications 

sought by employers. Their findings underscore the need for design curricula to 

enhance creative and aesthetic literacy, and to integrate practical, technological, and 

communicative competencies that enable seamless integration into globalized 

professional contexts. Together, these studies reveal a shared understanding that 

industrial design education must evolve to foster holistic, multidisciplinary, and 

future-oriented competencies. 

Table 2.1 Design Competency Comparison (Summary) 

Theme Competency 

Examples 

Key Contributors  

Creativity & 

Ideation 

Creativity, Concept 

Sketching, 

Imagination, Design 

Expression, 

Innovation 

Croston (1998), Takesue (2000), 

Hsu, Chang & Yang (2007), Liu 

et al. (2013), Schneorson, Persov 

& Bigger (2019) 

Technical 

Proficiency 

CAD, Product 

Modeling, Tool 

Operation, Computer 

Application Skills, 

Engineering, 

Manufacturing 

Processes 

Lippincott (1945), Yeh (1999), 

Wang (2001), Luh and Lin 

(2005), Liu et al. (2013), 

Rodrigues, Madeira &  Coelho 

(2013) 
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Table 2.1 (continued) 

Multidisciplinary 

& Collaboration  

Teamwork, Multi-

disciplinary 

Interaction, 

Collaborative Mindset, 

Interdisciplinary 

Collaboration 

Croston (1998), Luh and Lin 

(2005), Rodrigues, Madeira &  

Coelho (2013), Wong, Chen 

&Chen  (2016),Schneorson, 

Persov & Bigger (2019) 

Aesthetic 

Sensitivity  

Aesthetic Literacy, 

Observation Skills, 

Sensibility 

Takesue (2000), Hsu, Chang & 

Yang (2007), Liu et al. (2013) 

Communication 

& Social Learning 

Effective 

Communication, 

Social Interaction, 

Tacit Knowledge 

Transfer, Peer 

Learning 

Wong, Chen & Chen (2016), 

Schneorson, Persov & Bigger 

(2019), Rodrigues, Madeira &  

Coelho (2013) 

Soft Skills & 

Reflective 

Practice 

Sensibility, 

Coordination, 

Reflective Practice, 

Observation, Systems 

Thinking 

Takesue (2000), Schneorson, 

Persov & Bigger (2019), Hsu, 

Chang & Yang (2007) 

Entrepreneurial 

& Strategic 

Thinking  

Entrepreneurship, 

Creative Leadership, 

Lifelong Learning 

Press & Cooper (2003), 

Schneorson, Persov & Bigger 

(2019), Rodrigues, Madeira &  

Coelho (2013) 

Global & Market 

Awareness 

Global Perspective, 

Marketing Strategies, 

Foreign Language 

Proficiency 

Yeh (1999), Liu et al. (2013), 

Rodrigues, Madeira &  Coelho 

(2013) 

Ergonomics & 

Human Factors 

Ergonomics, Planning 

& Integration, Human-

Centered Design 

Wang (2001), Liu et al. (2013) 

 

Across these researches, a set of competencies emerges as foundational to industrial 

design practice. These include creativity, problem-solving, aesthetic sensitivity, 

technical proficiency, and effective communication. These competencies appear 

repeatedly across the reviewed literature, as visualized in the competency 
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comparison table (Table 2.11), which combines contributions from twelve sources. 

For instance, creativity and technical proficiency are identified as essential by nearly 

all sources, while problem-solving and communication skills are recognized both as 

enduring priorities and as increasingly essential in collaborative, multidisciplinary 

contexts. Aesthetic sensitivity, though less frequently emphasized in newer studies, 

remains an important attribute of industrial design practice. In addition to these 

widely accepted competencies, various researchers highlight additional 

competencies such as global market awareness, legal and regulatory understanding, 

sensibility and imagination, and entrepreneurial capacity.  

In response to the demands of todayôs rapidly transforming design practice, industrial 

designers are expected to master an even more diverse range of competencies. While 

core capabilities like conceptual ideation, visual and verbal communication, 

prototyping, and a deep understanding of materials and manufacturing processes 

                                                 

 

1 The Design Competency Comparison (Summary) table provides a synthesized 

overview of key competencies that are recurrently emphasized within the industrial 

design education literature. 

Each thematic category presented in the table, such as Creativity & Ideation, 

Technical Proficiency, or Multidisciplinary & Collaboration, corresponds directly 

to the competency areas discussed by the respective authors. It is important to 

clarify that a formal inductive thematic coding procedure was not employed; rather, 

the competencies were grouped according to the manner in which they are 

described and categorised within the original sources. For instance, Croston (1998) 

and Takesue (2000) highlight creativity, concept sketching, and imaginative 

development; Lippincott (1945) and Wang (2001) underscore technical proficiency 

and familiarity with manufacturing processes; while Wong, Chen and Chen (2016) 

focus on aspects such as teamwork, peer learning, and effective communication. 

The principal aim of this table is to present a concise comparative summary that 

illustrates both the shared emphases and diverse perspectives found across key 

contributions to the literature on industrial design competencies. By doing so, it 

supports a clearer understanding of how these competencies can inform curriculum 

design and pedagogical strategies in contemporary industrial design education. 
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remain central to professional practice (Liu et al., 2013; Wong, Chen & Chen, 2016), 

the emergence of digital transformation, and complex system design has necessitated 

the inclusion of newer domains of expertise. Recent studies stress the importance of 

user-experience design, sustainability-oriented innovation, digital modeling and 

simulation, and interdisciplinary teamwork as critical proficiencies in the 21st 

century (Rodrigues, Madeira &  Coelho, 2013; Kolko, 2015; Meyer & Norman, 

2020; Pontis & van der Waarde, 2020; Schneorson, Persov & Bigger, 2019). These 

developments reflect broader industrial shifts, such as the integration of AI and IoT 

technologies, increased emphasis on environmental and social impact, and the move 

toward co-creative design methods, requiring designers to act as strategic facilitators, 

and systems thinkers (Buchanan, 2001; Findeli, 2001; Norman, 2013). 

Consequently, the contemporary industrial designer must not only possess a strong 

foundation in established competencies but also demonstrate adaptability, critical 

reflection, and a commitment to lifelong learning (Brown, 2009; Saavedra & Opfer, 

2012). The convergence of these traditional and emerging competencies highlights 

the ongoing need for higher education programs to align curricula with the evolving 

realities of professional industrial design practice. 

 Relation Between Competencies and Industrial Design Education 

Educational institutions are proactively restructuring their curricula to incorporate 

competencies that address the dynamic demands of the industrial design profession. 

This evolution is evident through various case studies and academic analyses that 

highlight the integration of digital technologies, human-centered design approaches, 

and sustainability principles into design education. For instance, a study by Akoĵlu, 

Rognoli, and Karana (2020) examines the integration of digital fabrication and 

emerging materials into studio practice, emphasizing the importance of material-

driven design education in fostering innovation and sustainability awareness among 

students. Similarly, Daalhuizen (2014) discusses the adoption of design 
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methodologies that enhance problem-solving skills and creativity, which are 

important for addressing diverse design challenges. 

Considering sustainability-oriented design approaches, Ramirez (2007) conducted a 

worldwide survey on sustainability integration in industrial design education, 

revealing a growing emphasis on embedding environmental and social 

considerations into the design curriculum. This aligns with findings from Leal Filho 

et al.ôs (2024) research, which explores the role of design thinking in sustainable 

development, showcasing real-case situations where design thinking has been 

effectively deployed to implement the United Nations Sustainable Development 

Goals. 

Moreover, the incorporation of human-centered design is gaining importance. 

Nguyen Ngoc, Lasa, and Iriarte (2021) highlight how digital technologies are being 

utilized to enrich user experiences, moving beyond traditional prototypes to more 

immersive and user-focused design solutions. This approach is further supported by 

researches like the Sustainable Electronics Initiative's Design for Energy and the 

Environment Laboratory (n.d.), which brings together interdisciplinary teams to 

solve real-world product development problems through user-centered and 

technology-driven design processes. 

While curriculum development efforts in industrial design education have evolved 

in response to changing professional demands, several studies show that there are 

still some gaps between academic education and industry expectations (Alonso-

Garc²a, de-C·zar-Mac²as & Blazquez-Parra, 2021; Marion & Fixson, 2021; 

Ramirez, 2007). This gap is seemingly evident in the areas of practical skills 

application, interdisciplinary collaboration and adaptation to new tools and 

technologies. For example, Alonso-Garc²a, de-C·zar-Mac²as and Blazquez-Parra 

(2021) observed that many recent graduates in Spain lack the necessary skills to meet 

the needs of the sector, especially in terms of technical competence and project 

implementation. Similarly, Ramirez (2007), in a global survey of sustainability 

integration in industrial design education, found that educational programs often fail 
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to equip students with competencies aligned with contemporary environmental and 

social challenges. Marion and Fixson (2021) offer compelling evidence that digital 

tools have not only changed how new product development (NPD) is executed but 

have also transformed organizational structures, workflows, and the skills required 

of innovation professionals. They emphasize that design and collaborative 

information technologies (CIT) have become essential throughout all phases of the 

innovation process, influencing how knowledge is created, shared, and applied in 

teams. 

While many industrial design programs are making efforts to incorporate digital 

transformation into their curricula, some studies have observed a delay in the 

systematic integration of advanced digital tools and workflows. These tools include 

technologies such as parametric modeling, generative design, and virtual 

collaboration platforms that are now central to industrial design and product 

development in industry contexts (Akoĵlu, Rognoli, & Karana, 2020). However, 

their adoption in educational settings remains inconsistent. Oxman (2006) notes that 

although the initial digital turn in design education brought powerful new modes of 

representation, the transition to fully integrative digital thinking and making has 

proceeded unevenly across institutions. Further elaborating on this concern, 

Bernardo and Duarte (2022) conducted a future foresight study with industrial design 

educators and found that while immersive tools such as virtual reality (VR) are 

gaining traction, they are still far from being widely or deeply embedded in 

educational frameworks. The authors point out that without careful curricular 

restructuring and pedagogical alignment, these tools risk being treated as 

complementary rather than transformative. This imbalance can lead to graduates 

being under-equipped for digitally intensive, interdisciplinary and systems-level 

design roles, which increasingly require fluency in both the tools and the 

collaborative processes that are reshaping the profession. 

Addressing these challenges requires more than periodic curricular updates; it 

requires systematic collaboration between academia and industry. Proactive 
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strategies such as embedded internships, collaborative education models, and 

iterative feedback mechanisms involving industry partners can help ensure that 

academic programs remain aligned with evolving occupational contexts (Meyer & 

Norman, 2020; Schneorson, Persov, & Bigger, 2019). Moreover, regular curricular 

reviews informed by technological foresight and subsequent labor market analysis 

can support programs to remain responsive to future skills demands. As Ramirez 

(2007) argues, integrating sustainable thinking into all phases of the design 

curriculum (not as an isolated course but as a cross-cutting competency) can further 

enhance the preparedness of graduates. By strengthening these academic-industry 

interfaces, institutions can develop learning environments that are educationally 

rigorous and professionally relevant, empowering industrial design graduates to 

contribute meaningfully to contemporary and future challenges. 

2.2 Historical Evolution of Industrial Design Education 

The evolution of industrial design education has been shaped by complex 

interactions between technological innovation, socio-economic transformations, and 

cultural paradigms. As explored in the previous section, the competencies expected 

from industrial design graduates, ranging from creative problem-solving to 

interdisciplinary collaboration and technological fluency, have not emerged in 

isolation. On the contrary, they reflect a deep-rooted historical direction wherein 

design education has continuously responded to shifts in production methods, user 

needs, and global design discourses. Understanding how industrial design education 

has evolved over time, both globally and in localized contexts, is important for 

contextualizing the current industrial design competencies and identifying ongoing 

challenges of this practice. This section provides a historical overview of industrial 

design education, first through a global objective, examining pivotal moments such 

as the influence of the Bauhaus and the integration of digital technologies in the late 

20th century, and then through the specific case of Turkey, where global educational 

models have been adapted to meet national priorities and contextual realities. The 
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Bauhaus model, for instance, emphasized the unity of art, craft, and technology, 

which deeply influenced subsequent educational institutions like HfG Ulm and later 

design schools across Europe and North America. A contemporary continuation of 

this lineage can be seen in the Ullman School of Design in the United States, where 

Muratovski (2020) documents the development of an education model that integrates 

mandatory cooperative education2, research-based team projects, and strong industry 

partnerships. This approach exemplifies how modern design schools are evolving 

toward competency-based, context-aware, and interdisciplinary educational 

practices that align closely with industry demands and innovation ecosystems. 

Tracing this evolution offers insights into how industrial design education has been 

and continues to be reformulated in response to changing demands, thereby 

informing future directions for competency-based, context-aware educational 

practices. 

2.2.1 Global Historical Evolution of Industrial Design Education 

The evolution of industrial design education has closely paralleled historical 

advancements in technology, shifts in manufacturing methods, and changing societal 

needs (Bayazit, 2004; Heskett, 1980; Margolin, 1989; Fallan, 2010). These 

developments have shaped the content of industrial design curricula, and the 

pedagogical frameworks and institutional structures through which industrial design 

has been taught. Historically, industrial design emerged as a response to the tension 

between mass production and artistic craftsmanship, where early design education 

often occurred informally through master-apprentice relationships and hands-on 

workshops (Heskett, 1980; Dormer, 1994). The evolution of industrial design 

education has closely paralleled historical advancements in technology, shifts in 

                                                 

 

2 According to Gjoko Muratovski (2020), ñmandatory cooperative educationò refers to a structured, 

required component of the Ullman School of Designôs undergraduate curriculum, where students 

alternate between academic semesters and full-time, paid industry placements as part of their formal 

education (Muratovski, 2020, p.74). 
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manufacturing methods, and changing societal needs (Bayazit, 2004; Heskett, 1980; 

Margolin, 1989; Fallan, 2010). These developments have shaped the content of 

design curricula and the pedagogical frameworks and institutional structures through 

which industrial design has been taught (see Figure 2.3). 

With the start of the Industrial Revolution in the late 18th and early 19th centuries, 

the nature of production changed dramatically. Mass production led to the need for 

more formal design processes and standardized training to ensure quality and 

efficiency (Forty, 1986; Sparke, 1986). Consequently, the foundations of 

institutionalized design education were laid in the United Kingdom in 1837 with the 

establishment of State Design Schools (Walker, 1989). 

One of the most important moments in design education was the founding of the 

Bauhaus by Walter Gropius in 1919. The Bauhaus school introduced a revolutionary 

educational model that integrated art, craft, and industry, emphasizing the balance 

between theoretical education and practical production (Droste, 2002; Whitford, 

1984). The Bauhaus legacy has profoundly influenced design pedagogy worldwide. 

Following the Second World War, the Hochschule f¿r Gestaltung Ulm in Germany 

extended the Bauhaus concept by introducing more analytical and scientific 

approaches to design. The Ulm model prioritized systems thinking, ergonomics, 

semiotics, and user-centered methodologies, shaping the role of the designer as a 

problem solver in a complex world (Bonsiepe, 1991; Margolin, 1989).  
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Figure 2.3 Timeline of Industrial Design Education Evolution 
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In the 1960s and 1970s, design education expanded globally, integrating influences 

from psychology, sociology and cultural studies. Like Findeli (2001), scholars called 

for more reflective and contextual approaches to design teaching, challenging 

technocratic views and emphasizing the socio-cultural role of design in shaping the 

constructed environment. However, the 1980s and 1990s marked the beginning of 

the digital turn in design education. With the introduction of computer-aided design 

(CAD) tools, educators began to experiment with digital modeling, interface design 

and virtual visualization, transforming the tools and processes used in studio-based 

education (Oxman, 2006; McCullough, 1996). 

From the late 20th century into the 21st, design education has continued to evolve in 

response to globalization, digital transformation, and environmental crises. From the 

early 2000s, curricula further evolved to include globalization, service design, 

interaction design, and sustainability, driven by the expanding scope of design as a 

discipline (Manzini, 2015; Buchanan, 2001) (see Figure 2.4). These shifts pushed 

programs to rethink what is taught, and how designers are trained to think 

systemically, ethically, and collaboratively. These forces have redefined both what 

designers do and how they are trained. Digital tools, including CAD, generative 

design, and prototyping software, are essential components of industrial design 

programs; additionally, sustainability and systems thinking have emerged as 

pervasive themes throughout the curricula (Kolko, 2015; Meyer & Norman, 2020). 

Furthermore, as emphasized by Noel (2020), and Weil and Mayfield (2020), design 

education increasingly addresses interdisciplinary collaboration, ethical innovation, 

and cultural responsiveness, aligning with the expanded responsibilities of designers 

in contemporary society. 
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Figure 2.4 Sequential Evolution of Design Approaches (bottom-up) (retrieved from 

Vo¾te et al., 2020, p.53) 

 

Rather than progressing through disconnected phases, the evolution of industrial 

design education reflects a series of layered transformations. The trajectory of 

industrial design education, therefore, reflects a continuous dialogue between 

technological affordances, cultural shifts, and pedagogical innovation. 

Understanding this historical origin is essential for interpreting current required 

industrial design competencies and evaluating whether todayôs industrial design 

curricula are adequately preparing students for the multifaceted demands of 

professional practice. Each new educational model has emerged in response to the 

demands and limitations of the one preceding it, reframing the role of the designer 

from artisan to technician, to problem-solver, and ultimately to interdisciplinary 

strategist and societal change agent. These transitions underscore the enduring 

adaptability of design education and its ability to absorb technological, economic, 

and cultural disruptions while maintaining a core commitment to creativity, material 

intelligence, and human-centered inquiry. 
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2.2.2 Evolution of Industrial Design Education in Turkey 

The development of industrial design education in Turkey reflects a dynamic 

interaction between global design paradigms and local socio-economic realities (Er, 

Korkut, & Er, 2003). The origins of formal industrial design education in Turkey can 

be traced back to 1969, when Dr. David K. Munro offered the first industrial design 

courses within the Faculty of Architecture at Middle East Technical University 

(METU) (Hasdoĵan, Korkut, & Bºrek­i, 2021).  

In 1971, the first formal program was established under the name ñInterior 

Architecture and Industrial Designò within the Uygulamalē End¿stri Sanatlarē 

Y¿ksek Okulu (Applied Industrial Arts Higher School), which was affiliated with 

the Istanbul State Academy of Fine Arts (Mimar Sinan Fine Arts University 

(MSGS¦)) ([MSGS¦], n.d.; Hasdoĵan, Korkut, & Bºrek­i, 2021). This marked the 

earliest institutional effort to provide structured industrial design instruction in 

Turkey. A significant milestone followed with the founding of the Department of 

Industrial Design at METU in 1979 within the Faculty of Architecture, formalising 

the efforts initiated by Munroôs earlier courses and establishing the ñMiddle East 

Ecoleò as an influential educational model distinct from Istanbulôs historical schools 

(Hasdoĵan, Korkut, & Bºrek­i, 2021).  Subsequently, Marmara University 

established its own Department of Industrial Design in 1985, further broadening the 

reach of design education (Hasdoĵan, Korkut, & Bºrek­i, 2021). Subsequently, 

Istanbul Technical University (ITU) established its own Department of Industrial 

Design in 1993, reflecting a growing recognition of the need for designers equipped 

with technical and managerial skills in parallel with creative capacity (Istanbul 

Technical University [ITU], n.d.). This was followed by Yeditepe University in 

1996, and Anadolu University joined this progression by launching its Industrial 

Design Department in 2000, contributing further to the diversification and national 

expansion of industrial design programs (Anadolu University, 2017). These 

milestones collectively laid the groundwork for a national design education 
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framework, balancing international design paradigms with the unique socio-

economic and cultural realities of Turkey (Er, 1993). 

Turkish industrial design education has been significantly shaped by European 

pedagogical models, particularly the Bauhaus and the Hochschule f¿r Gestaltung 

Ulm, as well as the French Beaux-Arts tradition (Hasdoĵan, Korkut, & Bºrek­i, 

2021). The early curriculum at METU was influenced by the Ulm School and 

Bauhaus principles, while the Istanbul State Academy of Fine Arts drew primarily 

on the Beaux-Arts approach. Marmara Universityôs program, rooted in the legacy of 

the Applied Arts School (Tatbiki), strongly reflects the Bauhaus model (Hasdoĵan, 

Korkut, & Bºrek­i, 2021; Baĸar & ¦lkebaĸ, 2011; Esen, Elibol, & Koca, 2018; 

Salem & D¿ndar, 2020). The Bauhaus model contributed foundational courses in 

visual organization, color theory, and composition, often introduced as part of the 

first-year basic design education in Turkish institutions (Esen, Elibol, & Koca, 

2018). Meanwhile, the Ulm Schoolôs influence was reflected in more structured and 

analytical design processes, encouraging research-driven methodologies, modular 

thinking, and problem-solving approaches rooted in rational and user-centered 

frameworks (Er, Korkut, & Er, 2003). However, as the discipline matured, Turkish 

institutions began to tailor these global paradigms to better align with the country's 

unique cultural, economic, and industrial contexts. 

For instance, Er, Korkut, and Er (2003) discuss how early industrial design education 

in Turkey was introduced through international development programs, notably with 

U.S. involvement. They highlight the necessity of adapting design education to meet 

the specific needs of Turkey's expanding economy and consumer demands, moving 

beyond mere replication of foreign models. Further, Er (1993) notes that the 

introduction of industrial design in Turkey was associated with a "Modernist 

Development Paradigm," where design education was planned in anticipation of 

future industrial needs, rather than as a response to existing demands. This proactive 

approach required curricula that were sensitive to Turkey's socio-economic 
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conditions, leading to the development of educational programs that integrated local 

cultural and industrial considerations. 

These scholarly works collectively illustrate the transition of Turkish industrial 

design education from a phase of direct imitation to one of contextual adaptation, 

ensuring that the education provided is relevant and responsive to the nation's 

specific needs. Within this evolving landscape, the Industrial Design Accreditation 

Board (ENTAK) have been formulated to reflect the current goals and competencies 

expected of graduates from industrial design programs in Turkey. These outcomes 

demonstrate the alignment of educational objectives with both international 

benchmarks and local professional requirements, offering a comprehensive 

framework that supports the cultivation of key design capabilities. According to the 

Industrial Design Accreditation Board (2024), the current industrial design program 

outcomes are being defined as; 

Design 

1. Creative problem definition, developing solution-oriented ideas, critical 

thinking and creating solution proposals by synthesizing the knowledge 

gained 

2. Planning, managing and conducting the design process 

3. Planning and carrying out design-oriented research and transferring the 

results to the design process 

4. Thinking with basic design and visual organization elements and principles 

and being able to apply ideas in two and three dimensions 

5. Identifying the user's needs, predicting their expectations and integrating 

them into the design process 

6. Ability to work individually and to conduct teamwork 

7. Understanding the relationship of the Industrial Design field with different 

disciplines and being able to carry out interdisciplinary and multidisciplinary 

studies 
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8. Abili ty to communicate in international mediums using a foreign language 

and follow the professional agenda 

9. Developing an independent, lifelong learning approach by being aware of the 

ever-changing contexts of design 

Design Theory and Methods 

10. Being aware of the socio-cultural, socio-economic and environmental 

context in design and considering the benefit of society and the environment 

11. Ability to interpret the issues related to art and culture affecting the historical 

development of industrial design on the local and global scale 

Design Technologies 

12. Having knowledge about business models, ethical principles, and laws and 

regulations that should be followed in professional practice 

13. Knowing the materials and production technology within the scope of 

Industrial Design and using them in the design process 

14. Having command of technological developments in the field of industrial 

design, being able to use the necessary technological tools 

15. Being able to present design ideas and solutions with relevant 

communication tools and methods 

 

The ENTAKôs current goals and competencies (2024) are structured into three 

domains: Design, Design Theory and Methods, and Design Technologies. The 

outcomes under the Design domain emphasize core competencies such as creative 

problem definition, solution-oriented ideation, critical thinking, and the ability to 

synthesize knowledge into viable proposals. These are complemented by skills in 

planning and managing the design process, conducting design-focused research, and 

translating findings into practice. Additionally, students are expected to demonstrate 

proficiency in visual communication across two- and three-dimensional formats, 

user-centered design approaches, individual and collaborative work, 
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interdisciplinary cooperation, and professional communication in international 

contexts. A commitment to lifelong learning and adaptability in changing design 

contexts is also central to this domain. 

In the Design Theory and Methods domain, the outcomes stress an awareness of the 

socio-cultural, socio-economic, and environmental dimensions of design. Students 

are encouraged to consider the societal and ecological impacts of their work while 

developing the capacity to interpret historical, artistic, and cultural factors that shape 

industrial design locally and globally. 

Finally, the Design Technologies domain addresses the practical and technological 

aspects of the profession. Program outcomes in this area include knowledge of 

ethical and legal standards in professional practice, familiarity with materials and 

production technologies relevant to industrial design, and the ability to apply 

emerging technologies effectively. Communication of design concepts and solutions 

through appropriate tools and methods is also a critical component. Collectively, 

these results represent a multifaceted educational model that not only supports the 

formation of competent design professionals, but also reinforces the evolving 

pedagogical strategies discussed in the Turkish context. The integration of ENTAK 

outcomes into the curriculum reinforces the shift from traditional models to a more 

holistic, context-sensitive, and internationally aware design education framework. 

In conclusion, the development of industrial design education in Turkey 

demonstrates a shift from a fundamental adoption of global models to a more 

nuanced and responsive educational framework. While challenges remain, this 

progress reflects a determined effort to produce graduates who can relate to both the 

local and global dimensions of design practice. 
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2.3 Reflection in Education 

This section explores the theoretical foundations and pedagogical significance of 

reflection in educational settings. The section starts with tracing the intellectual 

origins of reflective learning, beginning with the foundational contributions of 

Dewey and Schºn, and extending through models developed by Kolb and Gibbs, 

which provide structured approaches to integrating reflection into both academic and 

professional contexts. These theories collectively position reflection as a key 

mechanism for metacognitive awareness and experiential learning. Afterwards, the 

section further elaborates on the educational benefits of reflective practice, 

demonstrating its value in cultivating critical thinking, emotional intelligence, 

resilience, and a disposition toward lifelong learning. 

¶ Theoretical Foundations of Reflection in Education 

The concept of reflection has long been recognized as a critical component of 

effective education. It is widely explored as a means of deepening learning, 

promoting critical thinking, and fostering continuous personal and professional 

development (Dewey, 1933; Schºn, 1983; Boud, Keogh, & Walker, 1985; Moon, 

2004). Within educational theory, reflection is understood not only as a tool for 

learning from experience but also as a key process for enabling metacognitive 

awareness and facilitating the integration of theory and practice. The roots of 

reflective practice in education can be traced back to the foundational work of John 

Dewey, who defined reflective thinking as ñactive, persistent, and careful 

consideration of any belief or supposed form of knowledge in the light of the grounds 

that support it and the further conclusions to which it tendsò (Dewey, 1933, p. 9). 

Dewey (1933) emphasized that reflection transforms the experience into learning, 

thereby elevating education beyond rote memorization or passive engagement. 

Building upon Dewey's (1933) ideas, Donald A. Schºn extended the concept of 

reflection into the field of professional practice. In The Reflective Practitioner 
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(1983), Schºn introduced the notions of ñreflection-in-actionò and ñreflection-on-

actionò, highlighting how practitioners think critically during and after their actions 

to refine their decisions, understand complex situations, and adapt their behaviors. 

According to Schºn (1983), reflective practice is essential for navigating "messy" or 

"indeterminate zones of practice" that are not governed by strict rules or technical 

solutions. 

 

Figure 2.5 The notions of reflection-in-action and reflection-on-action (Schºn, 

1983) 

 

These main theories strengthen the argument that reflection is an essential dimension 

of meaningful learning. They underline that learning is not just a cognitive act but a 

process shaped by personal experience, social context and critical engagement. 

Reflection serves multiple purposes in educational contexts. It enables learners to 

develop critical thinking skills by encouraging them to question assumptions, assess 

evidence, and consider alternative perspectives (Moon, 2004; Brookfield, 1987). 

Through reflective processes, students learn to identify gaps in their knowledge, 

recognize areas for improvement, and monitor their cognitive and emotional 
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responses to learning situations (Mezirow, 1991). This metacognitive awareness 

fosters greater self-regulation, autonomy, and intellectual maturity (Zimmerman, 

2002). This kind of self-evaluation is particularly important in design education, 

where students need to continuously evaluate their own design decisions, integrate 

feedback, review iterations, and develop a critical understanding of their creative 

process (Schºn, 1983). 

In addition to improving critical thinking, reflection nurtures emotional intelligence 

and resilience, according to Gill (2014) and Price (2023). Engaging in structured 

reflection enables learners to process failure constructively, develop empathy, and 

manage ambiguity, all of which are fundamental qualities in creative professions 

such as industrial design (Finlay, 2008). These competencies help students cope with 

iterative processes and adapt their design thinking to real-world challenges (Kolko, 

2015). Furthermore, reflection plays a pivotal role in promoting lifelong learning by 

cultivating habits of reflective inquiry, individuals are better equipped to adapt to 

change, learn from experience, and remain responsive to evolving professional 

demands (Boud, Keogh, & Walker, 1985; Finlay, 2008; Schºn, 1987).  

In conclusion, the theoretical and practical foundations of reflection affirm its 

centrality in education. By enabling learners to bridge experience with knowledge, 

theory with practice, and thought with action, reflection becomes a critical 

pedagogical tool for fostering deep, transformative, and enduring learning outcomes 

across disciplines and throughout oneôs professional life (Moon, 2004; Dewey, 1933; 

Schºn, 1983). 

2.4 Reflection in Industrial Design Education 

Reflection has emerged as a foundational component of industrial design education, 

closely intertwined with the iterative, problem-based, and experiential nature of 

design learning. Unlike disciplines that emphasize convergent thinking or fixed 

knowledge acquisition, industrial design demands continuous cycles of ideation, 
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testing, critique, and adaptation, processes that benefit profoundly from structured 

and intentional reflection. As design problems become more complex and context-

dependent, reflection enables students to navigate uncertainty, develop critical 

awareness, and construct meaning from both success and failure. This section 

explores the role of reflection in industrial design through a multi-dimensional lens: 

first, by examining its pedagogical significance and benefits (2.4.1); then by 

analyzing current reflection practices within design studio curricula (2.4.2); followed 

by an overview of diverse tools employed to support reflective engagement (2.4.3); 

and finally, by assessing the educational effectiveness and professional 

transferability of these tools (2.4.4). Together, these discussions provide a 

comprehensive foundation for understanding how reflective practices enhance 

design learning, foster critical thinking, and support the development of self-aware, 

adaptive, and contextually responsive designers. 

2.4.1 Importance and Advantages in Industrial Design Context 

Reflection occupies a central role in industrial design education, particularly because 

design learning is inherently iterative, open-ended, and process-driven 

(Auernhammer & Roth, 2021; Yang, 2021). In contrast to disciplines that often rely 

on fixed procedures or the accumulation of declarative knowledge, industrial design 

requires students to navigate ill-structured problems, formulate multiple solution 

paths, and engage in continuous cycles of making, testing, and evaluating (Lawson, 

2006; Dorst, 2006). Within such a learning environment, reflective practice becomes 

a necessary tool for evaluating the outcomes of design decisions, and for critically 

considering the decision-making process itself. 

In this context, reflection supports the development of what Cross (2023) refers to 

as ñdesignerly ways of knowing,ò encompassing skills such as problem framing, 

intuition, iteration, and synthesis. These abilities are cultivated through passive 

instruction and active, situated learning and thoughtful self-assessment. 

Consequently, encouraging reflection in design education reinforces technical and 
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conceptual competencies; moreover, contributes to the development of independent, 

adaptive, and critically engaged practitioners (Oxman, 1999; Schºn, 1983). As 

Schºn (1983) emphasized through his notion of the "reflective practitioner," design 

students learn through action and reflecting on their actions during and after the 

process. This metacognitive engagement allows students to iterate on their ideas with 

greater clarity and intention, making reflection an integral part of creativity and 

ideation (Gray, 2014; Dorst, 2015). It provides a mechanism through which students 

question assumptions, explore alternative solutions, and adapt their approaches in 

response to both external feedback and internal insights. Valkenburg and Dorst 

(1998) support this by stating that design reflection enables framing and reframing 

of design problems, a crucial component in the creative process. 

Gelmez and Arkan (2022) emphasize the pedagogical value of reflection in fostering 

design autonomy and identity by stating that structured reflection formats in design 

studios lead to improved student ownership over design processes. Similarly, Tracey 

and Hutchinson (2018) argue that reflective activities enhance the transfer of 

knowledge between successive design challenges, reinforcing student agency in 

design-based learning. These findings align with earlier work by Schºn (1987), who 

stressed that reflective engagement enables students to develop a "repertoire" of 

personal design experiences that can be drawn upon in different contexts. Moreover, 

Bresciani and Eppler (2010) discuss the power of visual reflection tools such as 

diagramming and mind-mapping to support cognitive processing in learning. Such 

tools have been implemented successfully in industrial design education as scaffolds 

to bridge tacit knowledge and explicit articulation (Goldschmidt, 2022; Bilda, Gero, 

& Purcell, 2006). These tools aid memory and synthesis and enhance the 

communicability of design ideas within interdisciplinary teams. 

In conclusion, the integration of reflective practices in industrial design education 

helps students develop cognitive flexibility, communication fluency, ethical 

awareness, and self-directed learning strategies, all of which are indispensable 
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attributes in design professions increasingly shaped by uncertainty, complexity, and 

collaboration. 

2.4.2 Current Reflection Practices in Industrial Design Education 

Reflective practice is increasingly recognized as an essential element of studio-based 

industrial design education, where learning is embedded in experiential, iterative, 

and inquiry-driven processes (Schºn, 1983). In design studio courses, students 

navigate open-ended problems, explore multiple pathways, and iterate solutions 

through cycles of making, testing, and revising (Karadoĵaner & Bºrek­i, 2018). 

These dynamic contexts naturally lend themselves to reflection-in-action and 

reflection-on-action, supporting the development of designerly ways of thinking. 

Critiques and reviews, central to studio pedagogy, are the most common venues for 

encouraging reflection. Design critiques that are given throughout the projects allow 

students to explain their rationale, receive formative feedback, and reconsider 

decisions through dialogue with peers and instructors (Alabood et al., 2023). These 

interactions are intended to foster reflective thinking, though the extent to which they 

do so depends on their structure, timing, and framing (Dannels, Gaffney & Martin,  

2008; Shreeve, 2016).  

As highlighted by Gelmez, Efilti, and Yēlmaz (2023), design critiques sometimes 

prioritize performance and external validation, which can unintentionally limit 

opportunities for deeper, internal reflection among industrial design students. To 

address this, formal reflective instruments, including diaries, learning blogs, post-

crit writing assignments, and structured portfolio reflections have been adopted by 

design educators (Babapour, Rahe & Pedgley, 2012; Choi & Johnson, 2005; Gelmez 

& Baĵlē, 2018; Gurel & Basa, 2004). These tools allow students opportunities to 

articulate their evolving thought processes, combine theory with practice, and revisit 

their decisions over time. Reflective writing significantly improves metacognitive 

awareness, conceptual depth, and design justification skills when it is scaffolded and 
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supported through feedback (Betrabet Gulwadi, 2009; Gelmez & Baĵlē, 2018; 

Klebesadel & Kornetsky, 2008). 

In their longitudinal study, Gelmez and Baĵlē (2018) also explored the role of 

reflective writing in tracing the affective experiences of first-year industrial design 

students throughout a semester-long studio course. The study employed structured 

reflective diaries as both a pedagogical tool and a qualitative data collection method 

to document studentsô emotional and cognitive engagements with studio-based 

learning. A total of 976 diary entries were collected and analyzed using data-driven 

content analysis techniques, revealing a nuanced understanding of how affective 

processes unfold over time in a design studio context (Hata! Baĸvuru kaynaĵē b

ulunamadē.). The authors argue that reflective writing contributes to the 

development of emotional literacy and fosters deeper engagement with the learning 

process, particularly by promoting a sense of emotional ownership and individual 

responsibility in creative tasks. This research aligns with Spendloveôs (2007) triadic 

model of person-process-product in design learning, with reflective writing 

supporting both personal emotional awareness and process-level critical 

engagement. Consequently, the structured reflection diary became more than a 

documentation tool; the tool served as an affective and cognitive scaffold that helped 

students construct meaning from their experiences, supported the internalization of 

key design principles, and fostered the development of reflective practice habits 

essential for professional growth. 

International models provide examples of how reflection can be embedded more 

systematically. At Delft University of Technology, van Dooren et al. (2020) 

implemented a curriculum-wide framework for design reasoning and reflection, 

focusing on making explicit the generic steps in the design process. Similarly, the 

Reflective Transformative Design Process (RTDP) developed at Eindhoven 

University of Technology emphasizes continuous reflection during interaction 

design and co-design processes, involving societal values and stakeholder 

perspectives (Hummels & Frens, 2009). These approaches demonstrate that 
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reflection is not just a cognitive extension, but a fundamental structuring principle 

for critical, ethical and socially engaged design practice. Another strategy to 

implement reflection to design education involves embedding digital platforms and 

collaborative reflection. Learning management systems, and online working 

platforms (e.g. Miro platform) are increasingly used to capture peer-to-peer 

feedback, self-assessments, and iterative sketching, which allows students to return 

to their process history (Fleischmann, 2025). 

2.4.3 Tools Used for Enhancing Reflection in Industrial Design 

Education 

In addition to the tools already outlined, the literature highlights an expanding 

ecosystem of reflection-enhancing practices being developed and tested across 

industrial design programs internationally. These tools are designed to support 

students in articulating their processes and decisions and to cultivate habits of 

inquiry, self-awareness, and adaptive learning (Gray & Malins, 2004; Schºn, 1983). 

In addition to the tools discussed, several more examples from the literature 

demonstrate the breadth of strategies employed to promote reflective practice in 

industrial design education. 

Industrial design education has increasingly emphasized the development of 

reflective thinking through a diverse range of tools and strategies tailored to the 

iterative and practice-based nature of design learning. To illustrate, design diaries 

and sketchbooks are foundational reflective tools used across design programs. 

These physical or digital documents enable students to log their thought processes, 

design iterations, inspirations, and critiques on a regular basis. Bilda and Demirkan 

(2003) provide valuable insights into how sketching; specifically free hand-

sketching, functions as a cognitive and reflective tool during the design process. In 

their article, they asked six graduate design students to solve the same interior space-

planning problems in alternating media. The act of redrawing or modifying sketches 

was shown to foster reinterpretation, which aligns with reflection-in-action (Schºn, 
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1987). Moreover, ķener (2014) discusses how sketchbooks are not only for 

documenting but also for generating, organizing, and reflecting on design ideas. The 

sketchbooks were investigated as a reflective practice medium as they are naturally 

embedded in design processes and offer empirical evidence and firsthand insights 

into how different sketchbook formats support or limit reflective thinking and 

communication of ideas (ķener, 2014). Babapour, Rehammar and Rahe (2012) 

examined the use of diary studies within design teams to capture everyday 

experiences and latent user needs (see Figure 2.6). While originally targeted at 

professional design practice, their insights informed educational strategies by 

emphasizing the value of longitudinal, experiential reflection. Applied in educational 

settings, design diaries allow students to track the evolution of their understanding 

and document decision-making rationale over time. 

 

Figure 2.6 Parts of a design diary  (developed by Babapour, Rehammar & Rahe, 

2012, p.46) 

 

Structured reflection templates offer a guided framework to help students articulate 

design decisions, challenges encountered, and lessons learned (Gelmez & Arkan, 

2022; Kember et al., 2008; Ryan & Ryan, 2013). These often include prompts related 

to design objectives, user feedback, and material considerations. In their article on 
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redesigning a CAD course within the industrial design curriculum, Gelmez and 

Arkan (2022) propose a constructively aligned pedagogical model that promotes 

strategic and reflective engagement with digital modeling tools. The authors argue 

that conventional CAD instruction, typically reliant on teacher-centered delivery and 

command-heavy training, tends to restrict students to surface-level procedural 

knowledge. Thus, their study focuses on ñtelling-to-peerò and ñwriting-to-peerò 

strategies. Their findings revealed that preparing tutorials for the peers helped them 

better structure and sequence commands, fostering an increased awareness of their 

modeling decisions and improving their ability to anticipate user needs (see Figure 

2.7). Moreover, students identified ñtelling-to-peerò and ñwriting-to-peerò as 

beneficial for enhancing their performance in related courses, such as design studios 

and model-making, indicating the transferability of skills across the curriculum 

(Gelmez & Arkan, 2022). 

 

Figure 2.7 Samples From The Instruction That Students Created in ĶTU EUT 241E 

ï Computer Aided Design (retrieved from Gelmez & Arkan, 2022, p.1823) 

 

Furthermore, structured templates provide a guided format for articulating design 

thinking processes, similar to Oxmanôs (2004) Think-Maps framework, which is a 

cognitive-based pedagogical framework designed to support the explicit teaching of 

design thinking through the construction of conceptual knowledge structures. To 
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operationalize this framework, Oxman (2004) developed Web-Pad (Figure 2.8), a 

computational tool that allows learners to construct and visualize these conceptual 

maps collaboratively. Through Web-Pad, students can extract design knowledge 

from textual and visual sources, categorize the extracted knowledge according to the 

ICF schema, and navigate a semantic network of related ideas. 

 

Figure 2.8 An interface example of Web-Pad (Oxman, 2004, p.84) 

 

With the growing digitization of studio education, digital tools have been 

increasingly adopted to facilitate collaborative and asynchronous reflection. Thus, 

platforms like Miro, Padlet, and Notion have become widely adopted to facilitate 

collaborative and asynchronous reflection (Chen et al., 2021; Ghosh & Coppola, 

2022; ¥rnekoĵlu-Sel­uk et al., 2024). These tools support visual documentation, co-

reflection, and ongoing process tracking. In a recent study, Chen et al. (2021) 

examined students' documentation practices in creative inquiry courses and found 

that digital tools played a critical role in making thinking visible, fostering 

collaborative meaning-making, and enabling students to revisit, reflect on, and share 

their design decisions. Students used tools such as Notion, collaborative documents, 

and digital portfolios to structure their creative processes and to engage peers and 
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instructors in ongoing feedback. Similarly, online platforms allow students to revisit 

critiques, comments, and decision logs, promoting cyclical learning and revision 

(Ghosh & Coppola, 2022). 

In addition to written and visual documentation, some educators have explored the 

use of video and audio recordings for reflection. These formats offer a more 

expressive and immediate means for students to capture thoughts and insights, 

especially when engaging in material-led or team-based activities (Boncuk­u, 2022; 

Madariaga et al., 2021). Reflective logging and recorded design critiques are 

particularly useful in remote or hybrid learning environments where verbal 

articulation and iterative narration can substitute for real-time interaction. Madariaga 

et al. (2021) demonstrated that video-based learning environments, when guided by 

thoughtful design and feedback mechanisms, can meaningfully support student 

engagement, self-assessment, and content understanding in blended-learning 

contexts. 

In the context of blended studio education, some design programs have integrated 

large-scale studio reflection boards, and physical or digital platforms, enabling 

students to collaboratively post goals, feedback, and reflections across the project 

timeline (S¿ner-Pla-Cerd¨, ¥zt¿rk & ¦nl¿, 2024). For instance, S¿ner-Pla-Cerd¨, 

¥zt¿rk and ¦nl¿ (2024) documented how platforms like Miro were used in design 

studios to simulate wall critiques, allowing students to display work, track progress, 

and receive feedback in a shared environment. These practices supported communal 

reflection, peer learning, and greater transparency throughout the design process.  

Furthermore, learning management systems and platforms like Slack have been used 

to incorporate asynchronous critique paired with reflective prompts (Rodniam & 

Suksuwanont, 2024). These platforms allow students to post their works-in-progress 

and respond to structured questions such as "What would you do differently if given 

more time?" or "What feedback surprised you most and why?" (Rodgers & Jones, 

2017). 
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Figure 2.9 A Mobile Photo-Based Journaling Application Developed by 

Karaturhan et al. (2022) 

 

Emerging technologies have allowed for the integration of mobile journaling apps 

like Evernote and Notability that are increasingly used for reflection logging. These 

tools enable students to instantly record reflective thoughts while on the move, take 

voice memos during fieldwork, and organize visual artifacts for future critique 

sessions. Karaturhan et al. (2022) developed and tested a mobile photo-based 

journaling application (Figure 2.9) that supported momentary and retrospective 

reflection, allowing users to annotate daily experiences in real time and revisit them 

later via visual summaries. Their findings confirmed the value of portability and 

visualization in sustaining reflective engagement and decision tracking. 

These diverse tools and contextualized strategies demonstrate how reflection can be 

meaningfully integrated into the various stages of design studio education, from early 

ideation and prototyping to critique and final presentation. Whether through digital 

platforms such as Miro for collaborative boards, mobile journaling apps for on-the-

go documentation, or structured templates and photo-based apps for self-guided 
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inquiry, each approach supports different sensory, emotional and intellectual 

dimensions of reflective practice. In conclusion, they indicate a growing pedagogical 

shift towards embedding reflection in authentic, material-driven and socially 

engaged learning contexts, reinforcing its value not only as a method of 

documentation but also as a fundamental mechanism for developing critical thinking 

and design awareness. 

2.4.4 Assessment of the Effectiveness of Reflection Tools in Industrial 

Design Education 

Reflective tools in industrial design education, such as structured templates, digital 

diaries, reflective sketchbooks, visual mapping platforms like Miro, and mobile 

journaling applications, play a pivotal role in nurturing critical thinking, 

metacognitive awareness, and adaptability, competencies increasingly crucial for 

contemporary professional practice (Moon, 2004; Schºn, 1983; Valkenburg & 

Dorst, 1998; Bilda & Demirkan, 2003; Gelmez & Baĵlē, 2018; Karaturhan et al., 

2022). These tools, which have been examined in the preceding section (2.4.3), 

represent a diverse range of strategies developed to align with the iterative, 

multimodal, and user-centered nature of industrial design education. By drawing on 

both analog and digital modes of engagement, these tools respond to the evolving 

needs of learners and the design profession alike. Aligned with the pedagogical goal 

of developing reflective, adaptive and systems-oriented thinkers, this section 

evaluates the effectiveness of these tools along three key dimensions: cognitive 

engagement, accessibility for diverse learners, and transferability to professional 

contexts. 

 Pedagogical Integration and Cognitive Engagement 

Effective reflection within industrial design education requires deliberate integration 

into the broader educational structure, emphasizing instructional scaffolding and 
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alignment with clearly defined learning outcomes (Moon, 2004; Gelmez, 2020). 

Reflective tools vary significantly in cognitive demands, ranging from structured 

templates (Gelmez & Arkan, 2022) to complex methods like concept evolution 

archives (Oxman, 1999) and reflective mapping (Gaver, Dunne, & Pacenti, 1999; 

Schºn, 1983).  

Structured reflection templates have been widely adopted in design education as a 

tool to support students' reflective practice by providing a straightforward and 

repeatable format for documenting design decisions, insights and personal learning 

outcomes. Studies such as Gelmez and Arkan (2022) and Oak (2018) emphasize the 

value of these templates in helping novice designers build a reflective habit, 

particularly in the early stages of their education when abstract reasoning is still 

developing. Nevertheless, while structured formats provide accessibility and a sense 

of procedural safety, there is a concern in the literature that overly rigid or formalized 

practices may lead to overly static or rigid practices, which can lead to superficial or 

performative reflection, where students prioritize completion over genuine 

introspection (Samaniego et al., 2024). This emphasizes the underlying tension 

between structure and depth that educators need to carefully guide. 

In contrast, more advanced reflective methods, such as process mapping, reflective 

mapping, and concept evolution archives, demand a greater degree of metacognitive 

engagement. These tools require students not only to recount their actions but also 

to contextualize their decisions within broader theoretical, aesthetic, and user-

centered frameworks (Gaver, Dunne, & Pacenti, 1999; Nimkulrat, 2012; Oxman, 

1999). For instance, concept evolution archives trace the development of an idea 

across multiple iterations, fostering a longitudinal awareness of growth, failure, and 

transformation in design thinking (Oxman, 1999). Similarly, reflective mapping (see 

Figure 2.10) encourages students to externalize their design rationale visually, 

facilitating more nuanced interpretation and meaning-making (Gaver, Dunne, & 

Pacenti, 1999). On the other hand, the cognitive load associated with these 

approaches may lead to difficulties, in particular when they are not adequately 
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supported by instructional guidance or when they are introduced early in the 

curriculum. 

 

Figure 2.10 Reflective Mapping example images from Gaver, Dunne and Pacenti, 

(1999); [a] ñA cultural probe packageò image (p.22) ; [b] ña returned reflective map 

exampleò image (p.27) 

Dialogic tools such as peer discussion sessions and daily guided journaling, 

integrated into the T2U program3, facilitated reflective thinking and fostered 

transformative learning by enabling students to construct their understanding of 

reflection through self-discovery and collaborative dialogue (Pretorius & Ford, 

2016). Rather than relying on prior theoretical instruction, the program encouraged 

participants to reflect on their learning experiences in small group settings, 

prompting meta-cognitive engagement and emotional self-awareness. These dialogic 

                                                 

 

3 To support the development of transferable skills among incoming students and enhance their 

academic performance at the university level, the School of Biosciences, in collaboration with the 

University Library, designed a week-long initiative known as the Transition 2 University (T2U) 

program. This program combined subject-specific instruction with authentic mastery-based activities 

to promote the effective acquisition of these essential skills (Ford et al., 2015; Pretorius & Ford, 2016). 
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practices proved effective in helping students internalize the purpose and value of 

reflection, ultimately supporting the development of sustained reflective habits and 

improved self-regulation throughout the semester. Furthermore, structured reflection 

diaries and sketchbooks, which form the foundation of design education, serve as 

cognitive frameworks by providing continuous documentation and iterative 

reflection, thereby supporting deeper cognitive processing (Gelmez & Baĵlē, 2018; 

Bilda & Demirkan, 2003; ķener, 2014). 

 Accessibility for Diverse Learners 

Industrial design education encompasses a wide array of learner preferences and 

profiles, necessitating reflective methods that accommodate visual, verbal, and 

social learning styles (Bilda & Demirkan, 2003; Machost & Stains, 2023). 

Traditional text-heavy reflection templates may create notable challenges for 

students with weaker writing proficiency and neurodiverse learners, as these formats 

may not align with cognitive processing styles and communication preferences, 

potentially preventing meaningful engagement and learning outcomes (Clouder et 

al., 2020) and highlighting the need for multimodal tools (Finlay, 2008). Digital 

platforms, such as Miro, effectively address this need by enabling diverse modes of 

expression, including visual mapping, video reflections, and interactive elements, 

thus enhancing accessibility and inclusivity across learner demographics (Chen et 

al., 2021). 

 Transferability to Professional Contexts 

Reflection tools' professional relevance is enhanced when their format and practices 

closely mirror industry workflows and collaborative environments. Tools such as 

digital critique platforms, fabrication logs, and cloud-based reflection journals 

demonstrate strong alignment with professional practices, bridging academic 

learning with real-world industry expectations (Liu & Schonwetter, 2021; Rodgers 
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& Jones, 2017). Platforms like Miro replicate collaborative professional 

environments, promoting reflective habits crucial for contemporary industrial design 

workplaces (Chen et al., 2021; Ghosh & Coppola, 2022). 

However, certain pedagogically intensive tools, like reflective personas and 

structured peer interviews, require adaptation to better suit fast-paced professional 

contexts, despite their strong educational value in fostering critical reflection and 

empathy, competencies essential in user-centered and collaborative design roles 

(Rodgers & Jones, 2017). 

 Synthesis and Practical Implications 

Synthesizing this critical assessment, a comparative evaluation highlights the 

relative strengths and contextual considerations necessary for integrating reflective 

tools into industrial design curricula. Reflective tools, when thoughtfully embedded 

within educational frameworks, significantly enhance cognitive engagement, 

inclusivity, and professional applicability, aligning with contemporary expectations 

of industrial designers (Schneorson, Persov & Bigger, 2019; Kolko, 2015; Meyer & 

Norman, 2020). Therefore, selecting and implementing reflective tools must 

consider their cognitive demands, accessibility to diverse learners, and relevance to 

professional practices, thus fulfilling educational goals of developing reflective 

practitioners prepared to address complex, dynamic challenges in industrial design. 

2.5 Gaps in Current Research 

Despite the promising results of many interventions, several critical gaps remain in 

both the implementation and long-term understanding of reflective practices in 

industrial design education. These gaps are particularly significant when aligned 

with the central aim of this research: to explore and enhance reflection practices by 

developing a comprehensive and scalable framework that improves educational 

outcomes and professional preparedness. 
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First, much of the existing research focuses on short-term learning outcomes, often 

limited to single semesters or isolated project deliverables, rather than exploring how 

reflective habits evolve longitudinally. Lousberg et al. (2020) and Tracey and 

Hutchinson (2016) emphasize the need for follow-up studies that trace the continuity 

and transformation of reflection practices across multiple stages of design education, 

or even into professional practice. This study directly responds to that gap by 

proposing and applying a multi-phase methodology that engages with reflection 

across academic levels and timeframes. 

Second, while tools such as Miro boards, reflection journals, and process portfolios 

have shown promising results in specific courses, by individual instructors, or in one-

time projects; there is a lack of cohesion in their curricular integration. In other 

words, the reflection tools are often adopted based on individual instructor 

preference or experimental course design, without institutional support or alignment 

with broader pedagogical goals. As a result, students may encounter inconsistent 

expectations regarding reflection, limiting their ability to build a sustained reflective 

mindset. This study seeks to address this fragmentation by proposing a framework 

that can be systematically integrated across design studios and levels of education, 

informed by both educator insights and student experiences. 

Third, although the literature supports the value of reflection for improving self-

awareness and critical thinking, fewer studies examine how these skills prepare 

students for the complexities of real-world design practice. The transition from 

student to practitioner often exposes gaps in reflective capacity, especially when 

students are asked to justify decisions, handle complex user feedback, or balance 

competing constraints. As Schºn (1983) highlights, reflection-in-action is a critical 

competency in professional life, yet its development is insufficiently addressed in 

many design programs. This research directly engages with this issue by examining 

how reflection tools can support students in becoming adaptive and professionally 

aware practitioners. 
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Fourth, inclusivity remains an underexplored area in reflective pedagogy. Although 

Finlay (2008) advocates for inclusive and multimodal tools, limited research 

investigates how these tools accommodate neurodiverse learners, multilingual 

students, or those from different cultural contexts. As design education becomes 

more global and diverse, reflection frameworks might adapt to ensure equitable 

access and participation. A key objective of this research is to develop reflection 

practices that are adaptable and inclusive, informed by user feedback and cultural 

sensitivity. 

Finally, emerging tools such as AI-generated prompts, immersive technologies, and 

peer co-reflection offer new opportunities, but their integration raises questions of 

scalability, authenticity, and pedagogical alignment. The literature lacks systematic 

evaluations of these tools' long-term impacts and how they support meaningful 

reflection beyond surface-level engagement (Brosens et al., 2023; Ito et al., 2024; 

Maus, 2021). This study contributes to this emerging area by critically assessing the 

effectiveness and user reception of various reflective tools, and proposing evidence-

based strategies for continuous and authentic integration (Figure 2.11). 

 

Figure 2.11 Doctoral Researchôs Contribution to Design Education Literature 

 

In line with this studyôs aim, these gaps indicate a need for a holistic framework that 

addresses continuity, inclusivity, curricular integration, and alignment with 

professional design demands. Developing such a framework could guide future 

educators in embedding reflective practices into industrial design education in a 

coherent, equitable, and professionally relevant manner. 
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Additionally, the literature also reveals several methodological gaps. Many studies 

focus on exploratory or small-scale implementations without applying mixed-

method or longitudinal designs, making it difficult to generalize outcomes or 

understand long-term impacts. The absence of triangulated data or cross-institutional 

comparisons further limits the validity of the findings and impedes the development 

of broader pedagogical recommendations. 

To address these limitations and bring together the fragmented practices identified, 

this research proposes a robust, multi-phased methodology that incorporates both 

quantitative and qualitative tools. By drawing on cross-year student feedback, and 

visual content analysis of studentsô portfolios, the study constructs a reflective 

framework tailored to design studio culture while also ensuring flexibility for 

adaptation. In doing so, this doctoral research bridges existing gaps and lays the 

foundation for a sustained, institutionally embedded reflective practice that can 

evolve alongside professional and educational needs. 
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CHAPTER 3  

3 METHODOLOGY  

This doctoral study employs a structured, multi-phase methodology to explore and 

enhance reflective practices in industrial design education. The research approach 

integrates both qualitative and quantitative methods, each selected to 

comprehensively address the research questions through diverse forms of data. This 

methodology aligns with the overarching aim of developing and refining a reflection 

documentation tool for industrial design students, ultimately supporting both the 

development of reflective skills and the systematic documentation of their design 

processes.  

3.1 Research through Design (RtD) Approach 

This study employs the Research through Design (RtD) approach as a central 

methodological framework, aligning with the iterative, experiential, and situated 

characteristics of industrial design education. RtD is a technique for developing 

design artifacts and a research paradigm that integrates the production of knowledge 

with the practice of design itself (Fallman, 2008; Redstrºm, 2017). It enables the 

generation of context-specific, practice-led insights by embedding the act of inquiry 

within the act of design. As Cross (2006) and Stappers and Giaccardi (2014) 

emphasize, this epistemology is particularly suited to uncovering the complex 

interrelations between reflection, learning, and design action in educational contexts. 

A key foundation for this study was Schºn's (1983) theory of the reflective 

practitioner, specifically its two modes of reflection, reflection-in-action and 

reflection-on-action. These notions provided a critical framework for both the 

structure of the reflection documentation tool and the interpretation of student 

behavior. The tool was adapted not in isolation but through iterative engagement 
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with design studio contexts, applying the cyclical logic of Research through Design. 

In this doctoral research, RtD guided the iterative development, testing, and 

refinement of a reflection documentation tool adapted for industrial design students. 

Analysis of third-year students' portfolios revealed the presence of both types of 

Schºn's reflection models, although inconsistently documented. These insights 

informed the design of the tool, which aims to support students in making these 

cognitive processes visible, traceable and transferable between design projects. 

The process began with a visual content analysis of 83 third-year studentsô project 

process portfolios, which allowed the researcher to identify and code existing forms 

of student reflections (e.g., written annotations, sketches, and diagrams). These 

reflections were then categorized into nine reflection patterns, creating a code tree 

that served as both an analytical and generative structure. The initial framework was 

supported by qualitative findings from semi-structured interviews with third-year 

students, which helped to contextualize the patterns of reflection by indicating 

studentsô self-perceived challenges and strengths in documenting their learning 

journey. In parallel, a pre-perception questionnaire with second-year students was 

conducted to understand their expectations and prior experiences with design 

documentation template and reflection. These three data sources, the portfoliosô 

visual content analysis, semi-structured interviews, and questionnaires, were 

triangulated to identify gaps in reflective engagement and to define the structure and 

content of the tool. In other words, these sources were triangulated to assess the 

comprehensibility, applicability, and perceived usefulness of the tool, and 

collectively informed the iteration of the draft tool into a more structured and user-

friendly format. Following this iteration, the refined tool was introduced and applied 

in ID202 Industrial Design II course, 2023-24 spring semester, accompanied by 

prompts, visual guides, and terminology cards corresponding to how to use adapted 

reflection documentation tool. This real-world integration phase, consistent with the 

RtD cycle, enabled the researcher to observe how the tool functioned in context and 

how students engaged with different types of reflection when guided by structured 

prompts and visual cards. 



61 

 

The RtD approach has also emphasized the reflective role of the researcher in 

shaping inquiry. As emphasized in the RtD related researches, the researcher-

designer's own position, decisions, and evolving understanding become an integral 

part of the knowledge production process (Gaver, 2012; Zimmerman, 2013). In this 

doctoral research, the development of the tool was informed by student data, and 

shaped through continuous critical reflection on the researcher's assumptions, design 

choices and interpretations during portfolio analysis, and the tool's adaptation.  This 

reflexivity contributed to the development of both the research instrument and its 

theoretical foundation, resonating with Schºn's (1983) idea of reflection on action in 

professional practice. 

This doctoral research adopts a mixed-methods strategy embedded within a Research 

through Design (RtD) framework to investigate, develop, and refine reflective 

practices in industrial design education. RtD provided the overarching structure, 

enabling the generation of new knowledge through iterative design interventions, 

while the mixed-methods approach supported the integration of qualitative and 

quantitative data at each stage to ensure a comprehensive understanding of the 

reflective practices being researched (Fallman, 2008; Zimmerman, 2013). The 

combination of these two approaches allowed for both practical tool development 

and theoretical insights, strengthening the relevance and applicability of findings in 

industrial design educational settings. 

The research progressed through four interconnected phases, each incorporating both 

qualitative and quantitative elements aligned with the iterative nature of tool 

development and implementation (see  

Figure 3.1). 
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Figure 3.1 Research Phases 
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The first phase of the study (Research Phase 1) laid the groundwork by exploring 

existing reflection practices in industrial design education through a mixed-methods 

exploratory design. This phase combined both quantitative and qualitative 

approaches to gather a broad yet nuanced understanding of studentsô learning 

experiences. A comprehensive questionnaire was administered to third-year students 

from the METU Department of Industrial Design, allowing them to self-report their 

perceived competencies, learning outcomes, and the challenges they faced in 

reflective documentation. Complementing this, semi-structured interviews were 

conducted with a limited number of students who participated in the questionnaire. 

These interviews provided in-depth insights into how students conceptualized 

reflection during the design process and how they experienced and utilized existing 

documentation methods. Both the questionnaire and interview data offered a baseline 

understanding of third-year industrial design studentsô reflective habits. The findings 

from this phase played a critical role in shaping the conceptual and practical direction 

for developing a structured reflection documentation tool in the subsequent phases 

of the research. 

Building on the insights from the exploratory phase, the second phase (Research 

Phase 2) focused on developing a reflection documentation tool tailored to students' 

needs. An initial and comprehensive in-depth visual content analysis of third-year 

students' project process portfolios was conducted to define the various patterns of 

reflection exhibited by students. After completing the initial visual content analysis 

of the selected portfolios, an analysis rubric was developed and used in the 

comprehensive analysis phase. This rubric was used in a second round of content 

analysis and applied to a larger set of portfolios to validate the initial pattern typology 

and refine the coding framework. The second round of content analysis helped in 

identifying existing reflection patterns of industrial design students and areas that 

require enhancement. An existing digital template on Miro was modified and adapted 

to facilitate improved documentation and reflection among second-year industrial 

design students, making the tool more accessible and user-friendly. Feedback from 

the analyses and questionnaires was used to adapt the tool, ensuring it effectively 
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supported students in documenting and reflecting on their design processes. This 

phase was important to create a practical and effective educational tool that enhances 

reflective practices, tailored to the specific needs identified in the exploratory phase. 

The third phase (Research Phase 3) involved implementing the developed tool in a 

real-world educational setting and assessing its effectiveness. The adapted Miro 

template was integrated into a second-year project titled ñDesign Solutions for 

Children: Creating an Adaptable and Personalized Space of Their Own,ò where 

students received instructions on how to use and adapt the new template for their 

project documentation and reflection. Following the project, an earlier pre-

perception questionnaire with second-year industrial design students to measure their 

initial perceptions of reflexivity in design processes and a post-perception 

questionnaire to assess changes in students' perceptions of reflexivity and the utility 

of the new tool, which helped to assess its immediate impact on student learning, 

were analyzed together. The project process portfolios of the second-year students 

were analyzed to evaluate how they have documented and reflected on their design 

processes using the new tool, providing concrete evidence of its effectiveness. This 

phase assessed the practical application of the tool and its impact on enhancing 

reflective practices among second-year industrial design students. 

The final phase (Research Phase 4) aimed to evaluate the effectiveness of the adapted 

tool. A workshop was designed and planned to facilitate deeper engagement with 

reflective practices of undergraduate industrial design students from OSTĶM 

Technical University in UTAK 2024, including the creation of reflection patterns 

cards, evaluation tags, presentations, and providing examples for each reflection 

pattern on boards and cards. The reflection documentation tool was applied within 

the workshop setting, allowing for hands-on experience and immediate feedback 

from participants. A comprehensive evaluation was conducted using questionnaires 

and group discussions to assess the effectiveness of the tool components, with 

feedback informing further refinement and development of the tool. This phase 
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ensured continuous improvement of the tool and its alignment with educational 

objectives, providing a pathway for future research and application. 

By systematically progressing through these phases, the study developed a robust 

reflection documentation tool for enhancing reflective practices and contributed 

valuable insights into pedagogical approaches within industrial design education. 

Each phase built upon the previous one, ensuring that the tool was grounded in 

empirical research and tailored to meet the needs of industrial design students at 

different stages of their educational journey. 

The following table (Table 3.1) summarizes the research stages, essential questions, 

approaches, objectives, focus areas, and design insights. 

 

Table 3.1 The Doctoral Research Stages 

Research Stage Key 

Questions 

Approach Objective Focus Area Design 

Insights 

Literature Review  What are the 

essential 

knowledge, 

skills, and 

competencies 

in design 

education? 

What is the 

role of 

reflection in 

design 

education 

considering 

knowledge, 

skills and 

competencies? 

Systematic 

literature 

review; 

keyword search; 

thematic 

synthesis 

To identify and 

classify key 

elements of design 

education, and 

explore the role of 

reflection in 

learning processes 

Knowledge, 

skills, 

competencies, 

and reflection 

in design 

education 

literature 

Mapped the 

theoretical 

foundation for 

reflection 

integration in 

design 

education 

Questionnaire and 

Distribution 

RESEARCH PHASE 

1 

What is the 

role of 

documentation 

in design 

process for 

reflecting on 

knowledge, 

skills and 

competencies? 

 

 

Online 

Questionnaire; 

analysis of self-

reported data 

using 

descriptive 

statistics and 

open coding 

To understand 

studentsô self-

perceptions of their 

learning and 

competence 

development 

Students' 

perceptions of 

their learning 

experiences 

and 

competencies 

Revealed the 

need for 

structured 

support and 

provided 

direction for 

tool 

development 
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Table 3.1(continued) 
 

Semi-structured 

Interviews 

RESEARCH PHASE 

1 

What is the 

role of 

documentation 

in design 

process for 

reflecting on 

knowledge, 

skills and 

competencies? 

Semi-structured 

interviews; 

thematic 

analysis 

To gain deeper 

insights into 

students' reflection 

practices 

Reflection 

practices and 

rationale 

behind choices 

in project 

process 

portfolios 

Highlighted 

diversity in 

reflection depth 

and contextual 

understanding 

Visual Content 

Analysis of Project 

Process Portfolios 

RESEARCH PHASE 

2 

How do 

students 

document and 

reflect on their 

design 

processes? 

What are the 

patterns of 

reflection? 

Visual content 

analysis; coding 

framework; 

systematic 

review and 

categorization 

To objectively 

evaluate 

documentation and 

reflection practices 

in design processes 

Content and 

quality of 

studentsô 

design 

documentation 

and reflections 

Enabled 

categorization 

of nine 

reflection 

patterns 

foundational to 

the toolôs 

structure 

Adaptation Phase of 

the Existing Project 

Process Portfolio 

RESEARCH PHASE 

3 

How can the 

reflection 

documentation 

and reflection 

patterns be 

adapted in 

design 

education 

effectively? 

Iterative tool 

design; 

integration of 

feedback from 

analysis; 

adaptation of 

Miro template 

To improve the 

clarity, usability, 

and relevance of 

project process 

portfolios for 

supporting student 

reflection 

Structural 

enhancement 

of 

documentation 

tools and 

integration into 

design 

curriculum 

Informed 

iterative 

improvements 

through 

educator and 

peer review; 

shaped a more 

intuitive 

reflection 

template 

Pre- and Post-

Perception 

Questionnaires 

(Second-Year 

Students) 

RESEARCH PHASE 

3 

How can the 

reflection 

documentation 

and reflection 

patterns be 

adapted in 

design 

education 

effectively? 

Pre- and post-

Questionnaires; 

comparative 

analysis to 

measure 

perceived 

changes in 

reflective 

practice 

To assess changes 

in studentsô 

reflective practices 

and perceptions 

following the 

implementation of 

the reflection 

documentation tool 

Changes in 

studentsô 

reflection 

abilities and 

perceptions of 

their learning 

processes over 

time 

Evaluating the 

effectiveness of 

the reflection 

documentation 

tool in 

fostering more 

meaningful 

reflection and 

identifying 

areas for 

further 

improvement 

Visual Content 

Analysis of Adapted 

Project Process 

Portfolios 

RESEARCH PHASE 

3 

How can the 

reflection 

documentation 

and reflection 

patterns be 

adapted in 

design 

education 

effectively? 

Visual analysis 

of portfolios 

created using 

the adapted tool; 

rubric-based 

evaluation 

To evaluate the 

enhancement of 

the quality and 

comprehensiveness 

of the project 

process portfolios 

through the use of 

the adapted 

reflection 

documentation tool 

Portfolio 

outcomes 

demonstrating 

applied 

reflection post-

tool integration 

Confirmed 

areas of 

improvement 

and validated 

the 

effectiveness of 

reflection 

categories 

 

 

 

 

 



67 

 

Table 3.1(continued) 
 

UTAK Workshop 

RESEARCH PHASE 

4 

How can the 

reflection 

documentation 

and reflection 

patterns be 

adapted in 

design 

education 

effectively? 

Workshop 

design and 

implementation; 

use of reflection 

pattern cards; 

participant 

feedback and 

group 

discussions 

To extend 

understanding of 

reflection patterns 

and facilitate their 

practical 

application in a 

different design 

education setting 

Hands-on 

evaluation and 

critical 

discussion of 

reflection 

patterns and 

tool usability 

Contributed to 

final 

refinements; 

reinforced 

practical value 

and wider 

applicability of 

the tool 

 

These research methods are essential for this doctoral study as they provide a detailed 

and well-rounded analysis of reflection practices in industrial design education. By 

combining different approaches, the study aims to offer valuable insights that can 

improve educational practices and student outcomes in the field. 

3.2 Sampling Approach 

3.2.1 Purposive Sampling 

Purposive sampling, also known as judgmental or selective sampling, is a non-

probability sampling technique where participants are chosen based on specific 

characteristics or criteria that align with the research objectives (Palinkas et al., 

2015). In this study, purposive sampling was utilized to select industrial design 

students from varying academic years, ensuring that the reflection documentation 

tool could be evaluated across different levels of experience and developmental 

stages within the industrial design curriculum. This approach aligns well with the 

studyôs goal of creating a tool adaptable for students at multiple stages of their 

academic journey, thus supporting its relevance and effectiveness across the 

curriculum. 

This research employed purposeful sampling methods across four distinct research 

phases to comprehensively capture insights into reflective practices in industrial 

design education. Purposeful sampling allowed for the deliberate selection of 



68 

 

participants based on their direct involvement in specific courses (ID301 Industrial 

Design III, ID302 Industrial Design IV and ID202 Industrial Design II), and 

workshops (UTAK 2024) within the Industrial Design Department at Middle East 

Technical University (METU), ensuring the collection of relevant, rich, and in-depth 

data (Figure 3.2). Each participant group was distinctly coded to facilitate clarity and 

effective data management during the analysis and interpretation phases: 

Research Phase 1 

¶ Participant Questionnaire/Interview (PA 1-11): Participants in this initial 

phase included 11 industrial design students who completed questionnaires 

designed to explore their perceptions, experiences, and attitudes toward 

reflective practices in their educational journeys. Coding these participants 

as PA 1 through PA 11 preserved their anonymity and streamlined the 

quoting and analysis process. 

¶ Participant  Interview (PA 1-3): In-depth, semi-structured interviews were 

conducted with three students who were selected based on their questionnaire 

responses. These interviews provided detailed qualitative insights into 

studentsô reflective experiences and were distinctly coded as PA 1-34 to 

separate them clearly from questionnaire-only participants. 

  

                                                 

 

4 PA1, PA2 and PA3 are the same participants in the questionnaire and semi-structured interview. 
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Research Phase 2 

¶ Participant Content Analysis (PB 1-83): The second phase involved visual 

content analysis of 83 third-year industrial design students' project process 

portfolios from Fall 2022 and Spring 2023. These portfolios provided 

valuable evidence regarding studentsô reflective documentation methods, 

process-oriented learning, and design development strategies. Participants 

were individually coded PB 1 through PB 83, allowing for systematic and 

clear documentation of distinct reflective approaches. 

Research Phase 3 

¶ Pre-Perception Questionnaire (PC 1-16): At the outset of Spring 2024, a 

pre-perception questionnaire was administered to 16 second-year students*5 

to gather baseline data on their initial perceptions, expectations, and attitudes 

toward reflective practices. Coding these students as PC 1 to PC 16 enabled 

clear comparisons before and after implementing the reflection 

documentation tool. 

¶ Post-Perception Questionnaire (PC 1-53): Following the implementation 

of the reflection documentation tool, a broader post-questionnaire included 

53 second-year students*5. This larger group provided a comprehensive 

evaluation of shifts in perceptions, engagement levels, and the perceived 

effectiveness of the implemented reflection practices. They were coded as 

PC 1 through PC 53 for clarity in analysis and reporting. 

¶ Visual Content Analysis (PC 1-97): This extensive phase analyzed 

portfolios from 97 second-year students, capturing detailed reflections and 

                                                 

 

5 *All students enrolled in these courses were invited to participate, and the questionnaire link was 

shared with the entire cohort; participation was voluntary and limited to those who consented to 

take part. 
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documenting changes in students' reflective engagement and depth after the 

introduction of the reflection documentation tool. This coding range, PC 1 to 

PC 97, facilitated detailed comparisons and analyses. 

Research Phase 4 

¶ UTAK Workshop (PD 1-6): Conducted in September 2024, this workshop 

phase involved six specifically selected participants who provided focused, 

in-depth feedback on the practical usability, adaptability, and effectiveness 

of the reflection documentation tool in an intensive, collaborative setting. 

Participants were coded PD 1 through PD 6, ensuring the manageable and 

accurate tracking of qualitative data. 

Throughout the research, all participants provided informed consent, adhering to 

ethical research standards to ensure confidentiality and anonymity. This structured 

and clearly delineated sampling strategy enabled the study to explore reflective 

practices comprehensively across varied educational contexts, thus facilitating a 

thorough evaluation of the reflection documentation tool's effectiveness and its 

integration into industrial design curricula. 
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Figure 3.2 Sampling of the Research 

 



72 

 

 



 

 

73 

¶ Advantages and Disadvantages of Purposive Sampling in Industrial 

Design Research 

A key advantage of purposive sampling in this study is its ability to produce rich, 

relevant data by focusing on participants who are most likely to provide insights 

aligned with the study's objectives. In the context of industrial design education, this 

approach facilitates a comprehensive view of how reflective practices evolve as 

studentsô progress through their studies, allowing the researcher to capture varying 

levels of reflective sophistication and tool engagement. This targeted sampling also 

enhances the ability to identify patterns in reflection and documentation practices, 

providing insights that are foundational for developing a reflection tool responsive 

to each level of design education (Patton, 2014). 

Additionally, purposive sampling allows the researcher to select a manageable 

sample size, enabling detailed analyses and a tailored research process for the 

educational context of industrial design. This focused approach aligns with the 

studyôs aim of developing a reflection documentation tool that adapts to studentsô 

needs at each academic level, creating a basis for refining instructional strategies to 

support reflective learning in design (Cohen, Manion, & Morrison, 2000). 

While purposive sampling offers valuable insights, particularly for tool development 

and educational interventions, it has limitations in terms of generalizability. Since 

participants are selected based on specific criteria rather than randomly, the findings 

may not be fully representative of the broader student population in industrial design 

programs (Palinkas et al., 2015). This trade-off between depth and generalizability 

is a common consideration in purposive sampling, as insights may be more 

applicable to similar educational contexts rather than universally representative 

(Etikan et al., 2016). Furthermore, purposive sampling requires a clear understanding 

of the participant characteristics most relevant to the research objectives, a challenge 
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in exploratory studies where defining these characteristics may be less 

straightforward (Robinson, 2014). 

In conclusion, purposive sampling is a highly effective approach for research that 

aims to develop an adaptable tool tailored to specific educational settings, such as 

reflective documentation in industrial design. By including students at various 

stages, this study captured a well-rounded view of reflective practices, supporting 

the iterative refinement of a reflection tool that aligns with the developmental needs 

of students throughout the industrial design curriculum. 

3.3 Research Methods 

The methods and tools used in this study include questionnaires, semi-structured 

interviews, visual content analysis of project process portfolios, and workshop-based 

reflective exercises. Each was chosen for its capacity to capture specific insights into 

student reflection practices, supporting an iterative, comprehensive and evidence-

based development of the reflection documentation tool. 

3.3.1 Questionnaire 

Questionnaires are widely regarded in educational research as systematic tools for 

gathering data on studentsô knowledge, skills, and perceptions (Cohen, Manion, & 

Morrison, 2000). As structured instruments, questionnaires enable researchers to 

collect standardized information from a defined population, thereby facilitating the 

measurement and comparison of studentsô self-reported competencies across 

multiple domains (Creswell & Creswell, 2017). Within this study, the use of a 

questionnaire was deemed appropriate given the sample size and the exploratory 

nature of the early research phases. The questionnaire was specifically created to 

examine the extent to which students in the Industrial Design Department at METU 

perceive alignment between their coursework and the core skills, knowledge and 

competencies defined by the ENTAK framework (Section 2.2.2). 
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Closed-ended items, including Likert-scale questions, generated quantifiable data 

that revealed the prevalence and distribution of perceived competencies among 

students, allowing for the identification of patterns (Bryman, 2016). In this study, 

the quantitative data derived from the closed-ended questionnaire items were 

analysed by calculating descriptive statistics, specifically mean values and frequency 

distributions for each competency-related item. Rather than employing advanced 

inferential statistical tests, the focus was on comparing and contrasting the mean 

scores reported by students for the two sequential design studio courses, ID301 

Industrial Design III and ID302 Industrial Design IV, and examining how these self-

reported outcomes aligned with the skill, knowledge, and competency framework 

defined by the ENTAK (2022). Complementarily, open-ended items captured richer, 

contextualised accounts of studentsô individual perspectives and experiences, 

yielding narrative insights into the subjective aspects of learning that quantitative 

measures alone may overlook (Patton, 2014; Salda¶a, 2016). This layered approach 

is especially beneficial in design education research, where studentsô reflective 

accounts offer a nuanced understanding of complex learning processes (Schºn, 

1983). 

Although self-reported data has recognised limitations, including potential response 

biases or inaccuracies in self-assessment, it remains a widely accepted means of 

exploring learnersô self-perceived development and metacognitive awareness 

(Gonyea, 2005). Encouraging students to evaluate their own skills engages 

metacognitive processes, supporting reflective learning practices that enhance 

studentsô understanding of their own learning trajectories (Flavell, 1979; 

Zimmerman, 2002). In this study, students were asked to reflect on skills, knowledge 

and competencies such as creative problem-solving, research integration, and 

teamwork, all of which are important to industrial design education. 

Nevertheless, questionnaires also present challenges. Response rates can fluctuate, 

potentially affecting the representativeness of the findings (Dillman, Smyth, & 

Christian, 2014). Additionally, self-reporting carries inherent biases: participants 

may consciously or unconsciously modify their responses to align with perceived 
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expectations or self-image (Paulhus & Vazire, 2007). The timing of the questionnaire 

distribution,  during summer months, may have influenced student availability and, 

consequently, participation rates. The lack of direct interaction also limited 

opportunities for follow-up or probing clarification. 

In terms of analysis, quantitative questionnaire data were examined using descriptive 

statistics to identify central tendencies and patterns in student responses. This 

provided insights into commonalities and variations in perceived alignment between 

coursework and ENTAK competencies (Mertler, 2016). Meanwhile, qualitative 

responses were analysed using thematic coding, which facilitated the identification 

of emergent themes and explanatory factors shaping studentsô reflections (Salda¶a, 

2016). 

The competencies explored, including creative problem-solving, design process 

management, and collaboration, are well established within broader frameworks of 

industrial design education (de Vere, Melles, & Kapoor, 2010; Sun, Williams, & 

Evans, 2011). As such, the questionnaireôs design and mixed-method analysis 

contributed to a comprehensive evaluation of how effectively the curriculum 

supports key learning outcomes. Ultimately, the findings informed the development 

of a robust reflection documentation tool, rooted in empirical evidence and aligned 

with the competencies critical for professional practice in industrial design. 

3.3.2 Semi-Structured Interviews 

Semi-structured interviews are a qualitative research method that combines pre-

determined questions with the flexibility to explore emerging topics as the 

conversation unfolds (Cohen, Manion & Morrison, 2000; Kvale, 2009; Patton, 

2014). This approach is particularly suited to studies in industrial design education 

due to its ability to capture in-depth perspectives on subjective experiences, attitudes, 

and reflective practices, which are integral to the design process (Kallio et al., 2016). 

In this research, semi-structured interviews were selected to gain a nuanced 
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understanding of studentsô reflective practices through their project process 

portfolios. 

The semi-structured interview format allows researchers to establish a consistent 

framework across all interviews, ensuring that key themes are addressed, while also 

allowing flexibility to adapt to participants' distinct responses (Adams, Turns & 

Atman, 2016). This adaptability is especially valuable in industrial design education, 

where students' design processes and reflective practices can vary significantly based 

on individual projects, educational backgrounds, and personal learning approaches. 

By encouraging open dialogue, semi-structured interviews reveal underlying 

motivations and challenges, offering qualitative insights that help educators refine 

reflection related strategies and teaching methodologies to better support design 

studentsô learning (DiCicco-Bloom & Crabtree, 2006). 

¶ Advantages and Disadvantages of Semi-Structured Interviews in 

Industrial Design Research 

The semi-structured interview approach offers several advantages in the context of 

industrial design education research. Firstly, it allows for an in-depth exploration of 

studentsô reflective practices, enabling the researcher to gather detailed accounts of 

how students perceive and document their design processes. This depth is 

particularly useful when investigating complex, iterative practices such as reflection, 

which involve both cognitive and affective dimensions that vary across individual 

learners (Galletta and Cross, 2013). Additionally, the flexibility of semi-structured 

interviews enabled the researcher to delve into specific areas that emerged as 

particularly relevant or challenging to participants. By highlighting the potential 

advantages of reflective practices and identifying particular difficulties students have 

while documenting their reflections, this method may result in a more thorough 

understanding of the academic requirements of industrial design students. 
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Another advantage is the ability to build rapport with participants, which encourages 

openness and directness. This is especially important in educational research, where 

students may feel hesitant to discuss challenges or limitations they encounter in 

reflective practices. Building rapport can lead to more honest responses, thereby 

increasing the validity and reliability of the findings (Kvale, 2009). 

Despite these advantages, semi-structured interviews also have limitations. One 

primary challenge is their laborious quality; conducting and transcribing interviews 

requires significant time and resources, which can limit sample size and 

generalizability (Galetta & Cross, 2013). In studies where resource constraints are a 

factor, researchers may find it difficult to conduct enough interviews to reach 

saturation, potentially affecting the comprehensiveness of the findings. Additionally, 

if interviewers explore excessively from the primary subjects or encourage 

discussions to diverge away course, the adaptability of semi-structured interviews 

might introduce bias and lead to inconsistent findings (Patton, 2014). This requires 

the interviewer to have both skill and experience in maintaining a balance between 

exploring relevant themes and keeping the interview focused. 

In summary, semi-structured interviews are a powerful tool for exploring reflective 

practices in industrial design education, offering depth and flexibility while also 

presenting certain logistical challenges (King & Horrocks, 2010). Given the nuanced 

nature of reflection in design, this method enabled the researcher to capture valuable 

data on students' experiences. 

3.3.3 Data Analysis 

The data analysis for the semi-structured interviews involved a systematic approach 

to ensure that participantsô insights were accurately captured and meaningfully 

interpreted. Interview recordings were first transcribed verbatim using Microsoft 

Word, facilitating a precise record of each participant's verbal responses. 

Transcribing the interviews verbatim was crucial for maintaining the authenticity of 
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participantsô experiences and ensuring that all relevant details were available for in-

depth analysis (Halcomb & Davidson, 2006). 

The transcribed data were analyzed using thematic analysis as outlined by Braun and 

Clarke (2006), a method particularly suited for identifying and interpreting patterns 

within qualitative data. This approach was chosen for its flexibility in 

accommodating both emergent themes and pre-identified areas of interest related to 

reflective practices. The thematic analysis enabled a structured yet adaptable 

examination of the data, allowing for an in-depth exploration of how students 

document their design learning through their project process portfolios (Braun & 

Clarke, 2006). 

Initially, inductive coding was applied, using a bottom-up approach to allow themes 

to emerge from the data without imposing preconceived categories (Thomas, 2006). 

This inductive phase was essential for capturing the distinctive aspects of each 

participantôs project process-related experiences ensuring that the analysis remained 

grounded in the studentsô own reflections and descriptions of their practices. As 

coding progressed, recurrent themes related to reflective documentation, integration 

of research to ideation, and skill development and its application began to surface. 

Following this initial coding, axial coding was applied to refine and categorize the 

emergent themes further, facilitating a deeper understanding of the relationships 

between various aspects of studentsô reflective practices (Corbin & Strauss, 2015). 

Axial coding allowed for the integration of related codes into broader categories, 

highlighting connections between the initial themes and uncovering higher-order 

patterns across responses. For instance, themes related to ñgaining insights into user 

observations and personal experiencesò and ñintegration of user research into 

design decisionsò were connected to broader categories of ñresearch synthesis and 

refinementò and ñtransfer of research into design processò respectively. 

Throughout the analysis, Microsoft Excel was utilized to organize the codes 

systematically and track the development of themes. Excelôs data management 

capabilities facilitated efficient categorization and allowed for easy cross-
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referencing between initial codes and emergent themes. This organizational structure 

supported the iterative nature of thematic analysis, ensuring that all data were 

accurately documented and that themes were systematically developed (Yin, 2009). 

This two-step coding process, inductive followed by axial coding, provided a 

comprehensive understanding of the studentsô experiences, highlighting both the 

project process portfolioôs impact on their reflective practices and areas for further 

refinement. Through thematic analysis, the study gained insights into how the project 

process portfolio was used by students, offering a nuanced perspective on its role in 

fostering meaningful reflection within the context of industrial design education. 

3.3.4 Visual Content Analysis 

Visual Content Analysis (VCA) is a systematic methodology for examining visual 

artifacts to uncover underlying patterns, meanings, and trends. Drawing from 

principles of qualitative and quantitative content analysis, VCA is tailored for visual 

media, such as sketches, diagrams, and models, which hold implicit and explicit 

information. This method bridges the gap between visual data and its contextual 

implications, making it invaluable for research in visual disciplines such as industrial 

design, communication studies, and education (Krippendorff, 2018; Bell, 2012). 

Unlike textual content analysis, VCA is designed to address the unique challenges 

of interpreting visual data, such as the inherent subjectivity of visual representations 

and the interplay between aesthetic, functional, and cultural dimensions (Rose, 

2022). By applying systematic coding frameworks, researchers can distill meaning 

from visual artifacts while maintaining methodological rigor. 

In industrial design education, VCA serves as a critical tool for analyzing how 

students document and reflect on their design processes. Design portfolios, which 

often include a mix of sketches, prototypes, and annotated diagrams, capture the 

iterative nature of problem-solving and decision-making. Analyzing these artifacts 

provides insights into cognitive and reflective practices, helping educators refine 
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pedagogical strategies and improve student outcomes (Grimaldi, Cricelli, & Rogo, 

2018). 

Key contributions of VCA to industrial design education include: 

¶ Understanding Reflective Practices: As Schºn (1983) describes, reflective 

practitioners engage in "reflection-in-action" (real-time analysis during 

design) and "reflection-on-action" (post-process evaluations). VCA 

systematically evaluates these practices through visual documentation. 

¶ Extracting Tacit Knowledge: Visual artifacts often encapsulate tacit 

knowledge, insights that may not be easily articulated but are critical to 

understanding design processes. VCA provides a structured approach to 

uncovering this knowledge (Bºrek­i, 2016; Drew & Guillemin, 2014). 

¶ Enhancing Pedagogy: By identifying patterns in studentsô visual work, 

educators can adjust instructional methods to address specific challenges, 

such as gaps in documentation or iterative development (Pei, Campbell, & 

Evans, 2011). 

¶ Promoting Critical Thinking: VCA encourages students to critically 

document and analyze their design decisions, fostering higher-order thinking 

skills essential for professional practice (Neuendorf, 2018). 

To ensure validity and reliability, VCA follows a structured, iterative process that 

incorporates both qualitative and quantitative methods: 

1. Data Collection: A diverse dataset, including sketches, annotated images, 

prototypes, and process portfolios, is gathered to ensure a holistic 

representation of design practices. This stage emphasizes the 

representativeness and relevance of visual data to the research questions 

(Prosser & Loxley, 2008; Stanczak, 2007). 

2. Descriptive Analysis: Visual elements; such as forms, spatial arrangements, 

and annotations, are categorized and described. This phase often employs 
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semiotic analysis to interpret the symbolic and functional meanings of visual 

components (Kress & van Leeuwen, 2020). 

3. Contextual Interpretation : Visual data is analyzed within broader socio-

cultural and project-specific contexts. This includes considering external 

factors, such as user needs and sustainability goals, that influence design 

decisions (Harwood & Garry, 2003). 

4. Thematic Coding: Coding frameworks are applied to identify patterns and 

themes. Validity is enhanced through inter-coder reliability checks, ensuring 

that coding decisions are consistent across researchers (Krippendorff, 2018). 

5. Synthesis and Integration: Findings are synthesized with theoretical 

frameworks to derive actionable insights. This involves linking the analysis 

to educational objectives, such as fostering reflective practices and 

improving curriculum design (Drew & Guillemin, 2014). 

¶ Applications in Industrial Design Research 

Visual Content Analysis (VCA) is particularly well-suited to industrial design 

research due to its capacity to address the multi-faceted nature of design processes. 

Beyond the assessment of static outcomes, VCA delves into the dynamic and 

iterative journey of ideation, prototyping, and refinement. This adaptability makes it 

an essential method for unpacking the complex interactions between cognitive 

processes, reflective practices, and practical execution in design education and 

professional contexts (Pei, Campbell, & Evans, 2011). 

In industrial design research, VCA provides distinct advantages: 

¶ Mapping Iterative Processes: Design is rarely linear. By tracing how students 

move between the ideation and prototyping phases, VCA offers insights into 

their decision-making patterns. For instance, portfolios may reveal how 
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initial sketches evolve into digital models, reflecting both incremental 

progress and significant conceptual shifts. 

¶ Examining User-Centered Design Strategies: Analyzing visual elements 

such as annotated sketches or usability testing diagrams can uncover how 

students incorporate user feedback. This is critical for understanding their 

ability to align design decisions with user needs and contextual requirements 

(Norman, 2013). 

¶ Revealing Implicit Design Knowledge: Unlike textual analysis, which 

captures explicit reasoning, VCA exposes the often unspoken, intuitive 

aspects of design practice. For example, the choice of colors, materials, or 

spatial arrangements can signal a student's evolving aesthetic judgment or 

ergonomic considerations (Bºrek­i, 2016; Drew & Guillemin, 2014). 

¶ Assessing Interdisciplinary Integration: Visual data also reveal how students 

integrate knowledge from engineering, ergonomics, and sustainability into 

their projects. Diagrams and prototypes often embody cross-disciplinary 

problem-solving, showcasing how students navigate complexity in real-

world design challenges (Brown, 2009). 

Reflective practices lie at the heart of effective design education. Donald Schºnôs 

(1983) framework of ñreflection-in-actionò and ñreflection-on-actionò provides a 

foundational lens for understanding how VCA enhances these practices. By 

systematically examining how students document their design processes, educators 

can unlock critical insights that drive both individual growth and pedagogical 

innovation. 

Process Understanding: VCA excels in making the often-invisible aspects of 

design thinking visible. By examining sketches, iteration diagrams, and feedback 

loops, educators can identify where students excel or struggle in approaching design 

problems. For example, a portfolio might highlight how a student revised a prototype 

multiple times to address ergonomic flaws, showcasing their persistence and 
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adaptability. For instance, in ID301ôs Zero-Waste Takeaways and Deliveries: 

Reusable Product Family Solutions to Replace Single-Use Packaging project, 

students documented the redesign of packaging prototypes to balance functionality 

with environmental impact. VCA uncovered gaps in their material choices, leading 

to targeted interventions in classroom discussions. 

Skill Development: Tracking studentsô technical growth; such as mastery of 

sketching techniques, CAD software, or prototyping tools, provides tangible 

benchmarks for iterative improvement. VCA also sheds light on creative evolution, 

highlighting how studentsô ability to conceptualize and communicate ideas matures 

over time. For example, a comparison of early and late-stage sketches in a portfolio 

may reveal increasing precision in communicating design intent, reflecting enhanced 

technical and conceptual skills. 

Integration of Visual and Textual Reflection: Balanced integration of visual and 

textual elements fosters deeper engagement. Annotated sketches or decision trees 

help students articulate the rationale behind their design choices, promoting higher-

order thinking. Through VCA, educators can assess how effectively students 

synthesize visual and textual reflections to construct cohesive narratives of their 

design journey. A portfolio; for instance, that combines annotated sketches with 

reflective narratives about material testing demonstrates a studentôs ability to 

connect theoretical knowledge with practical experimentation. 

Curricular Enhancement: Insights derived from VCA inform curriculum 

development by pinpointing areas where instructional methods may fall short. For 

instance, if recurring themes reveal insufficient documentation of user research, 

educators can incorporate targeted workshops to address this gap. VCA also helps 

align course objectives with industry trends, ensuring that students graduate with 

relevant skills and knowledge. Thus, findings from VCA of project portfolios could 

lead to integrating more structured reflection templates, such as using tools like Miro, 

to guide students in documenting their iterative design processes comprehensively. 

VCA extends its utility beyond immediate instructional goals to broader educational 
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innovations. The insights gained from analyzing portfolios can contribute to creating 

adaptive learning tools, such as digital platforms that allow real-time annotation and 

peer feedback. Furthermore, it supports a culture of continuous learning by 

equipping students with frameworks for self-assessment that remain valuable 

throughout their professional careers. 
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CHAPTER 4  

4 RESEARCH PHASE 1 

4.1 Preliminary Study- Portfolio Review 

In the initial research phase, a preliminary study was conducted to establish the 

foundation for this thesis. This preliminary review focused on publicly accessible 

product design portfolios created by industrial design students from various 

institutions, with examples collected primarily from the Behance platform. Each 

portfolio was imported and organized on the Miro platform, which served as both a 

visual mapping and analysis environment. Using Miro's spatial canvas, screenshots 

and selected portfolio elements were grouped according to stages of the design 

process, such as research, ideation, development, and reflection, allowing for side-

by-side comparisons and annotation notes were added by using post-its, both in 

Turkish and English. Figure 4.1 illustrates several example screenshots extracted 

from student portfolios, highlighting variations in how early-stage research findings 

were visualized and integrated into design development. For instance, while some 

students clearly linked user research insights to subsequent ideation sketches or 

concept directions, others presented research in isolation without showing how it 

informed further stages. Figure 4.2 presents a close-up example of ideation and 

prototyping documentation, showing how sketch iterations and material 

experimentation were communicated in the design narrative. 
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Figure 4.1 Example screenshots from Stephanie Liuôs  project portfolios 

 

Each portfolio was reviewed to identify how students documented their design 

journey, focusing primarily on research, ideation, development, and reflection. The 

research component examined how students conducted and documented their 

research activities, including literature reviews, user research, and literature search. 

The ideation phase explored the creative processes employed by students to generate 

and develop ideas, such as sketching, brainstorming, and prototyping. 

 

Figure 4.2 Example screenshot from Sung Bum Park's project portfolios 

 

This visual mapping helped reveal the structure of documentation and the degree to 

which students made their thinking explicit across different design phases. It became 

clear that portfolios served as more than a showcase of final outcomes; they acted as 

vehicles for externalizing thought processes, structuring design arguments, and in 

some cases, attempting self-reflection. However, reflective practices were often 

underdeveloped or inconsistently integrated, especially when compared to the more 

elaborated representation of ideation and final product outcomes. As a result, these 
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observations reinforced the significance of the portfolio as a cognitive and 

communicative tool (Oxman, 2004; Schºn, 1983). These observations prompted a 

shift in this researchôs focus, directing attention toward the role of reflection in 

design education and the need to support it through pedagogical frameworks. 

Following this realization, student questionnaires and semi-structured interviews 

were conducted to explore studentsô self-perceptions, expectations, and challenges 

regarding reflection.  

4.2 Questionnaire and Semi-Structured Interviews at METU 

The research methodology moved to a comprehensive data collection phase. In this 

context, a questionnaire (APPENDIX B) was prepared for third-year students of the 

Department of Industrial Design at Middle East Technical University (METU). 

Following this questionnaire, a semi-structured interview was conducted with those 

students who were interested in participating in the interview. 

The purpose of this questionnaire was to critically assess the coherence between 

students' coursework (both ID301 Industrial Design I and ID302 Industrial Design 

II) and their ñproject process portfolio,ò a mandatory component of their course 

deliverables. The questionnaire was developed based on a detailed review of the 

knowledge, skills, and competencies essential for industrial design education defined 

by ENTAK (2022)6. Utilizing Google Forms, the questionnaire was designed to 

capture self-reported data on various facets of the studentsô learning experiences. 

The questionnaire was administered to 83 third-year students via an online platform 

(Google Forms), to provide anonymity and voluntary participation. 

The questions within the questionnaire were structured into several sections, each 

targeting specific competencies: 

                                                 

 

6 Since this program competencies table was up to date at the time of the research, May 2023, the 

2022 version of the program competencies was used in the questionnaire. 
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¶ Creative Problem-Solving: Assessing the ability to identify creative 

problems, develop solutions, think critically, and synthesize knowledge. 

¶ Design Process Management: Evaluating skills in planning, managing, and 

executing the design process. 

¶ Research Integration: Measuring the ability to conduct design-oriented 

research and integrate its results into the design process. 

¶ Visual and Spatial Thinking: Assessing the ability to think with basic design 

and visual organization elements and express ideas in two and three 

dimensions. 

¶ User-Centered Design: Evaluating the ability to identify user needs and 

integrate them into the design process. 

¶ Collaboration and Teamwork: Measuring the ability to work individually 

and as part of a team. 

¶ Interdisciplinary Understanding: Assessing the understanding of industrial 

design's relationship with other disciplines and the ability to engage in 

interdisciplinary studies. 

¶ Communication Skills: Evaluating the ability to communicate effectively in 

international environments and follow professional agendas. 

¶ Lifelong Learning: Measuring the development of an independent, lifelong 

learning approach. 

¶ Contextual Awareness: Assessing awareness of socio-cultural, socio-

economic, and environmental contexts in design. 

¶ Historical and Cultural Interpretation: Measuring the ability to interpret 

artistic and cultural issues affecting the historical development of industrial 

design. 
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¶ Professional Practice: Assessing knowledge of business models, ethical 

principles, and laws in professional practice. 

¶ Material and Technological Proficiency: Evaluating knowledge of materials, 

production technologies, and the use of technological tools in design. 

¶ Communication Tools and Methods: Measuring the ability to express design 

ideas and solutions with relevant communication tools and methods. 

The questionnaire included both closed-ended and open-ended questions to capture 

a comprehensive understanding of students' experiences and perceptions. The 

closed-ended questions (e.g. Likert scale questions on the importance of 

documentation in the design process; multiple-choice questions on the tools and 

methods used for documenting design processes) were designed to provide 

structured, quantifiable data that can be easily analyzed statistically. These questions 

helped in identifying general trends and patterns in students' responses regarding 

their experiences and the perceived impact of their courses on specific learning 

outcomes. (For instance, "To what extent did the following courses contribute to 

your ability to identify creative problems, develop ideas for solutions, think 

critically, and synthesize acquired knowledge to create solution proposals?" (Scale: 

0 - No contribution, 1 - Low contribution, 2 - Moderate contribution, 3 - High 

contribution)). These questions provided a consistent framework for students to 

evaluate their learning outcomes, allowing for easy comparison and aggregation of 

data. On the other hand, the open-ended questions aimed to gather detailed, 

qualitative insights that go beyond the structured responses captured by closed-ended 

questions. They allowed students to express their thoughts, experiences, and 

reflections in their own words, providing richer context and a deeper understanding 

of their perspectives. To illustrate, the students were asked ñHow do you think 

documenting your design process helps improve your skills?" to capture the nuanced 

and individual experiences of students. The qualitative data from these responses 

provided detailed narratives and personal insights that are crucial for understanding 

the complexities of the design process and reflection practices. 
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4.2.1 Sampling  

Third-year industrial design students from METU were selected through purposive 

sampling for multiple stages of the research, including the initial questionnaire, 

follow-up semi-structured interviews, and the subsequent visual content analysis of 

their project process portfolios. This cohort was intentionally chosen due to their 

transitional position within the design curriculum, having acquired foundational 

design knowledge and studio experience, while still actively developing their 

capacity for critical reflection, and advanced project articulation. Their intermediate 

status allows for meaningful examination of how reflection practices develop beyond 

basic skills acquisition but before the final year when professional orientation tends 

to dominate student priorities. 

The purposefully selected third-year industrial design students participated in the 

questionnaire, semi-structured interviews, and visual content analysis components 

of this doctoral study. First of all, the questionnaire was distributed via email and 

social media platforms to ensure a wide reach. Responses were collected over a four-

week period to maximize participation in June 2023. In addition, prompts were sent 

to students throughout June, July and August in order to increase the participation 

rate and the number of participating students. Regardless of these efforts, only 11 

out of 83 students participated, representing a small sample size for qualitative 

analysis. Despite the lower-than-expected response rate, the study pivoted towards a 

more qualitative exploration of student experiences. This approach allowed for a 

deeper dive into the insights from open-ended questionnaire questions. Given the 

lower-than-expected response rate, the study shifted from aiming for a 

comprehensive statistical analysis to a more qualitative exploration of student 

experiences. This shift towards a more qualitative analysis enabled a closer 

examination of the insights derived from open-ended responses, allowing for a richer 

understanding of the complexities of students' design processes and reflection 

practices. The extended response period, supported by follow-up prompts throughout 

the summer months, was intended to increase participation. Yet, the final sample 
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comprised responses from 11 students, necessitating a more focused, interpretive 

analysis. 

While the questionnaire provided valuable insights into student perceptions, several 

limitations of the questionnaire method must be acknowledged: 

¶ The low response rate (11 out of a larger potential pool) constrained the 

ability to generalize the findings to the broader student population. This small 

sample size limited the statistical power of the quantitative analysis, making 

it difficult to draw definitive conclusions regarding the trends and patterns in 

the larger student body. 

¶ The reliance on self-reported data introduces the potential for response bias, 

as students may have overestimated or underestimated their competencies, 

particularly in areas where they felt more or less confident. 

¶ Questionnaire fatigue may have impacted the depth of responses, especially 

for open-ended questions, as students who participated later in the data 

collection period may have provided shorter, less reflective answers. 

Another limitation was the timing of the questionnaire distribution, which occurred 

during a period when many students may have been on summer break in 2023, 

potentially reducing their availability and motivation to participate. The absence of 

direct interaction with respondents during the questionnaire process also limited the 

ability to probe for clarification or elaboration on ambiguous responses. 

4.2.2 Analysis Approach 

Closed-ended questions were analyzed using descriptive statistics to identify general 

trends. Simultaneously, responses to open-ended questions were coded thematically 

such as identifying creative problems, planning and managing design processes, 

conducting design-oriented research, and expressing design ideas to uncover 
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recurring themes and insights. These identified themes and patterns were then 

synthesized to provide a comprehensive understanding of student experiences. 

The analysis of the questionnaire data involved a structured approach to 

quantitatively assess the competencies perceived by industrial design students. The 

process was as follows: 

¶ Data Entry : The responses from the 11 students who completed the 

questionnaire were entered into an online Google From spreadsheet that was 

used for analysis. Any incomplete or ambiguous responses were reviewed 

and clarified where possible to ensure accuracy in the dataset. 

 

Figure 4.3 Data Entry 

 

¶ Descriptive Statistics: For each competency item, descriptive statistics were 

calculated, including the mean and mode. This provided a summary of the 

central tendency and the most frequently occurring responses, offering 

insights into the overall perception of each competency. 
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Figure 4.4 Descriptive Statistics 

 

¶ Competency Categories in relation pr ogram outcomes: The competencies 

assessed in the questionnaire were categorized into broader themes such as 

creative problem-solving, planning and management, research application, 

design principles, user needs integration, teamwork, interdisciplinary studies, 

communication, lifelong learning, socio-cultural awareness, artistic 

understanding, business and ethics knowledge, materials and production 

technology, proficiency in technology and communication tools (such as 

Adobe Illustrator, Figma, Fusion etc.). 

¶ Interpretation of Results: The mean and mode values for each competency 

were interpreted to understand the general perception among students. 

Higher mean and mode values indicated stronger perceived competencies, 

while lower values highlighted areas needing improvement. This quantitative 
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analysis provided a foundational understanding of students' perceived 

competencies in their industrial design education. 

4.2.3 Integration with Semi-Structured Interviews 

Semi-structured interviews were conducted with three students who volunteered for 

further participation after the questionnaire. These interviews were designed to 

complement and deepen the understanding gained from the questionnaire responses, 

allowing for a more nuanced exploration of students' experiences and perspectives 

on the design process, documentation practices, and their educational journey within 

the METU Industrial Design program. 

Interview Guide: Developed a semi-structured interview guide with open-ended 

questions (see APPENDIX C) focusing on their reflection practices, the rationale 

behind their choices, and the methods used. 

Conducting Interviews: During July and August 2023, the online interviews were 

held one-on-one, each lasting approximately 90-120 minutes, conducted online via 

Google Meet and Zoom, and screens and audios were recorded separately for 

accuracy. 

¶ Interview Data Analysis 

The qualitative data from the interviews were analyzed using a thematic analysis 

approach to gain deeper insights into how students reflect on their knowledge and 

skills within their project process portfolios. The steps involved in the analysis 

started with the transcriptions of the gathered data from the semi-structured 

interviews after completing the interviews. The audio recordings of the interviews 

were transcribed verbatim to create textual data by using the Microsoft Word 

programme. This ensured that all verbal nuances and details were captured for 

thorough analysis. 
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The transcribed interviews were read multiple times to become familiar with the 

content. This step involved noting initial impressions and identifying recurring 

themes and patterns in the responses. 

 

Figure 4.5 Screenshot Taken from Open Coding Excel Sheet 

The transcripts were systematically coded using open coding (Figure 4.5). Each 

segment of text that conveyed a distinct idea or concept was labeled with a code. For 

instance, statements related to practical skills, teamwork, or reflective practices were 

given specific codes. Thus, the codes were then grouped into broader categories. For 

example, codes related to documentation practices, such as the use of portfolios, 

digital tools, and detailed process documentation, were clustered together. Similarly, 

competencies, advantages, and challenges were categorized. 

The categories were further analyzed to identify overarching themes that captured 

the essence of students' reflections. This involved axial coding to connect related 

categories and selective coding to identify core themes that addressed the research 

questions. Themes such as "competencies", "documentation practices," 

"advantages," and "disadvantages" emerged from this process. 

The qualitative findings from the interviews were integrated with the quantitative 

results from the questionnaire to provide a comprehensive understanding of studentsô 
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perceptions and reflections. This integration helped to corroborate and expand upon 

the questionnaire findings, providing a richer, more nuanced view of the 

competencies and reflective practices in industrial design education. 

¶ Combining Questionnaire and Interview Data 

The results from the questionnaire were cross-verified with the themes identified in 

the interviews. This involved checking for consistency and discrepancies between 

the quantitative perceptions and qualitative reflections. 

The qualitative data from the interviews provided contextual depth to the quantitative 

questionnaire results. For instance, high questionnaire ratings for certain 

competencies were explored in greater detail through interview quotes that 

illustrated how these competencies were developed and reflected upon in practice. 

The thematic correlation was performed to link specific questionnaire findings with 

interview themes. For example, the questionnaire's high ratings for "identifying user 

needs" were correlated with interview discussions about iterative improvement and 

detailed documentation practices. 

The combined analysis provided a holistic interpretation of the data, highlighting the 

strengths and areas for improvement in industrial design education. This 

comprehensive analysis informed the development of strategies to enhance reflective 

practices through documentation, ultimately supporting the research aim of 

improving educational outcomes and preparing students for professional practice. 

This structured and detailed approach to data analysis ensured a comprehensive 

examination of the competencies and reflective practices in industrial design 

education, providing findings and insights to support the research objectives. 
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4.2.4 Questionnaire Results 

The questionnaire results offer a comprehensive analysis of the self-reported 

competencies of third-year Industrial Design students at METU, providing an in-

depth view of how students perceive the knowledge, skills, and competencies they 

have acquired through their third-year design studio courses. The questionnaire 

prepared in both Turkish and English (APPENDIX B), was shared with 83 students. 

However, only 11 participants evaluated their design learning in 15 areas (ENTAK, 

2022), reflecting their experiences across two courses during the 2022-2023 Fall-

Spring (ID301 Industrial Design III and ID302 Industrial Design IV) and their 

Project Process Portfolios. Thus, this section details each competency, combining 

statistical data with qualitative insights to provide a deeper understanding of student 

progress and challenges. 

In the shared questionnaire, the students made an assessment of their learning in the 

three projects that took place during the 2022-23 academic year. Throughout the 

2022-23 academic year, students were presented with a series of design projects 

aimed at deepening their understanding of product development, sustainability, user-

centered design, and system thinking (Figure 4.6). These projects spanned both the 

Fall and Spring semesters, each with their own focus and duration. 
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Figure 4.6 2022-23 Fall- Spring ID301Industrial Design III and ID302 Industrial 

Design IV Coursesô Projects 

 

During the Fall 2022-23 semester, students engaged in the Zero-Waste Takeaways 

and Deliveries: Reusable Product Family Solutions to Replace Single-Use 

Packaging project. This semester-long project tasked students with developing a 

reusable product family that could be an environmentally sustainable alternative to 

single-use packaging commonly found in the food delivery and takeaway industry 

(for the project brief, see APPENDIX D). The project emphasized sustainability, 

encouraging students to tackle a pressing global issue, waste reduction, by designing 

products that align with circular design principles. Throughout the course of the 

project, students were expected to consider material selection, ease of use, durability, 

and scalability of their designs, ensuring that their solutions were both viable and 

impactful. By the end of the semester, students presented cohesive product families 
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that demonstrated a strong commitment to reducing environmental harm while 

maintaining practicality and user appeal. 

In the following Spring 2023 semester, two different projects were introduced, 

further refining students' design skills. The first project - Be Spoke Music Listening 

Experience, lasting six weeks, focused on balancing aesthetics and functionality. The 

students were required to design a product to enhance daily life, emphasizing user-

centered principles such as ergonomics, materiality, and usability. This project was 

critical in helping students understand the integration of form, function, and user 

interaction. It provided them with hands-on experience developing innovative 

solutions responding to real-world needs. 

After the completion of the first project, the second project - E-Scooter Design 

Solutions for Shared and Private Use, project duration was eight weeks, built upon 

these design skills by presenting a more complex, system-oriented design challenge. 

The students were asked to develop a physical design of an E-Scooter with its 

integrated digital service design. Throughout the second project, the process pushed 

students to think beyond individual products and envision a holistic system that 

enhances the user experience on a broader scale. 

The data obtained from 11 students were analyzed both qualitatively and 

quantitatively using Microsoft Excel software to answer and directly address the 

research question: "How do students perceive the knowledge, skills, and 

competencies they have acquired?". The questionnaire results in this section 

integrate quantitative data (from Likert-scale ratings) with qualitative feedback 

(open-ended responses), offering a holistic understanding of student self-

assessments. The results of both of these methods revealed patterns of strengths and 

challenges, providing a basis for evaluating the effectiveness of the curriculum and 

its alignment with students' progress in acquiring essential competencies. The results 

of the questionnaire (Table 4.1) were combined with the qualitative data outcomes 

given by the students to the open-ended questions on 15 competency areas and 

shared in the determined ranks of the competencies. 
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Table 4.1 Questionnaire Results 

ENTAKôs Program Outcomes ID301 Industrial 

Design III  

ID302 

Industria l 

Design IV 

 
0 1 2 3 ɛ 0 1 2 3 ɛ 

1-Identifying creative problems, developing ideas 

for solutions, thinking critically, and synthesizing 

the knowledge gained to create solutions 

2 3 3 3 1.5 1 3 4 3 1.7 

2-Planning, managing and executing the design 

process 

1 3 3 4 1.91 1 2 5 3 1.91 

3-Design-oriented research planning, conducting 

and transferring its results to the design process 

2 2 4 3 1.73 0 4 4 3 1.91 

4- To be able to think with basic design and 

visual organization elements and principles and 

to express their ideas in two and three-

dimensions 

1 2 2 6 2.18 1 1 2 7 2.36 

5- Identifying the user's needs, anticipating their 

expectations, and integrating them into the design 

process 

1 2 2 6 2.18 0 1 2 8 2.64 

6-Ability to work individually and as a team 1 4 4 2 1.64 1 3 4 3 1.82 

7-Understanding the relationship of Industrial 

Design with different disciplines and being able 

to do interdisciplinary and multidisciplinary 

studies 

3 2 2 4 1.64 3 0 5 3 1.73 
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Table 4.1 (continued) 

8- Ability to communicate in international 

environments and follow the professional agenda 

3 3 4 1 1.27 3 3 2 2 1.18 

9-Developing an independent, lifelong learning 

approach, aware of the ever-changing contexts of 

design 

2 3 3 3 1.64 1 2 4 4 2.18 

10-In design, being aware of the socio-cultural, 

socio-economic and environmental context and 

considering the benefit of the environment 

2 0 6 3 1.91 2 0 6 3 1.91 

11-To be able to interpret the artistic and cultural 

issues that affect the historical development of 

industrial design on a local and cultural scale. 

4 4 1 1 1.0 4 3 1 3 1.27 

12-Having knowledge about business models, 

ethical principles to be followed and laws and 

regulations in professional practice 

4 1 2 4 1.54 4 0 4 3 1.54 

13-Knowing the materials and production 

technology within the scope of industrial design 

and using them in the design process 

1 2 4 4 2.0 1 1 5 4 2.09 

14-Having a command of technological 

development in the field of industrial design, 

being able to use the necessary technological 

tools 

4 2 3 2 1.27 3 1 1 6 1.91 

15-Ability to express design ideas and solutions 

with relevant communication tools and methods 

0 2 4 5 2.27 0 2 3 6 2.36 
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The comparative evaluation of the ID301 (Industrial Design III) and ID302 

(Industrial Design IV) courses reveals nuanced progress across various competencies 

related to design education. Students showed slight improvements in several areas, 

with notable differences in scores related to the fifth competency ñIdentifying the 

user's needs, anticipating their expectations and integrating them into the design 

processò,  the sixth competency "Ability to work individually and as a team", the 

ninth competency ñDeveloping an independent, lifelong learning approach, aware 

of the ever-changing contexts of designò  and the fourteenth competency "Having a 

command of technological development in the field of industrial design and being 

able to use the necessary technological tools." The 15 competencies shown in the 

table are explained below under the headings allocated to them. 

¶ Identifying creative problems, developing ideas for solutions, thinking 

critically and synthesizing the knowledge gained to create solutions 

The results7 show that there is a slight improvement from ID301 to ID302 courses in 

terms of design problem definition and the transfer of these problem-related design 

solutions to their design processes. This interpretation suggests that students 

developed more confidence in their ability to identify creative problems and think 

critically as they advanced. Despite this, the majority of students rated their 

competency as moderate, indicating room for growth in critical problem-solving 

skills. Qualitatively, one student emphasized the importance of problem definition 

as the "backbone" of the design process for the whole academic yearôs projects, 

explaining that accurately framing the problem is essential for guiding the project. 

The slight improvement in this competency indicates progress. One reason for the 

moderate scores could be insufficient support for critical thinking and problem-

                                                 

 

7 [ID301: Mean = 1.5, mode = 2 and 3; ID302: Mean = 1.7, mode = 2.] 
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solving strategies. Although a student emphasized that problem definition was the 

"backbone" of their design process, the qualitative feedback suggests that another 

student struggled to move beyond problem identification to more innovative, 

synthesized solutions for all three projects.  

This gap might indicate that the curriculum in ID301 and ID302 is more focused on 

teaching students how to identify problems rather than equipping them with 

advanced tools to critically evaluate and innovate solutions. Thus, the initial 

interpretation that the curriculum in ID301 and ID302 may place greater emphasis 

on problem identification than on the development of critical evaluative and 

innovative capabilities can be further contextualized by examining the project briefs 

of these studio courses. A closer reading of the briefs reveals that while both projects 

engage students in comprehensive and layered design processes, their learning 

objectives and deliverables tend to foreground analytical and exploratory phases 

over advanced synthesis or critical reflection. 

In ID301 Industrial Design III (Fall 2022), students were tasked with developing 

design proposals in response to the Zero-Waste Takeaways and Deliveries theme, 

specifically aimed at replacing single-use packaging with reusable product family 

solutions. The brief emphasized stages such as identifying stakeholder needs, 

conducting field research, and defining product-service systems within the 

constraints of sustainability and user scenarios. While this structure robustly supports 

problem exploration and contextual framing, the brief includes limited scaffolding 

for deeper critical engagement with the viability, originality, or long-term 

adaptability of the proposed solutions. For example, while the project encouraged 

students to ñdevelop a product-service system proposal,ò it stopped short of requiring 

them to rigorously evaluate or iterate their proposals through structured critique 

methods or analytical tools that promote innovation validation. 

Similarly, in ID302 Industrial Design IV (Spring 2022ï23), students were 

challenged to design a system-based e-scooter product-service model incorporating 

both physical product development and digital interface design. The brief placed 
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considerable weight on mapping user experience journeys, identifying touchpoints, 

and integrating system-thinking into design proposals. However, despite the 

complexity of the brief, there was a noticeable absence of structured methodologies 

for reflection-on-action or systematic critique, which might have encouraged 

students to critically examine not only how their designs responded to user needs, 

but also how they innovated or improved upon existing urban mobility solutions. 

This gap becomes particularly evident in student reflections analyzed during the 

visual content analysis stage. While many students demonstrated proficiency in 

understanding user needs and framing contextual insights, fewer exhibited the ability 

to evaluate their concepts through iterative critique or critical reframing. This pattern 

aligns with the pedagogical structure of the briefs, which prioritize exploratory and 

definition phases but provide less emphasis on critique-based innovation. 

In light of this, the previously suggested interventions, such as structured workshops 

on design thinking methods (e.g., divergent/convergent ideation tools, critique 

matrices) and collaborative critique sessions, are not intended as general 

recommendations but as targeted pedagogical enrichments that respond directly to 

the current curricular structure. These additions would help extend the scope of both 

ID301 and ID302 from problem framing toward deeper, reflective, and innovation-

driven practices, aligning student outcomes more closely with the expectations of 

advanced design competencies. 

¶ Planning, managing and executing the design process 

Although the mean8 score remained consistent across both courses, the mode 

dropped from 3 to 2 in ID302, suggesting that students found the second courseôs 

projects more challenging in terms of project management. The students expressed 

                                                 

 

8 [ID301: Mean = 1.91, mode = 3; ID302: Mean = 1.91, mode = 2.] 
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difficulties with fragmented tasks and group dynamics. One student mentioned that 

"fragmented tasks had almost no contribution to the whole," indicating that clearer 

planning and task integration could improve outcomes for both semestersô projects. 

ñWhat I observed in the project processes was that we were trying to 

complete the assignments part by part; they hardly contributed to the 

whole, it would have been better to manage our own processéò[PA3] 

 

Additionally, the perception of students regarding project briefs was a common 

frustration in studentsô evaluations for the fall semesterôs Zero-Waste Takeaways 

and Deliveries: Reusable Product Family Solutions to Replace Single-Use 

Packaging project and spring semesterôs E-Scooter Design Solutions for Shared and 

Private Use project, causing delays and confusion across groups. This points to 

students' struggle to understand the relationships between stages, even when the 

project is designed to be cohesive. 

¶ Design-oriented research planning, conducting, and transferring its 

results to the design process 

Students showed moderate improvement9 in their ability to conduct and apply 

research in the design process. While ID301 results indicated that students felt 

moderately competent, by ID302, there was a greater distribution of lower (1) and 

moderate (2) scores.  One student noted that even after applying various research 

techniques during the fall semesterôs and spring semesterôs last projects, the problem 

they identified was not a "true design problem". This demonstrates a deepening 

understanding of how research informs design, but also highlights the need for better 

alignment between research activities and practical design challenges. 

                                                 

 

9 [ID301: Mean = 1.73, mode = 2; ID302: Mean = 1.91, mode = 1 and 2.] 
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While students showed moderate improvement in their ability to integrate research 

into the design process, qualitative data revealed persistent challenges. This suggests 

that students struggle to bridge the gap between theoretical research and practical 

design application. The data points to a need for more hands-on, applied research 

projects within the curriculum, where students may practice turning research insights 

into actionable design strategies. Such an approach could help students feel more 

confident in their ability to apply research within a real-world design context. 

¶ To be able to think with basic design and visual organization elements 

and principles and to express their ideas in two and three dimensions 

Students reported10 strong competency in visual thinking in both courses, with a 

slight improvement in ID302. The frequent use of physical modeling techniques 

during the BeSpoke Music Listening project, such as paper mache, helped students 

refine their spatial thinking. One student reflected that "making real-time form 

decisions" during model-making was integral to their design process.  

This hands-on approach fostered an intuitive understanding of form during the 

second project of the spring semester, enabling students to visualize and iterate on 

their ideas more effectively according to the open-ended question answers. The 

continued emphasis on model-making techniques is essential for developing this 

competency further. 

"After the 1:1 model-making process, I realised that this process was 

reflected in my drawings; while I was sketching ideas, I could feel the 

material the product was made of; some feedback mechanisms started 

to take shape in my mind about what hardness, what durability and 

what forms it was allowed to take. In this way, I was able to produce 

more realistic ideas." [PA2] 

                                                 

 

10 [ID301: Mean = 2.18, mode = 3; ID302: Mean = 2.36, mode = 3.] 
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Although the number is limited, the results suggest that the curriculumôs focus on 

iterative, hands-on learning should be expanded, potentially with more complex 

projects or advanced modeling techniques in later courses. 

¶ Identifying  the user's needs, anticipating their expectations and 

integrating them into the design process 

In both ID301 Industrial Design III and ID302 Industrial Design IV courses11, 

students were expected to collect data by using different methods with users in the 

context of the project after the literature phase of the projects. In addition to the user 

research conducted in the research phase of the ID302 E-Scooter Design Solutions 

for Shared and Private Use project, feedback and insights from the users on the 

design decisions made were collected through the prototype produced on a 1/1 scale 

in the design detailing and development phase of the project. With the effect of this, 

understanding, foreseeing, and incorporating user needs and expectations into the 

design process saw one of the most significant improvements between ID301 and 

ID302. The results show that students gained confidence in integrating user feedback 

into their designs. Thus, qualitative data supported this growth, with one student 

emphasizing the importance of evaluating "product usage scenarios in detail" to 

make informed design decisions.  

"With the application of interface design, which is a part of the Scooter 

project, I entered a different field and had to observe users in this field 

and learn about the frequency and habits of application usage. In this 

way, I learned to look at the phone and interface design, which is one 

of the most frequently used things in daily life, from different 

perspectives." [PA6] 

                                                 

 

11 [ID301: Mean = 2.18, mode = 3; ID302: Mean = 2.64, mode = 3.] 
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The ability to understand and anticipate user needs is a core aspect of design 

education, and the notable improvement suggests that students were able to apply 

these insights more effectively in ID302. 

¶ Ability to work individually and as a team 

The student feedback, such as the statement, "The E-Scooter Project was the most 

intense and difficult project, but I think we improved as a group in terms of 

communication and timing," highlights the incremental progress in collaborative 

skills, which aligns with the slight increase12 observed in the evaluation results. 

"In the Bespoke Earphone Project, I realized that I missed and found it 

more enjoyable to manage the project on my own and to plan and 

research on my own. The E-Scooter Project was the most intense and 

difficult project, but I think we improved as a group in terms of 

communication and timing in this process. In terms of intensity, if the 

e-scooter project was the  project for one semester and the sustainable 

take-out project was the last project for the 2nd semester, I think the 

students in the course would have a more comfortable design process." 

[PA5] 

 

Although students reported a slight improvement in their teamwork skills, significant 

challenges remain. Qualitative data pointed to issues with task allocation in group 

projects, with students expressing frustration over the unbalanced distribution of 

responsibilities for both semestersô design projects. Several students noted that tasks 

of teamwork-related projects were often not allocated based on individual strengths, 

leading to inefficiencies and frustration. One student described how assigning a 

model-making task to someone less skilled resulted in "delays and decreased 

productivity".  

                                                 

 

12 [ID301: Mean = 1.64, mode = 1 and 2; ID302: Mean = 1.82, mode = 2.] 
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"Since I evaluated it through 2 group assignments, I can say that I 

gained experience in different processes by being together with people 

with different working methods. In both of my groups, although I 

thought that we could not distribute the tasks according to skills, I 

observed that everyone did the tasks in the area they were good at. 

When this was not distributed well, the group dynamics went to places 

that were not successful. For example, when someone who was not very 

skilled in model making was given a model task, things would only go 

sideways and sufficient efficiency and achievement could not be 

achieved." [PA1] 

 

This problem not only hindered productivity but also reduced their overall learning 

experience. The data suggests that students need more guidance on effective 

collaboration, including conflict resolution and team management strategies. 

Incorporating structured group projects with defined roles or training in collaborative 

tools (e.g., task management software) could help address these issues and improve 

student outcomes in this competency. 

¶ Understanding the Relationship of Industrial Design with Different 

Disciplines and being able to do Interdisciplinary and Multidisciplinary 

Studies 

Students reported a moderate understanding13 of interdisciplinary work, with slight 

improvement in ID302. One student reflected on how incorporating business 

management into design projects expanded their understanding of how industrial 

design interacts with other disciplines, especially in the context of BeSpoke Music 

Listening projectôs product development.  

"The fact that it was the project where I was able to work most 

efficiently and in the most detailed way on issues such as the nesting of 

electronic parts, production, and the combination of different parts. To 

                                                 

 

13 [ID301: Mean = 1.64, mode = 3; ID302: Mean = 1.73, mode = 2.] 
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successfully transfer the technological details of a different product in 

a clever way." [PA3] 

These insights underscore the importance of teaching design within a broader context 

that includes business, technology, and other related fields. While the improvement 

is slight, it suggests that students are beginning to see the connections between design 

and other fields, such as business, engineering, and marketing. To deepen this 

understanding, the curriculum could incorporate more interdisciplinary collaboration 

opportunities, such as joint projects with students from business or engineering 

departments, allowing for a more holistic view of industrial design. 

¶ Ability to communicate in international environments and follow the 

professional agenda 

The design projects in both ID301 Industrial Design III and ID302 Industrial Design 

IV do not directly emphasize14 competencies like engaging with the professional 

agenda or interacting in international contexts. Consequently, this was one of the 

lowest-scoring competencies, with ID302 showing a slight decrease in both mean 

and mode compared to ID301. However, the second project of the ID302 course, an 

E-Scooter design project conducted in collaboration with a company, may have 

influenced the evaluations of ID302 slightly upward in terms of industry 

engagement. Although the qualitative data did not focus directly on this competency, 

studentsô difficulties in group communication could have contributed to the overall 

lower scores observed. 

                                                 

 

14 [ID301: Mean = 1.27, mode = 2; ID302: Mean = 1.18, mode = 0 and 1.] 
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¶ Developing an Independent, Lifelong Learning Approach, Aware of the 

Ever-Changing Contexts of Design 

This outcome marked improvement15 in ID302 Industrial Design IV, with students 

developing a stronger sense of independent, lifelong learning. Qualitatively, students 

reflected on their evolving understanding of the designer's role within the 2022-23 

fall-spring projectsô processes, with one noting, "I realized that defining the problem 

is the backbone of the project." This more profound engagement with the design 

process demonstrates the importance of fostering self-driven learning and critical 

reflection in design education. 

Students demonstrated significant growth in their approach to lifelong learning, 

particularly in ID302 Industrial Design IV. Qualitative data reflected a growing 

awareness of the need for continuous learning, with one student highlighting the 

importance of defining problems as central to the design process. The data suggests 

that the curriculum is successfully fostering an independent, reflective mindset 

among students, which is essential for their ongoing professional development. To 

support this further, the curriculum could offer additional resources, such as self-

directed learning modules or opportunities for personal reflection and goal-setting, 

helping students take ownership of their lifelong learning journey. 

 

 

 

 

 

                                                 

 

15 [ID301: Mean = 1.64, mode = 1, 2, and 3; ID302: Mean = 2.18, mode = 3.] 
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¶ In Design, being Aware of the Socio-Cultural, Socio-Economic and 

Environmental Context and Considering the Benefit of the 

Environment 

Students rated16 their awareness of socio-cultural and environmental contexts as 

moderate, with no significant change between the two courses. However, ID301 

Industrial Design III course has a semester-long project titled óZero-Waste 

Takeaways and Deliveries: Reusable Product Family Solutions to Replace Single-

Use Packaging'; the concept of sustainability is considered one of the essential focal 

points of the project. To support this, qualitative responses indicated an increase in 

awareness of sustainability indirectly, as one student reflected on the importance of 

integrating sustainability into their design process.  

"For both projects, I can say that my awareness has increased, 

especially regarding sustainability." [PA4] 

 

The data suggests that while students are developing some awareness, there is room 

for deeper engagement with these topics. The curriculum could integrate more 

focused coursework on sustainability, including design for environmental impact, 

and socio-cultural considerations, such as inclusive design. 

                                                 

 

16 [ID301 and ID302: Mean = 1.91, mode = 2.] 
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¶ To be Able to Interpret the Artistic and Cultural Issues That Affect the 

Historical Development of Industrial Design on a Local and Cultural 

Scale 

This outcome remained 17 one of the weakest across both course as it received some 

of the lowest scores from the students. Both ID301 and ID302 courses were not 

directly focussed on developing this competency as it was understood from the 

project briefs, and no qualitative data was available to support or explain this 

finding.  

It is important to note that this competence is more closely aligned with the learning 

objectives of theoretical courses such as design history, cultural studies or aesthetics 

than design studios. Therefore, its relatively poor representation in ID301 and ID302 

courses does not indicate a gap in curricular organization, rather it reflects the 

disciplinary distinction between practice-based and theory-based education. 

Moreover, there was no supporting qualitative data emerging from student 

reflections or interviews to suggest an occasional or informal engagement with this 

theme during the projects. This further strengthens the interpretation that this 

competence falls outside the primary scope of the two studio coursesô project 

subjects studied. 

 

                                                 

 

17 [ID301: Mean = 1.0, mode = 0 and 1; ID302: Mean = 1.27, mode = 0.] 
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¶ Having Knowledge about Business Models, Ethical Principles to be 

Followed and Laws and Regulations in Professional Practice 

Students showed a moderate understanding18 of business models and ethical 

principles, with no significant changes between the two courses. One student noted 

how considering business management systems in the 2022 fall semesterôs first 

project design process "added significant value" to their development as a designer. 

This feedback highlights the importance of integrating business thinking into design 

education, helping students understand the broader context of their work. 

¶ Knowing the Materials and Production Technology within the Scope of 

Industrial Design and Using Them in the Design Process 

Students demonstrated a solid understanding19 of materials and production 

processes, with steady growth between the two courses. In ID302 Industrial Design 

IV; in last project, the studentsô making 1/1 scale prototypes during the conceptual 

prototyping stage of the design process had a positive effect on this competence, 

which is also supported by a studentôs reflection on how their growing knowledge of 

materials, including their ñhardness, durability, and formability,ò informed their 

design decisions. This competency is critical for industrial design, and the consistent 

improvement suggests that hands-on experience with materials should continue to 

be prioritized. For instance, additional workshops during the project processes or 

advanced material studies could further enhance students understanding of how to 

apply this knowledge in innovative design solutions. 

                                                 

 

18 [ID301 and ID302: Mean = 1.54.] 

19 [ID301: Mean = 2.0, mode = 2 and 3; ID302: Mean = 2.09, mode = 2.] 
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¶ Having a command of technological development in the field of 

industrial design, being able to use the necessary technological tools 

There was a significant improvement20 in students' ability to use technological tools 

between the two courses. In ID302 Industrial Design IV, students expressed greater 

confidence in integrating technology into their designs. One student highlighted their 

ability to transfer technological details between products in the Bespoke Music 

Listening project, which enhanced the functionality of their final designs. This 

suggests that the curriculum's emphasis on technology is producing positive 

outcomes, though further training may be needed to bring all students up to a high 

level of proficiency. Further improvements could come from offering advanced 

technology workshops or incorporating emerging technologies such as AI, 3D 

printing, and digital fabrication into design assignments. 

¶ Ability to Express Design Ideas and Solutions with Relevant 

Communication Tools and Methods 

Students consistently rated21 their ability to express design ideas through 

communication tools highly. Qualitative data supported this, with one student noting 

that iterative model-making during  the E-Scooter Design Solutions for Shared and 

Private Use project improved their ability to articulate their design ideas clearly. This 

suggests that students are confident in their communication abilities, though 

continued focus on developing these skills is essential as they progress through their 

design education. To build on this, more opportunities for portfolio development and 

                                                 

 

20 [ID301: Mean = 1.27, mode = 0; ID302: Mean = 1.91, mode = 3.] 

21 [ID301: Mean = 2.27, mode = 3; ID302: Mean = 2.36, mode = 3.] 
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design presentations could further strengthen students' ability to convey their design-

related ideas. 

The results of this research phase provide valuable insights into how students 

perceive the knowledge, skills, and competencies they have acquired through their 

third yearôs industrial design education. Gathering both quantitative questionnaire 

data and qualitative open-ended responses, allowed for a comprehensive 

understanding of student perceptions, revealing not only what competencies students 

feel confident in but also the underlying reasons for these perceptions. This 

combination of data has shown that while students demonstrate moderate to high 

levels of competency in certain areas, there are also fundamental challenges that 

affect their learning experiences. 

The quantitative data generally reflected moderate to high self-assessed competency 

levels across most areas, such as visual thinking, user-centered design, and material 

and technological proficiency. The qualitative responses emphasized these areas, 

where students discussed how hands-on experiences, such as model-making and 

material exploration, significantly enhanced their understanding and skills. For 

instance, one student mentioned how working with paper mache allowed them to 

make real-time form decisions, which directly reflects their high ratings in visual 

thinking and design. Similarly, students' increased confidence in user-centered 

design was supported by their detailed evaluations of how product usage scenarios 

guided their design choices. This alignment between data types highlights how 

practical, real-world experiences shape students' self-perception of competency, 

offering a clearer picture of how design education facilitates skill acquisition. 

The qualitative data provided crucial context for understanding students' challenges, 

particularly in group dynamics, task management, and the clarity of project briefs. 

Several students noted that poor task distribution within groups led to inefficiencies, 

hindering their ability to collaborate effectively. One student reflected on how 

assigning complex tasks to team members lacking the necessary skills resulted in 

delayed progress, which aligns with the moderate competency scores for teamwork 
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and collaboration. Moreover, the ambiguity of project briefs was a recurring theme 

in the qualitative responses. These challenges suggest that while students are 

developing the necessary technical and conceptual skills, significant external factors; 

such as project structure and team dynamics, influence their perceptions of their 

competencies. Addressing these issues through better guidance and more structured 

feedback could help students feel more capable and confident in their abilities. 

One key finding from both data sets is the growth in students' understanding of 

lifelong learning and professional development. The quantitative data showed a 

significant score increase related to developing an independent, lifelong learning 

approach, particularly in ID302. This was echoed in the qualitative responses, where 

students reflected on how their design education had instilled a sense of ongoing 

responsibility for learning and adapting to new challenges. For example, one student 

noted that defining design problems had become more central to their understanding 

of the design process, suggesting a shift toward critical thinking and self-guided 

learning. This highlights how students are acquiring specific technical skills and 

developing the mindset needed to continue growing professionally. These findings 

reinforce the importance of incorporating reflective practices and self-assessment 

into the curriculum, as they help students build confidence in their ability to adapt 

and succeed beyond the academic environment. 

The data underscores the value of practical, hands-on experience in fostering 

competency development. Across the quantitative and qualitative results, students 

frequently cited model-making, prototyping, and real-time problem-solving as 

pivotal to their understanding of design concepts. This hands-on approach helped 

students connect theoretical knowledge with practical application, leading to higher 

self-assessed competencies in material knowledge and design process management. 

The results of this study provide several implications for improving industrial design 

education. First, while students demonstrate confidence in many core competencies, 

there are clear areas for improvement, particularly in group work and collaborative 

work. Instructors may need to integrate more structured guidance on navigating 
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group work and clarify project briefs to help students manage their tasks more 

effectively. Additionally, the emphasis on practical, hands-on learning should 

continue to be a central focus of the curriculum, as it supports skill acquisition and 

helps students develop the confidence needed to succeed in professional practice. 

Encouraging reflective practices and fostering a mindset of lifelong learning will 

further prepare students for the evolving demands of the design industry. 

4.2.5 Thematic Analysis Results of The Semi-Structured Interviews 

The semi-structured interviews were conducted to gain a deeper understanding of 

the reflective practices of students from the Middle East Technical University 

(METU), Department of Industrial Design (see Figure 3.2 Sampling of the 

Research). Following the initial questionnaire, three students volunteered for further 

participation. The interviews were designed to complement the questionnaire data, 

aiming to explore in greater detail how students perceive and engage in reflection 

during their design processes. Through this qualitative approach, the goal was to 

understand the intricacies of how students document their design processes, what 

they perceive as the benefits and challenges of reflection, and how their experiences 

in the design studio shaped their reflective practices. Thus, the interviews 

investigated how students document and perceive their reflection practices 

throughout the different phases of their two design projects; design processes 

specific to Zero Waste and E-Scooter projects carried out as a teamwork through 

open-ended discussions. This in-depth exploration provided a richer, more nuanced 

perspective than the questionnaire alone, offering insights into the experiences of 

students as they navigated the complexities of documenting their learning journey, 

specifically in the context of research, ideation, teamwork and personal contribution, 

and evaluation. 

The primary objective of analyzing the interview data was to gain a deeper 

understanding of students' reflection practices to uncover detailed insights. 

Specifically, the analysis aimed to reveal how students engage in self-reflection 
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throughout different stages of their projects, how these practices influence their 

learning and design outcomes, what methods they employ to document their design 

processes, and how they perceive the impact of these practices on their professional 

growth. This focus extends to understanding how students integrate reflective 

thinking into research activities, conceptual development, and the critical evaluation 

of their design solutions. By identifying both strengths and areas needing further 

support, the analysis aims to offer a nuanced view of the reflective processes 

employed by students. Such insights are critical for identifying opportunities to 

enhance their reflective skills, ultimately contributing to their growth as adaptive and 

critical-thinking designers. By integrating the qualitative findings from the 

interviews with the quantitative questionnaire data, this analysis aimed to create a 

more holistic understanding of reflection practices in industrial design education at 

METU Department of Industrial Design. This comprehensive approach allowed for 

cross-verification of findings, helping to identify areas where the questionnaire and 

interview data aligned or diverged, thus providing a more robust understanding of 

the research question. 

A semi-structured interview guide (APPENDIX C) was developed to ensure 

consistency while allowing for the flexibility necessary to explore individual student 

experiences in depth. The guide included open-ended questions, organized into 

several key areas: how they reflected and documented their design knowledge, skills 

and competencies at different stages of design projects carried out as teamwork in 

two different design projects (The first one is Zero-Waste Takeaways and Deliveries: 

Reusable Product Family Solutions to Replace Single-Use Packaging and the second 

one is the E-Scooter Design Solutions for Shared and Private Use), the rationale 

behind their reflective choices, and the methods used for documenting their design 

processes. Questions were designed to probe students' understanding of reflection, 

such as "Can you describe how you reflect on your work throughout your project 

process portfolio?" and "What challenges have you encountered in documenting 

your design process?" This approach allowed the interviews to delve into the specific 
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strategies students employed, their perceptions of the role of reflection in their 

learning, and the challenges they faced when attempting to document their insights. 

The interviews were conducted over a two-month period, from July to August 2023. 

Each session was held online, utilizing Google Meet and Zoom platforms, to 

accommodate the participants' schedules and preferences. The interviews were 

conducted one-on-one, ensuring a comfortable environment for participants to 

express their thoughts freely. Each session lasted approximately 90 to 120 minutes, 

providing sufficient time for participants to elaborate on their experiences and for 

the interviewer to explore specific aspects of their reflections in depth. Moreover, 

the students were asked to share their project process portfolios to explain their 

reasons behind the interview question answers. To ensure accuracy, the audio was 

recorded and screenshots were taken, allowing for precise analysis of participants' 

verbal responses and any accompanying gestures or visual aids they used to explain 

their processes. However, several limitations emerged in the interview process. First, 

conducting interviews online limited the ability to capture certain non-verbal cues, 

which may have provided additional insights into participants' responses. Despite the 

use of video, some students experienced technical issues, such as unstable internet 

connections, which occasionally interrupted the flow of conversation and may have 

impacted the depth of engagement. Additionally, the online format may have 

contributed to a less natural interview dynamic for some of the participants. Another 

limitation was the relatively long interview duration, which, while necessary for in-

depth exploration, may have led to participant fatigue, particularly toward the end of 

each session. This fatigue could have influenced the thoroughness of responses as 

participantsô engagement fluctuated. Finally, relying on students to share their 

project process portfolios online posed challenges, as participantsô ability to 

effectively display their work was dependent on their familiarity with digital tools 

and the platformôs screen-sharing capabilities. Despite these limitations, the 

interviews provided valuable insights into students' reflective practices. 

The analysis of interview data followed a rigorous thematic analysis approach, aimed 

at uncovering the deeper meanings and patterns within the participants' responses. 
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The first step involved transcribing the audio recordings verbatim using Microsoft 

Word, ensuring that all details, including pauses, hesitations, and nuances, were 

captured. This thorough transcription process facilitated a deeper engagement with 

the data. After transcription, each transcript was read multiple times to gain 

familiarity with the content, noting initial impressions and recurring ideas. 

To ensure clarity, it was essential to define key concepts relevant to this thesis 

research.  "Reflection practices" refer to the methods and approaches that the 

students use to critically assess their learning and design processes, enabling them to 

understand their progress and areas for improvement. The thematic analysis 

describes the qualitative method employed to identify patterns and themes within the 

interview data, offering insights into common experiences and challenges. 

"Documentation" encompasses the various ways students record their reflections and 

design decisions, such as through written notes, sketches, or digital tools, which 

serve as a basis for evaluating their design evolution. These definitions provide a 

foundation for understanding the analysis and its focus. 

This stage involved open coding, where each segment of text that conveyed a distinct 

idea or concept was assigned a code. Codes are assigned to meaningful segments of 

the text. This step involved labeling relevant phrases or sentences that capture 

essential aspects of the student's experiences and perceptions. For example, codes 

were created for aspects such as "practical skills," "reflection challenges," and 

"documentation methods." These codes were then organized into broader categories 

through axial coding, which helped to connect related codes. For instance, codes 

related to documentation practices, such as "use of portfolios" and "digital tools", 

were grouped into a larger category. Finally, selective coding was used to identify 

core themes that directly addressed the research questions, such as "competencies," 

"documentation practices," "advantages," and "disadvantages." This thematic 

analysis enabled a structured interpretation of the qualitative data, revealing key 

insights into how students reflect on their knowledge and skills. 
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The results of the semi-structured interview analysis are organized into three main 

sections, each reflecting a significant aspect of students' reflective practices. The first 

section discusses the development and significance of key codes and themes, 

providing a detailed explanation of how these codes were derived and their relevance 

to the overall research question. Thus, an exploration of key themes that emerged 

from the interview data, such as "Research Synthesis and Refinement" and "Impact 

of Division of Labour" represent the core aspects of how students reflect on their 

experiences across different stages of the design process. The thematic analysis 

captures these varied experiences, providing a structured understanding of the factors 

that shape studentsô reflective practices. The second section reviews the primary 

themes that emerged from the coding process, presenting the findings in relation to 

common categories such as the research phase, ideation and conceptualization phase, 

skill development and its application to the design process, teamwork and personal 

contribution to the project, evaluation phase, and design process documentation. 

Each theme is accompanied by representative quotes from participants to illustrate 

the insights gained. The final section compares the findings across different themes, 

highlighting areas of convergence and divergence between students' experiences and 

reflections. This structured presentation of results aims to provide a clear and 

comprehensive view of how students engage in reflection throughout their design 

education, offering valuable implications for enhancing reflective practices in 

industrial design programs. 

 Explanation of Codes and Code Trees 

The process of coding is a fundamental part of qualitative data analysis, allowing 

researchers to systematically organize and interpret complex data (Salda¶a, 2016).In 

this research, coding served to break down the interview transcripts into smaller, 

more manageable units of meaning, which were then categorized and synthesized 

into broader themes. This method was particularly effective in identifying recurring 

patterns in students' descriptions of their reflection practices. By focusing on specific 
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aspects of their experiences, coding provided a structured means to uncover the 

underlying dynamics of how reflection is understood and applied (Braun & Clarke, 

2006) by students within the METU Department of Industrial Design. 

The analysis of interview data employed an inductive coding approach, chosen for 

its ability to uncover themes organically from the participants' experiences. This 

method allows the analysis to remain true to the complexity and nuances of studentsô 

reflections by focusing on their unstructured responses (Halcomb & Davidson, 

2006). The coding process began with the transcription of interview recordings, 

ensuring that all verbal nuances were captured for analysis. Each transcript was read 

multiple times to familiarize the researcher with the data, which facilitated the 

identification of initial concepts and patterns. The semi-structured interviews were 

analyzed using an inductive coding approach, which allowed themes to emerge 

directly from the students' experiences. This bottom-up method was particularly 

suited to capturing the nuances of students' reflections during their design processes. 

The coding process began with transcribing interview recordings verbatim to ensure 

all verbal nuances were accurately represented. The transcripts were reviewed 

multiple times to identify initial patterns and concepts. Open coding was applied, 

labeling segments of the data based on emerging ideas, such as challenges in 

integrating theoretical concepts, the iterative nature of design refinement, and the 

accessibility of user insights (Figure 4.7 Screenshot Taken from Data Analysis File). 

These initial codes were then grouped into broader categories during the axial coding 

phase, forming a cohesive code tree that organizes the themes into five main areas 

(see Figure 4.8); the Research Phase, Ideation and Conceptualization Phase, Skill 

Development and Application, Teamwork and Personal Contribution and lastly 

Reflection Documentation Tools. This two-step coding approach was essential for 

capturing the multifaceted nature of reflective practices, ensuring that the analysis 

was both systematic and sensitive to the unique context of design education (Salda¶a, 

2016). 
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Figure 4.7 Screenshot Taken from Data Analysis File 

 

 

Figure 4.8 Semi-Structured Interview Results' Code Tree 

 

A code tree developed from data gathered in the semi-structured interviews offers a 

structured, hierarchical representation of the themes, sub-themes, and specific codes 

identified through inductive analysis. This code tree functions as both a visual and 

conceptual framework, mapping the nuances of students' reflection practices and 

highlighting how their experiences, challenges, and learning moments align with 

distinct phases of the design process. By organizing these reflections across key 

themes; Research, Ideation and Conceptualization, Skill Development and 

Application, Teamwork and Personal Contribution, and Evaluation, the code tree 
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reveals where students engage most deeply in reflective practices, as well as areas 

where reflection may be less pronounced or more challenging. 

The structure of the code tree is designed to advance the research objective of gaining 

deeper insights into studentsô reflective practices by visually connecting each 

primary phase with its associated challenges, strategies, and outcomes. For example, 

within the Research phase, the code tree illustrates studentsô reflective engagement 

with empathy-driven user research and synthesis, revealing how they perceive the 

complexities of translating user insights into actionable design elements. Similarly, 

in the Ideation and Conceptualization phase, the code tree captures the iterative 

nature of studentsô conceptual development, highlighting their reflections on 

feedback integration and the balance between creativity and practicality. 

Beyond serving as a descriptive tool, the code tree also enhances the analytical depth 

of the study by positioning each reflection theme within the broader context of design 

education. It underscores the interconnectedness of these themes and provides a 

structured way to assess how studentsô reflective practices evolve as they progress 

through each design phase. For instance, the Skill Development and Application 

phase shows students reflecting on the impact of tool proficiency on design iteration, 

while Teamwork and Personal Contribution capture reflections on collaborative 

dynamics and personal accountability in shared projects. 

¶ Theme 1: Research 

In industrial design education, the Research theme serves as a foundation for 

students to understand and engage with user-centered approaches, facilitating 

meaningful connections between research insights and design decisions. This section 

delves into three critical sub-themes: Empathy-Driven User Research in Data 

Gathering, Research Synthesis and Refinement, and Transfer of Research into the 

Design Process. Through a detailed examination of these areas, the following 
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insights and recommendations highlight opportunities to enhance reflection practices 

and bridge the gap between research findings and design applications. 

¶ Empathy-Driven User Research in Data Gathering 

Empathy-driven user research fosters a nuanced understanding of user needs, 

allowing students to explore design challenges through a user-centered lens. In the 

ID301 reusable packaging project, for instance, students were required to delve into 

environmental and consumer behavior insights, gathering data through direct 

interactions to understand the complexities surrounding single-use packaging waste. 

Similarly, the ID302 e-scooter system project encouraged students to employ 

empathy through scenario-based research, aiming to address diverse user needs 

across varied commuter profiles and transport scenarios. 

Despite the abundance of these empathy-driven approaches, student reflections 

revealed a common challenge: translating abstract empathetic insights into specific, 

actionable design criteria.  

ñWell, when I talk to people, since I already have my own experience, 

I go with a little empathy. Firstly, I ask myself the questions and write 

down my own answers. Then, for example, when I go to people, we 

agree on some points. When I see the points we cannot agree on, the 

question of ówhyô becomes more important. Then I say, yes, this is a 

meticulous person, that's why he always carries something like this with 

him. It goes somewhere about the characters or the way they live... like 

that. I mean... I can make observations at points that differ from my own 

answers.ò [PA2] 

 

While students effectively engaged in activities like user interviews, user experience 

mapping, and scenario analysis to gain a deeper understanding of user needs and 

expectations, applying these insights within concrete design parameters often proved 

difficult. This challenge became particularly evident in the ID301 reusable 

packaging project, where students sought to create environmentally responsible 

solutions and products and systems suitable for the business model they had chosen 
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at the beginning of their project. Two students empathized with usersô concerns 

around sustainability and the desire to reduce single-use packaging waste, yet they 

often struggled to align these values with practical design goals. One student stated 

her concern about empathising with the users:  

ñAs most people have said in common, it is not possible to use 

recyclable things in these (packaging). It was as if they rejected the 

main idea of the project directly, saying that plastic is very cheap or 

foam, we buy and throw them directly into the garbage. We tried to 

convince them that we would do it as a concept, you know, canteen 

owners and so on. Then they warmed up to sheet metal. Afterward, we 

made things out of sheet metal, our products, porcelain and so on. 

Everyone we talked to, they all rejected it directly. For example, they 

said it would be too heavy. Anyway, why bring and take it, nobody 

would bring it back, and so on. They talked about their own 

experiences. For example, the person we talked to started selling glass, 

and when people brought it back, the warehouse would return it after a 

deposit. But despite that, they didn't bring the glass packaging back. So 

he left it like that. In this way, we actually decided the material of the 

project from here. Then we audited the mock-ups we made. Some 

things... They liked it or not... For example... The thing had a holding 

thing under the glass. They said the glass was already holding itself. 

But then we couldn't change it again, as a group decision, that type was 

desired.ò[PA3] 

 

For instance, although students recognized that users do not prioritized sustainable 

materials, they found it challenging to balance material durability with ease of 

cleaning and storage, all crucial for reusable packaging. Additionally, one student 

noted that while she empathized with usersô concerns about hygiene in reusable 

packaging, she faced difficulty in translating this concern into design elements that 

addressed cleaning ease without compromising structural integrity or adding 

unnecessary weight.  

For instance, although students initially assumed that users would prioritize 

sustainable materials, they discovered through interviews that convenience often 

outweighed environmental considerations for many users. As one student, PA2, 

reflected,  
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"I interpret myself as an activist, environmentalist... so my expectations 

from people were exactly the opposite here. Because they ate from the 

plastic container and threw it away... even when I gave them some 

information, such as the harm of plastics or the harm of food waiting in 

plastic, I can perceive why people prefer ité because of convenience, 

or things like not wanting to wash the dishes." 

 

This realization prompted the student to reassess her design approach, recognizing 

the need to balance sustainability with user demands for accessibility and ease. She 

noted that addressing usersô hygiene concerns around reusable packaging required 

finding solutions that offered simplicity and convenience without compromising 

structural integrity or adding unnecessary complexity. As she summarized, "I need 

to offer something easy to people, I need to find something accessible and easy." 

This experience highlighted a common challenge in the project: translating 

empathetic understanding into practical design elements that align with real user 

priorities, even when they differ from the designerôs own values. 

In their second project of ID302, which involved designing an electric scooter 

system, students engaged in user research that differed significantly from their 

previous projects in terms of challenges and insights. Unlike in earlier projects, 

where interviews provided direct user input, students found that conventional user 

interviews were less effective in this context. As one student described: 

ñUser interviews were not very productive from my point of view, 

because user studies, that is, my interviews, were not very productive 

from my point of view. So there are not many users I can evaluate. In 

other words, I did not turn random people from the road, I did it with 

people I knew, and they were people who had not used scooters, people 

who had not used electric scooters. In addition, they always felt under 

the influence of the thing, because they felt under the effect of being 

interviewed right now, a natural interview environment never occurred 

there. And we couldn't extract much data from there.ò [PA1] 

 

This shift to observation and personal engagement marked a crucial learning point, 

as students began to view empathy-driven research as an adaptable practice that 

could include experiential insights and flexible methods tailored to each projectôs 
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demands. However, in the final stages of the project, the same student was able to 

integrate more structured user testing as they engaged with target users using 

physical prototypes of their designs with his team. This phase allowed them to 

observe usersô reactions to the scooter in real time and ask specific questions about 

the designôs functionality and ergonomics. 

As he explained, "After the prototype, we were able to interview with our prototype. 

Its efficiency was very high. Especially users say what they feel while riding. We can 

see their experiences while they are on ité we print out our displays and put them 

in front of them as they press those buttons, so that process was quite enjoyable." 

This prototype-based user testing enabled students to explore practical details, such 

as adjustments to the angle of the front pole, by directly asking users for input. "We 

were able to ask what the angle of the front part of the pole should be, and the direct 

mathematical values of the product changed," the student noted, highlighting how 

user feedback led to precise refinements in the design. 

This balancing act between empathy-driven insights and feasible design solutions 

highlighted gaps in students' ability to apply abstract user-centered values within the 

constraints of real-world product requirements. Such challenges indicate a need for 

structured reflection prompts that guide students in analyzing how their empathetic 

insights can inform practical design choices. For example, prompts might encourage 

students to document specific user concerns (such as sustainability, convenience, or 

hygiene) and then articulate possible design features that address these concerns 

directly. Reflection exercises could also prompt students to consider the trade-offs 

they encounter in translating empathy into design action, asking them to reflect on 

the compromises made and how these choices align with the projectôs objectives. 

This reflective exercise would not only enhance the clarity of the data-gathering 

phase but also ensure that empathetic insights serve as foundational elements in the 

design process, strengthening studentsô user-centered approach in both academic and 

professional contexts. 
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¶ Research Synthesis and Refinement 

Students have to organize extensive information into coherent, design-relevant ideas 

during the synthesis and refinement of the gathered research; both literature and user 

research. In ID301, students struggled with a prosperity of feedback on reusable 

packaging, necessitating a thorough synthesis of environmental concerns, usability 

factors, and consumer preferences. Moreover, studentsô reflections highlighted the 

complexity of translating broad research findings into specific, actionable insights 

that directly inform design solutions. One student described their teamôs initial 

approach to researching eating utensils and food containers, starting with a general 

online search to gather as much background information as possible. This initial 

research phase provided a foundation, yet, as the project progressed, the team 

realized that the information they had gathered was too general to support precise 

design decisions. The student noted, "We had misunderstoodé we had done 

something very generalé we had to get specific things by inference." This realization 

marked a critical turning point in their process, prompting them to refine their 

research approach to yield more targeted insights. This refinement process involved 

revisiting initial findings, seeking more specific samples, and adjusting their 

understanding of how these materials could be adapted to food-safe designs. Through 

this iterative synthesis, the team gradually shifted from a broad exploration to a 

focused application of research, developing more nuanced insights that directly 

influenced their design direction.  

A positive key outcome of this phase was the self-confidence students developed as 

they gained access to real user environments, which provided them with direct 

insights that were otherwise challenging to acquire. Engaging with actual users 

allowed students to move beyond assumptions and gather first-hand information, 

enriching their understanding of the real-world contexts in which their designs would 

be used. This experience was particularly empowering for students, as it gave them 

the confidence to enter spaces and interact with user groups they might have 

otherwise perceived as inaccessible. One student reflected on this experience as; 
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ñ... ...you know, when I communicated with people, they were already 

very friendly. I had the chance to enter the kitchens and places that I 

would never normally enter with that student ticket. It was one of the 

first moments I tasted the emotion I wanted in the third grade. I can 

enter anywhere I want, saying I am a student and I am researching. A 

lot of good feelings... Well, this is quite positive for me. So it was 

reflected in the process. It allowed me to get more into the assignment. 

It allowed me to see the details better.ò [PA1] 

 

In the ID302 project, students encountered the challenge of integrating scenario-

based data derived from varied use contexts, whether for private or public use, into 

their e-scooter design. This process required synthesizing diverse insights related to 

different aspects of the scooter, from functionality and charging mechanisms to 

overall user experience. Reflecting on this experience, PA2 expressed frustration 

with the narrow focus of their assigned research topic, noting that "we only 

researched how to charge a scooter and charging stationsé but this was 

insufficient." The taskôs limited scope prevented a holistic view of the design 

requirements, creating a bottleneck in synthesizing broader insights that would be 

necessary to address the full complexity of the scooterôs design. 

The student further explained that concentrating on just one aspect, charging, slowed 

down their progress, as it consumed substantial time without providing a 

comprehensive understanding of the product as a whole. "The task given to me is to 

research charging stations, I am researching thisé but there are 600 different parts 

of the scooter. Now when should I have gone on these?" This focus on a single 

component left less time for exploring other aspects, which hindered the studentôs 

ability to consider how various features interacted and impacted each other in the 

overall design. As a result, they found that their insights were too fragmented, 

lacking the depth and interconnectedness needed to inform a cohesive design. 

This recurring challenge underscores the need for guided strategies that assist 

students in systematically organizing and refining raw data. By introducing 

structured reflection methods, such as thematic coding or clustering, students could 

more effectively categorize insights across multiple aspects of the design. This 
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approach would enable them to identify key patterns and connections that are 

applicable to various components, ensuring a more holistic synthesis of scenario-

based data. Additionally, encouraging students to reflect on both breakthroughs and 

obstacles in their synthesis process can help them develop greater self-awareness of 

their analytical strategies. This reflective documentation not only supports more 

effective data organization but also fosters an adaptable approach that empowers 

students to manage complex, multi-dimensional design projects with increased 

clarity and confidence. 

¶ Transfer of Research into the Design Process 

The transfer of research insights into the design phase is integral to realizing a user-

centered design vision, yet this stage often presents both technical and conceptual 

challenges. In ID301, the students aimed to incorporate the sustainability 

considerations, which is one of the requirements of the project, and practical design 

feasibility. In this process, they commented on both the positive aspects and the 

challenge of integrating research insights into concrete design decisions that meet 

user needs and design feasibility. The ID302 project further highlighted this 

challenge, as students were required to harmonize diverse user needs across both 

physical and digital dimensions of the e-scooter system. Reflective accounts from 

students often highlighted the challenge of maintaining coherence in design intent 

while adapting to evolving, sometimes conflicting, user requirements. One student 

described how changes to their projectôs user persona impacted their design 

decisions: "Since the problems that arise are personalisedé we actually never used 

some of the conclusions here because they do not match that persona." For example, 

although their initial user testing revealed balance issues for some users, these 

insights were ultimately set aside because the finalized persona did not include users 

with balance concerns. As the student explained, "We tried to design according to 

the latest persona." 
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Studentsô reflections on these projects indicate the need for structured reflection tools 

that help them map specific research insights onto concrete design elements. By 

tracking how each insight informs specific design choices, students can more 

effectively balance user needs with design feasibility, ultimately fostering a more 

intentional and integrated design approach. 

To enhance the research-to-design transfer, reflection prompts should encourage 

students to document how each major insight influences their design decisions. For 

example, prompts could ask students to reflect on trade-offs encountered and to 

justify the prioritization of certain user needs over others. Such targeted reflections 

would not only deepen studentsô design rationale but also provide a framework for 

understanding the iterative nature of integrating research findings into design. 

Additionally, by documenting how specific insights shape design elements, students 

can cultivate a stronger link between research and application, enhancing the 

coherence and relevance of their design outcomes. 

¶ Theme 2: Ideation and Conceptualization 

The Ideation and Conceptualization theme plays a pivotal role in bridging research 

insights with innovative design solutions, emphasizing creativity, adaptability, and 

user-centered thinking. Within this theme, students engage in Feedback Integration 

in Concept Development and Iterative Concept Development and Refinement, each 

of which provides a structured approach for students to experiment with ideas, 

incorporate feedback, and refine concepts through iterative cycles. This section 

explores these sub-themes in the context of studentsô reflections, informed by the 

experiencesô of interviewed students, to address the overarching research objective 

of gaining deeper insights into students' reflective practices. 
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¶ Feedback Integration in Concept Development 

In concept development, feedback serves as an essential mechanism for refining 

initial ideas, providing students with external perspectives that alert critical re-

evaluation of their design decisions. Students reflected on how feedback from 

instructors and peers influenced their design choices, often leading them to reassess 

and adapt their concepts. For instance, in the ID301 reusable packaging project, 

external feedback and comments allowed students to explore diverse interpretations 

of user-centered design, particularly in balancing functional requirements (e.g., 

durability, ease of cleaning) with aesthetic considerations. PA1 stated that: 

ñThe criticisms I received influenced my salad bowl idea. You know 

how I cut a sphere and try to create an organic form, here are some 

examples. My search for this form was appreciated. This even happened 

when I received criticism from X Hoca and Y Hoca. They said that you 

were the first group that didn't bring a box in front of us, but when I 

heard this, of course, I started to look for more organic things... forms... 

Afterwards, it evolved into what it was in the pre-jury, for example. That 

was the critical, memorable one. Will he take the bag and put it aside, 

will he take the lid and put it aside? Or when the lecturers asked 

questions such as how the person who places the fish in the container 

in the restaurant will take the fish and put it in it, I started thinking 

about these questions and this idea evolved, for example.ò (see Figure 

4.9) 
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Figure 4.9 Screenshot from PA1ôs First Project Process Portfolio 

 

Similarly, in the ID302 e-scooter project, feedback sessions played a crucial role in 

helping students navigate the integration of physical and digital design elements, 

addressing key concerns related to usability, accessibility, and sustainability within 

their design concepts. Feedback from instructors provided expert guidance on 

aligning the design with real-world usability standards, while group members 

contributed peer perspectives that fostered collaborative problem-solving and 

iterative refinement. 

Reflecting on the collaborative process,  PA1 described how their team refined their 

design based on feedback: "The transition, details, and structure of the second 

concept were liked," which affirmed their choice to pursue a more compact form. 

Based on these insights, the team divided tasks: two members focused on the app, 
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while the others continued developing the physical scooter, allowing a cohesive 

approach to both digital and physical aspects. 

Feedback from educators and peers also encouraged the team to explore new 

elements, like a circular display and rear camera, inspired by emerging technology 

trends. P01 noted, "The circular display idea was liked in the pre-juryé it was one 

of the favorite aspects." This feedback helped the team enhance functionality and 

user safety, addressing user needs and technological advancements. 

Throughout this feedback-driven process, including critiques from educators, peer 

collaboration, and industry input, students gained insights into aligning their designs 

with real-world needs. Reflective adjustments prompted by feedback led to features 

like handlebar adjustments and folding mechanisms for better user adaptability, 

expanding the teamôs original concept to a more integrated, user-centered design 

outcome. 

The team also faced design choices that required balancing user experience with 

technical feasibility, especially in creating a foldable public scooter model (Figure 

4.10). Initially, they envisioned a foldable scooter that could be unlocked using a QR 

code. However, through testing, they encountered ergonomic issues, such as user 

posture and the time required to unfold it. P01 reflected, "We saw hereé something 

about posture. Here, how many seconds will it take to open ité if it will force the 

user, the user does not want this." This realization led to a tension between their 

original concept and the practical limitations revealed through feedback. Ultimately, 

this feedback pushed the team to reconsider their approach, resulting in a more 

refined design for the private model, which received positive responses in the pre-

jury review. 
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Figure 4.10 PA1ôs Prototype Making Process from his/her Second Project Process 

Portfolio 

 

Through this process, students learned to navigate the tension between external 

expectations and personal design goals. While feedback from educators and peers 

encouraged them to refine usability and material choices, it occasionally conflicted 

with their initial vision, necessitating thoughtful adaptation and prioritization. This 

reflection reveals a need for structured reflection prompts that help students critically 

evaluate feedback, documenting how each piece of advice aligns with or challenges 

their design objectives. This balancing act between feedback and original intent 

ultimately contributed to a more intentional, user-centered design, allowing the team 

to evolve their concepts while maintaining coherence with their design objectives. 

To enhance the reflective practice of integrating feedback, students could benefit 

from structured prompts that encourage them to categorize feedback according to its 

relevance and applicability. For example, students might be asked to document 

feedback received, assess its alignment with project goals, and note specific 
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adjustments made in response. This reflective process would empower students to 

approach feedback systematically, fostering a balanced consideration of external 

input while preserving their creative intent. Such documentation could also help 

students cultivate resilience and adaptability in their design approach, which are key 

competencies for professional practice. 

¶ Iterative Concept Development and Refinement 

The iterative nature of concept development encourages students to view design as 

a dynamic process that evolves through continuous exploration and refinement. This 

sub-theme encompasses two critical areas: Exploring Diverse Ideation Methods and 

User-Centered and Scenario-Based Ideation Integration Challenges. Through 

iterative cycles, students are encouraged to experiment with different ideation 

methods, adapt to feedback, and refine their concepts in alignment with user needs. 

The following reflections offer insights into studentsô engagement with these 

processes. 

¶ Exploring Diverse Ideation Methods 

In both project briefs, students were exposed to various ideation techniques intended 

to stimulate creativity and expand conceptual possibilities. In ID301, students 

experimented with form generation for reusable packaging solutions, exploring 

diverse methods such as brainstorming, sketching, and rapid prototyping to iterate 

on material and structural choices. This variety in ideation techniques encouraged 

students to step outside conventional approaches Yet, reflective accounts revealed 

that students often defaulted to familiar methods when faced with time constraints 

or conceptual challenges. Similarly, ID302 provided opportunities to experiment 

with both physical and digital ideation tools, such as conducting user tests with 1/1 

physical prototypes, allowing students to envision the e-scooter and app as an 

integrated system. 
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Studentsô reflections suggested that while they appreciated the exposure to multiple 

ideation methods such as the use of biomimicry for idea generation, or the transfer 

of UX courseôs insight extraction methods, they stated that they had difficulties in 

taking inspiration from nature and transferring these inspirations to the design 

proposal: 

ñFirstly, when I was told about it and heard about it, I was very excited. 

Because, you know, I mean, the designers I follow and so on, I know 

that they use them. But, as we said, it was already very difficult. I 

mean... when I see something that I can use, okay, this is it, for example, 

the simplest one. Well, this acorn ... the lid holds on to it and doesn't let 

go, but when a certain time comes, it lets go. This mechanism can be 

transformed into any locking mechanism, the idea comes to me, but 

when I think about it in a practical way, or, you know, a little more 

realistic way, we were generally limited to the things of today.ò [PA2] 

 

While students found inspiration in observing natural mechanisms, such as how an 

acornôs cap acts as a natural locking device, they also encountered difficulties in 

adapting these organic concepts into practical, user-centered designs (Figure 4.11). 

Also, another student stress the struggle as:  

ñWell, I liked it when they first told me what it was, because it was nice 

and inspiring to be inspired by nature and to see the structures directly. 

But when I went and took photos, I didn't gain much because we were 

going to make a food container. How was I going to relate it? I took 

photos of every interesting thing I saw, but I didn't feel like I got much 

out of it afterwards. So... I mean, the sections from nature looked 

beautiful, but personally, I couldn't reflect it on the food container 

afterwards,....ò [PA3] 
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Figure 4.11 A Screenshot from PA3ôs First Project Process Portfolio 

 

This pattern points to a need for reflection strategies that encourage students to 

document their rationale for idea development technique use and to critically 

evaluate the effectiveness of diverse ideation techniques in achieving user-centered 

solutions. By encouraging students to reflect on the complexities of translating 

nature-inspired ideas into feasible design solutions, these strategies may foster a 

critical evaluation of the ideation process, helping students balance creativity with 

practical design solutions. 

Students could gain from suggestions that encourage them to investigate and record 

different approaches, evaluate their efficacy, and reflect on how each approach 

improves or restricts their design objectives in order to increase their reflective 

involvement with ideation strategies. Questions may, for instance, encourage 
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students to compare the results of different approaches or to consider why they chose 

particular strategies over others. A more flexible attitude would be encouraged by 

this systematic reasoning, empowering students to broaden their array of ideas and 

cultivate flexible problem-solving abilities that are essential for complicated design 

tasks. 

¶ User-Centered and Scenario-Based Ideation Integration Challenges 

User-centered ideation was a significant aspect of both project briefs, requiring 

students to incorporate empathy-driven insights and scenario-based thinking into 

their concepts. In ID301 participants were challenged with user-centered limitations, 

such as designing packaging that is straightforward and easy to understand for 

consumers. Reflecting on these challenges, students noted that user-centered ideation 

often involved addressing complex, sometimes conflicting demands, such as 

ensuring both functionality and sustainability. For example, when designing for a 

fish restaurant's catering service, PA1 refined this challenge as;  

ñOne of the first situations was like this; for example, when we built a 

fish restaurant, we determined that the users had needs such as 

appetizers, accessories, and drinks, and what would happen if we 

wanted to turn them into a catering unit? Problems such as not being 

able to carry all of them in the same place, not being able to carry hot 

and cold together, carrying a heavy meal with it, and meeting the 

scenarios when bringing and taking its own container with it. Designs 

were already emerging while trying to find solutions to these problems. 

As a method, we tried to solve it by using biomimicry.ò [PA1] 

 

In ID302, the scenario-based approach to e-scooter design required students to 

consider diverse user needs. The interview results suggested that students 

encountered challenges in maintaining coherence between varied user needs and 

their overall design goals. Also in ID302, while students initially faced challenges in 

conducting user research, particularly in presenting findings and extracting 

actionable insights, user testing conducted at the end of the project had a positive 
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impact on their user-centered design decisions (Figure 4.12). This hands-on testing 

phase allowed students to directly observe how users interacted with their prototypes, 

providing valuable feedback that informed and refined their final designs with a 

stronger focus on user needs. This iterative feedback loop highlighted the importance 

of user testing in the evaluation process, underscoring how real-world interactions 

can significantly enhance the usability and effectiveness of design outcomes, 

reinforcing a user-centered approach. This difficulty underscores the importance of 

structured reflection instructions that encourage students to explicitly document 

these conflicts, evaluate the prioritization of user-centered insights, and reflect on 

the design adjustments made to accommodate different user scenarios. 

 

Figure 4.12 PA2ôs Screenshot from Second Projectôs Process Portfolio 

 

To support students in navigating the complexities of user-centered and scenario-

based ideation, reflection prompts should encourage them to document specific 

instances of conflict between user needs and design intentions, along with the 

resolutions they adopted. For instance, students might reflect on trade-offs they 
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encountered, how they prioritized certain user needs, and how scenario-based 

thinking influenced their final design choices. Such reflective documentation would 

enhance studentsô ability to manage the multi-faceted demands of user-centered 

design, fostering a skill set that balances creativity with practical user considerations. 

The results of the Ideation and Conceptualization theme underscore the value of 

structured reflection in helping students navigate feedback, experiment with diverse 

ideation methods, and reconcile user-centered needs within an iterative design 

process. By incorporating targeted reflection instructions and structured 

documentation, students can enhance their ability to adapt feedback meaningfully, 

expand their ideation techniques, and integrate empathy-driven insights into 

cohesive design outcomes. These reflective practices will not only improve the 

quality of their academic projects but also equip them with essential skills for 

professional design environments. 

¶ Theme 3: Skill Development and Application 

The Skill Development and Application theme encompasses the technical 

competencies students develop through hands-on practices, such as prototyping and 

tool utilization, which are crucial to their growth as industrial designers. Reflecting 

on skill acquisition enables students to assess their technical capabilities, 

adaptability, and the integration of these skills within their design projects. This 

theme focuses on two sub-themes: Impact of Physical Prototyping on Design 

Process and Learning and Adopting New Tools, each of which is discussed in the 

context of student reflections informed by the ID301 and ID302 project briefs. The 

analysis is aligned with the research objective of gaining deeper insights into 

students' reflective practices, particularly concerning how they perceive their skill 

development in relation to the design process. 
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¶ Impact of Physical Prototyping on Design Process 

Physical prototyping serves as a vital tool in the design process, allowing students to 

translate abstract concepts into tangible forms and assess their functionality, 

aesthetics, and usability. In the ID301ôs Zero-Waste Takeaways and Deliveries: 

Reusable Product Family Solutions to Replace Single-Use Packaging project, 

students were encouraged to create both physical and digital prototypes (Figure 

4.13)  that emphasized material selection, durability, and user interaction, which 

enabled them to evaluate the feasibility and user-friendliness of their designs. 

Similarly, the ID302ôs the E-Scooter Design Solutions for Shared and Private Usage 

project required students to develop models that integrated both physical and digital 

aspects, allowing them to experiment with the ergonomics, usability, and aesthetic 

coherence of the e-scooter design. 

 

Figure 4.13 Screenshot from PA1ôs First Project Process Portfolio 

Students reflected on the impact of physical modeling on their design understanding, 

noting that it brought theoretical design concepts into a practical, evaluative context. 

For instance, all students mentioned that prototyping highlighted issues in material 

durability and user interaction that were not initially apparent in freehand sketches. 
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However, reflective accounts also revealed that students encountered limitations due 

to time constraints and available resources, which sometimes restricted the depth of 

exploration they could achieve through prototyping. 

ñWhen we made prototypes, the design never progressed at first. Like 

we had a final version, like we had an idea. [...]We just tried to make a 

product rather than developing it. I think that had a negative effect and 

that's what we made... it doesn't look like a designed product anyway. 

It just looks like a scooter that's trying to stand up, and éit looks like a 

scooter is just like the basic features. é I mean, it's supposed to stand 

up and go anyway, but we don't have to do that. We need to design it. 

But when it can't stand, we can't switch the design, and we do not have 

a lot of possibilities with such limited materials,[...] That's why it didn't 

improve our design much, as it was more important to fasten or connect 

the metals together than to make the product more aesthetic. We spent 

too much labour on this.ò [PA3] 

 

To strengthen reflective practices around prototyping, structured prompts could 

encourage students to document specific insights gained from each prototype 

iteration, particularly concerning material choices, structural integrity, and user 

experience. For instance, students might be asked to reflect on how physical models 

influenced their understanding of material constraints or ergonomic requirements 

and how these insights informed design revisions. Such reflections would improve 

studentsô awareness of the iterative nature of physical modeling, reinforcing the 

value of hands-on experimentation in bridging conceptual ideas with practicality. 

¶ Learning and Adopting New Tools (both Physical and Digital - 

Visualization, 3D Digital Modeling) 

In both the ID301 and ID302 projects, students were exposed to various physical and 

digital tools, including visualization techniques, 3D modeling, and digital rendering 

software, which expanded their technical capabilities and enhanced their design 

representations. For the ID301 project, students relied on 3D digital modeling to 

visualize their packaging concepts and simulate user interactions, while ID302 
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required students to integrate digital interfaces and physical product models, 

combining 3D modeling for the e-scooter with app interface mockups (Figure 4.14). 

This dual focus on physical and digital tool use allowed students to build 

comprehensive skill sets, enabling them to convey complex design ideas more 

effectively. 

 

Figure 4.14 Screenshots from PA3ôs Second Projectôs Process Portfolio- 1/1 

Physical Prototype and Use of Figma 
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Interview analysis revealed that while students appreciated the opportunity to learn 

new tools, they often experienced challenges in the use and integration of new 

software within a limited timeframe for their design projects. PA2 noted that ñWe 

used Fusion in the E-scooter project, for 3D modelling. We used Illustrator to 

prepare our layouts and storyboards. Well, we actually used Miro a lot. We also 

used it in the previous project, but I forgot to mention it, I'm not sure if it counts. We 

used Figma. At some point, we all learnt how to produce an app interface with 

Figma.ò 

Reflection instructions may encourage students to document their learning progress 

with new tools, focusing on both challenges and achievements. For instance, students 

could be prompted to reflect on how specific tools enhanced their design process, 

any technical skills gained, and ways they adapted their designs as their proficiency 

increased. Additionally, reflection exercises could prompt students to evaluate the 

impact of digital and physical tool use on the final design, fostering a critical 

perspective on how tool mastery contributes to both the design process and 

outcomes. This structured documentation would not only support students in 

developing a reflective skillset but also qualities essential for navigating the rapidly 

evolving landscape of the industrial design profession. 

¶ Theme 4: Evaluation of Teamwork and Personal Contribution 

The Evaluation of Teamwork and Personal Contribution theme explores students' 

reflections on collaborative processes, personal responsibilities, and time 

management within their design projects. Effective teamwork and efficient division 

of labor is crucial in industrial design, where complex projects often require students 

to manage multiple tasks, balance skill sets, and work cohesively toward a unified 

design vision. This theme includes two primary sub-themes: Impact of Division on 

Labour and Time Management, each offering insights into how students perceive 

their roles, contributions, and challenges in collaborative settings. The reflections are 

contextualized within the ID301 Industrial Design IIIôs Zero-Waste Takeaways and 
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Deliveries: Reusable Product Family Solutions to Replace Single-Use Packaging 

and ID302  Industrial Design IVôs E-Scooter Design Solutions for Shared and 

Private Use projectôs briefs, providing a detailed understanding of students' 

teamwork dynamics and individual contributions. 

¶ Effect of Division on Labour 

The division of labor in collaborative design projects presents both opportunities and 

challenges for students, as it requires them to align individual strengths with team 

goals while managing task responsibilities effectively. This sub-theme is divided into 

two components: Collaborative and Teamwork Dynamics and Design Process 

Management. 

o Collaborative and Teamwork Dynamics 

In both the ID301 and ID302 projects, students were assigned tasks that allowed 

them to leverage their individual skills while contributing to the collective design 

outcome. In the ID301 reusable packaging project, three interviewed students 

highlighted the challenges of teamwork, noting difficulties in coordinating schedules 

and working styles. They expressed that creating a cohesive team environment was 

often complicated by differing expectations and varying levels of comfort with 

collaborative work. Some students found it challenging to align their individual 

approaches and goals with the broader objectives of the team, which occasionally 

led to conflicts over design priorities and methods. PA2ôs comment on this was: 

ñThere was a gap in that process. Because there were some problems 

in our team as well. (about carrying out the process as a team after the 

preliminary jury) Someone had to go abroad. Someone else had a 

school trip, etc. éwe determined these items, but not everyone could 

create something according to those items. Then, when someone came 

up with this idea, I mean, we looked, we saw that a configuration was 

forming here, we were gaining some space, we were all together at that 

time, we said okay, let's continue with this. Let's get some critique, we'll 

see how it turns out.ò [PA2] 
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In the ID302 e-scooter project, the collaborative aspect was perceived more 

positively, as students had to seamlessly integrate digital and physical components 

as a team. Interview results revealed that while the division of tasks helped the 

students manage the project phases, it also created challenges in maintaining 

cohesion across these elements. Students noted the need for clear communication 

and regular check-ins to ensure that all components aligned with the overall design 

vision. As PA1 explained; 

 "We did not develop the app and the product together, there was a very 

serious disconnection during the period, and for example, we had made 

the teammates of this assignment by selecting 1 person, forming pairs 

of groups and randomly combining those pairs of groups. Strangely, I 

teamed up with the other's friend. The friend I chose and the other 

teamed up. In the end, this actually reflected positively on the process. 

It was nice to know that we could somehow communicate between us, 

to get closer. We were afraid of the same thing happening because it 

would not be nice if everyone was in a polarised direction with the 

friend they brought. But when we swapped like this, it was easier to 

transfer information. Everyone could transfer it to the person they were 

sincere with. It had such a positive side.ò  

 

According to him, randomly pairing teammates from different groups fostered 

unexpected communication channels, as students felt more comfortable relaying 

information through familiar connections. This approach helped bridge initial gaps 

and provided a positive impact on collaboration.  

To enhance reflective practices around teamwork, instructions could encourage 

students to document specific collaborative challenges, resolutions, and insights 

gained from their team dynamics. To illustrate, students might reflect on how 

individual contributions supported or complicated the project goals, how conflicts 

were managed, and how collaborative efforts impacted the final design. By engaging 

in this reflection, students can develop a deeper understanding of effective teamwork 

strategies, strengthening their ability to work cohesively in professional 

environments where interdisciplinary collaboration is essential. 
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Design Process Management 

Design process management within teams requires students to not only allocate tasks 

effectively but also to ensure that each phase of the design aligns with project goals. 

In both projects, students were responsible for managing multiple design stages; 

from research and ideation to prototyping and evaluation, requiring careful 

coordination to meet project objectives. In ID301, the students reflected on the 

iterative management of design phases, noting how task management impacted the 

refinement of their design concepts both for sustainable package and business model 

design. For ID302, the integration of digital and physical elements necessitated more 

complex coordination, as each design phase required alignment between the E-

scooterôs physical features and its digital functionalities. 

In both projects, students explained that they had difficulty relating the business 

model, packaging design, and physical and digital product designs to each other. This 

gap highlights the importance of helping students recognize the interconnectedness 

of these stages within design projects, as understanding these relationships is 

essential for cohesive and user-centered outcomes. As PA1 stated; 

ñThe business model part was a bit up in the air. I mean, we talked 

about it a little bit, but it turned into something we talked about from 

time to time. For example, we always say, óAre we doing a business 

model right now? Are we designing a product right now, or are we 

doing both?ô As I said, there was a situation of not being able to go in 

parallel with the product.ò 

 

Reflection instructions that encourage students to explore these connections could 

be valuable, guiding them to consider how each element informs and supports the 

others. By fostering this integrative perspective, students can better appreciate the 

complexities of design management, ultimately enhancing their ability to approach 

projects with a more holistic and reflective mindset. 

Reflection and documentation strategies that focus on design process management 

could help students critically evaluate their approach to task coordination, prompting 
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them to document their initial project plan, adjustments made during the project, and 

any observed impact on design quality. For instance, students could reflect on how 

effectively tasks were assigned, how responsibilities were adjusted over time, and 

how these adjustments contributed to the projectôs overall coherence. Such reflection 

documentation would provide students with insights into effective design 

management practices, preparing them to navigate complex, multi-stage projects in 

their future careers. 

¶ Time Management - Visibility of Phases and Allocated Time per Phase 

Time management emerged as a key area of reflection, with students assessing their 

ability to manage limited timelines across various design phases. In both the ID301 

and ID302 group projects, students encountered challenges in transitioning smoothly 

between instructor-defined phases, often finding themselves spending more time on 

certain stages than anticipated. One primary reason for this, as noted by PA3 from 

the ID301 course, was the limited availability of teammates, which disrupted the 

completion of tasks on schedule and impacted the flow of the project overall. 

ñWe had a lot of difficulty with teamwork in the last group. Because we 

couldn't divide labour, when we divided the labour, like I'll do the mock-

up, you do that, not everyone agreed with it. One of our group mates, 

for example, said: óNo, don't do this or that, I will do it, but I have 

worked all day, so I will do it at nightô. And we stayed like that, unable 

to do anything until the night and it went on like this, and during that 

time, another group of our friends started to walk in two separate arms 

as a solution to this, for example, three of us are doing one project, and 

one of us is doing another project. In the end, it was like taking both of 

them out. Well? Otherwise, we couldn't do much division of labour. But 

in the end, we did a project.ò[PA3] 

 

Students in ID301 reflected that they underestimated the time required for iterative 

refinement. In ID302, similar challenges arose but students managed time-intensive 

tasks, balancing the management of the transitions between design phases more 
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efficiently. Interview results highlighted the need for clearer timelines and regular 

progress tracking. 

To support time management, students could asked to document initial time 

projections for each phase, track actual time spent, and analyze any deviations from 

their original schedule. By systematically reflecting on their time management 

strategies and identifying specific time-related challenges, students may develop 

more realistic scheduling skills and improve their ability to meet deadlines, skills 

critical for both academic and professional design contexts. 

The Evaluation of Teamwork and Personal Contribution theme highlights the 

importance of effective division of labor and time management in collaborative 

design projects. By incorporating structured reflection instructions and strategies, 

students can gain insights into how teamwork dynamics, task management, and time 

allocation impact the design process and outcomes. Reflecting on these collaborative 

and personal contributions not only enhances studentsô understanding of effective 

teamwork but also prepares them to manage complex projects in professional 

environments, where clear communication, task coordination, and efficient time 

management are essential to project success. These reflective practices contribute to 

a holistic view of the design process, equipping students with the skills necessary to 

navigate the multifaceted demands of industrial design. 

¶ Theme 5: Reflection Documentation Tools 

The Reflection Documentation Tools theme underscores the importance of 

systematic reflection practices within the industrial design process. As students 

navigated complex design projects throughout their fall and spring semesters, 

documentation tools; particularly project process portfolios, served as significant 

instruments for capturing, analyzing, and refining their design reflections. This 

theme, focusing on the Role of the Project Process Portfolio, provides insights into 

how students utilize portfolios to document their design-related learning and 
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highlights opportunities to enhance reflective practices through structured 

documentation. The ID301 and ID302 projects' reflections highlight the diverse roles 

that portfolios fulfill in managing teamwork, integrating research, capturing ideation, 

and documenting design phases. The interview findings align with the research 

objective of gaining deeper insights into students' reflective practices and emphasize 

the portfolioôs potential to improve studentsô understanding of the iterative design 

process. 

¶ Role of the Project Process Portfolio 

The project process portfolio serves as a comprehensive tool for students to 

document each phase of the design process, facilitating a structured reflection that 

extends beyond traditional sketchbooks. In the ID301 Zero-Waste Takeaways and 

Deliveries: Reusable Product Family Solutions to Replace Single-Use Packaging 

project, the project process portfolio aimed to capture a wide array of documentation, 

including free-hand sketches and digital sketches, annotated CAD screenshots, 

fieldwork observations, and insights from user research. By including such diverse 

documentation, ranging from inspirational items to research data and personal 

contribution notes; the portfolio allowed students to gain a holistic view of their 

design decisions and iterative processes. However, students reported challenges in 

capturing the evolving aspect of decision-making in design, regarding the integration 

of evolving business models, sustainability considerations, and technical constraints. 

For instance, one student noted that without detailed documentation, key insights 

from user research and iterative changes in the business model were easily 

overlooked, often resulting in an incomplete record that hindered their ability to 

connect various project stages. 

In the ID302 E-Scooter Design Solutions for Shared and Private Use project, the 

documentation approach within the project process portfolio was found to be 

essential as students worked to integrate both physical and digital components of 

their design. The portfolio provided a structured framework that allowed students to 
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track the progression of their design concepts across these intertwined elements, 

fostering a cohesive design vision. However, interview reflections highlighted the 

importance of structured instructions within the portfolio, as many students struggled 

to comprehensively document their evolving thought processes and the rationale 

behind their design decisions. 

One student observed that detailed documentation helped them recall and appreciate 

their efforts over time, by revisiting earlier stages for clarifying their developmental 

progress and revealing areas for future improvement. This insight underscored the 

role of structured documentation in enabling students to reflect more deeply on their 

design journey, supporting both immediate project needs and long-term learning 

outcomes. 

ñI think documenting helped me to understand a lot of things that I did 

not understand in that process. For example, in this project, even 

though I didn't feel that I had worked that much in the final phase, when 

I went through the process, it showed that I had done these things and 

that I had spent a lot of effort. Afterwards, I remembered that I had 

forgotten some things[é], it helped me to remember the process and it 

was good for me to learn the project more clearly and to take pictures 

from here while preparing it to put it in our portfolio in the future. 

[é]Later, when I will use the same things when I will create a user 

flow, it will be easier to look at what has already been done and 

remember how I did it.ò [PA2] 

 

To enhance the role of project process portfolios in fostering reflective practice, 

structured instructions and strategies could be integrated at each phase of the design 

process. These instructions and strategies might guide students to reflect on specific 

challenges encountered, alternative solutions considered, and the decision-making 

rationale for each stage. For instance, prompts could encourage students to consider 

how their business model aligns with their user research insights or how their 

material choices impact the usability and sustainability of the final product. Such 

reflective documentation may help design students to recognize the interconnected 

nature of design decisions, fostering a deeper understanding of how iterative 

adjustments contribute to cohesive design outcomes. 
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Moreover, some students expressed a desire for more structured guidance from 

instructors throughout the process, noting that while the initial project briefs outlined 

key goals and methods, they often felt "left to their own accord" in the later stages. 

Regular feedback sessions that bridge theoretical concepts, such as user research and 

business model integration, could support students in making connections across 

different project elements, eventually enhancing their ability to manage complex, 

multi-phase design projects effectively. Structured reflection practices, combined 

with more frequent, targeted feedback, could therefore play an important role in 

helping students develop a holistic view of the design process and prepare them for 

the challenges of real-world design projects. 

Each theme contributes to a holistic design education approach by reinforcing and 

supporting other phases. The research theme initiates the process with user-centered 

insights, setting a foundation that informs Ideation and Conceptualization. As ideas 

evolve, Skill Development and Application theme provides the technical means to 

test and realize these concepts. Evaluation of Teamwork and Personal Contribution 

adds a collaborative dimension, teaching students to navigate shared responsibilities 

and individual roles. Finally, Reflection Documentation Tools unify these 

experiences, giving students a comprehensive view of their development and helping 

them build a reflective habit that tracks growth, challenges, and achievements. 

This interconnectedness fosters a reflective mindset that not only prepares students 

for individual projects but also equips them with adaptive skills for professional 

practice. By understanding the cyclical and interconnected nature of reflection in the 

design process, students would become more effective problem-solvers, capable of 

adapting to the evolving demands of industrial design. Structured reflection across 

these themes may ensure that students approach design holistically, with a blend of 

empathy, technical skill, collaboration, and self-awareness, preparing them for the 

multifaceted challenges of the field. 
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CHAPTER 5  

5 RESEARCH PHASE 2 

5.1 Visual Content Analysis in Industrial Design Research 

Visual content analysis is a pivotal methodological approach in this doctoral 

research, enabling systematic exploration and interpretation of visual elements and 

contextual factors influencing design processes and outcomes (Eppler & Burkhard, 

2007). The analysis is important for deconstructing the complexities of the product 

design process, offering insights for an in-depth understanding of how design 

elements are perceived and interacted with in real-world contexts, and enabling 

designers to evaluate and refine their solutions based on empirical evidence (Drew 

& Guillemin, 2014). Furthermore, visual content analysis is crucial in industrial 

design education, particularly in fostering students' reflective practice. By critically 

examining visual artifacts such as sketches, physical or digital models, and design 

iterations used in design education and reflection, students engage in reflective 

practice that enhances their comprehension of design methodologies and decision-

making strategies, preparing them to make informed design decisions (Pei, Campbell 

& Evans, 2011). 

In this doctoral research, the visual content analysis of the studentsô project process 

portfolios involved five steps: 

¶ Data Collection: Accumulated relevant visual materials, including design 

artifacts and visual documentation (Prosser & Loxley, 2008; Stanczak, 

2007). 

¶ Descriptive Analysis: Detailed visual elements like shapes, colors, and spatial 

arrangements (Kress & van Leeuwen, 2020). 
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¶ Contextual Interpretation: Analyzed visuals in their cultural, social, and 

economic contexts (Harwood & Garry, 2003). 

¶ Thematic Coding: Identified themes from the visual data for deeper analysis 

(Krippendorff, 2018). 

¶ Synthesis and Interpretation: Integrated findings with theoretical 

frameworks to conclude design effectiveness and societal impact (Drew & 

Guillemin, 2014). 

5.2 Sampling and Duration of Analysis 

The Visual Content Analysis (VCA) undertaken in this study focused on 83 project 

process portfolios of third-year industrial design students from the Middle East 

Technical University (METU) Department of Industrial Design (2022-23 Fall- 

Spring terms). These portfolios were completed and submitted at the end of each 

semester and captured the studentsô design processes, including research, ideation, 

prototyping, and evaluation phases. The initial analysis was conducted over a period 

of two months; October and November of 2023; adhering to a two-phase approach 

that included an initial exploratory analysis and a comprehensive review of the 

selected project process portfolios. At this phase, the students whose project process 

portfolios were visually content analyzed were grouped as PB and identified as PB1-

PB83. 

The preliminary analysis was performed on a selected subset of seven portfolios to 

identify recurring themes, strategies, and reflective practices. These portfolios were 

selected strategically to ensure diversity and depth, including: 

¶ The portfolio with the highest evaluation score, serving as an example of 

comprehensive documentation and reflection. 

¶ Portfolios from three students who participated in semi-structured interviews, 

providing complementary qualitative insights into their reflective practices. 
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5.3 Project Process Portfolio in METU Department of Industrial Design ï 

Content and Importance 

The practice of using project process portfolios was initially introduced within the 

fourth-year industrial design studio course of the METU Department of Industrial 

Design as a means to systematically record the design process. Following the 

transition of faculty members who pioneered this practice to the third-year studio 

coordination, the portfolio practice was subsequently integrated into the third-year 

studio curriculum, where it continues to be implemented as a core component of 

project-based learning.  

The Project Process Portfolio has been established as a required component of the 

ID301 Industrial Design III studio at the Middle East Technical University (METU), 

serving as a structured platform for students to record and communicate their design 

process over the course of the semester. As implemented in the Fall 2022 semester, 

the portfolio was developed and maintained by students using the online 

collaboration platform Miro, which allowed instructors to monitor progress, provide 

feedback, and assess outcomes in an integrated digital environment (see APPENDIX 

D for the assignment document). 

Unlike traditional sketchbooks, the project process portfolio required a systematic 

and diverse documentation of design activities, outcomes, and resources. The 

assignment clearly instructed students that the portfolio content must go ñfar beyond 

just a sketchbookò. Instead, students were expected to include a broad range of 

content types, organized and maintained consistently on their Miro boards. These 

content types included: 

¶ Hand-generated sketches and digital sketches 

¶ Fieldwork documentation, user research findings, and notes from 

meetings 

¶ Sticky note analyses and data from research 
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¶ Information gathered from weblinks, critical documents, and 

inspirational items 

¶ Photos and videos, CAD screenshots, material-process documentation 

¶ Mock-up creation and mock-up testing results 

This multi-format documentation approach aimed to support a rich and 

communicative visual record of the design process, aligning with the departmentôs 

emphasis on iterative, evidence-based design practice. Thus, the inclusion of these 

visual elements, such as sketches, diagrams, and photographs of prototypes, is 

critical in enhancing the communicative effectiveness of the portfolios.  

Students were responsible for creating and updating a timeline on their Miro boards, 

which functioned as the backbone of the portfolio. This timeline was expected to 

reflect the chronological development of the project, with organized materials from 

various design stages such as research, ideation, development, and prototyping. By 

systematically documenting their work, students are encouraged to reflect on their 

design decisions, fostering deeper critical thinking and problem-solving skills. This 

aligns with the pedagogical goal of cultivating self-directed learners capable of 

evaluating their work in alignment with project objectives. 

Importantly, the portfolio was not a retrospective submission but an ongoing 

requirement throughout the semester. Students were advised to update the content 

on a weekly basis, ensuring that the documentation captured not only final decisions 

but also the evolution of design thinking and project progression. 

The evaluation of project process portfolios was explicitly based on three criteria 

defined in the assignment: 

1. Content Quality: The depth, variety, and relevance of the documented 

materials. 

2. Presentation and Layout: The clarity, organization, and communicative 

effectiveness of the Miro board. 

3. Continuity of Development: Evidence of consistent documentation and 

visible progression over time. 
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These evaluation criteria emphasized the importance of both process and 

communication in design education. The portfolio thus served a dual function; as a 

medium for compiling project-related content and as a transparent record of design 

progression that informed the midterm and final assessments. 

In conclusion, the Project Process Portfolio assignment in ID301 Industrial Design 

III  highlights a deliberate integration of digital tools and structured documentation 

practices into studio-based education. While it is not positioned as a reflective tool 

in itself, it forms a vital scaffold for tracking, presenting, and evaluating the complex, 

multi-step process of industrial design projects at the undergraduate level. 

5.4 Data Collection: Gathering Diverse Visual Data 

The first step in the analysis involved collecting a diverse dataset from project 

process portfolios. These portfolios incorporated a wide range of materials, including 

sketches, annotated images, design iterations, and written reflections, providing a 

holistic representation of studentsô design approaches. 
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Figure 5.1Visual Content Analysis of Third-Year METU ID Students 

A preliminary analysis was conducted on seven portfolios to identify recurring 

elements and patterns (Figure 5.1Visual Content Analysis of Third-Year METU ID 

Students). This initial step laid the groundwork for a more detailed analysis by 

highlighting critical aspects of documentation and reflection. The inclusion of both 

textual and visual data allowed for a comprehensive understanding of studentsô 

design processes, ensuring that the dataset captured the complexity and richness of 

their work (Grimaldi, Cricelli, & Rogo, 2018). 

5.5 Descriptive Analysis: Categorizing Visual and Textual Elements of 

Third -Year Industrial Design Studentsô Project Process Portfolios 

In the second phase, the visual and textual elements within the portfolios were 

identified and systematically categorized. The preliminary analysis of seven project 

process portfolios was pivotal in shaping the systematic evaluation of the complete 

dataset. The visual content analysis was performed using the Miro platform and 

analyzed in detail using the platform's tools: geometric shapes, post-its and arrows 
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(Figure 5.2 Miro Board Used for Initial VCA Analysis). This phase enabled the 

identification of patterns, strategies, and opportunities in students' reflective 

documentation, guiding the refinement of the coding method and the design of an 

analysis rubric.  

 

Figure 5.2 Miro Board Used for Initial VCA Analysis 

 

During the initial analysis, the portfolios were examined to uncover recurring 

themes, strategies, and gaps in reflection documentation. Yellow sticky notes were 

applied as an analytical tool to develop and categorize themes aligned with the 

reflective practices of industrial design students. These notes provided a visual 

method for organizing observations and allowed for iterative adjustments to the 

emerging themes. Their application demonstrates a methodical attempt to find 

important components and connections in the data, facilitating in the creation of a 

coding framework specific to the industrial design educational context. This 

exploratory process highlighted areas such as: 
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¶ The diversity of reflective practices, ranging from basic procedural 

descriptions to in-depth critical analyses. 

The reflective practices observed in the portfolios varied significantly in complexity 

and detail. At the basic level, some students demonstrated a procedural approach, 

documenting their actions without delving into the underlying rationale. For 

instance, in the "Biomimicry Sketch Analysis" (Figure 5.3 PB4ôs Biomimicry Sketch 

Analysis), notes and basic sketches captured the inspiration sources, such as the 

structure of a honeycomb or the antibacterial properties of spider silk. However, 

these reflections largely focused on the physical features of these inspirations 

without connecting them meaningfully to design decisions. Quick notes such as 

"Honeycomb: structure is space-efficient & strong" showcased functional 

observations but lacked deeper analytical insights into how these principles were 

integrated into the design. Concurrently, this allows us to understand the studentôs 

attitude and approaches in his/her reflection in actions. 

 

Figure 5.3 PB4ôs Biomimicry Sketch Analysis 

 

In contrast, portfolio pages organized after the action revealed in-depth critical 

analyses that combined visual and textual reflections to provide comprehensive 
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insights into design decisions. For instance, PB3 documented his/her realization 

about the unsustainability of disposable materials, which was reflected both in 

his/her critiques and reflections after the event. His/her portfolio stated, "The greatest 

problem people had was the carrying scenario of the food," highlighting an 

engagement with real-world challenges. This critical observation informed his/her 

subsequent design solutions, demonstrating an ability to connect practical 

experiences with ideation (Figure 5.4 PB3ôs Verbal and Visual Reflection on Food 

Experience Workshop). 

 

Figure 5.4 PB3ôs Verbal and Visual Reflection on Food Experience Workshop 

 

Another student reflected on sketches showing iterations of a vertical locking system 

inspired by biomimicry, such as "elephant skin-like spaces for water-tight sealed lids 

(Figure 5.5). Accompanying notes provided rationales for design decisions and 

critiques, such as how the proposed locking system needed adjustments for usability 

and energy efficiency. These reflections demonstrated an increased involvement 

with iterative development by not only analyzing the deficiencies of the initial 

prototypes but also outlining an approach for improvement. 
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Figure 5.5 PB2ôs Free Hand Sketches Informed by Biomimicry Sketch Analysis 

Exercise 

 

The integration of visual documentation (sketches) with textual reflections 

(annotations, critiques) exemplified the variety of reflective practices. In some 

phases, students often did not have this integration, while in phases like research and 

ideation, the students effectively used both mediums to narrate the evolution of their 

design processes. To illustrate, in the Food Experience Workshop ( Figure 5.4), 

visual representations of food preparation processes were paired with reflective 

critiques on the environmental impact of the materials used. Moreover, in Figure 5.5 

(PB2), the sketches of airtight systems and stackable containers were accompanied 

by reflections on user feedback and material constraints, evidencing a critical and 

iterative approach. 
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Overall, the diversity of reflective practices highlighted varying levels of 

engagement with design thinking, from surface-level procedural accounts to 

comprehensive narratives connecting inspiration, experimentation, critique, and 

refinement. This spectrum underscored the potential of structured reflective tools, 

such as annotated templates, to bridge the gap between primary and advanced 

practices, fostering deeper analytical skills in students. 

¶ Frequent use of visual elements like annotated sketches and flow diagrams, 

which varied significantly in clarity and effectiveness. 

The analysis revealed frequent use of visual elements such as annotated sketches, 

and detailed drawings in the students' project process portfolios. These visual tools 

played a critical role in documenting the iterative phases of design, providing 

insights into the students' ideation processes, decision-making, and problem-solving 

strategies. However, the clarity and effectiveness of these elements varied 

significantly across portfolios. 

In some cases, visual tools were used effectively to communicate design intent and 

reflect on iterative changes. For example, in Figure 5.6 (PB1), a series of annotated 

sketches illustrated the functional elements of a modular container system, 

apparently showcasing how user research insights were translated into a design 

proposal. Detailed notes, such as "how they are attached," added clarity to the 

sketches, providing a complete visual narrative of the productôs usability and 

modularity. 
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Figure 5.6 PB1ôs Ideation Sketches Related Screenshot 

 

Similarly, in Figure 5.7 sketches combined critiques and hand-drawn details to refine 

concepts. Annotations highlighted key considerations like separator design, strap 

functionality, and coffee cup dimensions. These sketches effectively integrated 

critique notes, demonstrating how feedback informed design decisions and iterative 

refinement. 

 

Figure 5.7 PB4ôs Ideation Sketches Related Screenshot 
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On the other hand, some portfolios struggled with the clarity of their visual 

documentation. For instance, as seen in Figure 5.8 hand-drawn sketches of planar 

containers, though reflective of design iterations, lacked sufficient annotation to 

explain how design decisions addressed user feedback or technical challenges. While 

the sketches showed progression, their communicative value was limited without 

accompanying detailed explanations. 

 

Figure 5.8 PB2ôs Ideation Sketches Related Screenshot 

 

Furthermore, the extent of integration between visual and textual elements varied. 

Portfolios that paired detailed sketches with reflective notes demonstrated a stronger 

ability to narrate the design process. In contrast, those relying completely on visuals 

or text often failed to fully communicate the complexity of their decision-making. 

These analysis results highlight the need for structured guidelines to support students 

in effectively using visual elements to document their design processes. Clearer 

annotations, consistent integration with textual reflections, and the use of templates 

for visual documentation could enhance the clarity and communicative value of 

future portfolios. 
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¶ Differences in how students incorporated research, feedback, and 

iterative processes into their work. 

The analysis of portfolios revealed significant variations in how students integrated 

research findings, feedback, and iterative refinements into their design processes. 

The infographic used in Figure 5.9 exemplifies these differences through its verbal 

and visual reflection on stakeholder mapping, critiques, and iterative adjustments. 

 

Figure 5.9 PB3ôs Use of Infographics in The Project Process Portfolio 

 

This example demonstrates a thorough incorporation of research insights through 

stakeholder mapping. The personas reflect a comprehensive understanding of user 

needs, motivations, and scenarios, including specific profiles such as ña white-collar 

worker eating lunchò or ña family requiring special menus.ò These profiles were 

derived from user research, ensuring that the business model and product design 

aligned with real-world use cases. In contrast, some students demonstrated a more 

superficial approach to research by creating user profiles or stakeholder mappings 

that lacked depth or specificity. These profiles often did not reflect a thorough 

analysis of user needs, motivations, or contexts, which in turn limited the relevance 
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of their design solutions, making them less targeted and applicable to real-world 

scenarios. 

The infographic showcases how critique sessions were used to refine and enhance 

the presentation and conceptual clarity of the business model. Specific feedback, 

such as improving the visibility of colors and ensuring that sections of the poster were 

linked cohesively, was explicitly addressed. For instance, the revised titled part 

added business goals to clarify the restaurantôs objectives and made use of vector 

characters inspired by design principles to improve communication. In contrast, less 

effective portfolios either omitted critiques or failed to demonstrate how feedback 

was applied to improve their designs. This lack of integration reduced the traceability 

of iterative development in their work. 

The page effectively integrates visuals and text, using illustrated personas and vector 

graphics to clarify stakeholder relationships and project objectives. These visual 

representations make abstract concepts such as stakeholder dynamics more 

accessible and engaging. Prominently displayed critique notes serve as a connection 

to the iterative process, offering insights into how external feedback shapes the 

refinement of the business model. For instance, notes suggesting improvements in 

communicating the main theme of the restaurant or linking different parts of the 

poster show an active engagement with feedback. However, there are opportunities 

to further strengthen the integration of visual and textual elements, particularly in 

sections such as 'Processing', where diagrams or flowcharts showing how 

stakeholder needs to shape the operational workflow could strengthen the narrative. 

The iterative nature of the design process is captured through the inclusion of critique 

notes and revised objectives, demonstrating a commitment to refining ideas based 

on stakeholder feedback. This iterative approach is reinforced in the 'Conclusion' 

section, which brings together the team's reflective insights and demonstrates an 

adaptive mindset in addressing challenges related to stakeholder integration and 

communication. Despite these strengths, the critique notes could be more effectively 

linked to visual examples such as annotated mock-ups or side-by-side comparisons 
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of design iterations to illustrate the tangible results of the feedback. In conclusion, 

the infographic used in Figure 5.9 (PB3) provides an engaging example of how 

research, critique and iteration can be effectively synthesized in a coherent and 

reflective design process. By integrating these stages in a meaningful way, the 

student has achieved a design outcome that is not only aligned with user needs, but 

also shows a clear trace of growth and improvement. 

The preliminary analysis of the seven project process portfolios revealed patterns 

and recurring themes in students' reflective practices that formed the basis for the 

identification of four main categories of reflection: Research, Ideation and 

Conceptualization, Skill Development and Application, and Evaluation. These 

categories represent key components of the design process and provide insights into 

how students document and reflect on their work. This initial analysis generated 

these structured categories, and led to the development of a rubric designed to 

systematically assess students' reflective documentation, which is detailed in the next 

section. By integrating these categories into the rubric, a comprehensive framework 

for analyzing and developing reflective practices was created. A description of the 

rubric, showing how these categories are operationalized to guide the assessment 

process, follows below. 

5.6 Contextual Interpretation: Establishing Initial Codes 

The initial coding process aimed to systematically categorize the reflective practices 

observed in the selected project process portfolios. Broad categories were developed 

to identify and organize recurring patterns across the datasets, ensuring that the 

analysis captured the multifaceted nature of students' design reflections. These 

categories are determined as phase documentation, reflective depth and visual- 

textual integration. 

Phase Documentation category focused on tracking how students documented key 

stages of the design process, such as research, ideation, and finalization of their 
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product processes. The analysis examined whether students provided clear, 

sequential accounts of their work, highlighting critical decisions and transitions 

between phases. For instance, portfolios that paired annotated sketches with 

chronological descriptions of design iterations demonstrated a coherent 

documentation of progress. 

Reflective Depth category distinguished between surface-level accounts that merely 

described actions and more critical evaluations that explored the reasoning, 

challenges, and outcomes of those actions. Portfolios were assessed for their ability 

to articulate both "reflection-in-action" (real-time problem-solving during the design 

process) and "reflection-on-action" (post-process evaluations) as defined by Schºn 

(1983). For example, portfolios that included detailed notes on why certain design 

decisions were made, coupled with critiques of their effectiveness, were categorized 

as demonstrating deeper reflective engagement. 

Visual-Textual Integration category evaluated the extent to which visual elementsð

such as sketches, diagrams, and prototypesðwere effectively paired with 

explanatory text to narrate the design journey. Portfolios that combined clear, 

annotated visuals with thoughtful textual reflections were identified as highly 

integrated, offering a comprehensive understanding of the design process. In 

contrast, portfolios with disconnected or unannotated visuals were less effective in 

conveying the rationale behind design decisions. 

To ensure alignment with the research phaseôs objective (to objectively evaluate 

documentation and reflection practices in design processes), the emergent codes 

were cross-referenced with the theoretical framework, particularly Schºnôs (1983) 

concepts of reflective practice. This iterative process validated the categoriesô 

relevance to the studyôs objectives and supported the development of a detailed 

analysis rubric. The coding framework thus provided a structured approach to 

systematically evaluate how students documented and reflected on their design 

processes, bridging the gaps identified in the preliminary analysis and laying the 

groundwork for the rubric. 



 

 

176 

5.6.1 Analysis Rubric 

The development of an analysis rubric emerged as a critical step in this research, 

aimed at addressing the variability observed in studentsô reflective practices. The 

initial visual content analysis highlighted significant variations in how students 

documented and articulated their design processes, ranging from limited surface-

level observations to in-depth critical reflections. To comprehensively assess these 

practices and provide actionable insights for enhancing reflective learning, a 

structured evaluation rubric was improved (Table 5.1). The rubric not only served as 

an assessment tool for visual content analysis of project process portfolios but also 

supported the broader pedagogical goal of fostering critical thinking and lifelong 

learning of industrial design students. 

Table 5.1 Analysis Rubric 

Criterio n 5 

(Excellent) 

(20-18 

points) 

4 (Good) 

(17-15 

points) 

3 

(Adequate) 

(14-12 

points) 

2 (Poor and 

Very Poor) 

(11-9 

points) 

1 (Fail) (8-0 

points) 

Integration of 

Feedback 

Reflections 

demonstrate 

the integration 

of feedback 

from peers or 

advisors, 

showing 

growth and 

adaptation. 

Reflections 

mostly show 

the integration 

of feedback, 

with minor 

gaps. 

Reflections 

show some 

integration of 

feedback but 

lack thorough 

adaptation. 

Reflections 

show very 

limited 

integration of 

feedback. 

Reflections 

show little to 

no integration 

of feedback. 

Clarity, Depth, 

and Critical 

Thinking in 

Reflections 

Reflections are 

very clear and 

detailed, 

demonstrating 

deep 

understanding 

and critical 

thinking, 

challenging 

existing 

assumptions 

and offering 

new 

perspectives. 

Reflections are 

generally clear 

and detailed, 

showing good 

understanding, 

insights, and 

some critical 

thinking. 

Reflections are 

somewhat clear 

but show some 

ambiguity and 

limited 

exploration and 

critical 

thinking. 

Reflections are 

unclear, 

contain 

significant 

ambiguity, and 

show limited 

exploration and 

critical 

thinking. 

Reflections are 

very unclear, 

difficult to 

understand, 

and lack 

thorough 

exploration 

and critical 

thinking. 
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Table 5.1 (continued) 

Use and 

Integration of 

Visuals 

Visuals are 

effectively 

used to 

enhance 

understanding 

and are well-

integrated with 

text. 

Visuals are 

used 

effectively but 

with minor 

integration 

issues. 

Visuals are 

somewhat 

effective but 

show some 

lack of 

integration with 

the text. 

Visuals are 

poorly 

integrated and 

do not fully 

enhance 

understanding. 

Visuals are 

poorly used 

and do not 

enhance 

understanding. 

Organization 

and 

Documentation 

of Process 

The portfolio 

is very well-

organized, 

with a clear 

logical flow. 

The design 

process is 

precisely 

documented, 

with clear, 

detailed 

records that are 

easy to follow 

and 

understand. 

The portfolio is 

well-organized, 

with minor 

logical issues. 

The design 

process is well-

documented, 

with generally 

clear records 

and minor 

gaps. 

The portfolio 

shows some 

organization 

but lacks a 

clear logical 

flow. The 

design process 

shows some 

documentation 

but contains 

gaps or unclear 

records. 

The portfolio is 

poorly 

organized with 

major logical 

issues. The 

design process 

is poorly 

documented 

with significant 

gaps and 

unclear 

records. 

  

 

One of the important criteria in the rubric was the integration of feedback, which 

assessed how well students documented and applied critiques from peers, instructors, 

or stakeholders. Effective feedback integration was characterized by explicit 

references to feedback and its impact on subsequent design iterations. For instance, 

exemplary portfolios demonstrated clear feedback loops, where stakeholder input, 

such as usability concerns or material suggestions, was incorporated into revised 

prototypes. These reflections showcased the studentsô adaptability and their ability 

to critically evaluate external input. In contrast, less detailed portfolios often omitted 

feedback entirely or provided only vague references, limiting evidence of iterative 

improvement. 

The rubric also emphasized clarity, depth, and critical thinking in reflections, 

focusing on how students articulated their design decisions and engaged with 

challenges. High-quality reflections demonstrated not only an easy to analyse 
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narrative but also a thorough evaluation, exploring the rationale behind decisions and 

questioning assumptions. For instance, exemplary portfolios detailed the rationale 

for material selection, evaluating its impact on functionality. These reflections often 

included critical analyses of alternative solutions, illustrating a deep engagement 

with the design process. Conversely, less detailed portfolios tended to list actions 

without offering insights into the reasoning or outcomes, resulting in a superficial 

understanding of the design process. 

Another important aspect of the rubric was the use and integration of visuals, which 

assessed how effectively visual elements such as sketches and diagrams 

complemented textual reflections. Exemplary portfolios paired annotated sketches 

with written narratives, creating a cohesive documentation of the design journey. 

These visual-textual integrations provided a comprehensive understanding of 

iterative development, with visuals illustrating key design changes and text 

explaining the rationale behind them. To illustrate, one portfolio included annotated 

diagrams of a modular container system, linking design iterations to stakeholder 

feedback about usability. In contrast, less detailed portfolios often relied on 

standalone visuals with little or no accompanying explanation, reducing their 

communicative value and failing to convey the iterative nature of the process. 

The final criterion focused on the organization and documentation of the design 

process, evaluating the logical flow, completeness, and clarity of the portfolio. Well-

organized portfolios presented a seamless narrative, systematically documenting 

each phase of the design process, from research and ideation to prototyping and 

evaluation. These portfolios demonstrated a seamless flow of concepts, with detailed 

annotations highlighting critical decisions and facilitated analyzing the relationship 

between the stages of the design process and the transferred design knowledge and 

skills. For instance, one exemplary portfolio linked early user research to final design 

outcomes, illustrating how initial insights shaped the productôs development. In 

contrast, insufficiently prepared portfolios often displayed gaps in documentation, 

particularly in later phases such as evaluation, resulting in a fragmented narrative 

that disrupted the understanding. 
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The rubric encountered iterative refinement to ensure clarity and reliability. During 

its development, the researcher applied the rubric to a subset of portfolios, comparing 

results to identify ambiguities or inconsistencies. For example, discrepancies in 

scoring the integration of visuals prompted adjustments to the descriptors, 

emphasizing the importance of coherence between visual elements and textual 

reflections. Through collaborative discussions, the rubric evolved into a robust 

framework capable of capturing the nuances of reflective documentation (see Figure 

5.10 Comprehensive Dataset Analysis with Rubric). 
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Figure 5.10 Comprehensive Dataset Analysis with Rubric 

  




































































































































































































































































































































































































































































































































































































































































































































































































































































