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ABSTRACT

INTEGRATING REFLECTION PATTERNS AND STRATEGIES
THROUGH A DOCUMENTATION TOOL
INTO INDUSTRIAL DESIGN STUDIO EDUCATION
FOR ENHANCED REFLECTIVE LEARNING

Demirci BHaticioMerve | | u
Doctor of Philosophylindustrial Design
Supervisor: ProDr.¢ aj | a Doj an

June 2025598 pages

Reflective practice is recognized as a key element in industrial design education,
supporting deep learning, creative thinking, and effective probl@ming. Yet,its

ineffective use can have an impact on studésdrning and engagementhis

doctoral research aims to developiegrate, and evaluate a reflection documentation

t ool based on Do n a lirdflecBoaih-&cior andfirefleatiome wo r k 0

onractiordin design educatian

Employing a research thnagh desigrapproach, theloctoralresearch unfolded in
four phases. Phase 1 includgakestionnaire and interviews witlthe students from
ID301 Industrial Design Il andD302 Industrial Design IVdesign studiacourses
(2022 23) to understand their competges and reflection habits. Phase 2 entailed
visual content analysis of 83 projeptocessportfolios using aspecific rubric,
identifying nineemergingeflection patterns. These patterns informed the design of

the documentation tool.

In Phase 3, the tbavas integrated into a Mirbased project template and piloted in

the Spring 20241D202 Industrial Design Itudio courseThe fudents completed



pre- and postperceptiomquestionnairg, and a second visual analysis was conducted
to assess changes irfleetive practice. Phase 4 involved a workshop at the UTAK
2024 National Design Research Conferenaderethe participants evaluated the
tool's usability aneffectiveness

Findingsrevealed thathe tool helpedhe industrial desigstudents articulatéesign

decisions, integrate feedback, and engage in reflective practicesreBearch

contributesto developinga mo d e | for translating Sch°nods
visual analysis framework for portfolios, and a tool adaptable to vadesidnstudio

settings offering practical guidance for enhancing reflective learning in design

education.

Keywords:Reflection inIndustrialDesign Education, Reflective Learning, Project

Documentation, DesigRrocessReflectionPatterns
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sét éce uygul ama, end¢strivyel tasar ém
cnhmeyi ve et kil problem -°zmeyi dest
| mektedir. Ancak, bu wuyguljamammae \é Ki
el éml ar eBhle ckdakKtidreay edbridtrér mas e, Donal c
sétma" ve "eylem ¢zerine yansétma" ka
ctéanseanr é m @@ li it K tmi midleme si ni , da hini edi | m

-l amaktadeéer .

arém yolvyygklaanme m& tddktermaiarnesketr@é@rmma a kK amad a
et el megkt ¢r . B-iDBG2 decslerindeki @0d2 @ , ° [ DG i | e
él an anket ve g°r¢kmel er ariglered éjJ éyl a

sétma al ékkanl ekl aré incelenmiktir. K
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sét ma Or ¢nt s belirl enmicktir. Bu °r

arémena y°n vermiktir.
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CHAPTER 1

INTRODUCTION

Indudrial design refers toaccording to the World Design Organization (2015)
defines industrial design asia st r at e-gplving proaess hate dnves
innovation, builds business success, and leads to a better quality of life through
innovative productssystems, services, and experiences. Industrial Design bridges
the gap between what i s-disgiplichrywbfessiodbthatp os si |
harnesses creativity to resolve problems andreate solutions with the intent of
making a product, sysin, service, xperience or a business, better (WDO, md.).
Furthermore, the profession combines innovation, technology, reseanch,
business, andmphasizeaesthetics, ergonomics, and manufacturing feasibility, yet
the evolving definition reflects a ghtoward strategic, systemic, and usentered

goals ¥ o ¥%set 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, tetbgical 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, facilitatingonation, managing multidisciplinary
teams, and contributing to strategic decisioaking within organizations. This
redefinition has challenged the boundaries of industrial design and reshaped the

learning expectations placed on future practitioners.

Thedynamic transition in design education approaches has also been addressed by

ot her researchers in the field. Redstr °i
complexity are integral aspects of design practice, arguing that contemporary
education should movéeyond 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 compleroblems and navigate uncertain futures
(Redstr°m, 2017;2020) . Mur at ov sdbased( 2020)
approach should evolve to prioritize exploratory, resedraoten, and collaborative

models of design education. His analysis of tmversity 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 industryalbotiation is also

ad

reinforced by Evyapan, Kor kut, and Hasdoj an

Department of Industrial Design graduation project course strategically integrates
partnerships with industry to provide realor | d r el evance to stu
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 industredsigners (Alons&ca r ¢ 2Ca-,zMate 2 as, &
BlazquezParra, 2021; Yang, You & Chen, 2005). Designers should exhibit systems
thinking, ethical awareness, adaptability, and reflective deemi@king in addition

to technical expertise and creativity (MeyeNorman, 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 criticakselff | ect i on ( Sch?®°n,
Reflection allows designers to evaluate ttligisign 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
usercentered products that are functional, laestally 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 preseg8dams, Turns &

Atman, 2016).

Recent empirical studies have highlightdhe multifaceted benefits of reflective

practices in industrial design education.

emphasize that structured reflective writing enhances cognitive understanding and

2

de
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metacognitive awarenessfosters emotional engagemerdnd 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

selfassessment mechanism, and a mediator of pedagogical dialogusetGel

Bajl &, 2018) . These reflective capaciti

capable of navigating uncertainty, responding to user needs, and integrating
feedback into evolving design solutions. Within industrial design education,
fostering suchreflective 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 industrial design education as they foster critical
thinking, selfawareness, and lifelong learning (Moon, 2004). Through reflective
practices, students analyze their design processes, understand their -tiegisian
strategies, and learn from thekperiences (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 knoddg inreawor | d cont exts ( Ak

Sch?°n, 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). Althougthe pedagogical value of reflection is
acknowlealged, 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 addsteuctured tools, and variability

in studentsdé ability or comfort wi t h
establishing systematic reflection practices, educators can better support students in

developing the critical skills necessary for profesalgractice.



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 bettgueshuip

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 constamlyes

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 pregsional 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 areeslemg 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 educationa
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

educatimal strategies in industrial design.

The adapted reflection documentationtisg r ounded i n Donald Sch°n’
"reflectiorrin-action” and "reflectioronra ct i on"™ ( Sch°n, 1983). Thi s
to encourage and reinforce industrial design estisl to think critically about the

steps, decisions, and processes involved in their design processes. The goal is to
increase studentsd6 awareness of their own | ¢
their strengths and weaknesses, and to support themaking more informed and

strategic decisions throughout their design projddtss, 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 profesgimacice.

In conclusion, by aligning the tool with established reflection theory and iteratively
evaluating its use in studimased learning environments, this research aims to offer
a scalable, theoretically grounded, and pedagogically relevant solatemhance
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 desigetudents 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 whighdustrial desigrstudents document and
reflect on their design processes througtjgxt 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 saus studiebased 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 @proach ensures that each aim contributes to a comprehensive

understanding and enhancement of reflection practices.



1.3.1 Research Questions

To achieve this aim, the research is guided by the following queskans€1.1).

1 What are the essential knowledge, skills, and competencies in design
education? (Addressed in the Literature Revi@wapter2), which involved
a literature review to identify and categorize degigated skills,
knowledge, and competencies.)

1 What s the role of documentation the design process for reflecting on
knowledge, skills and competencies? (Investigated in Research Phase 1
(Chapter4), which involved exploratory research, includiggestionnaire
and semsstructured interviews, and contirdia Research Phase Qhapter
5) through an initial visual content analysis.)

1 How do students document and reflect on their design processes? What are
the patterns of reflection? (Explored in Research Phas&tha@pfers) and
extended in Research PhaseChdpter6) through rubric development, a
second round of visual content analysis, and definition of reflection patterns.)

1 How can the reflection documentation and reflection patterns be adapted in
design education effectively? (Examined in Research Phasasd 4
(Chapterss-7) through the adaptation of a Miro template, application of a
reflection documentation tool, pre/pgstrceptionquestionnairg, visual
content analysis, and a final workshop to evaluatet t ool 6s usabil ity
impact.
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14 Structure of the Research

This research is structured into several key sections:

Chapter Onentroduces the research contextyating the study within the broader
evolution of industrial design and its educational implications. It begins by outlining
how shifts in societal, technologicahd professional expectations are redefining the
scope of industrial design and requiringure designers to develop competencies
that extend beyond traditional formaking to systems thinking, collaboratj@nd
reflective practice. This chapter highlights the growing demand for adaptability and
selfawareness in design education and argustspidagogical 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 studentaufcertainty and complexity.

The chapter also articulates the overall aim of the study, which was to develop a
refl ection documentati onlt outiredthe spesfied on Sch'
research objectives and questions that guided the research.

Chapter Twopresents 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 olgentered aesthetics to a
broader, systemgriented and socially eaged 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 t he efleegionsnadiébnamonal d Sch
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 desayrcation, which



this study aims to address through the adaptation and evaluation of a structured

reflection documentation tool.

Chapter Threedetails the methodological approach, including data collection
methods such aguestionnairg, semistructured mterviews, visual content analysis,
and workshogbased evaluation. Each method was carefully chosen to capture
different layers of qualitative and quantitatiresearchinto how students perceive
and engage with reflective practices throughout their desegiucation.

Questionnaire hel ped assess studentsd initial

while semistructured interviews offered the pt h narratives
internalization of reflection during project work. Visual content analysisuotise nt s 0
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 practtal and contextual feedback. This chapter also outlines the rationale
behind the development and iterative refinement of the reflection documentation
tool , i nformed by Sch?©n é&is-actiohand refledtionc a |
ontaction, the finding of the visual content analysis, and pedagogical considerations

tailored to the dynamics of industrial design studio education.

Chapter Four ResearchPhase 1)presents the first phase of the research, which
focuseson the collection of empirical data ¢@in a foundational understanding of
studentsé perceptions regarding their
an onlinequestionnaireand semistructured interviews conducted with thiydar
industrial design students enrolled in the ID301 &®DP studio courses during the

Fall and Spring semesters of the 202223 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 reflegtkiadtwithin

the context of studibased learning. The insights obtained informed the direction of
subsequent phases by highlighting both the prevalence and limitations of

unstructured reflection practices within existing curricula.

a
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Chapter Five (ResearchPhase 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

i n student s o6 rienfTb supporithiseanalysiscalesmoketrudric 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 einlistinct reflection patterns, which emerged as
commonyetundear t i cul ated el ements in studentso w
the conceptual basis for the development of a struclRediéction Documentation

Tool, establishing a taxonomy through whicflection could be more effectively

integrated into studio pedagogy.

Chapter Six ResearchPhase 3)describes the implementation and iterative

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

tool was embedded into a Mimased project process template and piloted with

secondyear students in the ID202 Industrial Design Il course during the Spring 2024

semester. This phase followed a thsé@ge structure: a perceptiorquestionnaire

to captur e st uddenot exgerieecesptbecintegrationoontee tomln

into the second studio project, and a gustceptiorquestionnairadministered after

project completion. A second visual <content
was conducted to evaluate changessflective behavior, documentation quality,

and tool engagement. This chapter highlights how the integration of structured
reflection at an earlier stage of educati on

project articulation.

Chapter Seven (Reseradthase 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 hand&orkshop
conducted at the UTAK 2024 National Design ReseaConference, 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 guidediseserand

10



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 toiwsl 6s eff
development, underscoring its contribution to fostering deeper engagement with

reflective practices in industrial design education.

Chapter Eighttoncludes the study by summarizing key findings from each research
phase and linking them back to thee@sh 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 Hdapted reflection documentation tool
contributed to enhancing studentsd aware
the ways it supported more strategic and informed deers@mking throughout
design projects. Based on the empirical findings, ¢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 iteratioraddition,
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 andsttedability of

the tool across different institutions and cultural contexts. Ultimately, the chapter
positions this research as a meaningful contribution to the advancement of reflective

pedagogie# industrial design education.
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CHAPTER 2

LITERATURE REVIEW

In a rgidly 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 hweatered inquiry
(Brown, 2009; Kripendorff, 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 obaety (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 systeanged
thinking.

This chapter critically expkes the evolution of industrial design and its pedagogy,
tracing how the field has grown from a produaentric profession to a strategic,
interdisciplinary practice. Drawing on global and local perspectives, mapping the
changing competencies expectedirafustrial 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 professetol desi gn acti on (¢
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 thifdialglschmidt

& Rodgers, 2013; Razzouk & Shute, 2012).
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
transfamative process essential for design learning and practice. Furthermore, this

chapter evaluates how reflection has been operationalized in industrial design
13



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 indesigncari | a t o enrich studentsod | ec
In conclusion, this chapter aims to provide a conceptual and practical grounding for
understanding the intertwined development of industrial design education and

reflective learning Kigure 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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Design Education
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Figure2.1 Literature Review Mind Map

* Shows the cognitive and emotional
benefits of reflection (e.g.,
metacognition, self-regulation)

» Demonstrates how reflection
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2.1  Industrial Design Education

Industrial design education operates at the intersection of creativity, technology, and
sociacultural responsiveness. As a discipline shaped hytiramus 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
exploraton 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 expecte 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 interd@plinary professional realities.

2.1.1 Definitions and Scope of Industrial Design

Industrial design, historically recognized as a multifaceted discipline, combines art,
technology, and userentered approaches to create objects, systems, and services
that respad effectively to human needs (Bayazit, 2004; Margolin, 2002; Fallman,
2003; Ulrich & Eppinger, 2016). The profession involves creative prostamng

to enhance both functionality and aesthetics, while taking into consideration the
broader social, econaa and environmental contexts (Heskett, 1980; Tovey, 1997).
Industrial design sttehes from everyday consumer products to complex

technological systems, underscoring its expansive and evolving nature.

In the Turkishcont ext , t he | n diety of rTurlkey (ETRRK) s i gner s
characterizes industrial design as fdthe i

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

functionality, suitability to the taste of the target audienceth@adeeds of the user,
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and projecting it as a new product suitable
words according to this definition, industrial design is a profession aimed at

establishing the relationship of objects produced by industrial methiddéuman

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

addressing humacentered needs within both local and global scales, reflecting an

increased consciousness regarding sustainability and societal impacts.

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

shifted significantly from produeatentric definitions toward strategic and
exploratory practices shaped by increasing
(2020) argues that thesgence 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

guestion 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 (Redstr?®
Q&
& 2 )
S o © >
. @ N X
oy o & ©
) < < ¢
> )
What adesign’is . What designing is ...

Figure22( retri eved from Redstr°m, 2020, p. 98)

Collectively, these different organizations
trajectory from a primarily produdbcused discipline towards a strategic, system
oriented practice. Tay'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 educatidrepproaches that effectively equip future designers
with the competencies to thrive in an eebianging global landscape.

2.1.2 Essential Knowledge, Skills, and Competencies in Industrial Design

The evolving nature of industrial design from objedented soltions to broader,
systemsoriented 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,ceatens 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 met the multifaceted demands of contemporary and future design

practice.

2.1.21 Evolution of Industrial Design Competencies

The competencies essential for industrial designers have significantly evolved,
reflecting technological advancements, market dynamicsshufid 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, igligheative
problemsolving, concept sketching, mutlisciplinary interaction, materials and

manufacturing processes, and design theory.
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Further on, academics such as Yeh (1999) emphasized further competencies
including computeassisted design abilise marketing strategies, global

perspectives, and mechanical and structural design. Takesue (2000) later highlighted
Asofter skill so, suggesting that sensi

are fundamental for effective industrial designaticze.

Building upon these views, Wang (2001)
| ndex o0 identifyiAgl chmpetencies such as product modeling, -fraxed
sketching, ergonomic design, and computer application skills as critical areas for
industrialdesignersPress and Coop€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 competenciesofn an industrial perspective,
prioritizing professional design expertise, probisoiving abilities, teamwork
skills, and technical skills like information literacy and tool operation. Meanwhile,
Hsu, Chang and Yan{R007) identified creativity, aesthetliteracy, 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 andntegration 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 24&sintuy practice, including rapidly shifting
technological and socieconomic landscapes. Schneorson, Persov, and Bigger
(2019) highlight the integration of entrepreneurial thinking, creative leadership, and
lifelong learning as essential competencies, sugggettat industrial designers must

move beyond traditional notions of objemntered creativity to operate within
complex business and innovation ecosystems. Their findings emphasize the need for
competencies such as critical thinking, interdisciplinarjabalration, adaptability,

and systems thinking, while also calling attention to the importance of peer learning
20
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and reflective practice in higher education environments. Complementing this
perspective, Wong, Chen, and Chen (2016) investigate the metarsisrituon
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 throughthejob
experience, informal mentoring, and collaborative knowledge exchange, rather than
through formal education alone. Additionallgodrigues, Madeira and Coelho
(2013) provide insights into the alignment between academic training and market
expectations, id#ifying technical software proficiency, innovation capabilities,
foreign language skills, and collaborative mindset as-prgbrity qualifications
sought by employers. Their findings underscore the need for design curricula to
enhance creative and aegibéteracy, 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 ew®lto foster holistic, multidisciplinary, and

future-oriented competencies.

Table2.1 Design Competency Comparison (Summary)

Theme Competency Key Contributors
Examples

Creativity & Creativity, Concep Croston (1998), Takesue (2000)

Ideation Sketching, Hsu, Chang & Yan@007), Liu
Imagination, Design et al. (2013), Schneorson, Persc
Expression, & Bigger (2019)
Innovation

Technical CAD, Product Lippincott (1945), Yeh (1999),

Proficiency Modeling, Tool Wang (2001)Luh and Lin
Operation, Computer (2005),Liu et al. (2013),
Application Skilks, Rodrigues, Madeira & Coelho
Engineering, (2013)
Manufacturing
Processes

21



Table2.1 (continued)

Multidisciplinary ~ Teamwork, Mult Croston (1998 Luh and Lin

& Collaboration disciplinary (2005),Rodrigues, Madeira &
Interaction, Coelho(2013), Wong, Chen
Collaborative Mindset &Chen (2016),Schneorson,
Interdisciplinary Persov & Bigger (2019)
Collaboration

Aesthetic Aesthetic Literacy, Takesue (2000Hsu, Chang &

Sensitivty Observation Skills, Yang(2007), Liu et al. (2013)
Sensibility

Communication Effective Wong, Chen & Cheii2016),

& Social Learning Communication, Schneorson, Persov & Bigger

Social Interaction, (2019),Rodrigues, Madeira &
Tacit Knowledge Coelho(2013)
Transfer, Peer

Learning
Soft Skills & Sensibility, Takesue (2000), Schneorson,
Reflective Coordination, Persov & Bigger (2019%isu,
Practice Reflective Practice, Chang & Yang(2007)
Observation, Systems
Thinking
Entrepreneurial Entrepreneurship, Press & Cooper (2003)
& Strategic Creative Leadership, Schneorson, Persov & Bigger
Thinking Lifelong Learning (2019),Rodrigues, Madeira &
Coelho(2013)
Global & Market  Global Perspective, Yeh (1999), Liu et al. (2013),
Awareness MarketingStrategies, Rodrigues, Madeira & Coelho
Foreign Language (2013)
Proficiency

Ergonomics & Ergonomics, Planning Wang (2001), Liu et al. (2013)
Human Factors & Integration, Human
Centered Design

Across these researchesga@ competencies emerges as foundational to industrial
design practice. These include creativity, problotving, aesthetic sensitivity,
technical proficiency, and effective communication. These competencies appear

repeatedly across the reviewed literat as visualized in the competency
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comparison tableTable2.1%), which combines contributions from twelve sources.

For instance, creativity and technical proficiency are identified as essential by nearly
all souces, while problersolving 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 a 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 imaginatio@nd entrepreneurial capacity.

I n response to the demands of todayds rap
designers are expected to master an even more diverse range of comp#tériees.
core capabilities like conceptual ideation, visual aretbal communication,

prototyping, and a deep understanding of materials and manufacturing processes

! The Design Competency Comparison (Summtaigle provides a synthesized
overview of key competencies that are recurrently emphasized within the iadustri
design educatioliterature.

Each thematic category presented in the table, suCheagivity & ldeation

Technical Proficiencyor 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)dhlight 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, pEsning, 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 campaes. 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 desigadessitated

the inclusion of newer domains of expertise. Recent studies stress the importance of
userexperience design, sustainabHdyiented innovation, digital modeling and
simulation, and interdisciplinary teamwork as critical proficiencies in 2hst
century Rodrigues, Madeira & Coelh@013; 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 Al and loT
technologiesincreased emphasis on environmental and social impact, and the move
toward cacreative design methods, requiring designers to act as strategic facilitators,
and systems thinkers (Buchanan, 2001; Findeli, 2001; Norman, 2013).
Consequently, the contempoyandustrial 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 tradial and emerging competencies highlights
the ongoing need for higher education programs to align curricula with the evolving

realities of professional industrial design practice.

2.1.2.2  Relation Between Competencies and Industrial Design Education

Educational mstitutions 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 intgration of digital technologies, humaentered design approaches,

and sustainability principles into desigducationFor instance, a study by Akiul,

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 gastainability awareness among

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

important for addressing diverse design challenges.

Consideringsustainabity -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. Thigrad with findings from Leal Filho

et al .6s (2024) research, which expl ores
development, showcasing rease situations where design thinking has been
effectively deployed to implement the United Nations Suskdén®evelopment

Goals.

Moreover, the incorporation of humaentered design is gaining importance.
Nguyen Ngo¢lLasa and Iriarte (2021) highlightow digital technologies are being
utilized to enrich user experiences, moving beyond traditional prototgpe®re
immersive and usdobcused 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
sdve reatworld product development problems through wssrtered and

technologydriven design processes.

While curriculum development efforts in industrial design education have evolved

in response to changing professional demands, several studieshsitdhete are

still some gaps between academic education and industry expectations {Alonso

Gar c2-@, zMde 2 a s & -P&ra,a202u Mazion & Fixson, 2021;

Ramirez, 2007). This gap is seemingly evident in the areas of practical skills
application, iterdisciplinary collaboration and adaptation to new tools and
technologies. For example, Alon§ba r ¢ -G, zMdre 2 as an-arr®d| azque
(2021) observed that many recent graduates in Spain lack the necessary skills to meet

the needs of the sector, espdlgi 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 falil
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to equip students with competenciegaéd 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, \Wwif 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, sharedpghéed 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 tohldenc
technologies such as parametric modeling, generative design, and virtual
collaboration platforms that are now central to industrial design and product
development in industry contexts (AKa, Rognoli, & Karana, 2020). However,
their adoption in eduti@nal 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 acrossstitutions. 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 fno being widely or deeply embedded in
educational frameworksThe authors point out that without careful curricular
restructuring and pedagogical alignment, these tools risk being treated as
complementary rather than transformative. This imbalance cantdegchduates
being undeiequipped for digitally intensive, interdisciplinary and systéevel
design roles, which increasingly require fluency in both the tools and the
collaborative processes that are reshaping the profession.

Addressing these challengesquires 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 industrytpenrs 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 naard&ssis

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 @otBg competency) can further
enhance the preparedness of graduates. By strengthening these aciadiersticy
interfaces, institutions can develop learning environments that are educationally
rigorous and professionally relevant, empowering industrial design graduates to
contribute meaninglly 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, s@onomic transformations, and
cultural paradigms. As explored in the previous section, the competencies expected
from industrial design graduates, ranging from creative proBi@mwing to
interdisciplinary collaboration and technological fluency, have not emerged in
isolation. On the cordiry, they reflect a deeqoted 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, bothafgally 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 blgal 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 medional 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 AtaerA 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 educatfpresearctbased teamrpjects, and strong industry
partnerships. This approach exemplifies how modern design schools are evolving
toward competencpased, contexaware, and interdisciplinary educational
practices that align closely with industry demands and innovation ecmsyste
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 competenbgsed, contexaware 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; Mdig 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 emergedespanse to the tension
between mass production and artistic craftsmanship, where early design education
often occurred informally through mastgpprentice relationships and hayuds
workshops (Heskett, 1980; Dormer, 1994). The evolution of industriagrdes
education has closely paralleled historical advancements in technology, shifts in

2According to Gjoko Muratovski n®O0r2edf)er si ntam daa t sotrryu octou
required component of the Ull man School of Designods
alternate between academic semesters antirfdl, 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 cuiicula and the pedagogical frameworks and institutional structures through
which industrial design has been tau(geeFigure?2.3).

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

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
institutionalizeddesign 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 schootliinted 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 pedagdgyide.

Foll owing the Second World War, the Hoch
extended the Bauhaus concept by introducing more analytical and scientific
approaches to design. The Ulm model prioritized systems thinking, ergonomics,
semiotics, and sercentered methodologies, shaping the role of the designer as a

problem solver in a complex world (Bonsiepe, 1991; Margolin, 1989).
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Digital fluency, interdisciplinarity,
strategic thinking priotized (Kolko, 2015;
Meyer & Norman, 2020)

2010s- Present

Designers as
interdisciplinary
strategists
Service design, globalization,
sustainability enter the design curricula

(Manzini, 2015)

2000s

Ethical, global and
systems thinking in
curricula
Digital tools introduced (CAD
modelling); early computing in design
(Oxman, 2006)

1980s-1990s

Digital tools reshape
design pedagogy and
production

Global expansion of design

education; integration of social
sciences (Findeli, 2001)

1960s-1970s

Incorporation of culture,
society in design
education
Ulm School; systems thinking,
ergonomics, user-centered
approaches (Margolin, 1989;
Betts, 1998)

Post WWII (1950s- 1970s)

Shift to analytical, user-
focused design at Ulm
Bauhaus founded; art-craft-industry
integration; theory-practice balance
(Droste, 2002; Lerner, 2005)

1919

Reintegration of creativity
and industry through
Bauhaus
Government Schools of Design in
UK mark start of formal design

education (Walker, 1989)

1837

Formalization of design
as a response to
mechanization

Industrial Revolution; need for
standardized, formal design
education (Sparke, 2000; Forty,
1986)

Late 18th - Early 19th century

Craft to formal thinking
due to industrial demand

Craft-based education; informal
apprenticeship models (Heskett,
1980; Dormer, 1994)

Pre- 1800s
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Figure2.3 Timeline of Industrial Design Education Evolution
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In the 1%0s 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 viewand emphasizing the soetoltural 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 compaitéed design
(CAD) tools, educators begdo experiment with digital modeling, interface design
and virtual visualization, transforming the tools and processes used in-lsasdid
education (Oxman, 2006; McCullough, 1996).

From the late 20th century into the 21st, design education has cortbnesaalve 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 scopsighde a
discipline (Manzini, 2015; Buchanan, 2001) ($égure 2.4). These shifts pushed
programs to rethink what is taughand how designers are trained to think
systemically, ethically, and collaboratively. &8¢ 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 thinkitraye 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 immmgvat
and cultural responsiveness, aligning with the expanded responsibilities of designers

in contemporary society.
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Figure2.4 Sequential Evolution of Design Approaches (botigo) (retrieved from
V o ¥Ydtad., 2020, p.53)

Rather than progressing through disconnected phases, the evolution of industrial
design education reflects a series of layered transformatfidres.trajectory of
industrial design education, therefore, reflects a continuous dialogue ebetwe
technological affordances, cultural shifts, and pedagogical innovation.
Understanding this historical origin is essential for interpreting current required

i ndustrial design competencies and evaluat:i
curricula are adquately 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, torgblemsolver, 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 maintaigia core commitment to creativity, material

intelligence, and humaecentered 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 paradigmd local socieeconomic 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 Middle East Technical University
(METU)(Hasdoj an, Korkut, & B°rek-i, 2021) .

I n 1971, the first for mal pr olgteriarm was
Architecture and Industrial Design wi t hin t he Uygul amal é
Y¢é¢ksek Okulu (Applied I ndustrliaeedwithr t s Hi
the Istanbul State Academy of Fine Art8lifhar Sinan Fine Arts University
(MSGS)Y ([ MSGS) ], n.d.; Hasdoj an, Kor kut,
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 Mun MuodesEastar |l i er

Ecol@ as an iianf ledaucati onal model distinct
(Hasdoj an, Kor kut , SuBsequgntly, eMarmara UniedsRyl ) .
established its own Department of Industrial Design in 1985, further broadening the
reach of desi graned Koatkiudan (&SaBstduestk,- i , 20

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 parbNeith 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 difieasion 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

economicand cultural realities of Turkey (EXt993.

Turkish industrial design education has been significantly shaped by European
pedagogi cal model s, particularly the Bauhau
Ulm, as well as the French BeadAxts tradition(Hasdg a n , Kor kut, & B°r el
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

ontheBeawAr t s approach. Marmara Univefrsityobs pr
the Applied Arts School (Tatbi ki), strongly
Kor kut, & B°rek-i, 2021, Bakar & |l kebak,

Sal em & D¢ nfdeaBauhaugmoded qontributed foundational courses in

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

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

2018) . Meanwhil e, the Ul m School s influenc
analytical design processeencouraging researchiven methodologies, modular

thinking, and problersolving approaches rooted in rational and wssrtered

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

institutions began to tailor these globakr@digms to better align with the country's

unigue cultural, eanomic, and industrial contexts.

For instance, Er, Korkut, and Er (2003) discuss how early industrial design education
in Turkey was introduced through international development programs)yatéh

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
introdudion 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 cuaula that were sensitive to Turkey's seemdnomic

34



conditions, leading to the development of educational programs that integrated local

cultural and industrial considerations.

These scholarly works collectively illustrate the transition of Turkish inidistr

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 gessional requirements, offering a comprehensive

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

Industrial Design AccreditatioBoard(2024), the current industrial design program

outcome are being defined as;

Design

1.

Creative problem definition, developing solutioriented ideas, critical
thinking and creating solution proposals by synthesizing the knowledge

gained

2. Planning, managing and conducting the design process

Planning and carrying out desigmiented researcland transferring the
results to the design process

Thinking with basic design and visual organization elements and principles
and being able to apply ideas in two and three dimensions

Identifying the user's needs, predicting their expectations and integrat
them into the design process

Ability to work individually and to conduct teamwork

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. Ability 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
everchanging contexts of design

Design Theory and Methods
10.Being aware of thesociocultural, socieeconomic 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 loaadl 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 Desig 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 @ahmethods

The ENTAKOGs <current goal s and competencies
domains Design, Design Theorgand Methods,and Design TechnologiesThe

outcomes under thBesigndomain emphasize core competencies such as creative

problem definition solutiororiented 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 dlesigsed research, and

translating findings intpractice. Additionally, students are expected to demonstrate

proficiency in visual communication across twand threedimensional formats,

usercentered design approaches, individual and collaborative work,
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interdisciplinary cooperation, and professior@mmmunication in international
contexts. A commitment to lifelong learning and adaptability in changing design

contexts is also central to this domain.

In theDesign Theory and Method®main, the outcomes stress an awareness of the
sociccultural, socieeconomic, 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 loca}land globally.

Finally, theDesign Technologiedomain 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 matandls
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 esults 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 theurriculum reinforces the shift from traditional models to a more

holistic, contextsensitive, and internationally aware design education framework.

In conclusion, the development of industrial design education in Turkey
demonstrates a shift from a fundarte@nadoption 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 Refledion 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 couotrdms of

Dewey and Sch?°n, and extending through mode
which provide structured approaches to integrating reflection into both acaatemic

professional contexts. These theories collectively position reflection as a key

mecharmsm 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 siposition toward lifelong learning.

9 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 critcal thinking, and fostering continuous personal and professional

devel opment (Dewey, 1933; Sch?®°n, 1983; Boud
2004). Within educational theory, reflection is understood not only as a tool for

learning from experience but alss 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, wh o defined r eve,| persidgtenty and tatefuln ki n g as
consideration of any belief or supposed form of knowledge in the light of the grounds

t hat support it and the further conclusi ons
Dewey (1933) emphasized that reflection transfotinesexperience into learning,

thereby elevating education beyond rote memorization or passive engagement.

Buil ding upon Dewey's (1933) i deas, Donal d

reflection into thefield of professional practice. In The Reflective Practitione
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(1983),

actiono,

to refine their decisions, understand complex situations, and adapt their behaviors.
(1983) ,

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

Reflection in Action

According

solutions.

Sch°n i

hi ghlighting

t o

- occurs during
the activity

- immediate
decision-making

- adjusting actions
in real time

Sch®©°n

Reflection on Action

- occurs after the

- improving future

activity
analyzing decisions
made

practice

Reflection as a Learning Loop

+ enables continous learning and development
- involves experience, evaluation, and

adaptation

- essential for professional growth in complex

contexts

Figure2.5 The notionof reflectiorrin-action and reflectiomn-action( Sc h ° n,

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 bersonal 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

refl

ecti

vV e

evidence, and consider attative 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, I)99This metacognitive awareness
fosters greater setegulation, autonomy, and intellectual maturity (Zimmerman,
2002). This kind of seleévaluation is particularly important in design education,
where students need to continuously evaluate their owgrddsicisions, integrate
feedback, review iterations, and develop a critical understanding of their creative
process (Sch°n, 1983).

In addition to improving critical thinking, reflection nurtures emotional intelligence

and resilience, according to Gill (201land 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). Them®apetencies help students cope with

iterative processes and adapt their design thinking teweddl challenges (Kolko,

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

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

change, learn from experience, and remain responsive to evolving professional
demands (Boud, Keogh, & Walker, 1985; Finla

In conclusion, the theoretical and practical foundations of reflectiirmaits

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

ad oss disciplines and throughout oneds prof e
Sch?°n, 1983) .

2.4  Reflection in Industrial Design Education

Reflection has emerged as a foundational component of industrial design education,
closely intertwined with the itenae, problembased, 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, processeshbaefit profoundly from structured

and intentional reflection. As design problems become more complex and eontext
dependent, reflection enables students to navigate uncertainty, develop critical
awareness, and construct meaning from both success anck.fdilus section
explores the role of reflection in industrial design through a rduttensional lens:

first, by examining its pedagogical significance and benefits (2.4.1); then by
analyzing current reflection practices within design studio curricuidaR 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
comprekensive foundation for understanding how reflective practices enhance
design learning, foster critical thinking, and support the development afvgate,

adaptive, and contextually responsive designers.

2.4.1 Importance and Advantages in Industrial Design Contet

Reflection occupies a central role in industrial design education, particularly because
design learning is inherently iterative, opemded, and proceskiven
(Auernhammer & Roth, 2021; Yang, 2021). In contrast to disciplines that often rely
on fixed pocedures or the accumulation of declarative knowledge, industrial design
requires students to navigate-structured problems, formulate multiple solution
paths, and engage in continuous cycles of making, testing, and evaluating (Lawson,
2006; Dorst, 206). Within such a learning environment, reflective practice becomes

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

considering the decisiemaking process itself.

In this context, reflection supports the developmenviadit Cross (2023) refers to
as Ndesignerly ways of knowi ng, 0O encompa
intuition, iteration, and synthesis. These abilities are cultivated through passive
instruction and active, situated learning and thoughtful -assfssment.
Consequently, encouraging reflection in design education reinforces technical and

41



conceptual competencies; moreover, contributes to the development of independent,
adaptive, and critically engaged practiti ol
S ¢ h (1983) emphasized through his notion of the "reflective practitioner,” design

students learn through action and reflecting on their extloning and after the

process. This metacognitive engagement allows students to iterate on their ideas with
greaterclarity and intention, making reflection an integral part of creativity and

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

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

response to hib 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 gedecal 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 reflectivdivéites enhance the transfer of
knowledge between successive design challenges, reinforcing student agency in
desighbased | earning. These findings align wit/
stressed that reflective engagement enables students to plev&lepertoire” 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 mindhapping to support cognitive processing in leagni@uch

tools have been implemented successfully in industrial design education as scaffolds
to bridge tacit knowledge and explicit articulation (Goldschmid2228ilda, Gero,

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

communcability 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 selfrected learnig 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 recognizedrasssential element of stuebased
industrial design education, where learning is embedded in experiential, iterative,
and inquirydr i ven processes (Sch©n, 1983) .

navigate operended problems, explore multiple pathwagsed iteate solutions

through <cycles of maki ng, testing, and

These dynamic contexts naturally lend themselves to reflectiantion and

reflectionron-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 though 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; Shreeve2016).

As highlighted by Gel mez, Efil ti), and
prioritize performance and external validation, which can unintentionally limit
opportunities for deeper, internal reflection among industrial design students. To
addess this, formal reflective instruments, including diaries, learning blogs, post
crit writing assignments, and structured portfolio reflections heemnadopted by
design educators (Babapour, Rahe & Pedgley, 2012; Choi & Johnson, 2005; Gelmez
& B a]j 18gGurel&MBasa, 2004). These tools allow students opportunities to
articulate their evolving thought processes, combine theiinypractice, and revisit

their decisions over timdReflective writing significantly improves metacognitive

awareness, conctjal depth, and design justification skills when it is scaffolded and
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supported through feedback (Betrabet Gul wa
Klebesadel & Kornetsky, 2@).

Il n their |l ongi tudi nal study, Gel mez and Ba
reflective writing in tracing the affective experiences of fystar industrial design

students throughout a semedtarg studio course. The study employed structured

reflective diaries as both a pedagogical tool and a qualitative data collection method
todocument studentsod6 emotional dased cogni tiv
learning. A total of 976 diary entries were collected and analyzed usingrilaa

content analysis techniques, revealing a nuanced understanding of how affective

processes unfoldver time in a design studio contekté& t a ! Bakvuru kaynaj é
ul un a)ndldeéauthors argue that reflective writing contributes to the

development of emotional literacy and fosters deeper engagement with thegearni

process, particularly by promoting a sense of emotional ownership and individual
responsibility in creative tasks. This rese
model of persoiprocessproduct in design learning, with reflective writing

supportig  both personal emotional awareness and prdegss 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 meanin@ifin 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
systemé#cally. At Delft University of Technology, van Dooren et al. 20D
implemented a curriculurwide framework for design reasoning and reflection,
focusing on making explicit the generic steps in the design process. Similarly, the
Reflective TransformativeDesign Process (RTDP) developed at Eindhoven
University of Technology emphasizes continuous reflection during interaction
design and caesign processes, involving societal values and stakeholder

perspectives (Hummels & Frens, 2009). These approaches skeatenthat
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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 platfamohs
collaborative reflection. Learning management systears] online working
platforms (e.g. Miro platform) are increasingly used to capture fe@eer
feedback, selassessments, and iterative sketching, which allows students to return

to their proceskistory (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 reflectieenhancing 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,selfawar eness, and adaptive |l earning (G
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 practicbased nature of design learning. To illustrate, design diaries
and sketchbooks are foundational reflective tools used across design programs.
These phyisal 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, functionss 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 medlde act of redrawing or modifying sketches
was shown to fostaeinterpretation, which aligns with reflecttnra c t i on ( Sc h°r
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1987) . Mor eover, kener (2014) di scusses h

documenting but also for generating, organizing, and reflecting on design ideas. The
sketchbooks were investigated as a reflective practice medium as they ardynatural
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 (kener, 2014) .
examined the use ofliary studies within design teams to capture everyday
experiences and latent user neé¢skse 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 decisiemaking rationale over time.

| developed 1t as a top ot a pitcher
first, thought that the shape looked
similar to an opening of a pitcher.
This 3150 made me come to the idea
of a more edgy back part merged into
the soft organic opening; picture 15

Introduction

An artist can have many methods of expressing his/her art; it could be on a canvas, with a
sculpture or as an installation. The work of an industrial designer always has the (at least
potential) result of an actual physical product. On the way towards this goal, the designer
has many choices to make; eventual tools to use to develop the most interesting form. But
traditionally you have the image of an artist just letting his/hers imagination flow. Idivided the top shape as | wanted

some new form. The top curve of the
I'm interested in the difference between the creative processes within these two art forms. |

want to find out if there is an alternative to the intuitive artwork for the artist and the
opposite; if the industrial designer might work completely without formal form generating
tools and still receive a comparatively good result? Could the form generation of the
designer be purely intuitive and could the artist use form tools?

opening was drawn down to the left,

R while the right hand tip stayed. This
gave the shape more curvature at the
bottom - quite the opposite of what it
had been before; picture 16.

The shape was then rotated so that it
stood up; picture 17, and then a bit widened for the final function: a
door handle; picture 18. The widened upper part makes It easier to get

Central question

Are there examples of artists using form tools similar to the tools of the industrial designer -
and are there industrial designers that strictly create forms in an intuitive way? How does
this work and which are the tools?

2 hold of the upper part of the handle, when pulling the door to you

Alm
My aim i to search for form tools that are used today and new ways for artists and
designers to generate forms.

Method
1 will refer to my own group work and others.

[a] [b]

Figure2.6 Parts of a design diarfdeveloped by Babapour, Rehammar & Rahe,
2012, p.46)

Structured reflection templates offer a guided framework to help students articulate

design decisions, challenges encountered, and lessons le&eletet & Arkan,

2022; Kember et al., 28; 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, Gelanel

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 teaetemtered delivery and
commandheavy training, tends to restrict students to surfagel procedural
knowledge. Thus, the st udy ftelimgdospeed @ mwrding-fo-peeo
strategiesTheir findings revealed that preparing tutorials for the peers helped them
better struaire and sequence commands, fostering an increased awareness of their
modeling decisions and improving their ability to anticipate user need§&i(pae

2.7) . Mor eover, s telim)-opedes  a wvtimgtio-péeid e da s
beneficial for enhancing their performance in related courses, such as design studios
and modeimaking, indicating the transferability of skills across the curriculum
(Gelmez & Arkan, 2022).

CREATING A HAR DRYER

v
D T w— -
et B

Please provide (you Can use sreen Capture)the front and
e view photos from the last page or taking them a3 3.
reference.

LI

Figure2.7 Sampled-rom The Instruction That Students Credted KT U EUT 24 1|
i Computer Aided Design (retrieved from Gelmez & Arkan, 2022, p.1823)

Furthermore, structured templates provide a guided format for articulating design
thinking processes,msii | ar t o O XThidcNapsfranje@dk) wihjch is a
cognitivebased 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, Oxm#&R004) developedVebPad (Figure 2.8), a
computational tool that allows learners to construct and visualize these conceptual
maps collaboratively. Through Wétad, students can extract design knowledge
from textudand visual sources, categorize the extracted knowledge according to the

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

concept created by- foster Editor-foster

building technique
nrowse |
data search |
Linked Forms:
CBR search | atium

central atrium

A classical alevations
dewelan ] | ance canopy
Linked Issues.

_messages | Contextuality

Genlus Loci
contextualism

hs]p I economic and culturad staanation
about | Browse | Print I
et | [ <svstem messages»

Description
home I
using classical forms inthe design of a new buliding, often using new materials and new ﬂ
=

Lo LI

g

Figure2.8 An interface example of WeBad (Oxman, 24, 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 asghronous reflection (Chen et al., 2021; Ghosh & Coppola,

2022; ¥$Seékaokl et al ., 2024). These tool s su
reflection, and ongoing process tracking. In a recent study, Chen et al. (2021)

examined students' documentationgticees in creative inquiry courses and found

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

collaborative meaningnaking, and enabling students to revisit, reflect on, and share

their design decisions. Students used taats s 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
critigues, comments, and decision logs, poting 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 &wdents to capture thoughts and insights,
especially when engaging in matetietl orteab ased acti vities (Bol
Madariaga et al., 2021). Reflective logging and recorded design critiques are
particularly useful in remote or hybrid learning &omments where verbal

articulation and iterative narration can substitute fortiea¢ interaction. Madariaga

et al. (2021) demonstrated that videmsed learning environments, when guided by
thoughtful design and feedback mechanisms, can meaningfyllyodustudent
engagement, sedssessment, and content understanding in blelededing

contexts.

In the context of blended studio education, some design programs have integrated
largescale studio reflection boardand physical or digital platforms, ebbng

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

ti meli nRlaCeBgdrier ¥zt ¢rk & | nl ¢ ,-PlaX®24). For
¥zt¢rk and 'nl¢g (2024) documented how pl
studiosto 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.
Furthermorelearning 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-imgpksgress

and respond to structuteuestions 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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User Flow Screenshots
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Figure2.9 A Mobile PhoteBased Journaling Application Devekapby
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 reflectiveghtsiwhile on the move, take
voice memos during fieldwork, and organize visual artifacts for future critique
sessions. Karaturhan et al. (2022) developed and tested a mobilebpketb
journaling application Kigure 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 reflegg 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 finakpentation. Whether through digital
platforms such as Miro for collaborative boards, mobile journaling apps ftiteon
go documentation, or structured templates and pbased apps for seffuided
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inquiry, each approach supports different sensory, enaitiand intellectual
dimensions of reflective practice. In conclusion, they indicate a growing pedagogical
shift towards embedding reflection in authentic, matetialen and socially
engaged learning contexts, reinforcing its value not only as a method o
documentation but also as a fundamental mechanism for developing critical thinking

and design awareness.

244 Assessment of the Effectiveness of Reflection Tools in Industrial
Design Education

Reflective tools in industrial design education, such as stractareplates, 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 ocoucial f
contemporary professional practice (Moor
Dorst, 1998; Bilda & Demirkan, 200 3; Gel
2022). These tools, which have been examined in the preceding section (2.4.3),
represent a diverse nge of strategies developed to align with the iterative,
multimodal, and usecentered 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 desigof@ssion alike. Aligned with the pedagogical goal

of developing reflective, adaptive and systesnented thinkers, this section

evaluates the effectiveness of these tools along three key dimensions: cognitive
engagement, accessibility for diverse learnarsd transferability to professional

contexts.

244.1 Pedagogical Integration and Cognitive Engagement

Effective reflection within industrial design education requires deliberate integration

into the broader educational structure, emphasizing instructionablsitadf 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 (@man, 1999) and reflective mapping (Gaver, Dunne, & Pacenti, 1999;
Sch°n, 1983).

Structured reflection templates have been widely adopted in design education as a
tool to support students' reflective practice by providing a straightforward and
repeatabldormat 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 earlystages 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 tverly 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 thdtieators 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 tameteir actions budlso

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 developmantidéa
across multiple iterations, fostering a longitudinal awareness of growth, failure, and
transformation in design thinking (Oxman, 1999). Similarly, reflective magpew

Figure 2.10) encourages students externalize their design rationale visually,
facilitating more nuanced interpretation and meamraking (Gaver, Dunne, &
Pacenti, 1999).0On the other hand, the cognitive load associated with these

approaches may lead to difficulties, in particular whieey are not adequately
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supported by instructional guidance or when they are introduced early in the

curriculum.
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Figure 2.10 Reflective Mapping example images from Gaver, Dunne and Pacenti,
(1999) ;ultufaptobgiiddc lcageo i mage (p.22) ; [ b]
exampl eo i mage (p. 27)

Dialogic tools such as peer discussion sessions and daily guided journaling,
integrated into the T2U progrdmfacilitated reflective thinking and fostered
transformative learning by enabling students to construct their understanding of
reflection through selfliscovery and collaborative dialogue (Pretorius & Ford,
2016). Rather than relying on prior theoretical instruction, the program encouraged
participants to refict on their learning experiences in small group settings,

prompting metacognitive engagement and emotional-selfareness. 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 wedéng initiative known ashe Transition 2 University (T2U)
program. This program combined subjsptcific instruction with authentic mastergsed activities

to promote the effective acquisition of these essential skills (Ford et al., 2015; Pretorius & Fard, 2016
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practices proved effective in helping students internalize the purpose and value of
reflection, ultimately supportanthe development of sustained reflective habits and
improved seHregulation throughout the semester. Furthermore, structured reflection
diaries and sketchbooks, which form the foundation of design education, serve as
cognitive frameworks by providing ctnuous documentation and iterative
reflection, thereby supporting deeper
Bilda & Demirkan, 200 3; kener, 2014) .

2.44.2  Accessibility for Diverse Learners

Industrial design education encompasses a wide array of leaaferemces and
profiles, necessitating reflective methods that accommodate visual, verbal, and
social learning styles (Bilda & Demirkan, 2008jachost & Stains,2023.
Traditional textheavy reflection templates may create notable challenges for
students wh 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 highligimg the need for multimodal tools (Finlay, 2008). Digital
platforms, such as Miro, effectively address this need by enabling diverse modes of
expressionincluding visual mapping, video reflections, and interactive elements,
thus enhancing accessibility damclusivity across learner demographics (Chen et
al., 2021).

2.4.4.3  Transferability to Professional Contexts

Reflection tools' professional relevance is enhanced when their format and practices
closely mirror industry workflows and collaborative environmentsol3 such as
digital critique platforms, fabrication logs, and cleb@sed reflection journals
demonstrate strong alignment with professional practices, bridging academic

learning with realorld 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 tool&e reflective personas and
structured peer interviews, require adaptation to better suipdastd professional
contexts, despite their strong educational value in fostering critical reflection and
empathy, competencies essential in «ssmtered and dllaborative design roles
(Rodgers & Jones, 2017).

2444  Synthesis and Practical Implications

Synthesizing this critical assessment, a comparative evaluation highlights the
relative strengths and contextual considerations necessary for integrating reflective
todls 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 industrialdesigners (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, thdslfilling 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 loAgrm 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 coprehensive and scalable framework that improves educational
outcomes and professional preparedness.
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First, much of the existing research focuses on gbkari learning outcomes, often
limited to single semesters or isolated project deliverables, ratmeexipsoring how
reflective habits evolve longitudinally. Lousberg et al. (2020) and Tracey and
Hutchinson (20&) emphasize the need for follewp studies that trace the continuity
and transformation of reflection practices across multiple stages of @éesigation,

or even into professional practice. This study directly responds to that gap by
proposing and applying a mujthase methodology that engages with reflection

across academic levels and timeframes.

Second, while tools such as Miro boards, reitecjournals, and process portfolios
have shown promising resultsspecific courses, by individual instructors, or in-one

time projects;there is a lack of cohesion in their curricular integrationother

words, the eflection tools are often adoptedaded 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 abilitybtald 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 rembrld design practice. The transition from
student to pactitioner often exposes gaps in reflective capacity, especially when
students are asked to justify decisions, handle complex user feedback, or balance
competing constraints. As-in@daidndsra critichl9 8 3)
competency in piiessional 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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Foutth, 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 fromlifferent 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 andusive, informed by user feedback and cultural

sensitivity.

Finally, emerging tools such as-gknerated prompts, immersive technologies, and
peer cereflection offer new opportunities, but their integration raises questions of
scalability, authenticityand pedagogical alignment. The literature lacks systematic
evaluations of these tools' lobgrm impacts and how they support meaningful
reflection beyond surfaelevel engagement (Brosens et al., 200 et al., 2024;
Maus, 2021). This study contributisthis emerging area by critically assessing the
effectiveness and user reception of various reflective tantiproposing evidence

based strategies fopntinuousand authentic integratigirigure 2.11).

Existing Tools/ Practices Identified Gaps This Doctor.al Rs..-search's
Contribution
- Design Diaries & Sketchbooks
+ Notion, Miro - Cognitive Engagement
: - Accessibility + Integrated Framework

+ Process Mapping 9
+ Video/Audio Reflections » Longitudinal Integration + Long-term Implementation
- Inclusive Design Strategies for

- Persona Journaling = Professional Relevance 5
. Reflection Documentation
* Peer Interview Protocols

Figure2.11Doct or all Researchdéds Contribution

I n I'ine with this studyés aim, these
addresses continuity, inclusivity, curriculantegration, 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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Additiondly, the literature also reveals several methodological gaps. Many studies
focus on exploratory or smadcale implementations without applying mixed
method or longitudinal designs, making it difficult to generalize outcomes or
understand longerm impactsThe absence of triangulated data or cinsstutional
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 pradénégead,

this research proposes a robust, ruttiased methodology that incorporates both

guantitative and qualitative tools. By drawing on crgsar student feedback, and

visual content anal ysis of studert sdé portf
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 abngside professional and educational needs.
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CHAPTER 3

METHODOLOGY

This doctoral study employs a structured, mphase methodology to explore and
enhance reflective practices in industrial design education. The research approach
integrates both qualitative and uantitative 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 studemtsmately 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 fmework, 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 déesgn it sel f (Fall man, 2008; Red
generation of contexdpecific, practicded insights by embedding the act of inquiry

within the act of design. As Cross (2006) and Stappexs Giaccardi (2014)

emphasize, this epistemology is foaslarly suited to uncovering the complex

interrelations between reflection, learning, and design action in educational contexts.

A key foundation for this study was Sc
practitioner, specifically its two modes of reflmn, reflectionin-action and
reflectionon-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 throughtiker 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 dsidants.
Analysis of thirdyear students' portfolios revealed the presence of both types of
Sch°n's reflection model s, al though i
informed the design of the tool, which aims to support students in making these

cogntive processes visible, traceable and transferable between design projects.

The process began with a visual content analysis of 83yhedar st udent s 6

process portfolios, which allowed the researcher to identify and code existing forms
of studentreflections (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 bygualitative findings from serstructured interviews with thirglear
students, which helped to contextualize the patterns of reflection by indicating
st ud e n-pescdivedschallehges and strengths in documenting their learning
journey. In parallel, a grperceptionquestionnairavith seconeyear students was

conducted to understand their expectations and prior experiences with design

documentation template and reflection.

visual content analysis, sestructured interviews, andquestionnairge, 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 perceivedsetulness 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 1ID202 Industrial Design 1l course, 2023 spring semster, accompanied by
prompts, visual guides, and terminology cards corresponding tadwse adapted
reflection documentation tool. This reabrld integration phase, consistent with the
RtD cycle, enabled the researcher to observe how the tool fuedtiorcontext and
how students engaged with different types of reflection when guided by structured
prompts and visual cards.
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The RtD approach has also emphasized the reflective role of the researcher in
shaping inquiry. As emphasized in the RtD relateseaeches, the researcher

designer's own position, decisio@sd evolving understanding become an integral

part of the knowledge production process (Gaver, 28it2merman, 2013 In this

doctoral research, the development of the tool was informed bynstdd&, and

shaped through continuous critical reflection on the researcher's assumptions, design
choices and interpretations during portfolio analysis,thatbol'sadaptation.This

reflexivity contributed to the development of both the researchumsint and its

t heoretical foundation, resonating with

professional practice.

This doctoral research adopts a miexedthods strategy embedded within a Research
through Design (RtD) framework to investigate, elep, 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 mixedmethods approach supported the integration ofitqtise and
guantitative data at each stage to ensure a comprehensive understanding of the
reflective practices being researched (Fallman, 2@&merman,2013). The
combination of these two approaches allowed for both practical tool development
and theeetical insights, strengthening the relevance and applicability of findings in

industrial design educational settings.

The research progressed through four interconnected phases, each incorporating both
gualitative and quantitative elements aligned witle iterative nature otool

development and implementati(see

Figure3.1).
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Figure3.1 Research Phases
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visual anaysis results for each
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.
.
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The first phase of the study (Research Phase 1) laid teduwork by exploring

existing reflection practices in industrial design education through a metigods

exploratory design. This phase combined both quantitative and qualitative
approaches to gather a broad yetg nuance
experiences. A comprehensiyeestionnairevas administered to thirgear students
from the METU Department of Industrial Design, allowing them to-sefort their

perceived competencies, learning outcomes, and the challenges they faced in
reflective da@umentation. Complementing this, sestiuctured interviews were

conducted with a limited number of students who participated igubstionnaire

These interviews provided -tepth insights into how students conceptualized
reflection during the design @eess and how they experienced and utilized existing
documentation methods. Both tip@estionnair@and interview data offered a baseline
understanding ahird-y e ar 1 ndustrial design student s
from this phase played a critirole 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) focusechaleveloping a reflection documentation tool tailored to students’
needs. An initial and comprehensivedepth visual content analysis of thiydar
students' project process portfoliwasconducted to define the various patterns of
reflection exhibitedby students. After completing the initial visual content analysis
of the selected portfolios, an analysis rubric was developed and ustw in
comprehensive analysis phase. This rubric was used in a second round of content
analysisandapplied to a largeset 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 exigiidigital template on Miro was modified and adapted
to facilitate improved documentation and reflection among segead industrial
design students, making the tool more accessible andriesatly. Feedback from
the analyses anguestionnaire was usedo 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 speciieeds identified in the exploratory phase.

The third phase (Research Phase 3) involved implementing the developed tool in a
realworld educational setting and assessing its effectiveness. The adapted Miro

template was integrated into a secgmdr proet t i tl ed @A Desi gn

Sol ut

Chil dren: Creating an Adaptable and Per son:

students received instructions on how to use and adapt the new template for their
project documentation and reflection. Following the project, arieeapre
perceptiorquestionnairevith secondyear industrial design students to measure their
initial perceptions of reflexivity in design processes and a -pesteption
guestionnairéo assess changes in students' perceptions of reflexivity and ttye util

of the new tool, which helped to assess its immediate impact on student learning,
were analyzed together. The project process portfolios of the sgeandtudents

were analyzed to evaluate how they have documented and reflected on their design
proceses 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 amorsgconeyear industrial design students.

The final phase (Research Bba) aimed to evaluate the effectiveness chttapted

tool. A workshop was designed and planned to facilitate deeper engagement with
reflective ©practices of undergraduate
Technical University in UTAK 2024, including the creation of reflection patterns
cards, evalation 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 hanrds experience and immediate feedback
from participants. A comehensive evaluation was conducted usgjogstionnaire

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 taal 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 anttilwoted
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 tablgTable3.1) summarizes the research stages, essential questions,

approaches, objectivegdus areas, and design insights

Table3.1 The Doctoral Research Stages

Research Stage Key Approach Objective Focus Area Design
Questions Insights
Literature Review What are the Systematic To identify and Knowledge, Mapped the
essential literature classify key skills, theoretical
knowledge, review; elements of design competencies, foundation for
skills, and keyword search; education, and and reflection  reflection
competencies thematic explore the role of in design integration in
in design synthesis reflection in education design
education? learning proceses  literature education
What is the
role of
reflection in
design
education
considering
knowledge,
skills and
competencies?
Questionnairend What is the Online To understand Studens' Revealed the
Distribution role of Questionnaire st udent s ¢ perceptionsof need for
RESEARCH PHASE documentation analysis of self  perceptions of their their learning structured
1 in design reported data learning and experiences support and
process for using competence and provided
reflecting on descriptive development competencies  direction for
knowledge, statistics and tool
skills and open coding development

competencies?
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Table3.1(continued)

Semistructured What is the Semistructured To gain deeper Reflection Highlighted
Interviews role of interviews; insights into practices and  diversity in
RESEARCH PHASE documentation thematic students' reflection rationale reflection depth
1 in design analysis practices behindchoices and contextual
process for in project understanding
reflecting on process
knowledge, portfolios
skills and
competencies?
Visual Content How do Visual content  To objectively Content and Enabled
Analysis of Project students analysis; coding evaluate quality of categorization
Process Portfolios documentand framework; documentationand st udent ofnine
RESEARCH PHASE reflect on their  systematic reflection practices design reflection
2 design review and in design processe: documentation patterns
processes? categorization and reflectons  foundational to
What arelte the too
patterns of structure
reflection?
Adaptation Phase of How can the Iterative tool To improve the Structural Informed
the Existing Project  reflection design; clarity, usability, enhancement iterative
Process Portfolio documentation integration of and relevance of  of improvements
RESEARCH PHASE and reflection  feedback from  project process documenttion  through
3 patterns be analysis; portfolios for tools and educator and
adapted in adaptation of supporting student integration into peer review;
design Miro template reflection design shaped a more
educdion curriculum intuitive
effectively? reflection
template
Pre and Post How can the Pre and post To assess changes Changes in Evaluating the
Perception reflection Questionnairs;, i n studenstudent effectiveness of
Questionnaire documentation comparative reflective practices reflection the reflection
(SecondYear and reflection  analysis to and percepons abilities and documentation
Students) patterns be measure following the perceptions of  tool in
RESEARCH PHASE adapted in perceived implementation of their learning fostering more
3 design changes in the reflection processes over meanngful
education reflective documentation tool time reflection and
effectively? practice identifying
areas for
further
improvement
Visual Content How can the Visual analysis  To evaluate the Portfolio Confirmed
Analysis of Adapted reflection of portfolios enhancement of outcomes areas of
Project Process documentation created using the quality and demonstrating improvement
Portfolios and reflection  the adapted tool; comprehensivenes applied and validated
RESEARCH PHASE patterns be rubric-based of the project reflection post  the
3 adapted in evaluation process portfolios  tool integration effectiveness of
design through the use of reflection
education the adapted categories
effectively? reflection

documentation tool
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Table3.1(continued)

UTAK Workshop How can tte Workshop To extend Handson Contributed to

RESEARCH PHASE reflection design and understanding of  evaluation and final

4 documentation implementation; reflection patterns critical refinements;
and reflection  use of reflection ard facilitate their ~ discussion of reinforced
patterns be pattern cards; practical reflection practical value
adapted in participant application in a patterns and and wider
design feedback and different design tool usability applicability of
education group education setting the tool
effectively? discussions

These research methods are essential for this doctoral study as they provide a detailed
and weltrounded analysis of reflection practices in industrial design education. By
combining different approaches, the study aims to offer valuable insigitsan

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 lmsegpecific
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 doctiarenta

tool could be evaluated across different levels of experience and developmental
stages within the industrial design curriculum. This approach aligns well with the
studybés goal of creating a tool adapt abl
acadenic 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 ducation. Purposeful sampling allowed fthre deliberate selection of
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participants based on their direct involvement in specific courses (ID301 Industrial
Design lll, ID302 Industrial Design IV and 1D202 Industrial Design II), and
workshops (UTAK 2024) witin the Industrial Design Department at Middle East
Technical University (METU), ensuring the collection of relevant, rich, amtpth

data Figure3.2). Each participant group was distinctly coded to facilitéaeity and

effective data management during the analysis and interpretation phases:

Research Phase 1

1 Participant QuestionnaireInterview (PA 1-11): Participants in this initial
phase included 11 industrial design students who compigtestionnaire
desgned 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

guoting and analysis process.

1 Participant Interview (PA 1-3): In-depth, semstructured interviews were
conducted with three students who were selected based ogubsiionnaire
responses. These interviews provided detailed qualitative insights into
student sd refl ect i wstnctlecoded asiPA®'ctees and wer

separate them clearly froquestionnairenly participants.

4PA1, PA2 andPA3 are the same participants in theestionnair@nd semistructured interview.
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Research Phase 2

1 Participant Content Analysis (PB 183): The second phase involved visual
content analysis of 83 thigkar industrial design students' project pesce
portfolios from Fall 2022 and Spring 2023. These portfolios provided
val uable evidence regarding student sad
processoriented learning, and design development strategies. Participants
were individually coded PB 1 throudgPB 83, allowing for systematic and
clear documentation of distinct reflective approaches.

Research Phase 3

1 Pre-Perception Questionnaire (PC 1-16): At the outset of Spring 2024, a
pre-perceptionguestionnairavas administered to 16 seceyear students
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.

1 PostPerception Questionnaire (PC 1-53): Following the implementation
of the reflection documentation tool, a broader jmps&tstionnairencluded
53 secondsear students. This larger group provided a comprehensive
evaluation of shifts in perceptions, engagement leveld, the perceived
effectiveness of the implemented reflection practices. They were coded as

PC 1 through PC 53 for clarity in analysis and reporting.

T Visual Content Analysis (PC 197): This extensive phase analyzed

portfolios from 97 seconglear students,apturing detailed reflections and

5*All students enrolled in these courses were invited to participate, amgiéstionnairdink was
shared with the entire cohort; participation was voluntary and limit¢ldose 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, facilitagéd detailed comparisons aadalyses.

Research Phasd

T 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 documentatiodl 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 stdards 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 tettion documentation tool's effectiveness and its

integration into industrial design curricula.
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RESEARCH PHASE |

RESEARCH PHASE II

ID301-1D302 Courses and Project
Process Portfolio: Accreditation
Compliance Analysis Questionnaire

RESEARCH PHASE I

Reflective Practices in Industrial Design
Education: Visual Content Analysis of
ID301-302 Project Process Portfolios

RESEARCH PHASE IV

Reflective Practices in Industrial Design
Education: Evaluation from Student

Perspectives- Pre-Perception Questionnaire

Final- Tool Usability Evaluation Survey

® To capture design students' perceptions
of their learning experiences and
competencies
® Third year students of 2022-23 Fall and
Spring semesters
® Out of 83, 11 students participated in
the questionnaire
® Created and completed using Google Forms
® The participants referred as PA (PA1 - PA11)

ID301-ID302 Courses' Evaluation from
Student Perspectives:
Semi-Structured Interviews

@ Reflection practices and rationale behind
choices in project process portfolios

e Third year students of 2022-23 Fall and
Spring semesters

e Out of 11, 3 students agreed to participate

in the semi-structured interviews
® Conducted via Zoom and Google Meet
e The participants referred as
PA1, PA2, PA3 to separate them clearly
from questionnaire-only participants

Figure3.2 Sampling of the Research

To objectively evaluate documentation and
reflection practices in design processes

® 83 |D301-302 Industrial Design IlI- IV
students' Project Process Portfolios
from 2022 fall, 2023 spring

® Completed using the Miro platform

® The participants referred as PB (PB1 - PB83)
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® To capture design students' pre-perceptions
of their reflection experiences

® Second year students of 2023-24 Spring
semesters

® Out of 100, 16 students participated in

the questionnaire
® Created and completed using Google Forms
e The participants referred as PC (PC1 - PC16)

Post Tool Usage Evaluation from
Student Perspectives-
Post-Perception Questionnaire

® To capture design students' post-perceptions
of their learning experiences and
competencies

® Second year students of 2023-24 Spring
semesters

e Out of 100, 53 students participated in
the questionnaire

® Conducted face-to-face at METU,
Industrial Design Studios

® The participants referred as PC (PC1 - PC53)

Reflective Practices in Industrial Design
Education: Visual Content Analysis of
ID202 Project Process Portfolios

@ To objectively evaluate documentation and
reflection practices in design processes
® 97 |D202 Industrial Design Il students' Project

Process Portfolios from 2024 spring
® Completed using the Miro platform
® The participants referred as PC (PC1 - PC97)

® To evaluate the usability and effectiveness of
the adapted reflection documentation tool

® 6 workshop participants UTAK conference,
September 2024

® Conducted face-to-face at METU, Industrial
Design Studio
® The participants referred as PD (PD1 - PD6)
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1 Advantagesand Disadvantagesf Purposive Samplng 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 dtistrial design education, this

approach facilitates a comprehensive view of how reflective practices evolve as
studentsod progress through their studies
levels of reflective sophistication and tool engagemerit fEngeted 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
studyds ai m rodf Ideecvteiloonpidiagc uament ati on t ool
needs at each academic level, creating a basis for refining instructional strategies to

support reflective learning in design (Cohen, Manion, & Morriso0R0

While purposive sampling offers valualmsights, 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 otthroader student population in industrial design
programs (Palinkas et al., 2015). This tradiebetween depth and generalizability

is a common consideration in purposive sampling, as insights may be more
applicable to similar educational contexts rathean 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 abtaristics 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 @ustrial design. By including students at various
stages, this study captured a wellinded view of reflective practices, supporting

the iterative refinement of a reflection tool that aligns with the developmental needs
of students throughout the induatrdesign curriculum.

3.3 Research Methods

The methodsand toolsused in this study includguestionnairessemistructured
interviews, visual content analysis of project process portfolios, and workstseol
reflectiveexercisesEach was chosen for its capg to capture specific insights into
student reflection practices, supporting an iterative, comprehensive and evidence

based development of the reflection documentation tool.

3.3.1 Questionndre

Questionnaires are widely regarded in educational researchtesayis tools for
gathering data on studentsdéd knowl edge, skil
Morrison, 2@0). As structured instruments, questionnaires enable researchers to

collect standardized information from a defined population, thereby féaijtthe

measur ement and Cc 0 mp -@eparted ocompetehciessacrasd e nt s 0 S
multiple domains (Creswell & Creswell, 201 Within this study, the use of a

guestionnaire was deemed appropriate given the sample size and the exploratory

nature of the ady research phases. The questionnaire was specificabtedto

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 th&EAK framework(Section2.2.2.
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Closedended items, including Likegcale questions, generated quantifiable data

that revealed the prevalence and distribution of perceived competencies among
students, allowindor the identification of pattern@ryman, 2016)In this study,

the quantitative data derived from the closedled questionnaire items were

analysed by calculating descriptive statistics, specifically mean values and frequency
distributions for each copetencyrelated 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 cdD3@E,

Industrial Design Il andD302 Industral Design IV, and examining how these self

reported outcomes aligned with the skill, knowledge, and competency framework
defined by the ENTAK (2022 omplementarily, opeended items captured richer,
contextualised account s tiwes and ¢xpedenaed, s 0 I n
yielding narrative insights into the subjective aspects of learning that quantitative
measures alone may overlook (Patton,£201 Sal dafa, 2016). Thi s
is especially beneficial in design education research, wherenstuded r ef | ect |
accounts offefmnuanced wunderstanding of compl ex
1983).

Although selfreported data has recognised limitations, including potential response
biases or inaccuracies in sadsessment, it remains a widely acceptezhns of
exploring -peecaiveth davedopmens arld f metacognitive awareness
(Gonyea, 2005). Encouraging students to evaluate their own skills engages
metacognitive processes, supporting reflective learning practices that enhance
st udent srding uoh dheir swnalearning trajectories (Flavell, 1979;
Zimmerman, 2002). In this study, students were asked to refle&ilsn knowledge

and competencies such as creative probbmiving, research integration, and

teamwork, all of which are importatd industrial design education.

Nevertheless, questionnaires also present challenges. Response rates can fluctuate,
potentially affecting the representativeness of the findings (Dillman, Smyth, &
Christian, 2014). Additionally, seleporting carries inhent biases: participants

may consciously or unconsciously modify their responses to align with perceived
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expectations or selmage (Paulhus & Vazire, 2007). The timing of the questionnaire
distribution, during summer months, may have influenced stugeihility and,
consequently, participation rates. The lack of direct interaction also limited
opportunities for followup or probing clarification.

In terms of analysis, quantitative questionnaire data were examined using descriptive

statistics to identy 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 thernatiding, which facilitated the identification

of emergent themes and explanatory factors
2016).

The competencies explored, including creative prolseiwing, design process

management, and collaboration, are wsthblished within broader frameworks of

industrial design education (de Vere, Melles, & Kapoor, 2010; Sun, Williams, &

Evans, 2011) . As such, t h emethadeasatysisonnai r e 6 s
contributed to a comprehensive evaluation of how effectitkey 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 industriadjdesi

3.3.2 SemiStructured Interviews

Semistructured 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,080Kvale, 2009; Pabn,
2014). This approach is particularly suited to studies in industrial design education
due to its ability to capturedidepth perspectives on subjective experiences, attitudes,
and reflective practices, which are integral to the design process (&iadlio 2016).

In this research, serstructured interviews were selected to gain a nuanced
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understanding of student so reflective

portfolios.

The semistructured interview format allows researchers to establish sistent
framework across all interviews, ensuring that key themes are addressed, while also
allowing flexibility to adapt to participants' distt responses (Adams, Turns &
Atman, 2016). This adaptability is especially valuable in industrial design eslucat
where students' design processes and reflective practices can vary significantly based
on individual projects, educational backgrounds, and personal learning approaches.
By encouraging open dialogue, sestiuctured interviews reveal underlying
motivations and challenges, offering qualitative insights that help educators refine
reflection related strategies and teaching methodologies to better support design
student s6 | eBomommé& Cnagtred, ZDD6L i c c O

1 Advantagesand Disadvantagesof SemiStructured Interviews in

Industrial Design Research

The semustructured interview approach offers several advantages in the context of
industrial design education research. Firstly, it allows for ateth exploration of
student s6 r ef | engtheregearcherrtoagather detailed,acceuntads | i
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 damsions that vary across individual
learners (Gallettand Cross2013). Additionally, the flexibility of sermstructured
interviews enabled the researcher to delve into specific areas that dnasrge
particularly relevant or challenging to participantsy: Eighlighting 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 industisajnistudents.
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Another advantage is the ability to build rapport with participavits;h encourages
openness and directne3is is especially important in educational research, where
students may feel hesitant to discuss challenges or limitations ticeyirger 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, samniictured interviews also have limitations. One
primary ch#lenge is their laborious quality; conducting and transcribing interviews
requires significant time and resources, which can limit sample size and
generalizability Galetta & Cross, 2033In studies where resource constraints are a
factor, researchers mdynd 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
discussiongo diverge away coursehé adaptability of semstructured 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 keepingittierview focused.

In summary, semstructured interviews are a powerful tool for exploring reflective
practices in industrial design education, offering depth and flexibility while also
presenting certain logistical challend&sng & Horrocks, 2010)Given the nuanced
nature of reflection in design, this method enaledesearcher to capture valuabl

data on students' experiences.

3.3.3 Data Analysis

The data analysis for the sesiructured interviews involved a systematic approach

to ensure that particippns 6 i nsi ghts were accurately <cap
interpreted. Interview recordings were first transcribed verbatim using Microsoft

Word, facilitating a precise record of each participant's verbal responses.

Transcribing the interviews verbatim wasicial for maintaining the authenticity of
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participantsd experiences and ensuring t|

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 anddaetified areas of interest related to
reflective pratices. he hematic analysis enabled a structured yet adaptable
examination of the data, allowing for an-depth exploration of how students
document their design learning through their project process portfolios (Braun &
Clarke, 2006).

Initially, inductive coding was applied, using a bottamn 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
parti ci p pnodesrelatep experiemaed ensuring that the analysis remained
grounded in the studentsé own reflectior
coding progressed, recurrent themes related to reflective documentation, integration

of research to ideation, ankilsdevelopment 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 studgedt r e f | e c tCorvine& Spauss,205). c e s (
Axial coding allowed for the integration of related codes into broader categories,
highlighting connections between the initial themes and uncovering Fogter

patterns across responses. For instaneentle s r e daiaingendights into user
observations and personal experierices a mtggrafion of user research into

design decisionrs wer e connected tresealch syrshéstsrandc at e g ¢

refinemend  a tnadsferfiof research into designquese r especti vel y.

Throughout the analysis, Microsoft Excel was utilized to organize the codes
systematically and track the devel opment

capabilities facilitated efficient categorization and allowed for easy -cross
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referancing 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 twostep oding processinductive followed by axial codingprovided a

comprehensive understanding of the student

project process portfoliobds i mpact on
refinement. Through thematanalysis, 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.

3.34 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 askstches, 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, communicatiortidies, 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 #estic, 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 foolanalyzing 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 problersolving and decisioimaking. Analyzing these @fiacts

provides insights into cognitive and reflective practices, helping educators refine

80

C

=



pedagogical strategies and improve student outcomes (Grimaldi, Cricelli, & Rogo,
2018).

Key contributions of VCA to industrial design education include:

1 Understandng Reflective PracticeAs Sch°n (1983) descri
practitioners engage in "reflection-action” (realtime analysis during
design) and ‘reflecticonaction” (postprocess evaluations). VCA

systematically evaluates these practices throughav@ocumentation.

1 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 knowlegge ( B°rek-i, 2016 Drew & Gl

1 Enhancing PedagogyBy i denti fying patterns in
educators can adjust instructional methods to address specific challenges,
such as gaps in documentation or iterative development (Pei, Cin8pbe
Evans, 2011).

1 Promoting Critical Thinking: VCA encourages students to critically
document and analyze their design decisions, fostering hagter thinking

skills essential for professional practice (Neuendorf, 2018).

To ensure validity and relidity, 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 emphasites
representativeness and relevance of visual data to the research questions
(Prosser & Loxley, 2008; Stanczak, 2007).

2. Descriptive Analysis Visual elementssuch as forms, spatial arrangements,

and annotationsare categorized and described. This phase often employs

81



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 isec
cultural and projeespecific 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 pattesins
themes. Validity is enhanced through irteder reliability checks, ensuring
that coding decisions are consistent across researchers (Krippendorff, 2018).

5. Synthesis and Integration Findings are synthesized with theoretical
frameworks to derive actiable insights. This involves linking the analysis
to educational objectives, such as fostering reflective practices and

improving curriculum design (Drew & Guillemin, 2014).

1 Applications in Industrial Design Research

Visual Content Analysis (VCA) is padilarly wellsuited to industrial design
research due to its capacity to address the ffadéted nature of design processes.
Beyond the assessment of statigtcome, VCA delves into the dynamic and
iterative journey of ideation, prototyping, and refireerh 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 industrid design research, VCA provides distinct advantages:

1 Mapping Iterative ProcesseBesign is rarely linear. By tracing how students
move betweetheideation and prototyping phases, VCA offers insights into

their decisioamaking patterns. For instance, golibs may reveal how
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initial sketches evolve into digital models, reflecting both incremental

progress and significant conceptual shifts.

T Examining UseiCentered Design Strategieg&nalyzing visual elements
such as annotated sketches or usability testiagrams 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).

1 Revealing Implicit Design KnowledgdJnlike 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 consideratiofsB° r ek -1, 2016; Drew & Gui l

T Assessing Interdisciplinary Integratiodisual data also reveal how students
integrate knowledge from engineering, ergonomics, and sustainability into
their projects. Diagrams and prototypes often embody -clisgplinary
problemsolving, showcasing how students navigate complexityest

world design challenges (BrowB009).

Refl ective practices |ie at the heart of
(1983) fr amewoim&c toifo nfor esfmicteacditriieodnh @ cpr ovi d
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 pedagbgic

innovation.

Process Understanding VCA excels in making the ofteinvisible 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. F o rZeraWasted Bakeaveays arnd nDelivef®8:0 1 6 s
Reusable Product Faily Solutions to Replace Singlilse Packagingproject,

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 classnoa@liscussions.

Skill Development Tracking st ude;ntch @ nagtecyhoi i ¢ a l gro
sketching techniques, CAD software, or prototyping to@msovides tangible

benchmarks for iterative improvement. VCA also sheds light on creative evolution,

highligt i ng how studentsd ability to conceptual
over time. For example, a comparison of early anddttge sketches in a portfolio

may reveal increasing precision in communicating design intent, reflecting enhanced

technical anatonceptual 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, prgigher

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
reflect i ve narratives about materi al testing

connect theoretical knowledge with practical experimentation.

Curricular Enhancement: Insights derived from VCA inform curriculum
development by pinpointing areas where instruetionethods 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 thatesits 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 presessmprehensively.

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 allowtieal annotation and
peer feedback. Furthermore, it supports a culture of continuous learning by
equipping students with frameworks for safisessment that remain valuable

throughout their professional careers.
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CHAPTER 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
produd design portfolios created by industrial design sttglefnom 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, satsensh
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 usirgspdxith in
Turkish am English.Figure 4.1 illustrates several example screenshots extracted
from student portfolios, highlighting variations in how eestgge research findings
were visualized and integrated into design developnf@ntinstance, 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 stagedrigure 4.2 presents a closap example of ideation and
prototyping documentation, showing how sketch iterations and material

experimentation were communicated in the design narrative.
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MEMO Flashlight Redesign & Packaging https://www.behance.net/gallery/8909051/MEMO-Flashlight-Redesign-Packaging?

Project Duration: not specified tracking source=search_projects%7Cproduct+design

design
journey
steps

9
9

Figured.1Examplesagers hot s f r om Srojecppordoiose Li uods

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 studentdwrird 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, brainstormidgpranotyping.

Mobi, a humidifier & system
Project Duration: not specified

design
journey L
steps -
0 e
L 5

i ?11 D /:l T‘ :}

Figure4.2 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 thinkingpdixit 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 sedflection 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 ot tportfolio as a cognitive and
communicative tool ( Ox man, 2004 ; Sch?®°n,
shift i n this researchoés focus, directir
design education and the need to support it through pedagdgioagworks.

Following this realization, studemjuestionnaire and semstructured interviews

were conducted t opereeptprs,cerpectattonsuaticechallenges s e | f
regarding reflection.

4.2  Questionnaireand SemiStructured Interviews at METU

The research methodology moved to a comprehensive data collection phase. In this
context, agquestionnairéAPPENDIXB) was prepared fahird-year students of the
Department of Industrial Design at Middle East Technical University (METU).
Following thisquesionnaire asemistructurednterview was conducted with those

students who were interested in participating in the interview.

The purpose of thiguestionnairevas to critically assess the coherence between
students' coursework (both ID301 Industrial @asl and 1D302 Industrial Design

1) a nmojedt precess pofifoliod6 a mandatory component
deliverables. Thejuestionnairavas developed based on a detailed review of the
knowledge, skills, and competencies essential for indudeggn education defined

by ENTAK (2022§. Utilizing Google Forms, thguestionnairevas designed to

capture selfeported data on various facets of the studdatgning experiences.
Thequestionnaireavas administered to 83 thiggear students via an ané platform

(Google Forms), to provide anonymity and voluntary participation.

The guestions within thquestionnairavere 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 gugsionnaire
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Creative Problerolving: Assessing the ability to identify reative

problems, develop solutions, think critically, and synthesize knowledge.

Design Process Managememivaluating skills in planning, managing, and

executing the design process.

Research IntegrationMeasuring the ability to conduct designented

research and integrate its results into the design process.

Visual and Spatial ThinkingAssessing the ability to think with basic design
and visual organization elements and express ideas in two and three

dimensions.

UserCentered DesignEvaluating the ality to identify user needs and
integrate them into the design process.

Collaboration and TeamworkMeasuring the ability to work individually
and as part of a team.

Interdisciplinary UnderstandingAssessing the understanding of industrial
design's relatinship with other disciplines and the ability to engage in
interdisciplinary studies.

Communication SkillsEvaluating the ability to communicate effectively in

international environments and follow professional agendas.

Lifelong Learning:Measuring the deelopment of an independent, lifelong

learning approach.

Contextual AwarenessAssessing awareness of socidtural, socie

economic, and environmental contexts in design.

Historical and Cultural InterpretationMeasuring the ability to interpret
artisticand cultural issues affecting the historical development of industrial

design.
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1 Professional Practice Assessing knowledge of business models, ethical

principles, and laws in professional practice.

T Material and Technological Proficiencigvaluating knowledg of materials,

production technologies, and the use of technological tools in design.

1 Communication Tools and Methoddeasuring the ability to express design

ideas and solutions with relevant communication tools and methods.

The questionnaire included thoclosedended and opeended questions to capture

a comprehensive understanding of students' experiences and perceptions. The
closedended questions (e.g. Likert scale questions on the importance of
documentation in the design process; multigheice gestions 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' respmarding

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 theitearning outcomes, allowing for easy comparison and aggregation of
data. On the other hand, the ogmmed questions aimed to gather detailed,
gualitative insights that go beyond the structured responses captured byetidsdd
guestions. They allowed wstents to express their thoughts, experiences, and
reflections in their own words, providing richer context and a deeper understanding
of t heir perspectives. To illustrate,
documenting your design process helpsrimap 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 ankbctibn practices.
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42.1 Sampling

Third-year industrial design students from METU were selected through purposive
sampling for multiple stages of the research, including the irgu@istionnairge
follow-up semistructured interviews, and the subsequent visaatent 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 develoihiag
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 or@ntahds

to dominate student priorities.

The purposefully selected thiggear industrial design students participated in the
guestionnairesemistructured interviews, and visual content analysis components
of this doctoral study. First of all, thguestonnairewas distributed via email and
social media platforms to ensweide 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 ierotal increase the participation
rate and the number of participating students. Regardfebese efforts, only 11

out of 83 students participated, representing a small sample size for qualitative
analysis. Despite the lowgnanexpected response ratke study pivoted towards a
more qualitative exploration of student experiences. This approach allowed for a
deeper dive into the insights from opendedquestionnairejuestions. Given the
lowerthanexpected response rate, the study shifted from aimiog &
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 opeamded responses, allowing for a richer
understading of the complexities of students' design processes and reflection
practices. The extended response period, supported byfotigprompts throughout

the summer months, was intended to increase participation. Yet, the final sample
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comprised responsesofn 11 students, necessitating a more focused, interpretive

analysis.

While the questionnaire provided valuable insights into student perceptions, several

limitations of thequestionnairenethod must be acknowledged:

1 The low response rate (11 out of a largetential 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 @srand patterns in
the larger student body.

T The reliance on selieported 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

T Questionnairdatigue may have impacted the depth of responses, especially
for openrended questions, as students who participated later in the data
collection period may have provided shorter, less reflective answers.

Another limitation was the timing dahe questionnairelistribution, 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 tuestionnairgrocess also limited the

ability to probe for clarification or elaboration on ambiguous responses.

4.2.2 Analysis Approach

Closedended questions were analyzed using descriptive statistics to identify general
trends. Simultaneously, responses toregeded questions were coded thematically
such asdentifying creative problemgplanning and managing design processes

conducting desigioriented research and expressing design idea® uncover

93



recurring themes and insights. These identified themespattdrns were then

synthesized to provide a comprehensive understanding of student experiences.

The analysis of thequestionnairedata involved a structured approach to
guantitatively assess the competencies perceived by industrial design students. The

process was as follows:

1 Data Entry: The responses from the 11 students who completed the
guestionnairevere entered into an online Google From spreadshattas
used for analysis. Any incomplete or ambiguous responses were reviewed
and clarified where po#de to ensure accuracy in the dataset.

Project Process Portfolio Y
We would like you to determine how each of the following learning objectives overlaps with the outputs of
your " Project Process Portfolio” * in which you describe the processes of your "Zero waste takeaways and
deliveries” and "Scooter” design projects you conducted in ID301-302 Industrial Design IV courses. To

determine this, we use a scale from 0 to 3: 0 means no contribution, 1 means a low contribution, 2 means a
moderate contribution, and 3 means a highly contributed.

1
Identifying creative problems, developing ideas for solutions, thinking critically and
synthesizing the acquired knowledge to create solution proposals

1

2
Planning, managing and executing the design process

0 1

Figure4.3 Data Entry

1 Descriptive Statistics For each competency item, descriptive statistics were
calculated, including the mean and mode. This provided a sunohé#ng
central tendency and the most frequently occurring responses, offering

insights into the overall perception of each competency.
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ENTAKn program giktilan lle ID301-302 ders ¢iktilan eglegtirmesi

ID 301 IO Grangikopyaia
(1) Yarauci preblem tammiama, ¢cozime yonelik fikir gelistirme, elestirel
dugunme ve edindigi bilgileri sentezleyerek ¢cozum onerileri olugturma

10 yaont

1D 302 IO Grafigi kopyala
(1) Yaratici problem tammlama, ¢bziime yonelik fikir geligtirme, elegtirel
diginme ve edindigi bilgileri senlezleyerek ¢ozum onerileri olugturma

10 yanrt

Figure4.4 Descriptive Statistics

T Competency Categoriesn relation pr ogram outcomes The competencies
assessed in thguestionnairevere categorized into broader themes such as
creative problensolving, planning and management, research application,
design principles, user needs integration, teamwork, interdisciplinaigstud
communication, lifelong learning, soetltural awareness, artistic
understanding, business and ethics knowledge, materials and production
technology, proficiency in technology and communication tools (such as

Adobe lllustrator, Figma, Fusion etc.).

1 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 neeggimprovement. 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

Semistructured interviews were conducted with three sitedeho volunteered for
further participation after th@uestionnaire These interviews were designed to
complement and deepen the understanding gained froguéstionnaireesponses,
allowing for a more nuanced exploration of students' experienceseasyukeptives

on the design process, documentation practices, and their educational journey within

the METU Industrial Design program.

Interview Guide: Developed a senstructured interview guide with op@&mded
guestions (see APPENDIX) focusing on theireaflection practices, the rationale

behind their choices, and the methods used.

Conducting Interviews:During July and August 2023, the online interviews were
held oneonone, each lasting approximately-220 minutes, conducted online via
Google Meet and @om, and screens and audwere recorded separately for

accuracy.

1 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-samtured
interviews after completing the interviews. The audio recordings of the interviews
were transcried verbatim to create textual data by usthg Microsoft Word
programme. This ensured that all verbal nuances and details were captured for

thorough analysis.
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The transcribedinterviews were read multiple times to become familiar with the
content. This &p involved noting initial impressions and identifying recurring

themes and patterns in the responses.

Figure4.5 Screenbkot Taken fromOpenCoding Excel Sheet

The transcripts were systematically coded gisipen coding Rigure 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
givenspecific codes. Thus, the codes were then grouped into broader categories. For
example, codes related tmcumentation practicesuch as theise of portfolios

digital tools anddetailed process documentatjavere clustered together. Similarly,

competenies, 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 itigncore themes that addressed the research
guestions. Themes such ascorhpetenciés "documentation practices

"advantages and 'tisadvantagé'semerged from this process.

The qualitative findings from the interviews were integrated with the quangitativ

results from thguestionnairée o provi de a comprehensi ve
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perceptions and reflections. This integration helped to corroborate and expand upon
the questionnairefindings, providing a richer, more nuanced view of the

competencieand reflective practices in industrial design education.

1 Combining Questionnaireand Interview Data

The results from thquestionnairevere crossverified with the themes identified in
the interviews. This involved checking for consistency and discregmibetween

the quantitative perceptions and qualitative reflections.

The qualitative data from the interviews provided contextual depth to the quantitative
guestionnaire results. For instance, higlguestionnaire ratings for certain
competencies were exphut in greater detail through interview quotes that

illustrated how these competencies were developed and reflected upon in practice.

The hematic correlation was performed to link spedifiestionnairdindings with
interview themes. For example, theesionnairés high ratings foritlentifying 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
strenghs 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 outcomeasd 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 t@part the research objectives.
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4.2.4 Questionnaire Results

The questionnaireresults offer a comprehensive analysis of the-regbrted
competencies of thirgtlear Industrial Design students at METU, providing an in
depth view of how students perceive the knalgks skills, and competencies they
have acquired through their thiggbar design studio courses. Thaestionnaire
prepared in both Turkish and English (APPENIBX was shared with 83 students.
However, only 11 participants evaluated thggsign learningn 15 areas (ENTAK,
2022), reflecting their experiences across two courses dtim@n20222023 Fal
Spring (ID301 Industrial Design Il and 1D302 Industrial Design 1IV) and their
Project Process Portfolios. Thus, this section details each competencyniogmb
statistical data with qualitative insights to provide a deeper understanding of student
progress and challenges.

In the sharedjuestionnairgthe students made an assessment of their learning in the
three projects that took place during the 2@32aademic year. Throughout the
202223 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 thinkiRgg(ire4.6). These projects spanned both the
Fall and Spring semesters, each wiitbir ownfocus and duration.
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- thinking beyond individual
products and envision a
holistic system that enhances
the user experience on a
broader scale

Figure4.6 202223 Fall Spring ID301Industrial Design 11l and ID302 Indusatri
Design IV Coursesd Projects

During the Fall 202223 semester, students engaged inZbm-Waste Takeaways

and Deliveries: Reusable Product Family Solutions to Replace Siigge
Packagingproject. This semestéong project tasked students with deyehg a
reusable product family that could be an environmentally sustainable alternative to
singleuse packaging commonly found in the food delivery and takeaway industry
(for the project brief, see APPENDIR). The project emphasized sustainability,
encouaging students to tackle a pressing global issaste reductiorby 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 salability 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 pradtality and user appeal.

In the following Spring 2023 semester, two different projects were introduced,
further refining students' design skills. The first projeBe Spoke Music Listening
Experiencelasting six weeks, focused on balancing aesthetatfusmctionality. 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 formgtion, and user
interaction. It provided them with hands experience developing innovative

solutions responding to realorld needs.

After the completion of the first project, the second projeEtScooter Design
Solutions for Shared and Private &Jgroject duration was eight weeks, built upon
these design skills by presenting a more complex, systemted design challenge.
The students were asked to develop a physical design ofSuoder with its
integrated digital service design. Throughoutsbeond 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
guantitatively usig Microsoft Excel software to answer and directly address the
research question: Hbw do students perceive the knowledge, skills, and
competencies they have acquiredThe questionnaireresults in this section
integrate quantitative data (from Likestak ratings) with qualitative feedback
(openended 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 effects®éthe curriculum and

its alignment with students' progress in acquiring essential competencies. The results
of thequestionnairéTable4.1) were combined with the qualitative datatcomes

given by the studestto the opermended questions on 15 competency areas and

shared in the determined ranks of the competencies.
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Table4.1 QuestionnairdResults

ENTAKOs Pr cgnesam O ID301 Industrial  1D302

Design I Industrial
Design IV
0 1 2 3 ¢ 012 3 ¢

1-Identifying creative problems, developingide 2 3 3 3 1.5 1 3 4 3 17
for solutions, thinking criticallyand synthesizinc

the knowledge gained to create solutions

2-Planning, managing and executingthedesigl 3 3 4 191 1 2 5 3 191

proces

3-Designoriented research planning, conductir 2 2 4 3 173 0 4 4 3 191
and transferring its results to the design proce:

4- To be able to think with basic design and 1 2 2 6 218 1 1 2 7 236
visual organization elements and principles an
to express their ideas in two artiree

dimensions

5- Identifying the user's needs, anticipatingthe 1 2 2 6 218 0 1 2 8 2.64
expectationsand integrating them into the desit

process

6-Ability to work individually and as a team 1 4 4 2 164 1 3 4 3 182

7-Understanding the relationship of Industrial 3 2 2 4 164 3 0 5 3 1.73
Design with different disciplines and being able

to do interdisciplinary and multidisciplinary

studies
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Table4.1 (continued)

8- Ability to communicate in international 3 3 4 1 127

environments and follow the professional agen

9-Developing an independent, lifelong learning 2 3 3 3 1.64
approach, aware of the evelnanging contexts of

design

10-In design, being aware of the sodioltural, 2 0 6 3 191
sociceconomic and environmental context anc

considering the benefit of the environment

11-To be able to interpret the artisticand cultur 4 4 1 1 1.0
issues that affect the historical @ééapment of

industrial design on a local and cultural scale.

12-Having knowledge about business models, 4 1 2 4 1.54
ethical principles to be followed and laws and

regulations in professional practice

13-Knowing thematerials and production 1 2 4 4 20
technology within the scope of industrial desig!

and using them in the design process

14-Having a command of technological 4 2 3 2 1.27
development in the field of industrial design,
being able to use the necessarhtedtogical

tools

N
N
a1

15-Ability to express design ideas and solution 0 2.27

with relevant communication tools and method

1.18

2.18

191

1.27

1.54

2.09

1.901

2.36
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The comparative evaluation of the ID301 (Industrial Design IIl) and 1D302

(Industrial Degyn 1V) 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 competéncyd e nt i f yi ng t he
user's needs, antgating their expectations and integrating them into the design

p r o c,etle sivth competencyAbility to work individually and as a tednthe

ninth competencyi Devel opi ng an independent, Il i fel oncg
of the everchanging contexts af e s i apdtide fourteenth competendydving a

command of technological development in the field of industrial design and being

able to use the necessary technological t8dlsie 15 competencies shown in the

table are explained below under the headallggated to them.

1 Identifying creative problems, developing ideas for solutions, thinking
critically and synthesizing the knowledge gained to create solutions

The resultéshow that there is a slight improvement from ID301 to ID302 courses in

terms of deign problem definition and the transfertbése problennelated 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 dvanced. Despite this, the majority of students rated their

competency as moderate, indicating room for growth in critical probldwing

skills. Qualitatively, one student emphasized the importance of problem definition

as the backboné of the designmcess for the whole academic
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 supgor critical thinking and problem

7[ID301: Mean = 1.5, mode = 2 andI®302: Mear= 1.7, mode = 2.]
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solving strategies. Although a student emphasizedptttdtiem definitionwas the
"backboné of their design process, the qualitative feedback suggests that another
student struggled to move beyond problem identificaionmore 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 eluate 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 contexzead 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 dicalyand exploratory phases

over advanced synthesis or critical reflection.

In ID301 Industrial Design 1l (Fall 2022), students were tasked with developing
design proposals in response to #ero-Waste Takeaways and Deliveritgheme,
specifically aimedat replacing singkeise packaging with reusable product family
solutions. The brief emphasized stages such as identifying stakeholder needs,
conducting field research, and defining prodsetvice systems within the
constraints of sustainability and useesarios. While this structure robustly supports
problem exploration and contextual framing, the brief includes limited scaffolding
for deeper critical engagement with the viability, originality, or lbegn
adaptability of the proposed solutions. Forrapée, while the project encouraged
students to mkawdlcep sa spireord patoposal , 0
them to rigorously evaluate or iterate their proposals through structured critique
methods or analytical tools that promote innovatialdation.

Similarly, in ID302 Industrial Design IV (Spring 20223), students were
challenged to design a systdrasede-scooter produeservice modeicorporating

both physical product development and digital interface design. The brief placed
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consideable weight on mapping user experience journeys, identifying touchpoints,
and integrating systeftiinking into design proposals. However, despite the
complexity of the brief, there was a noticeable absence of structured methodologies
for reflectiononacion 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 evidentstudent 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 iterativegure or critical reframing. This pattern
aligns with the pedagogical structure of the briefs, which prioritize exploratory and

definition phases but provide less emphasis on criipsed innovation.

In light of this, the previously suggested intervens, 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 thatdrelsmatly 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 expestafion

advanced design competencies.

1 Planning, managing and executing the design process

Although the medhscore remained consistent across both courses, the mode
dropped from 3 to 2 in |1 D302, suggesting tFh

projects morehallenging 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 whmldicating that clearer

planning and task inger at i on coul d i mprove outcomes f
AWhat | observed in the project proces

complete the assignments part by paney hardly contributed to the
whole, it would have been better to manage our own prace o [ P A 3 ]

Additionally, the perception of students regarding project breds a common
frustrationinst udent sé eval uat i ZeresWasteoTakeawhys f al |
and Deliveries: Reusable Product Family Solutions to Replace Sirgge
Packagingproj ect and s p-6dootegDesign @ausiansfor Shared and

Private Useproject, causing delays and confusion across groups. This points to
students' struggle to understand the relationships between stages, even when the

project is designed to mhesive

1 Designoriented research planning, conductingand transferring its

results to the design process

Students showed moderate improventein their ability to conduct and apply

research in the design process. While ID301 results indicated thantstuelt

moderately competent, by ID302, there was a greater distribution of lower (1) and
moderate (2) scoreOne student noted that even after applying various research
techniques during the fall semesteamr 6s anc
they identified was not atrue design problef 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 studentshowed 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 applicatio. The data points to a need for more hamusapplied 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 abity to apply research within a realorld design context.

1 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 reportéti strong competency in visual thinking 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 thmtking realtime form
decisions during modelmaking was integral to their design process.

This handson approach fostered an intuitive understanding of form during the
second project of the spring semester, enabling students to visualize and iterate on
their ideas moreeffectively according to the opeanded question answers. The
continued emphasis on modabkking techniques is essential for developing this
competency further.

"After the 1:1modetmaking process, | realised that this process was

reflected in my drawingsvhile | was sketching ideas, | 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, | was able to produce
morerealistic ideas." [PA2]

107ID301: Mean = 2.18, mode = 3; ID302: Mean = 2.36, mode = 3.]
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Al t hough the number is | imited, the resu

iterative, hand®n learning should be expanded, potentially with more complex

projects or advanced moddadj techniques in later courses.

1 Identifying the user's needs, anticipating their expectations and
integrating them into the design process

In both 1D301 Industrial Design 1l and ID302 Industrial Design IV coufses
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 IDZd&er Design Solutions
for Shared and Private Use project, feedback and insights from the users on the
desgn 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
designprocess 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 themportance of evaluatingofoduct usage scenarios in detaib
make informed design decisions.

"With the application of interface design, which is a part of the Scooter

project, | entered a different field and had to observe users in this field

and learnabout the frequency and habits of application usage. In this

way, | learned to look at the phone and interface design, which is one

of the most frequently used things in daily life, from different
perspectives.” [PAG]

11[ID301: Mean = 2.18, mode = 3; ID30Rtean = 2.64, mode = 3.]
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The ability to understand and antidipauser needs is a core aspect of design
education, and the notable improvement suggests that students were able to apply

these ingghts more effectively in ID302.

1 Ability to work individually and as a team

The student feedback, such as the statem&hg E-Scooter Project was the most
intense and difficult project, but | think we improved as a group in terms of
communication and timing highlights the incremental progress in collaborative
skills, whichaligns with the slight increaSeobseved in the eviaation results.
"In the Bespoke Earphone Projectehlizedthat | missed and found it
more enjoyable to manage the project on my own and to plan and
research on my own. The&tooter Project was the most intense and
difficult project, but I think we impved 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
takeout project was the last project for the 2nd semester, | think the

students irthe course would have a more comfortable design process."
[PA5]

Although students reportedslight improvement in their teamwork skills, significant

challenges remain. Qualitative data pointed to issues with task allocation in group

projects, with studes expressing frustration ovére unbalanced distribution of
responsibilities for both semestersdéd design
of teanwork-related projects were often not allocated based on individual strengths,

leading to inefficiacies and frustration. One student described how assigning a
modetmaking task to someone less skilled resulted deldys and decreased

productivity'.

12[1D301: Mean = 1.64, mode = 1 and 2; ID302: Mean = 1.82, mode = 2.]
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"Since | evaluated it through 2 group assignments, | can say that |
gained experience in different pexses 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, |
observed that everyone did the tasks in the area they were good at.
When this was ndatistributed 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 .g., task management softwaceuld help address these issues and improve

student outcomes in this competency.

1 Understanding theRelationship of Industrial Design with Different
Disciplines and being able to ddnterdisciplinary and Multidisciplinary
Studies

Students rgorted a moderate understandthgf 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
Listeningpr oj ect 6 s product devel opment.

"The fact that it was the project where | was abdewviork 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

departmentsallowing for a more haditic view of industrial design.

1 Ability to communicate in international environments and follow the

professional agenda

The design projects in both ID301 Industrial Design 11l and ID302 IndustriagbBesi

IV do not directly emphase* competencies like engaging with the professional

agenda or interacting in international contexts. Consequently, this was one of the
lowestscoring competencies, with ID302 showing a slight decrease in both mean

and mode compared to ID301. However,sbeond 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 directlyi®nompetency,
studentsé difficulties in group communicat.

lower scores observed.

141ID301: Mean = 1.27, mode = B)302: Mean = 1.18, mode = 0 and 1.
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1 Developingan Independent Lifelong L earning Approach, Aware of the

Ever-Changing Contexts of Design

This outcomemarked improvemer? 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 the23022
fal-s pri ng pr oj e cdansriting, frealzed$hat dedining thie probhlem

is the backbone of the projeéciThis more profound engagement with the design
process demonstrates the importance of fosteringdsgdn learning and critical

reflection in design education.

Students dmonstrated 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 definingblems 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 curritum could offer additional resources, such as-self
directed learning modules or opportunities for personal reflection anesetiag,

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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1 In Design, beingAware of the Socio-Cultural, Socio-Economic and
Environmental Context and Considering the Benefit of the

Environment

Students rated their awareness of soemultural and environmental contexts as
moderate, with no significant change between the two courses. However, ID301
Industrial Design 1ll course has a semestep n g pr ojZerocWasted i t | ed
Takeaways and Deliveries: Reusable Product Family Solutions to Replace Single

Use Packagingthe concept of sustainability is considered one of the essential focal
points of the project. Toupport 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, | can say that my awareness haseased,
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, irdihg design for environmental impact,

and sociecultural consideradns, such as inclusive design.

16[ID301 and ID302: Mean = 1.91, mode = 2.]
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1 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 outcaneremained’ 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 qu#ditive 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 studs. 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 practibased and theotlyased education.
Moreover, therewas no suppaing 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 scopetdie t wo studi o cour

subjects studied.

1711D301: Mean = 1.0, mode = 0 and 1; ID302: Mean = 1.27, mode = 0.]
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1 Having Knowledge about Business Models, Ethical Principles to be

Followed and Laws and Regulations in Professional Practice

Studentsshowed a moderate understandigf business models and ethical

principles, with no significant changes between the two courses. One student noted

how considering business management Systems
project design procesadded significant valdeo their development as a designer.

This feedback hidgights the importance of integrating business thinking into design

education, helping students understandottoader context of their work.

1 Knowing the Materials and Production Technology within the Scope of
Industrial Design and Using Them in the DesigriProcess

Students dewonstrated a solid understandifigof materials and production

processes, with steady growth between the two courses. In ID302 Industrial Design

| V; in |l ast project, the studentsd making 1
prototypng stage otthe design procesbada positive effect on this competence,

which is also supported by a studentods refl ¢
materi al s, handodssy durability, ahdhfermabilityd i nf or med t hei |
design decisios This competency is critical for industrial design, and the consistent

improvement suggests that hasais experience with materials should continue to

be prioritized. For instance, additional workshops during the project processes or

advanced material wiies could further enhanstudents understandirgj 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, no#g
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1 Having a command of technological development in the field of

industrial design, being able to use the necessary technological tools

There wasa significant improvemefftin 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 productshimBespoke 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 traing 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 Al, 3D

printing, and digital fabrication into design agsinents.

1 Ability to Express Design ldeas and Solutions with Relevant
Communication Tools and Methods

Students consistently ratédtheir ability to express design ideas through
communication tools highly. Qualitative data supported this, with one studéerg no

that iterative modeiaking duringthe 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

2011D301: 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 desig

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 yearodés industri al desi quastiomarel c at i on.
data and qualitative opeanded 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 d& 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 higtass#fissed corefency

levels across most areas, such as visual thinking;cesg¢ered design, and material
and technological proficiency. The qualitative responses emphasized these areas,
where students discussed how haadsexperiences, such asodetmakingand
material exploration significantly enhanced their understanding and skills. For
instance, one student mentioned how working with paper mache allowed them to
make reatime form decisions, which directly reflects their high ratingvigual
thinking and designSimilarly, students' increased confidenceusercentered
designwas supported by their detailed evaluations of how product usage scenarios
guided their design choices. This alignment between data types highlights how
practicd, realworld experiences shape students'-peliception of competency,

offering a clearer picture of how design education facilitates skill acquisition.

The qualitative data provided crucial context for understanding students' challenges,
particularly ingroup 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 complexasks 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 collaborationMoreover, the ambiguity of project briefs was a recurring theme
in the qualitative response3hese challenges suggest that while students are
developing the necessary technical and conceptual skills, significant external factors
such as project structure and team dynamrdiience their perceptions of their
competencies. Addressing these isstiieough 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 developmenteTquantitative 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 hadledst sense of ongoing
responsibility for learning and adapting to new challenges. For example, one student
noted thatefining design problentsad become more central to their understanding

of the design process, suggesting a shift toward critical thgnnd seklguided
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 incorporatingflective practicesand selfassessment

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, handsexperience in fostering
competency development. Across theagtitative and qualitative results, students
frequently cited modeinaking, prototyping, and reéime problemsolving as
pivotal to their understanding of design concepts. This handspproach helped
students connect theoretical knowledge with prakctpalication, leading to higher

selfassessed 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 confidenceny 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 tingks more
effectively. Additionally, the emphasis on practical, haadslearning 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 professidied. prac
Encouraging reflective practices and fostering a mindset of lifelong learning will

further prepare students for the evolving demands of the design industry.

425 Thematic Analysis Results of The Servtructured Interviews

The semistructured interviews we conducted to gain a deeper understanding of
the reflective practices of students from the Middle East Technical University
(METU), Department of Industrial Desigrsge Figure 3.2 Sampling of the
Research Following the initialquestionnairgthree students volunteered for further
participation. The interviews were designed to complemenquiestionnairelata,

aiming to explore in greater detail how students perceive and engage in reflection
during their desigmprocesses. 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 shapeitheir 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-$cooter projects cardeout as @aeamworkthrough
openended discussions. This-depth exploration provided a richer, more nuanced
perspective than thguestionnairealone, offering insights into the experiences of
students as they navigated the complexities of documentiirgeheing 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 uncaletailed insights.

Specifically, the analysis aimed to reveal how students engage 4reféettion
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throughout different stages of their projects, how these practices influence their
learning and design outcomes, what methods they employ to documedegign
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 emaluat

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
enhanceheir reflective skills, ultimately contributing to their growth as adaptive and
critical-thinking designers. By integrating the qualitative findings from the
interviews with the quantitativgquestionnairedata, this analysis aimed to create a
more holistc understanding of reflection practices in industrial design education at
METU Department of Industrial Design. This comprehensive approach allowed for
crossverification of findings, helping to identify areas where guestionnairand
interview data ained or diverged, thus providing a more robust understanding of
the research question.

A semistructured interview guide (APPENDIXC) was developed to ensure
consistency while allowing for the flexibility necessary to explore individual student
experiencesn depth. The guide included opended 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 designimjects (The first one i8ero-Waste Takeaways and Deliveries:
Reusable Product Family Solutions to Replace Sibigle Packagingnd the second

one is theE-Scooter Design Solutions for Shared and Private U$e) rationale
behind their reflective choiceand 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 challengesdve you encountered in documenting

your design proces87This 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 atiegjt document their insights.

The interviews were conducted over a tmonth period, from July to August 2023.

Each session was held online, utilizing Google Meet and Zoom platforms, to
accommodate the participants' schedules and preferences. Theewsewere
conducted onenone, 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
recordedand 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,
conductinginterviews online limited the ability to capture certain +vambal cues,

which may have provided additional insights into participants' responses. Despite the
use of video, some students experienced technical issues, such as unstable internet
connectionswhich 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 relately 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
parti ci pant subtuatedn grally,erelyeng on students to share their
project process portfolios onl i ne posed c !
effectively display their work was dependent on their familiarity with digital tools
and t he p | a-shériog cpébsitiess Despiee 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 witkiparticipants' 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 facilitatedep&r 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 tdhéisis t
research. "Reflection practicésrefer 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
describs 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, sudms 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 segmeésxithat 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 tlstudent'sexperiences and perceptior 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 iestzoues
related to documentation practicesich 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 "coesgetenc
"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.

123



The results of the semrstructured 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 explahan 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 aRésearch Synthesis and Refinerhantl 'Impact

of Division of Labour"represent theore 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
t hat shape st ude nThe €ecomdeséclior vtiewythe ppmmagyct i c e s
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 thesidm 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 thengsoacross 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 thongheir design
education, offering valuable implications for enhancing reflective practices in

industrial design programs.

4.2.5.1 Explanation of Codes and Code Trees

The process of coding is a fundamental part of qualitative data analysis, allowing
researchers o systematically organize and interpre
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 theme3his 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 dfiow reflection is understood and appli@faun & Clarke,

2006)by students within the METDepartment of Industrial Design.

The analysis of interview data employed an inductive coding approach, chosen for
its ability to uncover themes organically fronetparticipants' experiences. This
met hod all ows the analysis to remain true
reflections by focusing on their unstructured responses (Halcomb & Davidson,
2006). The coding process began with the transcriptiontefview 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 sstnicturednterviews were
analyzed using an inductive coding approach, which allowed themes to emerge
directly from the students' experiences. This bottgmmmethod was particularly
suited to capturing the nuances of students' reflections during their desigrspsoces
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 insight&igure4.7 Screeshot 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
(seeFigure 4.8); the Research Phase, Ideation and Conceptualization Phase, Skill
Development and Application, Teamwork and Personal Contribwrmh lastly
Reflection Documentation Tool8his two-step coding approach was essential for
capturing the multifaceted nature refflective practices, ensuring that the analysis
was both systematic and sensitive to the
2016).
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Figure4.8 SemiStructured Interview Results' Code Tree

A code tree developed from data gathered in the-senmtured interviews offers a
structured, hierarchical representation of the themesthsubes, and spdw 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, lIdeation and Conceptualization, Skill Development and
Application, Teamwork and Personal Contributi@and Evaluation the code tree
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reveals where studentagage 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 i nsights i nt ioces Bytvisubley coneedtingreach| e c t i
primary phase with its associated challenges, strategies, and outcomes. For example,
within the Research phase, the code tree
with empathydriven user research and synthesis, aBrng 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 student sd conc e prtreflactionsdoav el opnm
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 cafidesign

education. It underscores the interconnectedness of these themes and provides a
structured way to assess how studentsod r
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.

1 Theme 1: Research

In industrial desig education, theResearchtheme serves as a foundation for
students to understand and engage with -csetered approaches, facilitating
meaningful connections between research insights and design decisions. This section
delves into three critical sthenes: EmpathyDriven User Research in Data
Gathering, Research Synthesis and RefinenagtTransfer of Research into the

Design ProcessThrough a detailed examination of these areas, the following
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insights and recommendations highlight opportunities baeoe reflection practices

and bridge the gap between researotifigs and design applications.

1 EmpathyDriven User Research in Data Gathering

Empathydriven user research fosters a nuanced understanding of user needs,
allowing students to explore desighallenges through a useentered 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 complexitiesaumding singleuse packaging waste.
Similarly, the ID302 escooter system project encouraged students to employ
empathy through scenarimased research, aiming to address diverse user needs

across varied commuter profiles and transport scenarios.

Despitethe abundance of these empatiniwen approaches, student reflections
revealed a common challenge: translating abstract empathetic insights into specific,
actionable design criteria.
AwWell, when | talk to people, since | al
| go with a little empathy. Firstly, | ask myself the questions and write
down my own answers. Then, for example, when | go to people, we
agree on some points. When | see the points we cannot agree on, the
guestion of O6why®é becomeges thimsae | mportant .
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. | mean... | can make observations at points that differ from my own
answers. o [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 thei pr oj ect . Two students empath
around sustainability and the desire to reduce singgepackaging waste, yet they
often struggled to align these values with practical design goals. One student stated

her concern about empathisiwgh the users:

AAS most people have said in common,
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 ditigcinto 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 tahey 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 wlen 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 kaps 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
desiredy[PA3]

Forinstance, although students recognized that users do not prioritized sustainable
materials, they found it challenging to balance material durability with ease of
cleaning and storagell crucial for reusable packaging. Additionally, one student
notedtht whil e she empathized with usersodo ¢
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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"l 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 | gave them some
information, such as the harm of plastics or the harflood waiting in

pl asti c, I can perceive why peopl e
or things like not wanting to wash the dishes."

This realization prompted the student to reassess her design approach, recognizing

the need to balance sustainabilitytwiiser demands for accessibility and ease. She

prefer

noted that addressing usersod6 hygiene concer

finding solutions that offered simplicity and convenience without compromising
structural integrity or adding unnecessary cawjl. As she summarizetl, need

to offer something easy to people, | need to find something accessible and easy."
This experience highlighted a common challenge in the project: translating

empathetic understanding into practical design elements that\aiih real user

priorities, even when they differ from

In their second projeadf ID302, which involved designing an electric scooter
system, students engaged in user research that differed significantly from their
previous progcts 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:

AUser i nt er viyemosuctweefrorm myn pwint ofwiew,

because user studies, that is, my interviews, were not very productive

from my point of view. So there are not many users | can evaluate. In

other words, | did not turn random people from the road, | did it with

people lknew, 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 enviraent never occurred
there. And we couldn't extract much

This shift to observation and personal engagement marked a crucial learning point,

as students began to view empatinwen research as an adaptable practice that

couldinclue experienti al insights and fl exi
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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 ofheir designs with his team. This phase allowed them to
observe usersodé6 reactions to the scooter

the designés functionality and ergonomi Cc:

As he explained;After the prototype, we were able to interview wvatir prototype.

Its efficiency was very high. Especially users say what they feel while riding. We can
see their experiences while they are on
in front of them as they press those buttons, so that process wasgmjaitable.”

This prototypebased user testing enabled students to explore practical details, such

as adjustments to the angle of the front pole, by directly asking users for'iveut.

were able to ask what the angle of the front part of the pole sheulthdd the direct
mathematical values of the product changebg' student noted, highlighting how

user feedback led to precise refinements in the design.

This balancing act between empatiryen insights and feasible design solutions
highlighted gaps istudents' ability to apply abstract usentered values within the

constraints of realvorld product requirements. Such challenges indicate a need for
structured reflection prompts that guide students in analyzing howetigiathetic

insightscan informpractical 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 exeises could also prompt students to consider the -néide

they encounter in translating empathy into design action, asking them to reflect on

the compromi ses made and how these choic
This reflective exercise would h@nly enhance the clarity of the dajathering

phase but also ensure that empathetic insights serve as foundational elements in the
design process, s t-cemtareg dppreachiinbgth asadamitamilt s 6

professional contexts.
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1 Research Synthsgs and Refinement

Students have to organize extensive information into coherent, detegant ideas

during the synthesis and refinement of the gathered research; both literature and user

research. In ID301, students struggled with a prosperity of ékdbn reusable

packaging, necessitating a thorough synthesis of environmental concerns, usability
factor s, and consumer preferences. Mor eover
complexity of translating broad research findings into specific, actieriabights

t hat directly inform design solutions. One
approach to researching eating utensils and food containers, starting with a general

online search to gather as much background information as possible. This initi

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 notéddWe had mi sunderstoodé we
somethingverygeneal € we had t o get sThierealizhtorc t hi ngs
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 tsédedesigns. Through

this iterative synthesis, the team gradually shifted from a broad exploration to a

focused application of researctieveloping more nuanced insights that directly

influenced their design direction.

A positive key outcome of this phase was the-selffidence students developed as
they gained access to real user environments, which provided them with direct
insights th& were otherwise challenging to acquire. Engaging with actual users
allowed students to move beyond assumptions and gathendirdt information,
enriching their understanding of the r@adrld contexts in which their designs would

be used. This experieaavas 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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A. .. . . .. you kn o wwith pebpeenthey werw already ni c at ed
very friendly. | had the chance to enter the kitchens and places that |

would never normally enter with that student ticket. It was one of the

first moments | tasted the emotion | wanted in the third grade. | can

enter anywbre | want, saying | am a student and | 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.

't all owed me to see the details bette

In the ID302 project, students encountered the challenge of integrating seenario

based data derived from varied use contexts, whether for private or public use, into

their escooter 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 "thatonly

researched how to charga s coot er and charging stat
insufficient" The taskoés | imited scope prevented
requirements, creating a bottleneck in synthesizing broader insights that would be

necessary to address the full complexityofshe o ot er 6 s desi gn.

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 whdle.task given to ms to
research charging stations, | am researc!t
of the scooter. Now when should | have gone on theBei2"focus on a single
component | eft |l ess time for exploring o
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 chalinge 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 insightacross 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 studentsfteaton both breakthroughs and
obstacles in their synthesis process can help them develop greasavaehess of

their analytical strategies. This reflective documentation not only supports more
effective data organization but also fosters an adaptgipeoach that empowers
students to manage complex, mudimensional design projects with increased
clarity and confidence.

1 Transfer of Research into the Design Process

The transfer of research insights into the design phase is integral to realizimg a use

centered design vision, yet this stage often presents both technical and conceptual
challenges. In ID301the students aimed to incorporate thesustainability

considerations, whicts 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 feasibilifjhe ID302 project further highlighted this

challenge, as studentvere required to harmonize diverse user needs across both

physical and digital dimensions of theseooter system. Reflective accounts from

students often highlighted the challenge of maintaining coherence in design intent

while adapting to evolving, sagtimes conflicting, user requirements. One student
described how changes to their projectos
decisions’ Si nce the problems that arise are pers
some of the conclusions here because theyptmatch that personaFor 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 explaihé¢ée tried to design according to

the latest persona.”
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Studentsdé reflections on these projects i
that help them map specific research insights onto concrete design elements. By
tracking how each insight informspecific design choices, students can more
effectively balance user needs with design feasibility, ultimately fostering a more

intentional and integrated design approach.

To enhance the researtdesign transfer, reflection prompts should encourage

stucents to document how each major insight influences their design decisions. For
example, prompts could ask students to reflect on wé&deencountered and to

justify the prioritization of certain user needs over others. Such targeted reflections
wouldnotonl y deepen studentsd design rationa
understanding the iterative nature of integrating research findings into design.
Additionally, by documenting how specific insights shape design elements, students

can cultivate a stnger link between research and application, enhancing the

coherence and relevance of their design outcomes.

1 Theme 2: Ideation and Conceptualization

Theldeation and Conceptualizatidheme plays a pivotal role in bridging research

insights with innovativalesign solutions, emphasizing creativity, adaptability, and
usercentered thinking. Within this theme, students engageauback Integration

in Concept DevelopmeandIterative Concept Development and Refinemeath

of which provides a structured appch for students to experiment with ideas,
incorporate feedback, and refine concepts through iterative cycles. This section
explores these stbhemes i n the context of student
experiencesod of i nt gthevoveeawlend researah dlgentives , t o

of gaining deeper insights into students' reflective practices.
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1 Feedback Integration in Concept Development

In concept development, feedback serves as an essential mechanism for refining

initial ideas, providing studestwith 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 instaricethe ID301 reusable packaging project,

external feedback and comments allowed students to explore diverse interpretations

of usercentered design, particularly in balancing functional requirements (e.g.,

durability, ease of cleaning) with aesthetic cdasations. PA1 stated that:

AThe criticisms | received influenced my

how | 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 | received critigm 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 |
heard this, of course, | started to look for more organic things... forms...
Afterwards, it evolved into what it was in the {juey, forexample. 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
guestions such as how the person who places the fish in the container
in the restaurant will take thash and put it in it, | started thinking
about these questions andeeRighre s i
4.9)
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Similarly, in the ID302 escooter 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, atalrealslity within

their design concepts. Feedback from instructors provided expert guidance on
aligning the design with reaborld usability standards, while group members
contributed peer perspectives that fostered collaborative predwéuimg and

iteraive refinement.

Reflecting on the collaborative proce$3A1 described how their team refined their
design based on feedbackihe transition, details, and structure of the second
concept were liked,which affirmed their choice to pursue a more compawch.

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 alsmwaged the team to explore new

elements, like a circular display and rear camera, inspired by emerging technology

trends. PO1 notedThe circular display idea was likedinthegreur y é it was one
of the favorite aspectsThis feedback helped the teamhance functionality and

user safety, addressing user needs and technological advancements.

Throughout this feedbaettriven processincluding critiques from educators, peer

collaboration, and industry ingugtudents gained insights into aligning theisidas

with reatworld needs. Reflective adjustments prompted by feedback led to features

like handlebar adjustments and folding mechanisms for better user adaptability,
expanding the teamdés or i gi nehtered degignept t o a

outcorre.

The team also faced design choices that required balancing user experience with

technical feasibility, especially in creating a foldable public scooter méagire

4.10). Initially, they envisioned a foldabkrooter 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. PO1 refle¢tedle s aw her eé somet hi
about posture. Here, how many seconds willittake open it é i f it wild.l
user, the user does not want thigHis realization led to a tension between their

original concept and the practical limitations revealed through feedback. Ultimately,

this feedback pushed the team to reconsider theiroapp, resulting in a more

refined design for the private model, which received positive responses in the pre

jury review.
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"Covered it with
aluminum foil tape to give
a metallic and a smooth
look on the surface”

- ’
1hape the foem as en cuter shell FOV test

[ Sos B

Figure410PA106s Prototype Making Process from
Portolio

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, usentered design, allowing the team

to evolve their concepts while maintaining coherence with their design objectives.

To enlance 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 receivedassess 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 crea¢ intent. Such documentation could also help

students cultivate resilience and adaptability in their design approach, which are key

competencies for professional practice.

1 Iterative Concept Development and Refinement

The iterative nature of concept demginent encourages students to view design as

a dynamic process that evolves through continuous exploration and refinement. This
subtheme encompasses two critical aréagloring Diverse Ideation Methodsd

UserCentered and Scenai®ased Ideation Integtion 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 oftfwghrthesensi ght s
processes.

1 Exploring Diverse Ideation Methods

In both project briefs, students were exposed to various ideation technigues intended
to stimulate creativity and expand conceptual possibilities. In ID301, students
experimented with form generati 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 apphes 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, sushcanducting user tests with 1/1
physical prototypes, allowing students to envision tkscaoter and app as an

integrated system.
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Studentsdé reflections suggested that whi
ideation methods such as the use of lioiery for idea generation, or the transfer

of UX courseds insight extraction method
taking inspiration from nature and transferring these inspirations to the design

proposal:

AFirstly, whe nndheawaboutit, oMaslveraelcded.t it a
Because, you know, | mean, the designers | follow and so on, | know

that they use them. But, as we said, it was already very difficult. |

mean... when | see something that | can use, okay, this is it, for example,

thesimplest 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 | think about it in a practical way, oypu know, a little more
realistic way, we were generally | imit

While students found inspiration in observing natural mechanisms, such as how an

A

acornds cap act s a stheyalsmendounterad difficsdnk i ng d e
adapting these organic concepts into practical -csetered design$-igure4.11).

Also, another student stress the struggle as:

Awell , I liked it when they first told
and inspiring to be inspired by nature and to see the structures directly.

But when | went and took photos, | didn't gain much because we were

going to make a food container. How was | going to relate it? | took

photos of every interesting thing | saw, bdidn't feel like I got much

out of it afterwards. So... | mean, the sections from nature looked

beautiful, but personally, | couldn't reflect it on the food container
afterwards, ... .0 [PA3]
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Figure4.11AScreens ot fr om PA3d6ds First Project

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 diverseation techniques in achieving usentered
solutions. By encouraging students to reflect on the complexities of translating
natureinspired ideas into feasible design solutions, these strategies may foster a
critical evaluation of the ideation process)ding 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 tlredesign 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 othefs.more flexible attitude would be encouraged by

this systematic reasoning, empowering students to broaden their array of ideas and
cultivate flexible problensolving abilities that are essential for complicated design

tasks.

1 UserCentered and ScenariBased Ideation Integration Challenges

Usercentered ideation was a significant aspect of both project briefs, requiring
students to incorporate empattigiven insights and scenafimsed thinking into
their concepts. In ID301 participants were challenged wadrcentered limitations,
such as designing packaging that is straightforward and easy to understand for
consumers. Reflecting on these challenges, students noted thegnigzed ideation
often involved addressing complex, sometimes conflicting demasdch as
ensuring both functionality and sustainability. For example, when designing for a
fish restaurant's catering service, PA1 refined this challenge as;
AOne of the first situations was | i ke
fish restaurant, we dermined that the users had needs such as
appetizers, accessorieand 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 col 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 met hod, we tried t[RAlsolve it by u

In ID302, the scenaribased approach to-seooter 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 dsign 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 usetentered design decisionsBigure4.12). This handn testing

phase allowed students to directly observe how users interacted with their prototypes,
providing valuable feedback that informed and refined their filesigns with a
stronger focus on user needs. This iterative feedback loop highlighted the importance
of user testing in the evaluation process, underscoring hovwoehll interactions

can significantly enhance the usability and effectiveness of desitpomoes,
reinforcing a usecentered approach. This difficulty underscores the importance of
structured reflection instructions that encourage students to explicitly document
these conflicts, evaluate the prioritization of usentered insights, and refteon

the design adjustments made to accommodate different user scenarios.

E-Scooter Design Solutions

WEEK 5

Trying to make the
prototype work
properly. It was very
hard but joyful to
create a real work-
ing prototype. It
showed us our miss-
ing points such as
measurement, lock
system, wheels etc. A5

E-Scooter Design Solutions i

Figure4d12P A2 06s ISar eemem Second Projectds Proces:

To support students in navigating the complexities of-oedered 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 onoffadiney
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encountered, how they prioritized certain user needs, and how seceaseid
thinking influenced their final design choices. Such reflective documentation would

enhance student sd a{faceted tdeynandsoof useanteiledy e t h e
design, fosteng a skill set that balances creativity with practical user considerations.

The results of thédeation and Conceptualizatiotheme underscore the value of
structured reflection in helping students navigate feedback, experiment with diverse
ideation methds, and reconcile useentered 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 techniquesndaintegrate empathgriven 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.

1 Theme 3: Skill Devebpment and Application

The Skill Development and Applicatiotheme encompasses the technical
competencies students develop through hamdgractices, such as prototyping and
tool utilization, which are crucial to their growth as industrial designerse &ty

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 sdbemes:Impact of Physical Prototyping on Design
ProcessandLearning and Adopting New Tooleach 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 prdces, particularly concerning how they perceive their skill
development in relation to the design process.
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1 Impact of Physical Prototyping on Design Process

Physical prototyping serves as a vital tool in the design process, allowing students to

translate aftract concepts into tangible forms and assess their functionality,
aesthetics, and us a-WasteiTakgawayd and DReliveriesl D3 01 6 s
Reusable Product Family Solutions to Replace Sibigle Packaging project,

students were encouraged to crelab¢h physical and digital prototypeBEigure

4.13) that emphasized material selection, durability, and user interaction, which

enabled them to evaluate the feasibility and -fisendliness of their designs.

Simil ar | y, t heScoo23Destgd Solutiosdor 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

coherene of the escooter design.

POSITIVE ASPECTS OF OUR DESIGN SCENERIO What aspects were problematic?

{u:er: like the hierarchical design of the appetizers serve.

[The idea of turning backpack to a service mat surprises
|and excites the users.

[Havlng steamed fish, salad and appetizers in a compact J K: . b
|design is a way of promoting a healthy diet. ot - | T
|Having a modular backpack enabled users to fold and Too large for a salad bowl, why The shape and size of the  The bag seems fine but
|shrink their load according to amount of platter they carry. would | carry such load for 1-2  bowl does not appealto  how will | carry the

: people? the eye beverage without tilting it?
{prln like the idea of turning the lid into a service tool,
|this way they could share the food without disturbance. | What were their solutions?

ESome users said they would use the bag and some of the
iners to carry their own food.

Seperate some of the units Provide a seperator Make the beverage
make them each for a single  that indicates and container as a part of

person. This way we can only  portions each part of the set, that connects
carry the ones we need. the food. to the menu group.

Our Insights On Negative Comments

The common aspect of our problems are that we have some of our solutions in our
heads, but not on our design. We need to improve our work. Meanwhile, we need to
consider many different user groups in order to find a solution that fits all of our
target group, not only in terms of user number but their characteristics included.

Conclusion

We seem to be on the right path, but some of our ideas need finishing touches.

We need to motivate users to leave their old habits.

‘This work needs solutions in terms both the business model and the product design.

[ Mat needs more space I I Folding style is confusing l I Locking "i._'r“'""'

Figure4.13Screene ot from PA16s First Project Proces

Students reflected on the impact of physical modeling on their design understanding,
noting that it brought theetical 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 a@unts 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.
AWhen we made prototypes,.frstilike desi gn n
we had a final version, like we had an idea. [...]We just tried to make a
product rather than developing it. | think that had a negative effect and
that's what we made... it doesn't look like a designed product anyway.
It just looks likeascdoer t hat's trying to stand up
scooter is jJust | ike the basic feature
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, andowvet 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 | a[BABur on this. o

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

experiere. 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
st udent sdHof themteratieennatare of physical modeling, reinforcing the

value of hand®n experimentation in bridging conceptual ideas with practicality.

1 Learning and Adopting New Tools (both Physical and Digital
Visualization, 3D Digital Modeling)

In both the D301 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. Fdhe ID301 project, students relied on 3D digital modeling to

visualize their packaging concepts and simulate user interactions, while D302
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required students to integrate digital interfaces and physical product models,
combining 3D modeling for thescmter with app interface mockugBSigure4.14).

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.

--ﬂ-ﬂ

-.-..u--n palert foe ous app

“u- oo Do b w39 scrven,

EEE @ =
- -la!.gi-l--

IDEATION

Demet and | finished

the flows and creat

1he app's screens w |
ers modelling

Figure4.14Screens ot s from PA36s Secon-d/i1Proj ect6s

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 |imited timefrWee for
used Fusion in the Bcooter project, for 3D modelling. We used lllustrator to
prepare our layouts and stgboards. Well, we actually used Miro a lot. We also

used it in the previous project, but | 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
Figmao

Reflection instructions nyaencourage 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, améhys 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 cdoites 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 professio

1 Theme 4: Evaluation of Teamwork and Personal Contribution

The Evaluation of Teamwork and Personal Contributibeme explores students’
reflections on collaborative processes, personal responsibilities, and time
management within their design projedffective 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 pairy subthemesimpact of Division on
Labour and Time Managementeach offering insights into how students perceive
their roles, contributions, and challenges in collaborative settings. The reflections are

contextualized within the ID301 Industrial Designs Zebo-Waste Takeaways and
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Deliveries: Reusable Product Family Solutions to Replace SluggePackaging

and ID3021 ndust r i al E-Seeter Opsign Solutioas for Shared and

Private Usepr oj ect 0s briefs, provi didegts a

teamwork dynamics and individual contributions.

9 Effect of Division on Labour

det ai

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. Thisteeme is divided into

two componentsCollaborative and Teamwork Dynami@nd Design Process

Management

In both the ID301 and ID302 projects, studentsenassigned tasks that allowed

o Collaborative and Teamwork Dynamics

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 difficultiesaardinating 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 theivithdil

approaches and goals with the broader objectives of the team, which occasionally

ed to conflicts over design priorities

AThere was a gap in that process.

in our team as wellabout carrying out the process as a team after the
preliminary jury) Someone had to go abroad. Someone else had a
school trip, et c. éwe determined
create something according to those items. Then, when someone came
up wih this idea, | 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.o [PA2]
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In the ID302 escooter 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 projgohases, it also created challenges in maintaining
cohesion across these elements. Students noted the need for clear communication
and regular checlns to ensure that all components aligned with the overall design
vision. As PA1 explained,;

"We did not deslop 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 groupsn§eig, |

teamed up with the other's friend. The friend | 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 thensathing 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
sincerewith.lhad such a positive side. o0

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 bridga igaps

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. Tlkustrate, 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 @eemderstanding of effective teamwaork
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 requineessts 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 evanatrequiring careful

coordination to meet project objectives. In ID3@ie students reflected on the

iterative management of design phases, noting how task management impacted the
refinement of their design concepts both for sustainable package anedsusiodel

design. For ID302, the integration of digital and physical elesmegtessitated more

complex coordination, as each design phase required alignment between the E
scooterbd6s physical features and its digital

In both projects, students explained that they had difficulty relating the business
model, packagig 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 cohestvand usecentered outcomes. As PA1 stated;

AThe business model part was a bit up i n
about it a little bit, but it turned into something we talked about from

time to time. For exampl e, we al ways say
mocel right now? Are we designing a product right now, or are we

doing both?6 As | said, there was a situa
parallel with the product. o

Reflection instructions that encourage students to explore these connections could
be valuake, 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 rmare 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, adjusits 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 adjust ment s dloohdrende.lSuch ref@éctiano t h e
documentation would provide students with insights into effective design
management practices, preparing them to navigate complex;staglé projects in

their future careers.

1 Time Management Visibility of Phases and Alloced 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 tr@ngisonoothly
between instructedefined 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 disrdipeed
completion of tasks on schedule and impacted the flow of the project overall.
AWe had a [ vathteamorkdnithie fast grawp. Begause we
couldn't divide labour, when we divided the labour, like I'll do the mock
up, you do that, not everyeragreed with it. One of our group mates,
for exampl e, sai d: 6No, don't do this
worked all day, so I will do it at nig
to do anything until the night and it went on like this, and dutirag
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? Otherwiseevcouldn't do much division of labour. But
in the end, we did a project. o[ PA3]

Students in ID301 reflected that they underestimated the time required for iterative
refinement. In ID302, similar challenges arose but students managenhtemsive

tasks, lalancing 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
projectons 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 timelated challenges, students may develop
more realistic steduling skills and improve their ability to meet deadljrstslls

critical for both academic and professional design contexts.

The Evaluation of Teamwork and Personal Contributibtreme highlights the

importance of effective division of labor and time magement 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. Reflectthgsacollaborative

and personal contributions not only enhance
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.

1 Theme 5: Reflection Documatation Tools

The Reflection Documentation Tooltheme underscores the importance of
systematic reflection practices within the industrial design process. As students
navigated complex design projects throughout their fall and spring sesnester
documentatin tools; particularly project process portfolios, served as significant
instruments for capturing, analyzing, and refining their design reflections. This
theme, focusing on thieole of the Project Process Portfoligrovides insights into

how students uize portfolios to document their desigelated 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 managig 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 portfol i odsstpuodeenttsida |l u ntdoe risn parnodvien g

process.

1 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 refledtion tha
extends beyond traditional sketchbooks. In the 1D26fo-Waste Takeaways and
Deliveries: Reusable Product Family Solutions to Replace SluggePackaging
project, the project process portfolio aimed to capture a wide array of documentation,
including freehand sketches and digital sketches, annotated CAD screenshots,
fieldwork observations, and insights from user research. By including such diverse
documentationranging from inspirational items to research data and personal
contribution notesthe porfolio allowed students to gain a holistic view of their
design decisions and iterative processes. However, students reported challenges in
capturing the evolving aspect of decisimaking in design, regarding the integration

of evolving business models,sdainabilityconsiderations, 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 incom@etecord that hindered their ability to

connect various project stages.

In the ID302E-Scooter Design Solutions for Shared and Private prsgect, the
documentation approach within the project process portfolio feasd to be
essential as students workexdintegrate 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 visiddowever, 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 studenvbserved 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 strutured documentation in enabling students to reflect more deeply on their
design journey, supporting both immediate project needs andtdomglearning

outcomes.

Al think documenting helped me to underst
not understand in thaprocess. For example, in this project, even

though I didn't feel that | had worked that much in the final phase, when

| went through the process, it showed that | had done these things and

that | had spent a lot of effort. Afterwards, | remembered theidl

forgotten some things[é], it helped me to
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] Lat er, when | swhenl will geate alser same t hing
flow, it will be easier to look at what has already been done and
remember how I did it.o [PA2]

To enhance the role of project process portfolios in fostering reflective practice,
structured instructions and strategies coulthbegrated 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 dewiog
rationale for each stage. For instance, proroptdd 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 studentsdograze 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 throughouhe process, noting that while the initial project briefs outlined

key goals and methods, they often fédft'to their own accortin the later stages.
Regular feedback sessions that bridge theoretical concepts, such as user research and
business modeahtegration, 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, targetl 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 realorld design projects.

Each theme contributes to a holistic design education approach byregigfand
supporting other phaseBheresearchtheme initiates the process with usentered
insights, setting a foundation that inforhdgation and ConceptualizatioAs ideas
evolve, Skill Development and Applicatidheme provides the technical mean

test and realize these concepts. Evaluatioheaimwork and Personal Contribution

adds a collaborative dimension, teaching students to navigate shared responsibilities
and individual roles. Finally,Reflection Documentation Toolsnify these
experienes, 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 piojects 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 praloleers, capable of
adapting to the evolag 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 seMareness, preparing them for the

multifaceted challenges tte field.
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CHAPTER 5

RESEARCH PHASE 2

5.1  Visual Content Analysis in Industrial Design Research

Visual contet 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 andepth understanding of how design
elements are peraaid and interacted with in realorld contexts,and enabling
designers to evaluate and refine their solutions based on empirical evidence (Drew
& Guillemin, 2014). Furthermore, visual conteanalysis is crucial in industrial
design education, particulany 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 theimgorehension of design methodologies and decision
making strategies, preparing them to make informed design decisions (Pei, Campbell
& Evans, 2011).

In this doctoral research, the visual contmmalysiso f t he student sé

portfolios involvedfive steps:

91 Data Collection: Accumulated relevant visual materials, including design
artifacts and visual documentation (Prosser & Loxley, 2008; Stanczak,
2007).

1 Descriptive AnalysisDetailed visual elements like shapes, colors, and spatial

arrangement¥ess & van Leeuwen, 2020).
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1 Contextual InterpretationAnalyzed visuals in their cultural, social, and

economic contexts (Harwood & Garry, 2003).

1 Thematic Codingtdentified themes from the visual data for deeper analysis
(Krippendorff, 2018).

1 Synthesis ah 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 88cproj
processportfolios of thirdyear industrial design students from the Middle East
Technical University (METU) Department of Industrial Design (2Q32Falt

Spring terms). These portfolios were completed and submitted at the end of each
semesterandcapur ed t he studentsd6 design processes
prototyping, and evaluation phases. The initial analysis was conducted over a period
of two months; October and November of 2023; adhering to gphase approach

that included an initiaexploratory 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 analysigias 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:

1 The portfolio with the highest evaluation sepserving as an ample of
comprehensive documentation and reflection.
1 Portfolios from three students who participated in setmictured interviews,

providing complementary qualitative insights into their reflective practices.
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5.3  Project Process Portfolio n METU Department of Industrial Design i

Content and Importance

The practice of using project process portfolios was initially introduced within the
fourth-yearindustrial desigrstudio course of the METU Department of Industrial
Design as a means to systically record the design process. Following the
transition of faculty members who pioneered this practice to theyhad studio
coordination, the portfolio practice was subsequently integrated into theyéard
studio curriculum, where it continués be implemented as a core component of

projectbased learning.

The Project Process Portfolio has been established as a required component of the
ID301 Industrial Design 11l studio at the Middle East Technical University (METU),
serving as a structurgdiatform for students to record and communicate their design
process wver the course of the semestés.implemented in the Fall 2022 semester,

the portfolio was developed and maintained by students using the online
collaboration platform Miro, which allogd instructors to monitor progress, provide
feedback, and assess outcomes in an integrated digital environmer® BN BIX

D for the assignment document).

Unlike traditional sketchbooks, the project process portfolio required a systematic
and diverse dagmentation of design activitiegutcome, and resources. The
assignment clearly instructed students
j ust a sketchbooko. I nstead, student s
content types, organized anthintained consistently on their Miro boards. These

content types included:

Handgenerated sketches and digital sketches
Fieldwork documentation, user research findings, and notes from
meetings

1 Sticky note analyses and data from research
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1 Information gatheed from weblinks, critical documents, and
inspirational items

1 Photos and videos, CAD screenshots, matpriatess documentation

1 Mock-up creation and moeip testing results
This multHformat documentation approach aimed to support a rich and
communicatie v i sual record of the design process
emphasis on iterative, evidenbased design practice. Thus, the inclusion of these
visual elements, such as sketches, diagrams, and photographs of prototypes, is

critical in enhancingihte 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 developmerittbe 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 crititwhking and problersolving skills. This

aligns with the pedagogical goal of cultivating s#illected learners capable of

evaluating their work in alignment with project objectives.

Importantly, the portfolio was not a retrospective submission but anirango
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 qject process portfolios was explicitly based on three criteria

defined in the assignment:

1. Content QualityThe depth, variety, and relevance of the documented
materials.

2. Presentation and LayouThe clarity, organization, and communicative
effectivenes®f the Miro board.

3. Continuity of DevelopmenEvidence 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 lduhaion; as a
medium for compiling projeetelated content and as a transparent record of design

progression that informed the midterm and final assessments.

In conclusion, théroject Process Portfoliassignment in ID30Industrial Design

lll highlights a deliberate integration of digital tools and structured documentation
practices into studibased 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 incorporateddewange of materials, including
sketches, annotated images, design iterations, and written reflections, providing a

holistic representation of students?®o
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VISUAL CONTENT ANALYSIS @

me as a researher 3rd year industrial
design students

: INITIAL ANALYSIS

isual content analysis of selected 7 project process portfolios from students who enrolled

i ID301-302 during 2022-23 fall-spring semester

The analysis results helped to generate the themes regarding students’ reflective practices
i The research objective: Documentation and reflection of design processes in project portfolios

::f.Z'.'.'_'_'.'_f_'_'_'_'_'_'_'_'.ﬁ'_'_ﬁ'_'_ﬁ'_'_'_ﬁ'_'_f_'_'_'_'_'_'_'f_'_'_'ff_'_ﬁf.'_f_ﬁ'_'_'_'f_'_'_'_'f_ﬁ'_'_l'.'_'_'_'.'_f_'_'_'_'_'_f_ﬁ'_'_'.'f_'_'_'_'_'.'_'f_'.'_'_'_'f_'_f_ff_'_'_'f_'_'f_ﬁf.'.'f.'_'.'.'.'f.'f.'.'f.'f.fﬁiﬁ::

i {COMPLETION OF THE ANALYSIS

1202324 fall

isual content analysis of all portfolios of third year students who enrolled ID301-302 during

i1 2022-23 fall-spring semester

i The analysis results suggested more examples and strategies for reflection documentation
{ The analysis results helped to define the reflection patterns of thrid year industrial design

i i stundets

: "-.,.The research objective: Documentation and reflection of design processes in project portfolios

2023-24 fall & spring

Figure5.1Visual Content Analysisf Third-Year METU ID Students

A preliminary analysis was conducted on seven portfolios to identify recurring

elements and patternBigure5.1Visual Content Analysi®f 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 all owed for a comp
design processes, ensuring thatdhtaset captured the complexity and richness of

their work Grimaldi, Cricelli, & Rogo, 2018

5.5  Descriptive Analysis: Categorizing Visual and Textual Elements of

Third-Year I ndustrial Design Studentsd Proj

In the second phase, the wéd 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 anatysvas performed using the Miro platform and

analyzed in detail using the platform's tools: geometric shapesitpastd arrows
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(Figure 5.2 Miro Board Used for litial 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.
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Figure5.2 Miro Board Used for litial VCA Analysis

During the initial analysis, the portfolios were examined to uncover recurring
themes, strategies, and gaps in reflection documentation. Ysticky notes were
appliedas an analytical tool to develop and categorize themes alignadthveit
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 omponents 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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1 The diversity of reflective practices ranging from basicprocedural

descriptions to irdepth 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 withb delving into the underlying rationale. For

instance, in theBiomimicry Sketch AnalySi¢Figure5.3P B4 6 s Bi omi mi cry Ske
Analysig, 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: structe is spaceefficient & strong showcased functional

observations but lacked deeper analytical insights into how these principles were
integrated into the design. Concurrently, t

attitude and approaches in his/heftecction in actions.

1 O Assignment 2: Biomimicry Sketch Analysis

Notes & Basic Sketches:

research
phase

visual and
verbal
reflection

critique notes
sketches
hand writings

Figure53PB46s Bi omi micry Sketch Anal ysi s

In contrast, portfolio pages organized after the action revealdépth critical

analyses that combined visual and textual reflectionpréwide comprehensive
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insights into design decisions. For instane&3 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 portfoledstd he greatest
problem people had was the carrying scenario of the ,fobgghlighting an
engagement with reaborld challenges. This critical observation informed his/her
subsequent design solutions, demonstrating an ability to connect practical

experences with ideatioifFigure54P B3 6s Ver bal and Visual R
Experience Vi@rkshop.

research
phase

visual and
verbal
reflection

NOTES AFTER THE EVENT
notes of
critiques

taken on the
presentations

During the event, | have realized that the greatest problem people had was the
carrying scenario of the food. Coming up with a design solution that serves all
types of carrying might make our design acquire an extra

reflection on

The first exercise with my team members
action to food

This warm-up exercise made me realize that | need to find ways to better communicate
with my team members. Everyone has a tight schedule and the semester itself is showing
its difficulties even from the start. We should find ways to work together and most
importantly work efficiently.

Egod Experience Workshop

Figure54P B3 6s Ver bal and Visual ®&ksliopbecti on o

Another student reflected on sketches showing iterations of a vertical locking system
inspired by biomimicry, such asléphant skirlike spaces for watetight sealed lids
(Figure 5.5). Accompanying notegrovided rationales for design decisions and
critigues, 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 analygithe deficiencies of the initial
prototypes but also outlining an approach for improvement.
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to stack the ¢

and refle by First hand sketches for the scenario detailing. These were  Here, | tried a vertical locking s
i D only for me to understand, | redraw them for the critic ses-  on top of each other.
— sion afterwards. | created and tried new locking systems
from my inspirations. Water tight sealed lids have elephant
skin's like spaces so they can preserve water; therefore, the

heat.
WEEK 5 A s q
Idea Generation exercise, first details and storyboard.
ideation
phase
verbal and
visual
reflection
About the new wa- o
o gty 1o the seni, | 9o 2 120 BNy T—
| is reccommended that | held [F L\
L a reflection on will have to try it in the good that you have a lot iy [y g8 =] di
of details but its too Ve Al e
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Figure55 P B 2 6 s HaRd Sketches Informed iomimicry Sketch Analysis
Exercise

The integration of visual dwmmentation (sketches) with textual reflections
(annotations, critiques) exemplified the variety of reflective practices. In some
phasesstudents often did not have this integration, while in phases like research and
ideation, the students effectively ddeoth mediums to narrate the evolution of their
design processes. To illustrate, in theod Experience WorkshapFigure 5.4),

visual representations of food preparation processes were paired with reflective
critigues on the environmental impacttloé materials used. Moreover, gure5.5

(PB2), the sketches of airtight systems and stackable containers were accompanied
by reflections on user feedback and material cangs, 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 surféeeel procedural accounts to
comprehensive narratives connecting inspiratiorpedarentation, 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 deepanalytical skills in students.

1 Frequentuse of visual elementBke 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' projectgse portfolios. These visual tools
played a critical role in documenting the iterative phases of design, providing
insights into the students' ideation processes, deeamsaking, and problersolving
strategies. However, the clarity and effectiveness haifsdé elements varied

significantly across portfolios.

In some cases, visual tools were used effectively to communicate design intent and
reflect on iterative changes. For examplekigure5.6 (PB1), a series ofrmotated
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 d®wW they are attachedadded clarity to the

sketches, rvi ding a complete visual narrat.

modularity.
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Figure56 PB1 6 s | d e a Related Sci®dnshotc h e s

Similarly, in Figure5.7 sketdhes combined critiques and hasichwn details to refine
concepts. Annotations highlighted key considerations like separator design, strap
functionality, and coffee cup dimensions. These sketches effectively integrated
critigue notes, demonstrating how feadk informed design decisions and iterative
refinement.

Co-Design Session Part-B

ideation
phase

visual and
verbal
reflection

critique notes
sketches
hand writings

Figure57P B4 6 s | d e a RelatedtScreghskeot ¢ h e s
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On the other hand, some portfolios struggled with the clarity of their visual
documentation. Foinstance, as seen Kigure 5.8 handdrawn sketches of planar
containers, though reflective of design iterations, lacked sufficient annotation to
explain how design decisions addressed user feedback or teciaibahges. While

the sketches showed progression, their communicative value was limited without

accompanying detailed explanations.

After the scenario building and task exercise we had a
design critic, in this critic | combined some ideas of my
i d eat| on two different scenarios.
“” - Feedbacks | receive:
p h a se ' -This kind of handle is more suitable for bring your con-
\ fl tainer type business model, reconsider this.
j -Reconsider the meal types and compatible container.
|\ S— —J -Consider the service and eating way of the container.
_ Do people need to pour the food inside to another cup,
- 7‘) or can they use the containers as plates etc.
verbal and 1 e After the critics | decided to change the overall shape of
A | my containers from jar type to more planar containers.
Vvisua For the carrying | decided not to go with a handle but
o more of a rope/belt type accessory, but | mainly be fo-
reflection cusing on stability.
Nt arvenzen ouv on ()
reflected with e »
notes on 4 P
design P AspETZER 00
i ~— .
decisions
BN
made ~ / —
the student For the portions and deciding the containers design due to
reflected on how these portions, we created some menus for different types of
two ideas were restaurants. | created the templates for the menus and add
combined through Qur menus to the template.

text description and
hand sketches

Figure58P B2 6 s | d e a Related Sci®dnshotc h e s

Furthermore, thex¢ent 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 fded to fully communicate the complexity of their decisimaking.

These analysis results highlight the need for structured guidelines to support students
in effectively using visual elements to document their design processes. Clearer
annotations, consisht 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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91 Differences in how students incorporated research, feedback, and

iterative processesnto 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 iRigure5.9 exemplifies these differences through its verbal

and visual reflection on stakeholder mapping, critiques, and iterative adjustments.

CREATING
THE BUSINESS MODEL

THE RESTAURANT

verbal
infographic
reflection

reflection on
action in terms
referring to
previous phases
of project

Revision of The Business Model
17

Figure5.9 P B 3 &ss oflbfographics inThe Project Process Portfolio

This example demonstrates a thorough incorporation of research insights through

stakeholder mapping. The personas reflect a comprehensive understanding of user
needs, motivati ons, and scenawhitexdlar i ncl udi n.
worker eaing lunchd  aarfamify requiring special mends. These profiles w
derived from user research, ensuring that the business model and product design

aligned with realworld use cases. In contrast, some students demonstrated a more

superficial approach toesearch 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, g them less targeted and applicable to-veaild

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 asmproving the visibilly of colorsand ensuring that sections of the poster were

linked cohesively, was explicitly addressed. For instance, the revised titled part
added business goals to clarify the rest
characters inspired by designneiples 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 i 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
aacessible 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
communicatig 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 asProcessing where diagrams or flowcharts showing how
stakeholder needs 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 objectivetemonstrating a commitment to refining ideas based
on stakeholder feedback. This iterative approach is reinforced ilCdmelusion
section, which brings together the team's reflective insights and demonstrates an
adaptive mindset in addressing challengelated to stakeholder integration and
communication. Despite these strengths, the critique notes could be more effectively

linked to visual examples such as annotated rupskor sideby-side comparisons
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of design iterations to illustrate the tangibésults of the feedback. In conclusion,

the infographic used irigure 5.9 (PB3) provides an engaging example of how
research, critique and iteration can be effectively synthesized in a coherent and
reflective desig process. By integrating these stages in a meaningful way, the
student has achieved a designcomtethat is not only aligned with user needs, but

also shows a clear trace of growth and improvement.

The preliminary analysis of the seven project procestdqgtios revealed patterns

and recurring themes in students' reflective practices that formed the basis for the
identification of four main categories of reflectioResearch, Ideation and
Conceptualization, Skill Development and Applicati@md Evaluatim. 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 inthe 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 detmined asphase documentation, reflective depthd visuat

textual integration

Phase Documentatiocategory 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 proceses. 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 designterations demonstrated a coherent

documentation of progress.

Reflective Deptleategory distinguished between surféeeel accounts that merely

described actions and more critical evaluations that explored the reasoning,
challenges, and outcomes of thestions. Portfolios were assessed for their ability

to articulate both "reflecticin-action" (realtime problemsolving during the design

process) and "reflectiean-action” (posppr ocess evaluations) as
(1983). For example, portfoliosat included detailed notes on why certain design
decisions were made, coupled with critiques of their effectiveness, were categorized

as demonstrating deeper reflective engagement.

VisualTextual Integratiorcategory evaluated the extent to which visleinents

such as sketches, diagrams, and prototypesre 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, offang 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 wit hto tbjeactvely evaluatar ch p't
documentation and reflection practices in design procgsses emergent codes
werecross ef erenced with the theoretical fral
concepts of reflective practice. This iterative process validated thg oatei e s 0
relevance to the studyds objectives and
analysis rubric. The coding framework thus provided a structured approach to
systematically evaluate how students documented and reflected on their design
processes, fmging the gaps identified in the preliminary analysis and laying the

groundwork for the rubric.
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5.6.1 Analysis Rubric

The development of an analysis rubric emerged as a critical step in this research,
ng the
initial visual content analysis highlighted significant variations in how students

aimed at addressi fleativel peatticeb. iThey o bser ve
documented and articulated their design processes, ranging from limited surface

level observations to idepth critical reflections. To comprehenswassess these

practices and provide actionable insights for enhancing reflective learning, a

structured evaluation rubric was improvédalple5.1). The rubric not only served as

an assessment tool for visual cemitanalysis of project process portfolios but also

supported the broader pedagogical goal of fostering critical thinking and lifelong

learning of industrial design students.

Table5.1 Analysis Rubric

Criterion 5 4 (Good) 3 2 (Poorand 1 (Fail) (80
(Excellent) (17-15 (Adequate) Very Poor) points)
(20-18 points) (14-12 (11-9
points) points) points)
Integration of Reflections Reflections Reflections Reflections Reflections
Feedback demonstrate mostly show show some show very show little to
the integration the integration integration of  limited no integréion
of feedback of feedback, feedback but integration of  of feedback
from peers or  with minor lack thorough  feedback.
advisors, gaps. adaptation.
showing
growth and
adaptation.
Clarity, Depth, Reflections are Reflections are Reflections are Reflections are Reflections are
and Critical veryclear and generdly clear somewhat clear unclear, very unclear,
Thinking in detailed, and detailed,  but show some contain difficult to
Reflections demonstrating showing good ambiguity and  significant understand,
deep understanding, limited ambiguity, and and lack
understanding insights, and exploration and showlimited thorough
and critical some critical critical exploration and exploration
thinking, thinking. thinking. critical and critical
challenging thinking. thinking.
existing
assumptions
and offering
new
perspectives.
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Table5.1 (continued)

Use and Visualsare Visuals are Visuals are Visuals are Visuals are
Integration of effectively used somewhat poorly poorly used
Visuals used to effectively but  effective but integrated ad  and do not
enhance with minor show some do not fully enhance
understanding integration lack of enhance understanding.
and are well issues. integration with understanding.
integrated with the text.

text.

Organization The portfolio  The portfolio is The portfolio The portfolio is

and is very welt well-organized, shows some poorly
Documentation organized, with minor organization organized with
of Process with a clear logical issues. but lacks a major logical
logical flow. The design clear logical issues. The
The design process is well flow. The design process
process is documented,  design process is poorly
precisely with generally  shows some documented
documented, clear records  documentation with significant
with clear, and minor but contains gaps and
detailed gaps. gaps or unclear unclear
records that are records. records.
easy to follow
and
understand.

One ofthe important criteria in the rubric wése integration of feedbackvhich

assessed how well students documented and applied critiques from peers, instructors,
or stakeholders. Effective feedback integration was characterized by explicit
references to dback 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. Theserefleci ons showcased the studentso
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 rubic also emphasizedlarity, depth, and critical thinkingn reflections,
focusing on how students articulated their design decisions and engaged with

challenges. Higiguality reflections demonstrated not only an easy to analyse
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narrative but also a thorgh evaluation, exploring the rationale behind decisions and
guestioning assumptions. For instance, exemplary portfolios detailed the rationale
for material selection, evaluating its impact on functionality. These reflections often
included critical analyseof 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 desiginocess.

Another important aspect of the rubric whe use and integration of visualghich
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 visuatextual integrations provided a comprehensive understanding of
iterative development, with visuals illustrating key design changes and text
explaining the rationale beldrthem. 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 ammpanying explanation, reducing their

communicative value and failing to convey the iterative nature of the process.

The final criterion focused othe organization and documentation of the design
processevaluating the logical flow, completeness, amdlitst of the portfolio. WeH
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 ¢sywéh 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 relséafinal design

out comes, il Tustrating how initial i nNsi ght
contrast, insufficiently prepared portfolios often displayed gaps in documentation,
particularly in later phases such as evaluation, resulting in a fragthearrative

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 anconsistencies. 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 icubrolved into a robust
framework capable of capturing the nuances of reflective documentatidfigsee

5.10 Comprehensive Dataset Analysis with Rupric
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Figure5.10 Comprehensive Dataset Analysis with Rubric
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