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ABSTRACT   ARTICLE HISTORY   

Who designs when AI-augmented sketching generates form alternatives? The integration of generative 

AI into design practice raises critical questions about creative processes and skill development in 

design education. This study investigates how industrial design students experience AI-augmented 

sketching and form development, how they reconceptualize creative agency and authorship, and what 

pedagogical considerations emerge from AI integration. A qualitative phenomenological study was 

conducted with fourteen industrial design students who used Midjourney outputs for ideation and 

Viscom outputs for form refinement during a design project. Data were collected through semi-

structured interviews and reflective writings, then analyzed using thematic analysis. Six 

interconnected themes emerged from the analysis. Findings reveal that students valued AI's external 

perspective for creative exploration and experienced efficiency gains alongside enhanced reflection. 

However, they encountered challenges when AI failed to interpret contextual meaning in their design 

intentions. Most significantly, students came to understand AI as a tool requiring human oversight 

rather than an autonomous designer. Based on these findings, a pedagogical framework is proposed 

that balances AI's generative capabilities with the preservation of foundational skill development and 

human judgment. This framework provides guidance for design educators navigating AI integration 

while supporting students' creative development and skill acquisition. 
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Kim Tasarlıyor? Yapay Zeka Destekli Biçim Geliştirme  

Sürecinde Öğrenci Deneyimleri 

ÖZ  MAKALE BĶLGĶSĶ  

Üretken yapay zekanın tasarım pratiğine entegrasyonu, tasarım eğitiminde yaratıcı süreçler ve beceri 

geliştirme konusunda kritik soruları gündeme getirmektedir. Bu çalışma, endüstriyel tasarım 

öğrencilerinin yapay zeka destekli form geliştirme deneyimlerini, yaratıcı özerklik ve yazarlık 

kavramlarını nasıl yeniden ele aldıklarını ve yapay zeka entegrasyonunda ortaya çıkan pedagojik 

hususları araştırmaktadır. Bir tasarım projesi sırasında fikir üretimi için Midjourney çıktılarını ve form 

iyileştirme için Viscom çıktılarını kullanan 14 endüstriyel tasarım öğrencisiyle nitel bir fenomenolojik 

çalışma yürütülmüştür. Veriler yarı yapılandırılmış görüşmeler ve yansıtıcı yazılar yoluyla toplanmış, 

tematik analiz kullanılarak analiz edilmiştir. Bulgular, öğrencilerin yaratıcı keşifsel süreçleri için 

yapay zekanın dışsal bakış açısını değerli bulduklarını ve gelişmiş düşünme yeteneğinin yanı sıra 

verimlilik kazanımları yaşadıklarını ortaya koymaktadır. Ancak, yapay zeka tasarım hedeflerindeki 

bağlamsal anlamı yorumlayamadığında zorluklarla karşılaşmışlardır. En önemlisi, öğrenciler yapay 

zekayı özerk bir tasarımcıdan ziyade insan gözetimi gerektiren bir araç olarak değerlendirmeye 

başlamışlardır. Bu bulgulara dayanarak, yapay zekanın üretken yeteneklerini temel beceri geliştirme 

ve insan yargısının korunmasıyla dengeleyen bir pedagojik çerçeve önerilmiştir. Bu çerçeve 

öğrencilerin yaratıcı gelişimini ve beceri kazanımını destekleyerek yapay zekanın tasarım eğitimine 

entegrasyonunda yol gösterici olmayı amaçlamaktadır. 
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1. INTRODUCTION  

The integration of generative artificial intelligence into 

design practice has been characterized as a fundamental 

transformation that challenges established creative 

workflows and traditional skill hierarchies. Ciaramitaro 

and Costa (2024) describe this shift as a moment where 
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"imagination meets algorithm," suggesting that the 

relationship between human creativity and computational 

generation is being fundamentally redefined. This 

technological transformation has been observed to affect 

not only how designs are produced but also how designers 

conceptualize their role in the creative process.  

In educational contexts, where students are simultaneously 

developing foundational design competencies and 

encountering these new AI-augmented tools, the 

implications of this transformation become particularly 

significant for design educators who must prepare students 

for AI-augmented practice. The question of how design 

education should respond to this technological shift—

whether by embracing AI as a new design medium or by 

maintaining traditional skill-based pedagogies—remains 

contested. This study investigates how industrial design 

students experience AI-augmented sketching and form 

development processes, and what pedagogical 

considerations emerge from this experience.  

 

1.1. Sketching in the Age of AI  

The Dialectics of Sketching and Cognitive 

Transformation 

Sketching has historically been understood as a dialectical 

cognitive process through which designers externalize 

mental images, interpret emerging forms, and iteratively 

refine conceptual solutions. Goldschmidt (1991) 

characterized this process through the framework of 

"seeing as" and "seeing that" arguments, where designers 

oscillate between interpreting figural properties during 

sketching (seeing as) and examining conceptual properties 

by reflecting on completed sketches (seeing that). This 

dialectical movement between physical mark-making and 

conceptual interpretation has been described as creating a 

generative dialogue that bridges abstract knowledge with 

specific design outcomes (van der Wal et al., 2024). In this 

framework, sketching functions not merely as a 

representation technique but as a reflective conversation 

conducted in the medium of drawing. Through this 

conversation designers make discoveries by detecting 

unintended consequences of their moves and bringing 

interconnected design knowledge domains into 

consciousness (Schön & Wiggins, 1992). The ambiguity 

inherent in rough sketches has been identified as essential 

to this process, as the dense and ambiguous symbol system 

of sketching facilitates lateral transformations by allowing 

for multiple interpretations (Goel, 1995; Tversky, 2010). 

This conception of sketching as cognitive tool has shaped 

design pedagogy across disciplines, establishing manual 

sketching proficiency as foundational to design process. 

AI-Augmented Sketching and the Disruption of 

Dialectical Cycles 

The emergence of text-to-image generative AI tools 

introduces a fundamentally different modality of visual 

exploration that disrupts the traditional seeing-drawing-

seeing cycle. Holliman and Brisco (2024) pose a 

provocative question in their examination of whether "pen-

to-paper is the buggy whip of design," investigating 

whether AI tools can replace conventional sketching in 

concept generation phases. Their empirical study with 

novice designers revealed that while AI-generated images 

possessed higher visual fidelity, 75% of participants 

believed conventional sketching remained more accurate 

to their intentions, and 59.62% found it easier to use. This 

finding suggests that the directness of manual sketching—

the immediate translation of mental image to physical 

mark without linguistic mediation—provides cognitive 

affordances that text-to-image generation cannot easily 

replicate. Yıldızoğlu (2024) further explores this tension, 

demonstrating that while digital design tools offer 

efficiency advantages in architectural contexts, they 

fundamentally alter the cognitive processes involved in 

design thinking by introducing technological mediation 

between ideation and externalization. The requirement to 

translate visual concepts into textual prompts represents a 

qualitatively different cognitive process from the direct 

mark-making that characterizes traditional sketching. 

Form Development in AI-Augmented Contexts 

In product design education, where three-dimensional 

form development represents a central learning objective, 

AI-augmented approaches introduce both opportunities 

and constraints that warrant systematic investigation. Zhou 

and Park (2023) demonstrate that AI-augmented 

multimodal applications can enable new forms of 

conceptual design exploration by allowing designers to 

iterate rapidly between sketch-based inputs and AI-

generated refinements. Tong et al. (2023) conducted 

teaching experiments with freshman students to 

investigate whether AI can function as a new mode of 

sketching, finding that students were able to produce 

design concepts using AI tools even with limited drawing 

skills. However, these studies also reveal that designers 

working with AI must negotiate between their design 

intentions and the algorithm's interpretive capacities.  

Ciaramitaro and Costa (2024) describe this as a process of 

learning how to "describe textually the key details" of 

imagined objects using metaphors and established 

imagery. This negotiation introduces a layer of complexity 

distinct from traditional sketching, where designers must 

understand not only design principles but also the logic of 

AI datasets and the syntax of effective prompts. 

The Double-Edged Nature of AI in Sketching Practice 

The introduction of AI into sketching and form 

development processes has been characterized by both 

enabling and constraining effects that must be carefully 

balanced in educational contexts. On one hand, Song and 

Guida (2024) demonstrate that AI-aided design can 

accelerate students' transition from conceptual sketches to 

physical prototypes, fostering critical AI literacy when 

appropriately scaffolded through pedagogical structures. 

The ability of AI tools to generate multiple formal 

variations rapidly can expand designers' exploratory 

capacity beyond individual technical limitations, 

potentially democratizing access to visual ideation for 

students with limited drawing skills. On the other hand, 

Holliman and Brisco (2024) emphasize that the value of 
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sketching extends beyond image production to include 

cognitive processes of idea development, originality 

assessment, and reflective practice—dimensions that may 

be lost when visual generation is outsourced to AI systems. 

This dual nature suggests that AI-augmented sketching 

represents neither a simple replacement for nor a 

straightforward enhancement of traditional methods, but 

rather a fundamentally different approach that 

reconfigures the relationship between thinking, seeing, and 

making in design practice. 

1.2. Creativity and Design Performance in AI-

Augmented Design Learning 

The Complex Relationship Between AI and Creative 

Development 

The integration of AI tools into design education raises 

critical questions about how computational generation 

affects the development of students' creative capabilities 

and the quality of their design outcomes. Lee (2025) 

investigates the application of generative AI in design 

education courses, finding that AI tools significantly 

enhanced students' textual creativity—particularly fluency 

and flexibility. Effects on visual originality were perceived 

as less impactful, though project outcomes demonstrated 

that students were capable of producing competition-grade 

work with AI assistance. This finding aligns with research 

by Rodriguez-Ferradas et al. (2025), who demonstrate that 

the gradual introduction of AI tools for creativity 

techniques, when guided by experienced educators, helps 

reduce students' resistance and fosters positive perceptions 

of AI's role in creative processes. However, both studies 

emphasize that the relationship between AI use and 

creativity development is complex and potentially 

contradictory, with concerns about whether AI assistance 

might suppress original thinking through overreliance on 

algorithmic suggestions. These contradictory findings 

suggest that the impact of AI on creative development 

cannot be characterized simply as enhancement or 

constraint. But rather it depends on how AI tools are 

integrated within pedagogical structures and how students 

are guided to maintain critical distance from algorithmic 

suggestions. 

Balancing Human Ideation and AI-Augmented 

Refinement 

The question of how to balance human-initiated creativity 

with AI-augmented processes represents a central 

challenge in design education. Research suggests that the 

sequencing and positioning of AI within design workflows 

significantly affects creative outcomes and learning 

processes. Tang et al. (2025) propose a framework 

distinguishing between "pre-AI" and "post-AI" design 

phases, arguing that the balance between human-initiated 

ideation and AI-augmented refinement is crucial for 

maintaining creative development while leveraging 

technological capabilities. Their research suggests that AI 

tools are most effectively deployed in supporting 

exploratory ideation and rapid iteration rather than 

replacing fundamental creative judgment. Figoli et al. 

(2022) examine AI's impact on creativity through 

workshops focused on human-AI collaboration in idea 

development. They find that AI systems can amplify 

creative output by providing diverse stimuli and 

unexpected combinations, yet the quality and originality of 

design solutions remain dependent on designers' ability to 

critically evaluate and synthesize AI-generated content. 

These studies collectively suggest that the effect of AI on 

design performance is mediated by pedagogical 

approaches that position AI as a collaborative tool rather 

than an autonomous creator. Particular attention is 

required to ensure that students develop the critical 

judgment necessary to evaluate and direct AI-generated 

alternatives rather than passively accepting algorithmic 

suggestions. 

Pedagogical Challenges in Maintaining Creative 

Autonomy 

In design education, where learning objectives include not 

only the production of design artifacts but also the 

development of critical thinking and evaluative judgment, 

the role of AI becomes particularly complex. Fathoni 

(2023) argues that leveraging generative AI solutions in 

design education requires careful attention to maintaining 

academic integrity and fostering sustainable creativity, as 

students must develop both technological literacy and 

creative autonomy. Kavakoğlu et al. (2022) demonstrate 

through pedagogical experiments in early design education 

that AI-driven creativity approaches can be successfully 

integrated when they are positioned as tools for 

augmenting rather than replacing human creative capacity. 

The challenge lies in developing pedagogical frameworks 

that enable students to leverage AI's generative capabilities 

while maintaining ownership of creative decisions and 

developing design judgment that extends beyond tool 

operation to encompass conceptual reasoning and critical 

evaluation. This pedagogical challenge becomes 

particularly acute when students are simultaneously 

learning foundational design skills and encountering AI 

tools that can generate visually sophisticated outputs with 

minimal technical skill, potentially short-circuiting the 

developmental process through which design judgment is 

traditionally cultivated. 

1.3. The Question of Creative Agency 

Defining Creative Agency in Design Education 

The integration of AI into design processes introduces 

fundamental tensions around creative agency—the 

capacity to make intentional choices and exert meaningful 

control over creative outcomes. Kraehe (2018) defines 

creative agency as the foundation for empowerment in art 

and design education, arguing that students develop 

agency through learning to make design decisions, taking 

ownership of their creative processes, and building 

confidence in their design capabilities. This conception 

frames agency not merely as the ability to produce 

outcomes but as a subjective experience of authorship and 

control that is central to design identity formation. 

However, when AI systems generate design alternatives 

based on textual prompts or existing sketches, the locus of 

creative control becomes ambiguous, potentially 
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transforming designers from originators into curators who 

select and refine algorithmically generated options (Süner-

Pla-Cerdà et al., 2025). This shift raises questions about 

the nature of authorship in AI-augmented design: when a 

designer prompts an AI system to generate form variations, 

who is the author of the resulting design—the human who 

formulated the intention, or the algorithm that manifested 

the visual form? 

Negotiating Agency in Human-AI Co-creation 

The reconceptualization of designer agency in AI-

augmented contexts requires understanding how humans 

and algorithms negotiate creative control throughout 

design processes. Guo et al. (2023) investigate this 

question through case studies of co-creation between 

designers and AI, proposing a reconceptualization of 

designer agency that acknowledges AI as an active 

participant in the creative process rather than a passive 

tool. Their research reveals that designers working with AI 

engage in continuous negotiation between human 

intentions and algorithmic interpretations, developing new 

strategies for steering AI outputs while remaining open to 

unexpected algorithmic suggestions. Watkins and Barak-

Medina (2024) examine how AI influences human creative 

agency from a psychological perspective, finding that the 

perception of agency is affected by the transparency of AI 

operations and the degree of control designers maintain 

over generative processes. When AI systems function as 

"black boxes" whose decision logic remains opaque, 

designers may experience diminished agency even when 

they retain final decision authority, as they cannot 

understand or predict how their inputs will be transformed 

into outputs. This opacity introduces a qualitatively 

different experience of creative control compared to 

traditional design tools, where the relationship between 

designer action and material response is more transparent 

and predictable. 

Educational Implications for Judgment Development 

The educational implications of these agency 

transformations are explored by researchers investigating 

how students develop critical evaluation capabilities in AI-

supported contexts. Naik et al. (2025) investigate students' 

judgment development in AI-supported design work, 

revealing that students face challenges in evaluating the 

quality and appropriateness of AI-generated content, often 

struggling to determine whether algorithmic suggestions 

align with design criteria or represent viable solutions. 

This finding suggests that developing design judgment—

the capacity to make informed decisions about design 

quality and appropriateness—becomes even more critical 

in AI-augmented contexts, as students must evaluate not 

only their own design moves but also the relevance and 

validity of AI-generated alternatives. Xu et al. (2025) 

further demonstrate that different approaches to 

integrating AI into design workflows—productive versus 

reflective—affect both cognitive engagement and 

motivation, with implications for how agency is 

experienced and developed. Their research indicates that 

when AI is used productively to accelerate output 

generation, students may experience efficiency gains but 

reduced cognitive engagement with design problems. In 

contrast, reflective integration that positions AI as a probe 

for exploration may better support agency development by 

maintaining students' active involvement in conceptual 

reasoning rather than delegating creative decisions to 

algorithmic processes. 

From Conversation with Materials to Conversation with 

Algorithms 

The transformation of design activity from direct material 

engagement to mediated algorithmic interaction recalls 

Schön's (1983) concept of "conversation with materials," 

which characterizes design as a reflective dialogue where 

designers pose questions through design moves and 

materials "talk back" through their responses. In traditional 

sketching, this conversation occurs directly: a designer 

draws a line, sees how it relates to existing marks, 

interprets emergent patterns, and responds with additional 

marks that refine or redirect the evolving concept. When 

AI mediates this conversation, the dialogue shifts from 

"conversation with materials" to what might be termed 

"conversation with algorithms." The designer articulates 

intentions through prompts, the AI interprets these 

intentions through its training data and generative 

algorithms. The AI then returns visual outputs that the 

designer must interpret and respond to through revised 

prompts or acceptance/rejection decisions. This 

reconfiguration raises questions about whether the 

collaborative nature of human-AI design fundamentally 

changes the experience of creative authorship, and whether 

students can develop robust creative agency when much of 

the generative work is delegated to algorithmic processes 

they do not fully understand or control. 

1.4. Research Gap and Study Objectives 

While scholarly interest in AI applications for design has 

expanded rapidly, empirical research examining AI's 

impact on design education remains limited in scope and 

depth. Existing literature has primarily focused on 

demonstrating technical capabilities of AI tools (Zhou & 

Park, 2023), proposing theoretical frameworks for human-

AI collaboration (Guo et al., 2023), or conducting brief 

pedagogical experiments with small participant cohorts 

(Kavakoğlu et al., 2022; Tong et al., 2023). However, in-

depth qualitative investigations that examine students' 

lived experiences with AI tools during design practice are 

notably scarce in current scholarship.  

Furthermore, existing research has not adequately 

addressed how AI-augmented sketching specifically 

affects form development processes in product design 

education—a domain where three-dimensional form 

quality and iterative refinement represent central learning 

objectives. While Holliman and Brisco (2024) investigate 

whether AI can replace conventional sketching, their focus 

on preferences and perceptions provides limited insight 

into the processual and experiential dimensions of AI-

mediated design learning. Lee (2025) examines creativity 

enhancement through AI but relies primarily on survey 

data without deep exploration of how students interpret 
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and negotiate their relationship with AI tools throughout 

design processes. Ciaramitaro and Costa (2024) explore 

the conceptual implications of "imagination meeting 

algorithm" but conduct workshop, offering little 

understanding of how student experiences evolve over 

sustained engagement with AI in studio contexts. The gap 

between these exploratory studies and the nuanced 

understanding needed to inform pedagogical decisions 

represents a significant challenge for design educators. 

This study addresses these gaps through a qualitative 

phenomenological investigation conducted over one 

semester in an industrial design course. Students utilized 

generative AI tools (Midjourney for ideation, Viscom for 

sketch refinement) during form development phases of a 

product design project. Student experiences were explored 

through semi-structured interviews and written reflections. 

This methodological approach enables rich investigation 

of how students experience, interpret, and make meaning 

of AI-augmented design processes. By focusing on process 

experience rather than solely on outcomes, this study aims 

to generate insights directly applicable to design education 

practice for AI integration. 

The research addresses three interrelated questions: 

RQ1: How do industrial design students experience AI-

augmented sketching and form development processes in 

a design learning environment? 

RQ2: How do students reconceptualize their creative 

agency and authorship when working with generative AI 

tools for design ideation? 

RQ3: What pedagogical considerations emerge from 

integrating AI tools into design education while supporting 

students' creative development? 

By providing in-depth qualitative evidence on students' 

experiences of AI-augmented design learning, this study 

contributes to design education scholarship and informs 

evidence-based pedagogical development. The findings 

offer practical insights for educators navigating decisions 

about AI integration, examining how design processes are 

being transformed in an AI-augmented context and what 

this transformation means for the future of design 

education and practice. 

2. MATERIAL & METHOD  

This study adopts an interpretive research paradigm with 

the aim of exploring how industrial design students 

experience and interpret AI-augmented form development 

processes. The research attends to the range of ways in 

which generative AI tools influence students' design 

practices—from initial ideation through form 

refinement—as well as the broader questions of 

authorship, agency, and skill development that emerge 

from these encounters. 

The study draws on phenomenological principles, which 

focus on how individuals make sense of their experiences 

and privilege participant voice over objective 

measurement. This approach aligns with our interest in 

understanding not only what students do with AI tools, but 

also how they interpret and make meaning of these 

interactions. The research seeks to capture the texture and 

significance of students' experiences with generative AI 

during form development. 

 

2.1. Context and Participants 

This study was conducted within an elective course 

focusing on design and form development in the industrial 

design department at Istanbul Technical University (ITU). 

The course ran for one semester and emphasized form 

development and visual language in product design. 

Fourteen industrial design students enrolled in the elective 

course participated in the study. These students had 

minimal or no prior experience with AI design tools, 

providing an appropriate sample for investigating initial 

encounters with AI-mediated design workflows. All 

participants worked on the same design brief, followed the 

same timeline, and engaged with the same AI-mediated 

workflow structure.  

All students were informed about the study prior to 

participation with signed informed consent forms 

indicating voluntary participation. Ethical approval was 

obtained from the ITU Human Research Ethics Committee 

(Document No: 524). Participant identities were protected 

through the use of participant codes in all reporting. 

 

2.2. AI Tools and Implementation 

The design brief required students to create a perfume 

bottle form inspired by a contemporary architecture 

museum. This building-to-product translation was selected 

because embodied spatial experience provides students 

with rich sensory input that can be articulated through 

descriptive keywords. These keywords subsequently 

become the foundation for AI prompts. As Hutson et al. 

(2024) note, the ability to articulate intentions clearly and 

precisely becomes a vital skill when working with AI 

tools, as students must learn to describe what they aim to 

achieve in order to effectively guide generative systems. 

The museum visit established a shared experiential 

foundation from which students could develop meaningful 

keywords for the AI-augmented process. 

The selection of AI tools was made to support different 

stages of the students' design workflow, aligning each 

tool's affordances with specific cognitive and visualization 

tasks in early design. Midjourney was chosen for the early 

concept development phase, as this stage required 

divergence, rapid iteration, and generation of form 

alternatives closely linked to students' initial sketches (see 

Figure 1). As Süner-Pla-Cerdà et al. (2025) highlight, 

generative image models are particularly effective in early 

ideation, where designers benefit from unexpected yet 

related variations that expand the creative search space 

while preserving designer agency. In the AI output stage, 

students' sketches were processed through Midjourney's 

describe feature, which generated textual descriptions of 

each sketch. These descriptions were then expanded by 

adding students' own keywords at the end of the 

description texts. This approach produced visually related 

yet varied alternatives. The printouts of these visuals were 

returned to students as inspiration for further iteration.  
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(a) 

 

 
(b)  

Figure 1. (a) Example of student’s sketches. (b) 

Midjourney output of the students’ sketches 

 

As second iteration, students develop more sketches using 

Midjourney generated visuals as inspiration. Vizcom was 

integrated during the refinement stage due to its strength 

in material rendering and realistic visualization. Students' 

sketches, along with their collected keywords, were 

processed through Vizcom with prompts designed to 

refine materiality and CMF (color, material, finish) cues 

(see Figure 2). The tool enabled rapid visualization, 

translating sketches into more realistic visual images in 

real time. The goal was to provide students with immediate 

material and form feedback, particularly when their 

sketches remained abstract. By allowing students to see 

their sketches approximated with material suggestions, 

surface qualities, and clearer volumetric definition, 

Vizcom functioned as an extension of the sketching 

process itself rather than a final presentation tool. As 

Süner-Pla-Cerdà et al. (2025) note, such rapid 

visualization helps designers assess form, material, and 

feasibility together. While Midjourney supported 

conceptual expansion, Vizcom facilitated convergence 

toward more realistic outcomes, enabling students to 

evaluate their design directions with greater clarity. 

The design process followed six sequential stages: (1) site 

visit and initial sketching based on museum observation; 

(2) concept generation and keyword collection; (3) AI 

image generation using Midjourney's describe feature 

combined with student keywords; (4) design development 

through iteration based on AI outputs; (5) rendering 

through Vizcom for material and form refinement; and (6) 

final deliverables.  

 

 
(a) 

 

 

(b)  

Figure 2. (a) Example of student’s sketches. (b) Vizcom 

output of the students’ sketches 

 

2.3. Data Collection 

Qualitative data were collected throughout the semester to 

investigate students' experiences with AI as a tool for idea 

generation and form development. Two primary data 

sources were employed. 

First, semi-structured interviews were conducted at the end 

of the semester, with each interview lasting approximately 

30 minutes. Interviews were audio-recorded and 

transcribed using transcription software. The interview 

protocol addressed three main areas: students' experiences 

with the AI tools, how AI outputs contributed to or 

hindered their design processes, and their reflections on 

what it meant to design with AI assistance. The semi-

structured format allowed for follow-up questions based 

on participant responses, enabling deeper exploration of 

emergent themes. 

Second, reflective writing was collected as students 

submitted process reports alongside their final projects. In 

these reports, students described their experiences 

throughout the semester, with prompts mirroring the 

interview questions. This approach enabled triangulation 

between spoken and written accounts of the design 

experience. 
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2.4. Data Analysis 

Data were analyzed using thematic analysis following the 

six-phase framework proposed by Braun and Clarke 

(2006). This method systematically identifies, analyzes, 

and reports patterns within qualitative data. An inductive 

approach was adopted, allowing themes to emerge from 

the data rather than from predetermined categories. 

The analysis proceeded through six phases: familiarization 

with the data through repeated reading; independent 

generation of initial codes by two researchers; comparison 

and discussion of codes; identification of potential themes 

from converging codes; review and refinement of themes; 

and final definition and naming of themes. Coding was 

conducted independently by two researchers, with results 

subsequently compared and discussed. Although formal 

inter-rater reliability measures were not calculated, the 

researchers focused on reaching consensus regarding 

shared themes, resolving disagreements through 

deliberation. Data organization was facilitated using 

spreadsheet software. 

Throughout the analysis, a phenomenological lens was 

maintained, attending closely to how students described 

and interpreted their experiences. The analytical goal was 

to understand the meanings students attributed to their AI-

mediated design processes rather than to quantify 

behavioral patterns. 

 

3. INTEGRATED FINDINGS AND DISCUSSION  

The thematic analysis of student narratives revealed six 

interconnected themes that illuminate the complex 

relationship between AI tool integration and creative 

agency in design education. These themes emerged from 

systematic examination of participant reflections on their 

experiences working with generative AI during a product 

design project focused on perfume bottle design inspired 

by Istanbul Modern Museum. The identified themes 

include: (3.1) AI as a support for creativity through 

external perspective provision, (3.2) process efficiency 

and reflective learning enhancement, (3.3) creative 

limitations inherent in AI-generated outputs, (3.4) the 

phenomenon of overwhelming variety, (3.5) the context 

gap between designer intentions and AI's material 

interpretations, and (3.6) reconceptualization of AI as a 

tool rather than a designer alongside de-skilling concerns. 

Rather than presenting these themes as isolated categories, 

this section integrates empirical evidence with theoretical 

analysis and pedagogical implications within each 

thematic discussion. This approach directly addresses how 

AI-augmented design processes affect students' experience 

and what this means for design education practice. 

3.1. AI as a Support for Creativity: The Value of 

External Perspective 

One of the most consistent patterns emerging from student 

narratives was the recognition of AI's capacity to provide 

an external perspective that expanded their creative 

exploration. Students described how AI-generated outputs 

functioned as a form of visual dialogue. This dialogue 

enabled them to perceive their own design ideas from new 

angles and discover formal possibilities they had not 

initially considered. 

The participants articulated diverse ways in which AI 

contributed to their creative processes: 

"With the contribution of artificial intelligence, it 

made me notice details in my own drawings that I was 

not aware of... it helped me gain new perspectives in 

the process and look from a little further away." (P9) 

"AI proved invaluable in the form-finding process. It 

allowed us to view our initial abstractions with fresh 

eyes. Analyzing the AI-generated designs as if they 

were created by someone else offered a valuable 

outside perspective." (P13) 

"AI helped me think in three dimensions. At the same 

time, since it could generate many form alternatives, 

it broadened my perspective." (P14) 

These accounts suggest that AI served not merely as a 

production tool but as a cognitive partner that externalized 

and reframed students' implicit design thinking. 

These findings resonate with Goldschmidt's (1991) 

dialectical model of sketching. In this model, designers 

alternate between 'seeing as' (interpreting figural 

properties) and 'seeing that' (interpreting conceptual 

properties) arguments during the design process. The 

students' descriptions suggest that AI outputs introduced a 

third dialogical element into this dialectic—an external 

interpretation that neither directly originated from the 

designer's hand nor remained solely within their mental 

imagery. This externalization appears to have facilitated 

what Schön and Wiggins (1992) described as 'seeing 

unintended moves.' In such moments, unexpected 

representations trigger interconnectedness among different 

knowledge domains. P22 captured this transformation 

clearly, stating that "forms I had found in the first stage 

completely transformed together with AI. I saw volumetric 

manipulations in these transformations and then I tried to 

develop my design in this direction." This suggests AI 

functioned as what van der Wal et al. (2024) characterize 

as an agent for design discovery, providing affordances for 

seeing beyond the designer's immediate visual repertoire. 

The value students derived from AI's external perspective 

indicates that design educators should consider how to 

structure AI integration as a dialogical rather than merely 

productive tool. Rather than positioning AI as a shortcut to 

final forms, pedagogy might emphasize AI's role in 

expanding the 'design space' (Woodbury & Burrow, 2006) 

available to students during early concept exploration. 

Actionable recommendations include: explicitly framing 

AI outputs as conversation partners rather than solutions 

during studio critiques; developing assignments that 

require students to articulate what they learned about their 

own design intentions through AI feedback; creating 

structured reflection exercises where students document 

how AI outputs shifted their understanding of their initial 

concepts; and scaffolding the transition from AI-supported 

exploration to independently developed design decisions. 
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3.2. Process Efficiency and Reflective Learning 

Enhancement 

Beyond creative expansion, students consistently reported 

that AI integration accelerated their design processes. This 

theme reveals a dual contribution of AI: instrumental 

efficiency alongside cognitive deepening. 

Several participants emphasized how AI accelerated their 

thinking processes:  

"…the contribution of AI accelerated my thinking and 

form-finding process," (P3) 

"… working with AI was enjoyable and made my work 

easier." (P3)  

"The form alternatives I initially created were 

insufficient in my design process. At this stage, the 

intervention of artificial intelligence providing me 

with more options for form alternatives improved my 

design process. Using the form alternatives generated 

by artificial intelligence, I further developed the 

perfume bottle design and then had it rendered by 

artificial intelligence again, which ultimately resulted 

in a more realistic final product." (P28) 

Importantly, several students noted that efficiency gains 

extended beyond time savings to include enhanced self-

understanding.  

"using AI showed me how to look at my design 

process from being stable to more dynamic. It also 

combined forms that I would not have thought of, and 

made a connection between two sketches, which I 

viewed as a separate design."(P30) 

The efficiency gains reported by students must be 

interpreted carefully within the context of design 

education, where process learning arguably holds greater 

importance than production speed. What emerges from 

these accounts aligns with Xu et al.'s (2025) distinction 

between productive and reflective modes of AI integration 

in design workflows. Students who described meaningful 

learning appeared to engage with AI reflectively. They 

used outputs to understand their own design thinking 

rather than simply adopting AI suggestions directly. P22's 

observation that AI visualization helped understand 'what 

direction I could develop [the design] from' suggests that 

efficiency gains were not merely temporal but cognitive. 

This enabled faster iteration of the seeing-interpreting-

refining cycle that Goldschmidt (2014) identifies as central 

to design cognition. This interpretation aligns with 

Kavakoğlu et al.'s (2022) pedagogical framework 

positioning AI as augmentation of human capability rather 

than replacement of human judgment. 

The dual nature of efficiency—both productive and 

reflective—suggests that educators must be intentional 

about which type they cultivate. Simply allowing AI to 

speed up production may undermine learning objectives. 

In contrast, structured integration that emphasizes 

reflection could enhance both efficiency and educational 

depth. Actionable recommendations include: designing 

assignments that explicitly require documentation of AI-

prompted insights alongside final deliverables; 

establishing studio protocols where AI-generated 

alternatives are presented as starting points for critical 

evaluation rather than final directions; developing rubrics 

that assess the quality of students' reflective responses to 

AI outputs rather than merely evaluating final products; 

and creating checkpoint moments where students must 

articulate their design rationale before proceeding to AI-

assisted refinement. 

3.3. Creative Limitations: The Boundaries of 

Algorithmic Generation 

A recurring pattern in student narratives involved 

recognition of fundamental limitations in AI's creative 

contributions. Students described situations where AI 

outputs failed to align with their design intentions or 

revealed a narrow aesthetic range. In many cases, AI 

proved unable to interpret the nuanced meaning embedded 

in their original sketches. 

"At this point, the visual produced by artificial 

intelligence also showed me the limits of its creative 

contribution... No matter how much artificial 

intelligence develops, I still find it difficult to produce 

something close to what we mentally imagine." (P9) 

"the contribution of AI in this assignment was quite 

weak. I had a form already established in my mind, 

and it was difficult for me to make a connection 

between the form and the AI outputs of the keywords 

I chose and get inspired."(P31) 

"The AI consistently presented me with designs that 

were similar to the organic forms I had been 

experimenting with in my initial sketches. While this 

was beneficial in some respects, it also indicated that 

the AI's recommendations were somewhat narrow 

and not fully aligned with the broader scope of 

material possibilities I was considering. It made me 

realize that the AI either did not fully interpret the 

data I provided or that my input might have been 

incomplete or unclear." (P25) 

These accounts illuminate what Watkins and Barak-

Medina (2024) describe as the 'black box' problem in AI-

mediated creative processes—the opacity of how 

algorithmic systems translate inputs into outputs. When 

students reported that AI 'did not fully interpret the data,' 

they were confronting a fundamental asymmetry. Human 

design cognition operates through semantic understanding 

and contextual meaning-making, whereas AI systems 

function through pattern recognition and statistical 

correlation. This limitation relates directly to Kraehe's 

(2018) conception of creative agency as involving 

intentional choice-making within contextual constraints. 

The AI's inability to fully grasp designer intentions 

represents a constraint that differs qualitatively from 

material constraints in traditional making. It is a constraint 

of translation and interpretation rather than physical 

possibility. The implications for creative agency are 

significant. Students must develop what Naik et al. (2025) 

term 'judgment' skills to assess where AI contributions are 

valuable versus where human interpretation must override 

algorithmic suggestions. 
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Recognizing AI's creative limitations is educationally 

valuable, as it clarifies the irreducible role of human 

judgment in design practice. However, this recognition 

must be cultivated rather than assumed, particularly among 

novice designers who may lack the expertise to evaluate 

AI outputs critically. Actionable recommendations 

include: developing exercises that explicitly task students 

with identifying AI limitations through systematic 

comparison of input intentions and output results; creating 

assignments where students must articulate what could not 

be communicated to AI and why; establishing critique 

protocols that examine the gap between designer intention 

and AI interpretation as a learning opportunity; and 

integrating discussions of AI's operational logic (pattern 

matching versus meaning-making) into design theory 

coursework to support critical evaluation skills. 

3.4. Overwhelming Variety: When Abundance 

Becomes Obstacle 

An unexpected but significant theme emerged around the 

experience of excessive options generated by AI tools. 

Variety is generally considered beneficial in early design 

exploration. However, several students reported that the 

abundance of AI-generated alternatives created cognitive 

challenges that hindered rather than helped their design 

processes. 

"These tools visualized various types of solid shapes 

that I hadn't initially considered, presenting me with 

multiple options. However, having too many options 

also became somewhat overwhelming." (P3) 

"when it produced organic-shaped, circular designs 

that I tried to avoid, I couldn't make use of these 

forms. In this sense, the variety it created was not 

productive for me." (P14) 

This experience suggests that the relationship between 

variety and creative productivity is not linear. Beyond a 

certain threshold, additional options may fragment 

attention rather than expand possibility. It relate to the 

broader literature on design fixation and cognitive load in 

creative processes. Goldschmidt (2014) emphasizes the 

generative value of ambiguity in sketching. However, this 

ambiguity traditionally emerges within the designer's own 

mark-making, allowing for controlled exploration. AI-

generated variety introduces what might be termed 

'external ambiguity'—interpretive possibilities that 

originate outside the designer's cognitive control. The 

overwhelming quality students described may reflect what 

cognitive science identifies as choice overload. In such 

situations, excessive options increase cognitive load 

without proportionally increasing decision quality. This 

finding aligns with Tang et al.'s (2025) recommendation 

for maintaining 'Pre-AI' phases of manual ideation before 

introducing AI tools. Such phases allow students to 

establish design direction before encountering AI's 

abundant alternatives. The pedagogical challenge involves 

calibrating AI integration to provide sufficient variety for 

exploration without overwhelming students' developing 

capacities for design judgment. 

The experience of overwhelming variety suggests that 

unstructured AI integration may undermine rather than 

support learning objectives. This is particularly true for 

novice designers who lack established frameworks for 

evaluating alternatives. Actionable recommendations 

include: developing structured protocols for AI use that 

limit the number of alternatives generated at each iteration 

stage; teaching students explicit strategies for categorizing 

and filtering AI outputs according to their design criteria; 

creating exercises where students must establish selection 

criteria before generating AI alternatives; and scaffolding 

the transition from divergent exploration (where variety is 

valued) to convergent refinement (where selection 

becomes paramount) through explicit pedagogical 

framing. 

3.5. The Context Gap: AI's Limitations in Interpreting 

Material Intent  

A particularly pronounced limitation emerged around AI's 

interpretation of Color, Material, and Finish (CMF) 

attributes. Students consistently reported that AI might 

generate formally interesting alternatives. However, its 

material and color suggestions frequently diverged from 

their design intentions and project contexts. 

"I cannot say the same for the final AI render output. 

Since I was more focused on ensuring visibility of the 

sea, the gold tones in the AI-generated render did not 

suit my design process." (P8) 

"The artificial intelligence's coloring of my existing 

drawings did not turn out the way I imagined. While 

I was imagining a rendering with more reds and 

perhaps blacks, I came across a softer design. In that 

sense, I cannot say that this stage contributed much 

to my process positively." (P9) 

"When it comes to material selection, I have not been 

able to achieve the same level of precision and 

realism. The AI's suggestions often leaned towards 

shiny and metallic materials, which diverged from the 

aesthetics I envisioned for my bottle designs, 

especially those intended for display at the Istanbul 

Modern Museum. I was aiming for a more subtle, 

perhaps even organic, material that would 

complement the museum's contemporary and 

sophisticated ambiance." (P25) 

The CMF mismatch represents more than a technical 

limitation. It reveals a fundamental gap between AI's 

pattern-based material associations and designers' context-

sensitive material reasoning. Material selection in design 

involves understanding how surfaces communicate 

meaning, how finishes relate to brand identity, and how 

colors interact with environmental contexts (Süner-Pla-

Cerdà et al., 2025). These decisions require what Schön 

(1983) termed 'knowing-in-action'—tacit professional 

knowledge that integrates aesthetic judgment with 

functional requirements and contextual appropriateness. 

AI systems, trained on visual patterns, lack access to the 

contextual meaning that informed students' CMF 

intentions. This includes the relationship between their 

designs and the museum's identity, the sensory qualities of 
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the fragrance being housed, and the cultural associations 

of different materials. This limitation aligns with Zhang et 

al.'s (2024) observation that AI tools struggle with aspects 

of design that require reference to non-visual contextual 

information. 

The CMF mismatch highlights the importance of 

maintaining human judgment over material decisions even 

when AI supports form exploration. This finding suggests 

that AI integration in design education should be 

differentiated by design domain, with greater human 

control maintained over materially and contextually 

sensitive decisions. Actionable recommendations include: 

structuring AI use to focus on form exploration while 

reserving CMF decisions for human judgment; developing 

exercises where students explicitly articulate the 

contextual reasoning behind their material choices; 

creating assignments that require students to override AI 

material suggestions with justified alternatives; and 

integrating CMF literacy as a distinct competency that 

complements AI-assisted form generation. 

3.6. AI as a Tool, Not a Designer: Reconceptualization 

and De-skilling Concerns 

The most conceptually significant theme involved 

students' evolving understanding of AI's appropriate role 

in design practice. This understanding was often 

articulated through explicit distinctions between AI as a 

tool versus AI as a designer and accompanied by concerns 

about potential de-skilling effects from AI dependency. 

"No matter how much artificial intelligence develops, 

I still find it difficult to produce something close to 

what we mentally imagine. I think AI is a good 

stakeholder, but I still don't think it can be a 

designer... I think it is difficult for a designer to 

eliminate human creativity, have artificial 

intelligence do all the work, and be satisfied with the 

result." (P9) 

"This experience has underscored the importance of 

clear communication and detailed input when 

working with AI, as well as the need for human 

oversight and intervention to achieve the desired 

artistic outcomes." (P25) 

"If I didn't use AI, I would probably sketch more and 

improve myself in conveying my ideas. Although this 

does not seem to cause much harm in a single project, 

I think it may affect the designer's ability to convey 

ideas in long-term use." (P30) 

These accounts illuminate the transformation Süner-Pla-

Cerdà et al. (2025) describe as the shift from 'creator to 

curator' in AI-augmented design contexts. Students were 

developing what might be termed 'second-order agency.' 

This involves not the direct manipulation of form through 

mark-making, but the steering of algorithmic generation 

through prompt refinement, output selection, and 

judgment exercise. This transformation aligns with 

Kraehe's (2018) conception of agency as operating within 

contextual constraints that both limit and catalyze creative 

action. The AI context introduces new forms of agency, 

such as curatorial selection and prompt crafting. At the 

same time, it potentially constrains others, including direct 

mark-making and manual skill development. The de-

skilling concerns articulated by P30 reflect legitimate 

pedagogical tensions. These tensions, identified by Naik et 

al. (2025) and Tang et al. (2025), concern the appropriate 

sequencing of AI integration in design education. If AI 

tools are introduced before foundational skills are 

established, students may develop dependency patterns. 

These patterns could limit their creative range in contexts 

where AI is unavailable or inappropriate. 

The reconceptualization of AI's role represents a valuable 

learning outcome in itself. Students who understand AI as 

a tool requiring human oversight are better positioned to 

maintain creative agency than those who accept AI outputs 

uncritically. However, the de-skilling concerns suggest 

that timing and sequencing of AI integration require 

careful consideration. Actionable recommendations 

include: establishing foundational skill benchmarks that 

must be demonstrated before AI tools are introduced in 

studio practice; developing hybrid assignments that 

require both AI-assisted and manually executed 

components; creating explicit discussions of AI's 

appropriate scope that help students articulate the 

boundaries of computational contribution; and designing 

curricula that sequence AI integration to augment rather 

than replace developing manual skills. 

3.7. Synthesis: Toward a Pedagogical Framework for 

AI -Integrated Design Education 

The six themes identified in this study converge toward a 

coherent understanding of how AI tools transform the 

design learning experience, affecting students' creative 

processes, skill development, and perception of their role 

as designers. The findings do not represent a simple binary 

of empowerment or constraint. Rather, they reveal a 

complex transformation in how students learn, create, and 

position themselves as designers—a transformation that 

requires intentional pedagogical navigation. 

Drawing on these findings, an integrated pedagogical 

framework is proposed below. This framework is based 

solely on the observations from the present study and 

should be interpreted accordingly. Generalization to other 

contexts requires replication through similar studies with 

different populations and tools. Furthermore, given the 

rapidly evolving nature of AI technologies, continuous and 

iterative contributions from educators and researchers are 

essential to refine and adapt pedagogical approaches 

during this transitional period. 

Integrated Framework 

The evidence supports a five-component framework for AI 

integration in design education that addresses the 

opportunities and challenges identified in this study while 

supporting students' development as reflective, skilled, and 

autonomous designers: 

Component 1: Dialogical Positioning. AI should be framed 

as a conversation partner rather than a solution generator. 

Students benefit from AI's external perspective when they 

approach outputs as prompts for reflection rather than 

directives for action. Pedagogically, this requires critique 
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protocols that examine the gap between intention and AI 

interpretation as a learning opportunity. 

Component 2: Differentiated Integration. AI contributions 

appear most valuable for form exploration and least 

reliable for context-sensitive decisions such as CMF 

selection. Curricula should differentiate AI use by design 

domain, maintaining stronger human control over 

decisions requiring tacit knowledge and contextual 

judgment. 

Component 3: Structured Variety Management. The 

experience of overwhelming options suggests that 

unstructured AI access may undermine learning. Effective 

integration requires protocols that calibrate variety to 

students' developing capacity for design judgment, 

expanding exploration without fragmenting attention. 

Component 4: Sequential Skill Development. De-skilling 

concerns indicate that AI integration should follow rather 

than precede foundational skill development. The 

framework recommends establishing manual proficiency 

benchmarks before introducing AI tools, ensuring that AI 

augments rather than replaces developing capabilities. 

Component 5: Explicit Agency Cultivation. The 

transformation from creator to curator represents a 

legitimate form of design agency, but only when 

consciously developed. Pedagogy should make this 

transformation explicit, helping students articulate what 

forms of agency they exercise through prompt crafting, 

selection, and judgment. Students should also recognize 

what forms of agency remain unavailable in AI-mediated 

contexts. 

4. CONCLUSIONS 

This study examined how industrial design students 

experience AI-augmented form development processes 

through a phenomenological lens. The findings reveal that 

AI integration transforms design learning in 

multidimensional ways. Students benefited from AI's 

capacity to provide external perspectives that enabled 

them to perceive their own design ideas from new angles. 

AI also accelerated iterative exploration while supporting 

reflective learning. At the same time, students confronted 

challenges including context gaps between their design 

intentions and AI's material interpretations. Students 

developed a nuanced understanding of AI as a tool 

requiring human oversight rather than an autonomous 

designer, while articulating concerns about potential de-

skilling effects from AI dependency. These findings 

address all three research questions by documenting how 

students experience AI-augmented design processes, how 

they reconceptualize their creative role, and what 

pedagogical considerations emerge. The proposed 

pedagogical framework offers guidance for educators 

seeking to integrate AI while preserving foundational skill 

development and cultivating students' evaluative 

judgment. 

This study has limitations that suggest directions for future 

research. The findings are based on a single semester with 

one cohort using specific AI tools, limiting 

generalizability. Longitudinal studies examining how AI 

integration affects skill development over multiple 

semesters would address the de-skilling concerns students 

articulated. Comparative research examining different AI 

tools' effects on learning processes would help educators 

select tools aligned with pedagogical objectives. 

Investigation of prompt literacy as a distinct design 

competency would support curriculum development. The 

transformation of learning experience in AI-augmented 

design education is neither wholly positive nor negative. It 

represents a genuine shift in what it means to design. The 

pedagogical challenge lies in developing approaches that 

honor this transformation while preserving the essential 

human capacities that define design as meaningful creative 

practice. 
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