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Dijital prototipleme

Bu aragtirma, fiziksel olarak hig iiretilmeyen sanal iiriinlerin, ger¢cek zamanl
bir 3B ortamda nasil kavramsallastirilabilecegini, yinelemeli bi¢imde
gelistirilebilecegini ve degerlendirilebilecegini otoetnografik bir metodoloji
araciligiyla  incelemektedir. Unreal Engine’in  yiiksek  dogruluklu
gorsellestirme, yapay zeka destekli davranig simiilasyonu ve etkilesimli
prototipleme olanaklarindan yararlanilarak, yalnizca sayisal baglamlarda
(6rnegin oyunlar, simiilasyonlar ve bilgisayar iiretimi medya) kullanilmak
lizere tasarlanan ADA isimli Akilli Sosyal Yoldas Uriiniiniin gelistirilme
stireci belgelendirilmistir. Dort haftalik siire¢ boyunca, 1. hafta baslangig
degerleri ile karsilastirnildiginda oOnemli iyilesmeler gdzlemlenmistir:
Davranigsal Karmasiklik Skoru %180 artmis, Anlatisal Tutarlilik %70
gelismis, farkli duygusal ifade sayisi ise %175 oraninda artmistir. Anlatisal
entegrasyon metriklerinde de biiylime kaydedilmistir, Ornegin Anlati
Tutarhilik indeksi %104, Baglamsal Anlamsal Uyum ise %72 artis
gostermistir. Otoetnografik 6z-degerlendirme 6lgiimleri, biligsel yiikte %45
azalma, akig halinde calisma deneyiminde %129 artig ve epistemik giiven
diizeyinde %85 yiikselis gostermis, bu da tasarim siirecindeki teknik ve
deneyimsel ilerlemeyi ortaya koymustur. Bu bulgular, fiziksel prototipleme
olmaksizin da anlamli, anlati agisindan zengin ve duygusal derinlige sahip
tasarim niteliklerinin sistematik olarak elde edilebilecegini gostermektedir.
Calisma, sanal iiriin tasariminin yalnizca gelistirme maliyetlerini diisiirmek ve
yaratict Ozgirligii artirmakla kalmayip, aymi zamanda “kullaniglilik”
kavramini da anlatisal biitiinliik, sembolik anlam ve duygusal etkilesim
baglaminda yeniden tanimladigini ortaya koymaktadir. Bu sonuglar, gergcek
zamanli 3B ortamlarin endiistriyel tasarim egitimi ve pratiginin geleceginde
iistlenecegi rolii vurgulamaktadir.
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This research investigates how virtual products, which are never physically
manufactured, can be conceptualized, iteratively refined, and evaluated within
a real-time 3D environment using an autoethnographic methodology.
Leveraging Unreal Engine’s capabilities for high-fidelity visualization, Al-
driven behavior simulation, and interactive prototyping, the study documents
the design and development of ADA, an Intelligent Social Companion Product
intended exclusively for digital contexts such as games, simulations, and
computer-generated media. Across a four-week process, findings
demonstrated substantial improvements when compared to Week 1 baseline
values: the Behavioral Complexity Score increased by 180%, Narrative
Coherence improved by 70%, and the number of distinct emotional
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expressions expanded by 175%. Narrative integration metrics likewise showed
growth, including a 104% increase in Narrative Consistency Index and a 72%
rise in Contextual Semantic Fit. Autoethnographic self-report measures
indicated a 45% reduction in cognitive load, a 129% increase in flow state, and
an 85% rise in epistemic confidence, underscoring both the technical and
experiential progression of the design process. These results reveal how
expressive, narrative-rich, and affective qualities can be systematically
achieved in the absence of physical prototyping. The study concludes that
virtual-only product design not only reduces development costs and expands
creative freedom but also redefines “usefulness” in terms of narrative
integration, symbolic resonance, and emotional engagement. These insights
highlight the emerging role of real-time 3D environments in shaping the future
of industrial design practice and education.

To Cite: Ozsoy HO. Industrial Design Beyond the Physical: An Autoethnographic Investigation into Virtual Product

Development Practices Using Unreal Engine. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2026; 9(2):

656-684.

1. Introduction

The boundaries of industrial design practice are rapidly evolving in response to the growing integration
of immersive, real-time visualization technologies (L. Guo and Wang, 2021). Traditionally, industrial
design has focused on the creation of physical products, with methodologies rooted in sketching, model-
making, prototyping, and user testing (Page, 2000; Buchanan, 2009; Self, 2012). However, with the
proliferation of powerful digital engines such as Unreal Engine (Sanders 2016), there is a notable shift
toward the conceptualization and development of virtual products (Algharabat et al., 2017), which are
not intended for physical realization, but instead exist and function solely within digital environments
such as video games, simulations, video clips or other interactive computer-generated media (Yadav
and Pavlou, 2020).

This shift is not merely technological but epistemological (Kuhn and Weinstock, 2002); it demands a
reconsideration of how we define a "product”, what constitutes "use", and how designers evaluate form,
function, and interaction when tangibility (Djajadiningrat et al., 2004) is no longer present. As industrial
design increasingly intersects with disciplines such as digital art, game design, and virtual simulation
(Bernardo and Duarte, 2021, 2023; Zhang et al., 2024), the emergence of non-physical yet fully
interactive and experiential products represents a critical area of inquiry (Desmet and Hekkert, 2007;
Ferrar, 2009). These virtual products are no less complex than their physical counterparts; they require
careful attention to ergonomics, user experience, system behavior, and visual expression (Bordegoni and
Ferrise, 2013). However, they also present new opportunities: freed from the constraints of
manufacturing, material costs, and physics, designers can experiment with novel forms and interactions
that may be infeasible or impossible in the real world (Lee et al., 2001).

Among the most compelling cases for virtual-only product design is the development of Intelligent
Social Companion Products, which blend characteristics of smart devices, socially assistive robots, and
digital avatars (Chaturvedi et al., 2023). These are envisioned as interactive, emotionally expressive
entities designed to accompany users in digital spaces, games, narrative experiences, or simulations,

supporting entertainment, education, or companionship (Breazeal, 2000; Pfadenhauer, 2015). Their use
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is not limited by physicality; their realism, affective behavior, and utility derive entirely from visual
scripting (Davis et al., 2011), artificial intelligence (Al) logic (Nilsson, 1991; McCarthy, 2022), and the
experiential quality of interaction rendered within their realm, which can also be a real-time engine such
as Unreal Engine (Lee, 2023).

This study aims to explore the implications of designing a product that operates within Unreal Engine,
not as a game asset in the traditional sense, but as a virtual industrial product, a designed object with
intentional form, interaction, and functionality, situated entirely in a digital environment. Through an
autoethnographic investigation (Cooper and Lilyea, 2022), the author assumes the dual role of designer
and researcher, developing an Intelligent Social Companion Product (Clavel et al., 2013) while
systematically reflecting on the tools, processes, and outcomes encountered. This method facilitates an
in-depth examination of the cognitive processes and design procedures involved in virtual product
development (Bao et al., 2002), unencumbered by the limitations of physical fabrication.

Unlike previous research that focused on Unreal Engine for physical product visualization or
prototyping (Miiller et al., 2016; Kloiber et al., 2020; Ghinea et al., 2021; David et al., 2022), this study
diverges by emphasizing virtual products as end-products, not as steps toward physical realization, but
as legitimate design outcomes. It interrogates the notion of product utility in digital environments and
examines how industrial design principles must adapt when the product will never be held, touched, or
physically operated. The Unreal Engine environment serves not only as a design and testing platform,
but also as the final habitat for the product.

Therefore, the research raises fundamental questions: What constitutes success or failure in virtual
product design? How is usability evaluated in a digital-only context? What role does behavior
simulation play in product identity? And how can industrial designers meaningfully contribute to these
emerging domains, traditionally dominated by digital artists or software developers? These questions
are addressed through both qualitative reflections and quantitative data collected during the design
process.

The primary aim of the study is to investigate how an intelligent, non-physical product can be
systematically developed, iteratively refined, and evaluated entirely within a real-time 3D environment,
using an autoethnographic methodology. This focus distinguishes the work from prior research that
emphasizes physical prototyping or surface-level visualization. By operationalizing custom evaluation
metrics—behavioral complexity, narrative coherence, and emotional expressiveness—alongside
autoethnographic reflection, the study demonstrates how industrial design methods can be extended into
purely virtual ecosystems.

In doing so, the research makes an original contribution to industrial design knowledge by (1) defining
methodological pathways for virtual-only product development, (2) proposing novel criteria for
evaluating non-physical products, and (3) reframing “usefulness” through narrative and affective
dimensions rather than ergonomics or manufacturability. These theoretical and practical contributions

highlight the expanding terrain of 21st-century design practice.
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2. Background Information and Literature Review

As industrial design continues to evolve in tandem with advancing digital technologies (Loy et al.,
2015), the boundaries between physical and virtual products are becoming increasingly blurred (Roberts
et al., 2020). To provide context for the study, this section reviews key developments in industrial
design’s digital transformation, the growing relevance of real-time engines like Unreal Engine, and the
emergence of intelligent companion products in both physical and virtual environments. Additionally, it
introduces the autoethnographic research approach used in this work and highlights the current gaps in

the literature regarding the design of purely virtual products.

2.1. The Evolution of Industrial Design in the Digital Age

The field of industrial design has historically focused on the conception and realization of tangible
products that fulfill functional, aesthetic, and user-oriented goals (Gatzky, 2020). Traditional workflows
have relied heavily on physical prototyping, ergonomic testing, and material-driven iterations (Page,
2000). However, in the last two decades, the proliferation of digital tools has radically transformed the
industrial design landscape (Zhao and Cai, 2023). Computer-Aided Design (CAD), rapid prototyping,
and Virtual Reality (VR) have enabled designers to visualize, simulate, and refine products before
producing physical prototypes (Jezernik and Hren, 2003; Ozsoy, 2019). These technologies have largely
served to support and enhance physical product development rather than replace it (Tan and Li, 2024).
Recent developments, however, suggest a new paradigm is emerging: the design of products that are
never intended for physical realization. This trend is evident in areas such as digital fashion (Colby,
2024; Collins and Thompson, 2024), speculative design (Dunne and Raby, 2024), and virtual
architecture (Ghaziany, 2022), where designed artifacts are experienced and interacted with solely
within digital platforms. In industrial design, this marks a significant departure from material-centric
practices, raising questions about the role of function, interactivity, and usability when physical
affordances are not involved (Sentana-Gadea et al., 2025). In parallel, the increasing integration of
artificial intelligence into design workflows (Elal and Ozsoy, 2024) is poised to influence virtual product
development practices, shaping how designers conceptualize, iterate, and evaluate digital artifacts

within environments such as Unreal Engine.

2.2. Unreal Engine and Virtual Product Design

Unreal Engine, developed by Epic Games, has become a dominant platform in real-time 3D content
creation, particularly within the gaming and cinematic industries (Lee, 2023). Its visual scripting
interface (Blueprints), high-fidelity rendering capabilities, and support for artificial intelligence have
made it increasingly attractive to designers outside its original gaming context (Sanders, 2016). Recent
academic studies and industry reports have highlighted its potential for product visualization,
prototyping, and interactive simulation (Ozsoy, 2025; Xiao, 2025).

While much of the research on Unreal Engine in design education and practice has focused on using the

engine as a visualization tool for physical products (Pizzolante et al., 2024; Zhong et al., 2024), there is
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limited academic attention given to the engine as a platform for the final deployment of virtual products
themselves. This study attempts to address that gap by treating Unreal Engine not merely as a simulation
or visualization medium, but as a full-fledged ecosystem for designing and delivering end-user digital

experiences with industrial design rigor.

2.3. Intelligent Social Companion Products in Digital Contexts

The concept of Intelligent Social Companion Products intersects with several fields, including socially
assistive robotics (Naseer et al., 2025), human-computer interaction (Ding et al., 2024), and affective
computing (Pervez et al., 2024). These products are characterized by their ability to interpret, simulate,
or respond to social cues, typically to provide emotional support, entertainment, or companionship. In
physical embodiments, examples span from robotic pets such as Sony’s Aibo to therapeutic robots like

Paro, as shown in Figure 1 (Ompico et al., 2021).
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Figure 1. Sony Aibo (AIBO 2025) and Paro (The Therapeutic Robot 2025)

In digital domains, similar behaviors can be simulated through Al-driven avatars, virtual assistants, and
game characters (Qu et al., 2025). However, these entities are often created by developers or animators
with limited adherence to industrial design practices (Mortimer et al., 2024). There remains a rich
opportunity to explore how designers, trained in product semantics, interaction logic, and user-centered
principles, can contribute to the development of intelligent virtual-only products that may exhibit

"lifelike" behavior or emotional intelligence, yet exist solely within a simulated world.

2.4. Autoethnography and Design Research

Autoethnography has increasingly gained recognition in design research as a means of bridging practice
and reflection, particularly in contexts where the researcher simultaneously assumes the role of designer
(Bochner and Ellis 2016; Adams et al., 2017). This methodology allows deep introspection and
systematic documentation of design thinking, challenges, and learning processes (Xue et al., 2025),
which is particularly suitable for emerging topics where standardized methods are not yet established.
Autoethnography, which positions the researcher as both observer and participant, is a suitable method
for exploratory, design-led inquiries where experiential insights significantly contribute to knowledge

production (Ellis et al., 2011).
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In the context of virtual product design, autoethnography enables designers to capture the tacit,
experiential knowledge involved in working within a real-time visualization platform such as Unreal
Engine (Xue et al., 2023). Through iterative reflection, log-keeping, and analysis, this method facilitates
a structured understanding of how tools, decisions, and constraints shape the resulting product, even

when the product is entirely virtual.

2.5. Gaps and Opportunities in Existing Literature

Despite the increasing importance of virtual environments in contemporary design practice (Jahandideh,
2024), a substantial gap persists in the literature regarding how industrial designers conceptualize and
develop non-physical products as final design outcomes rather than as intermediate steps in traditional
workflows. Most existing literature treats the digital realm primarily as a transitional stage for
prototyping or visualization (Akpan and Offodile, 2024; Wang et al., 2024), rather than as a legitimate
and final context for product use. Moreover, although virtual companions, as shown in Figure 2, have
been extensively explored by game and interaction designers (Guo et al., 2024; Pretty et al., 2024; Xie
et al., 2024), contributions from industrial design, especially those focusing on form-giving, affordance

design, and user-centered empathy, remain notably underrepresented.

Figure 2. The player character is in the middle, accompanied by his virtual companions, the crow and the fox,
who follow him at all times. On the right is an Al version of the player character wandering randomly

(An environment exploration game designed and programmed by the Author.)

This study responds to these gaps by
= Proposing a framework for designing virtual-only intelligent products with industrial design
principles,
= Exploring how Unreal Engine supports such a process,

= Reflecting on the implications for the future of industrial design education and practice.
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The focus on a product that blends robotic, intelligent, and companion characteristics, yet is never
intended for physical production, offers a new lens through which to examine what it means to “design”

in a post-material context.

3. Methodology and Case Study

The study adapts the autoethnographic methodology (Adams et al., 2017; Cooper and Lilyea, 2022)
mentioned in the previous sections to investigate the processes, challenges, and opportunities associated
with designing a virtual product that exists exclusively within a real-time 3D environment. The product
developed for this case study combines the affordances of socially assistive robotics (Matari¢ and
Scassellati, 2016), virtual pets (Rault, 2015), and smart devices (Silverio-Fernandez et al., 2018), yet it
exists solely in a virtual realm. The approach enables a reflexive and critical investigation into the design

process, not merely as an act of artifact creation, but as a research method.

3.1. Research Aim and Design Framework
The primary research objective is to explore and demonstrate how Unreal Engine facilitates the
development of fully virtual, socially interactive intelligent products and assess the cognitive and
creative value of designing for non-physical deployment. The research follows a structured design
process, adapted from traditional product development models (Ulrich and Eppinger, 2011), but
modified to accommodate the affordances of real-time virtual prototyping. The framework of this
process consists of:

= Contextual Research and Benchmarking

= Conceptual Design and User Scenario Creation

= Asset Modeling and Rigging

»  Blueprint Scripting for Behavior Simulation

» Interface Mockups and Feedback Simulation

= Narrative Integration and Deployment Testing
Each step was documented through design journals, annotated screenshots, screen recordings, and
reflective memos, resulting in a robust corpus of qualitative data that captures both the procedural and

experiential dimensions of the study.

3.2. Researcher Biography

The designer-researcher conducting this study possesses a hybrid background in electronics engineering
and industrial design, which directly informs the aims, methods, and interpretations of the work. His
academic background comprises separate MSc degrees in Electronics Engineering and Industrial
Design, followed by a PhD in Industrial Design. He currently holds an associate professor position in
industrial design. He has teaching responsibilities in areas such as advanced CAD, simulation-oriented

CAD, electromechanics, intelligent product design, and software management, while also serving as a
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technical consultant in university projects. This trajectory reflects long-standing expertise in parametric
modeling, digital simulation, and electro-mechanical integration. Professionally, the researcher has held
roles as an industrial designer and design engineer across sectors, including defense, solar energy,
lighting, telematics/IoT, and instrumentation, with responsibilities that cover enclosure and human-
machine interface planning, PCB design, and embedded firmware development. These experiences
contribute to advanced proficiency in CAD modeling, embedded prototyping, and interaction design,
while also underpinning current competence with real-time visualization and interaction prototyping
using game engines such as Unreal Engine 5. This professional and academic profile constitutes both an
asset (technical depth for building high-fidelity virtual prototypes) and a positional lens, as it may lead

to an emphasis on manufacturability, system behavior, and interaction logic when interpreting results.

3.3. Tools and Platforms

3D models used in this research were created in SolidWorks, as shown in Figure 3.
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Figure 3. ADA (Autonomous Digital Assistant) 3D model in SolidWorks (Author’s work)

Other tasks, such as virtual world generation and coding, were conducted using Unreal Engine 5,
primarily utilizing its Blueprints visual scripting system, Niagara particle system, and Control Rig for

animation prototyping, as shown in Figure 4. No physical materials or prototyping tools were used, as

the entire workflow was restricted to virtual design environments.
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Figure 4. a: Al-controlled Crow and its Blueprint command blocks.
b: Fire generated with Niagara Particle System, and Control Rig for animation

(The author’s game project).

3.4. Timeline of the Study

The development of ADA was conducted between March 4, 2024, and March 31, 2024, over a period
of four weeks. In total, the process comprised approximately 98 hours of active work, distributed across
20 sessions. The workflow was structured into distinct phases: (1) Conceptualization and Initial
Modeling (March 4-8; 5 sessions, 22 hours), (2) Detailed 3D Modeling and Virtual Integration using
SolidWorks and Unreal Engine (March 9-15; 6 sessions, 30 hours), (3) Animation and Gesture-
Response Module Development (March 16-22; 5 sessions, 26 hours), and (4) Al Behavior Design,
Testing, and Iterative Refinement (March 23-31; 4 sessions, 20 hours). Each phase built upon the
outcomes of the previous one, ensuring a cumulative progression toward the final virtual prototype. This
timeline clarifies both the temporal allocation and methodological rigor underlying the autoethnographic

case study.

3.5. Autoethnographic Documentation
To ensure methodological rigor and traceability, the study employed a set of structured qualitative
research protocols (Creswell and Poth 2018), which included documentation such as shown in Figure 5:
= Reflective Memos — Written after each session to capture insights, frustrations, and cognitive
breakthroughs.
*» Thematic Coding — Applied retroactively to the memos to identify recurring motifs such as
iteration patterns, interaction dilemmas, and immersion affordances.
= Process Timelines — Logged time spent in each design phase to quantify workload and

complexity distribution.
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= Virtual Interaction Logs — Evaluations of in-engine testing scenarios, including how the

virtual product responds to user inputs and environmental stimuli.
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Figure 5. Sample reflective memo page with timeline (a) and thematic schema for interaction design

(b).

3.6. Development of Evaluation Metrics
To complement qualitative documentation, three custom evaluation metrics were developed to capture
the evolving expressive and narrative qualities of the virtual product. Each metric was designed to reflect

the specific affordances of Unreal Engine’s state-driven architecture and the speculative, non-physical

context of the study.

3.6.1. Behavioral Complexity Score

This metric was derived from weekly interaction logs within Unreal Engine, with behaviors defined as
distinct state transitions ADA could execute in response to contextual triggers. Each new state or
conditional pathway was logged and weighted according to its ability to expand the agent’s interactional

repertoire. The score was normalized on a 5-point scale to allow comparability across development

weeks.
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3.6.2. Narrative Coherence Score

Narrative alignment was operationalized through structured self-evaluation during weekly scenario
deployments. Using reflective memos, each iteration was assessed against a S5-point rubric that
emphasized consistency between ADA’s behavior and the narrative objectives of the scenario (e.g.,

maintaining believability, sustaining story logic, supporting thematic symbolism).

3.6.3. Emotional Expressiveness Index

This index measured the number of distinct emotional states ADA could display in contextually
appropriate ways. Expressive states were defined as discrete combinations of animation, gestures, and
timing cues, evaluated through both interaction testing and design journal reflections. Each addition was
logged when the system demonstrated clear affective distinctiveness (e.g., surprise vs. concern, joy vs.
calm).

Together, these three metrics provided a structured means of tracking iterative development in
dimensions that are central to virtual-only product design: behavioral richness, narrative alignment, and
affective depth. While author-developed and not externally validated, they offered a systematic

framework to complement autoethnographic insights and thematic analysis.

3.7. Case Study Summary

The case study is done within the design process of an Intelligent Social Companion Product, named
ADA. Designed to operate within a speculative narrative scenario, ADA is capable of responding to user
prompts, simulating emotional states, and assisting in virtual environments. Core interactions are
derived by investigating various other commercial digital assistants, as shown in Figure 6. They include
gaze tracking, gesture response, context-sensitive dialogue, and adaptive emotional feedback, some of
which are simulated using Unreal Engine’s Blueprint system. As the model was not intended for end-
user deployment, it served as a research probe to evaluate design feasibility, behavior richness, and

emotional believability in virtual-only products.
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Figure 6. ADA and other commercial intelligent social companion products.

By the end of the study, ADA functioned as a modular and behavior-rich character suitable for
integration, as shown in Figure 7, into diverse Unreal Engine contexts, including interactive storytelling,
games, and virtual training modules. The design process was analyzed for its efficacy, creative freedom,

and implications for the broader practice of industrial design in post-physical contexts.

Edit Window

A ThirdPersonMap

Figure 7. Various moods of Ada in an Unreal Engine environment (Author’s 3D models and code)

3.8. Validity and Limitations
The study demonstrated the potential of virtual-only product design; however, several challenges arose
during the research process. These difficulties not only influenced the project's direction but also

emphasized the limitations of current tools and methods, summarized as follows.
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Learning Curve with Unreal Engine: Although Unreal Engine offered high-fidelity visualization and a
flexible state-driven architecture, its technical depth posed a steep learning curve. The initial phases of
the study demanded considerable time investment to develop proficiency in Blueprint scripting and to
implement basic interaction logic. This slowed early iterations and contributed to elevated cognitive

load in the first two weeks.

Managing Cognitive—Emotional Strain: The autoethnographic approach required continuous self-
observation and reflection, which at times led to heightened self-awareness that disrupted the design
“flow.” Balancing the dual roles of designer and researcher occasionally introduced tension, particularly
in moments when frustrations—such as repeated system crashes or failed state transitions—needed to
be documented instead of resolved immediately. Although the autoethnographic approach yields rich,
experiential insights, it also carries an inherent limitation in terms of generalizability, a point previously
emphasized in the literature (Tarisayi, 2023). The single-participant model restricts statistical inference
and external validation (Morgan and Morgan, 2001). However, the study addresses this issue through

process transparency, thorough documentation, and critical reflection (Ninci, 2023).

Absence of Physical Feedback: Because the study deliberately excluded physical prototyping, certain
ergonomic and form-giving considerations could not be addressed through tactile exploration. This
limitation posed challenges in evaluating usability aspects that traditionally depend on embodied
feedback. Consequently, the assessment was reframed to focus on narrative utility and expressive

adequacy.

Time Constraints of Iterative Refinement: Finally, the four-week structure imposed practical constraints
on the depth of iteration. Although behavioral richness and narrative alignment saw significant
improvements, certain desired features—such as multimodal sensory input and more advanced Al-
driven emotional dynamics—could not be fully realized within the project's timeframe.

These challenges are not viewed solely as limitations, but as integral elements of the experimental
process. They underscore the importance of methodological transparency in speculative design research
and point toward areas where future work could refine the integration of real-time 3D tools with

reflective, autoethnographic practices.

4. Findings and Their Interpretations

This section presents the results obtained through an autoethnographic investigation of the design and
simulation process of the Autonomous Digital Assistant Product (ADA) within Unreal Engine. As the
sole participant, the author systematically documented observations, development milestones, and
reflections throughout the project’s lifecycle, encompassing ideation, 3D modeling, behavioral

scripting, and contextual integration into speculative environments. The presented interpretations are
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informed by the researcher’s combined background in engineering and industrial design, as well as
practical expertise in CAD, simulation, and real-time visualization, which shaped both the creation and
evaluation of the virtual product. Data was gathered through structured design logs, cognitive self-
assessments, behavioral performance testing, and thematic coding of reflective memaos.

In the absence of physical prototyping or user testing, the evaluation emphasizes the procedural rigor,
expressive potential, and epistemic utility of virtual design environments for creating speculative smart
products. The aim is not to generate universally generalizable findings, but rather to lay the groundwork

for future inquiries into virtual product development from an industrial design perspective.

4.1. Quantitative and Qualitative Performance Metrics
A set of domain-relevant metrics was defined to evaluate the design process and output from a designer-
centered perspective. The metrics listed in Table 1 reflect various dimensions of virtual product

development, including complexity, narrative integration, emotional modeling, and cognitive

engagement.
Table 1. Summary of observational and self-evaluated metrics
Metric Definition Result Implication
. Indicates a substantial workload
Total Design and . .
Accumulated hours from concept typically required for fully
Development . 98 hours . ) .
. to final virtual deployment developed interactive virtual
Time
products
Number of . L Demonstrates high interaction
. e Unique behaviors implemented . D
Distinct granularity feasible in virtual
. (e.g., gaze, gestures, vocal 17 .
Interactive environments
. responses)
Behaviors

Major Iteration
Cycles

Substantial revisions to behavior
logic or appearance

Reflects iterative experimentation
5 enabled by low-cost revision in
virtual design

Al State Machines

Functional logic blocks
governing ADA’s interactive

Suggests a structured approach to
4 simulating believable, semi-

Implemented states autonomous behavior
Emotional Believability of emotional Indicates that emotion-rich design is
Simulation Rating responses in scenario-driven 4.2 achievable via visual scripting and
(1-5 scale) interactions animation
Contextual Suitability of ADA in different Highlights the adaptability of virtual
Integration Score  Unreal Engine scenes 4.5 products across diverse storytelling
(1-5 scale) (games, cutscenes, etc.) or simulation contexts
Self-r‘e Ported Perceived design complexity at High to Sugg@sts. a steep leamlng curve with
Cognitive Load the beginnine vs. later stages Moderate significant efficiency gains over
(Early/Late) EINMAE V8. & time
Perceived Suggests high design freedom when
Creative Degree of limitation experienced 15 unconstrained by material or
Constraint during design ' ergonomic feasibility
(1-5 scale)
Vlsqal Fidelity Aesthetic realism and stylization anﬁrms the capacity of Ur?real
Rating 4.6 Engine to support advanced visual
success AL )
(1-5 scale) communication in product design
Deplovment 3 (Game, Demonstrates the cross-platform
proym Different contexts in which the Interactive relevance of virtual product

Modalities . . .

. product was virtually deployed Simulation, concepts
Simulated . .

Cinematic)
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4.2. Interpretation of Key Findings

Virtual Fidelity and Expressive Range: Quantitative metrics gathered during the development of ADA
demonstrate that high levels of behavioral fidelity and expressive nuance can be achieved within Unreal
Engine. The product's performance was evaluated using a predefined set of metrics: gesture library
completeness, accuracy of contextual behavior, animation smoothness (frame integrity), and emotional
expressiveness, rated on a 5-point Likert scale through post hoc assessment by the author against

established criteria. These metrics provide a structured method to evaluate ADA’s real-time interactivity
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Figure 8. Various gestures for ADA were experimented with by the author in Vizcom.ai
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As listed in Table 2, ADA included a gesture-response module composed of 28 distinct animations,
some of which are shown in Figure 8, each triggered contextually based on environmental variables or
scripted narrative inputs. Out of 100 randomized interaction tests, 91 resulted in behaviorally appropriate
responses, corresponding to a 91% contextual accuracy rate. Animation smoothness was measured using

real-time frame capture at 60 FPS, with less than 2% frame stutter across all behaviors, indicating a
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98.2% frame integrity score. Emotional expressiveness, operationalized as the clarity of intended
emotional states through posture, lighting, and facial cues, scored an average of 4.4 out of 5.
These results validate that Unreal Engine can support complex behavioral scripting and expressive

modulation necessary for intelligent virtual products that exist solely in simulated environments.

Table 2. Quantitative performance metrics of ADA

Metric Description Result
Gesture Library Size Number of unique animated responses 28 gestures
Contextual Behavior Accuracy % of appropriate responses in test scenarios 91%
Animation Smoothness % of frames rendered without stutter (at 60 FPS) 98.2%
Emotional Expressiveness Score  Rated 1-5 (clarity of intended emotional state) 441/5
Reaction Latency Average response time to stimulus 0.23 sec
Narrative Integration Score Rated 1-5 (semantic fit within scenario) 4.6/5

Workflow Adaptability and Learning Curve: Integrating Unreal Engine's Blueprint visual scripting
system and state machine architecture into ADA's development demanded substantial cognitive effort
during the initial stages. However, quantitative self-assessment metrics recorded across the four-week
development cycle indicate a marked improvement in fluency, efficiency, and task accuracy, illustrating
the engine’s adaptability for behavioral prototyping within industrial design contexts.

The learning curve was tracked using a structured self-reporting log in which the author recorded daily
task duration, error frequency, and perceived cognitive load (on a 5-point Likert scale) as listed in Table
3. Throughout 20 work sessions, task completion time decreased by 43%, and error frequency dropped
by 61%, indicating a marked increase in procedural fluency. Perceived cognitive load, rated from 1
(low) to 5 (very high), declined from an average of 4.6 in Week 1 to 2.3 in Week 4. Additionally, the
number of successfully deployed behavioral modules increased by 150%, from 6 in the first week to 15
in the final week.

These metrics support the argument that Unreal Engine, despite an initially steep learning curve,
becomes a highly adaptable and powerful tool for design experimentation once conceptual and technical
thresholds are surpassed.

Table 3. Workflow and learning metrics across four weeks

Metric Week 1 Week 4 % Change / Growth
Avg. Task Completion Time 95 min 54 min 143%
Error Frequency per Session 7.2 errors 2.8 errors 161%
Perceived Cognitive Load 4.6/5 23/5 150%
Behavioral Modules Deployed 6 15 1 150%
Blueprint Nodes Used per Task 38 102 1 168% (design scale)
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Design Without Physicality: A pivotal insight from this study was the demonstrable capacity to conduct
advanced design work entirely devoid of physical materials, manufacturing constraints, or traditional
ergonomic validation. Instead, the design process centered on the behavioral expressiveness, narrative
alignment, and emotional engagement of ADA within a simulated, story-driven virtual context.

To assess the viability and richness of design outcomes in this non-physical paradigm, the author
developed and measured three qualitative-to-quantitative metrics throughout the 20-session design
process: Behavioral Complexity Score, Narrative Alignment Coherence, and Emotional Expressiveness
Index. These were operationalized through self-rating scales (1-5) and system state tracking (e.g.,
response diversity, interaction latency, and narrative logic consistency), evaluated at regular milestones.
These metrics were employed to evaluate various Al behavioral modes implemented as Unreal Engine

Blueprints, such as the one illustrated in Figure 9.
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Figure 9. A hostile Al behavior for ADA enables it to detect the Player's presence and initiate pursuit. If the
Player moves out of sight, ADA waits for a configurable duration before abandoning the chase and resuming
random movement within the environment. Once the Player is spotted again, the pursuit behavior restarts
(Author’s 3D model and Blueprints).

The results of observations made over a 4-week study: The Behavioral Complexity Score improved by
180%. In comparison, Narrative Coherence increased by 70% due to iterative refinement through Unreal
Engine's state-driven architecture, as shown in Table 4. Emotional responsiveness, measured by the
number of distinct expressive reactions ADA could deliver in contextually appropriate ways, increased
from 4 to 11 discrete states, reflecting a 175% growth in expressive resolution.

These findings suggest that even in the absence of traditional form-giving or ergonomic testing,
meaningful, expressive, and contextually rich design development is not only possible but can thrive
when reoriented around behavior and digital presence. This represents a paradigmatic shift in how

industrial design might evolve within virtual, narrative-rich ecosystems.
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Table 4. Virtual interaction design metrics over four weeks

Metric Week 1 Week 4 % Change / Growth
Behavioral Complexity Score' 20/5 56/5° 1 180%
Narrative Coherence Score® 2.7/5 4.6/5 T 70%
Expressive Emotional States* 4 states 11 states 1175%
Physical Prototypes Used 0 0 N/A (fully virtual)

Narrative and Semantic Embedding: A critical dimension of ADA’s development was its integration
into multiple speculative narrative contexts ranging from futuristic caregiving environments to
emotionally responsive in-game companionship scenarios. These deployments emphasized not merely
operational functionality but narrative coherence and symbolic resonance, revealing the importance of
semantic alignment in the design of purely virtual products.

To systematically evaluate this dimension, three context-sensitive metrics were defined and applied:
Narrative Consistency Index (NCI), Contextual Semantic Fit, and Perceived Usefulness in Scenario.
Each was rated across three different narrative deployments by the author, using a 5-point Likert scale
informed by ADA’s behavioral alignment with scenario objectives, visual and interactional congruity,
and capacity to evoke meaningful engagement within the story logic.

As shown in Table 5, the NClI increased from 2.3 to 4.7 over the development cycle, reflecting improved
integration of state logic with scenario-specific needs. Semantic Fit, based on visual style, thematic
symbolism, and behavior congruity, rose from 2.5 to 4.3. Importantly, Perceived Usefulness, not in
physical or ergonomic terms but in narrative function, reached 4.6, highlighting that virtual product
design can be meaningfully evaluated through lenses of story utility, character interaction potential, and
emotional narrative support.

These findings highlight a redefinition of "usefulness” in virtual product design, where aesthetic
symbolism, affective behavior, and narrative continuity emerge as primary evaluation criteria,
supplanting conventional metrics such as durability or manufacturability.

Table 5. Narrative integration and semantic coherence metrics

Metric Week 1 Week 4 % Change / Growth
Narrative Consistency Index (NCI)! 23/5 47/5 1 104%
Contextual Semantic Fit? 25/5 43/5 1 72%
Perceived Usefulness in Scenario® 29/5 46/5 159%
Number of Narrative Deployments 1 3 1200%

"' NCI reflects the congruence between ADA’s behavior and the narrative logic of each use case.

2 Semantic Fit combines visual coherence, behavior symbolism, and thematic consistency.

3 Usefulness rated based on contribution to scenario goals (e.g., engagement, assistance, emotional impact), not physical utility.
Autoethnographic Insight: The autoethnographic method employed in this study allowed for a high-
resolution account of the internal, subjective experience of virtual product development. As both the

designer and the subject, the author maintained a continuous journal of observations, affective states,
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design decisions, and reflective evaluations throughout the process. While such data is inherently non-
generalizable, its depth and immediacy provided valuable insight into the cognitive-emotional landscape
of speculative, non-physical product design.

To add structure and analytic rigor, five self-report metrics were developed and evaluated weekly on a
5-point scale. These included Cognitive Load, Design Flow State, Aesthetic Satisfaction, Frustration
Incidence, and Epistemic Confidence. Each was informed by entries in the design journal, tagged screen
recordings, and annotated design memaos.

The data listed in Table 6 indicated a decrease in Cognitive Load over time (from 4.2 to 2.3) as
familiarity with Unreal Engine’s Blueprints system grew. Flow State occurrences increased steadily,
with a peak score of 4.8 in Week 4, corresponding to the completion of a major behavior module.
Aesthetic Satisfaction also rose in parallel, suggesting an iterative learning effect. Notably, Frustration
Incidence declined sharply after Week 2, while Epistemic Confidence, a self-assessed metric of trust in
the design logic and outcome, rose by 85%.

These introspective data points, although statistically not generalizable, contribute a nuanced
understanding of the designer’s phenomenological journey, offering a basis for future investigations into
design cognition in virtual, post-material contexts.

Table 6. Weekly self-evaluated cognitive and affective metrics

% Change
Metric Week 1 Week 2 Week 3 Week 4

(W1-W4)
Cognitive Load (1 = low) 42 3.7 3.0 23 1 45%
Design Flow State (1 = none) 2.1 3.2 4.1 4.8 1129%
Aesthetic Satisfaction 2.9 33 4.0 4.5 155%
Frustration Incidence 3.8 3.1 2.3 1.7 1 55%
Epistemic Confidence 2.6 34 4.1 4.8 1 85%

Note: Metrics were derived from structured reflection prompts recorded at the end of each development

session, supported by annotations and narrative elaboration in the design journal.

The thematic analysis of the four-week design study revealed three overarching themes that capture both
the measurable and experiential dimensions of the process. These themes highlight (1) the evolution of
behavioral and interactional complexity in a fully virtual context, (2) the integration of narrative and
semantic coherence as evaluative criteria, and (3) the designer’s cognitive—affective journey as
documented through autoethnographic reflection. The themes and their associated codes are

summarized in Table 7.
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Table 7. Themes and codes from thematic analysis

Theme Codes

1. Behavioral and - Growth in behavioral complexity (1180%) - Narrative coherence

Interactional Complexity in  improvements via iterative refinement (170%) - Expansion of

Virtual Design expressive emotional states (from 4 to 11) - Design development
without physical prototypes

2. Narrative and Semantic - Use of speculative narrative contexts (caregiving, companionship

Integration scenarios) - Narrative Consistency Index (NCI) improvement

(1104%) - Growth in Contextual Semantic Fit (172%) - Reframing
“usefulness” as narrative/affective utility - Increased number of
narrative deployments (1200%)
3. Designer’s Cognitive— - Decrease in cognitive load through tool familiarity ({45%) - Rise
Affective Experience in flow state during design (1129%) - Growth in aesthetic
(Autoethnographic Insight)  satisfaction (155%) - Reduction in frustration incidence (|55%) -
Increase in epistemic confidence (185%)

5. Discussion

The emergence of real-time game engines as legitimate platforms for design ideation and product
simulation challenges the historically material-centric orientation of industrial design. This study, which
explores the conceptualization and development of an Autonomous Digital Assistant Product (ADA)
within Unreal Engine, offers critical insight into how product design practices may evolve when entirely
detached from physical prototyping. The implications of this shift are multifaceted, affecting
epistemological assumptions, methodological strategies, and evaluative frameworks within the

discipline.

5.1. Redefining the Ontology of “Product” in Industrial Design

Traditionally, industrial design has focused on developing tangible artifacts that address human needs
while navigating constraints related to material production, ergonomics, and usability. In contrast, ADA
is conceived entirely within a simulated environment, intended for use in interactive digital narratives
and virtual contexts. This shift challenges conventional ontological assumptions about what constitutes
a “product” in industrial design. Rather than being defined by its physical presence, ADA operates as a
behavioral system, characterized by its programmed logic, dynamic responsiveness, and the semantic
roles it fulfills within a virtual ecosystem. As such, it prompts a reconsideration of the discipline’s core
frameworks, expanding the scope of design practice beyond materiality and into the realm of
experiential interaction design.

Such an approach aligns with emerging scholarship on post-phenomenological design, where the focus
shifts from tangible utility to affective and experiential engagements (Wakkary et al., 2018). By focusing
on attributes such as emotional modeling, narrative integration, and simulated agency, this study
suggests that virtual products can fulfill symbolic, social, and cognitive roles traditionally associated

with tangible, physical devices, while remaining unbound by the constraints of manufacture.
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5.2. Virtual Prototyping as a Speculative Epistemology

The use of SolidWorks and Unreal Engine as tools allowed for an iterative, reflective, and immersive
design process, forming an ideal platform for speculative and critical design. Unlike traditional CAD
tools focused on manufacturability, Unreal Engine facilitates the exploration of “what-if” scenarios,
enabling designers to prototype concepts that may never require real-world instantiation. This opens the
door to a new category of products: those designed exclusively for media, games, simulations, and
interactive storytelling.

The findings reinforce the epistemological value of speculative prototyping (Auger, 2013; Coulton et
al., 2016). By simulating usage contexts and emotional responses, ADA served as a cognitive artifact
that encouraged exploration beyond the limits of functionalism. Its development was guided not by user
testing but by designer judgment, narrative goals, and affective plausibility. This places virtual
prototyping not merely as a pre-manufacturing tool, but as an alternative epistemology, one capable of

generating meaning through simulation, rather than material realization.

5.3. The Role of the Designer as Autoethnographer

Another central insight from this study lies in the methodological implications of autoethnographic
practice. The designer's dual role as creator and subject enabled access to rich, experiential data that
traditional user-testing methodologies would not have yielded in this context. Through structured
reflection, iterative logging, and thematic memo writing, the study illuminated the cognitive processes,
design heuristics, and affective labor involved in developing virtual intelligent companions.

While not generalizable, this approach complements existing research on designer cognition (Cross,
2001) by extending its scope into virtual, behavior-centered design domains. The methodology also
aligns with recent calls for more designer-led critical inquiry in Human-Computer Interaction and
interaction design (Bardzell et al., 2012). The data gathered here, particularly around cognitive load
shifts, emotional design considerations, and behavioral testing iterations, suggests that autoethnography

may serve as a legitimate and rigorous tool for future virtual design research.

5.4. Toward an Expanded Evaluation Framework

One of the most pressing challenges encountered in the study was the lack of conventional evaluation
methods. Without physical prototypes or user feedback, success had to be assessed through alternative
metrics: Believability of behavior, emotional resonance, visual fidelity, and contextual adaptability. This
necessitates rethinking evaluation in virtual product design, shifting from usability or ergonomics to
metrics of immersion, narrative coherence, and affective plausibility.

This study presents an initial proposal for such a framework, grounded in the designer's lived experience
and backed by performance observations. While further validation would require comparative studies
involving participants, this approach lays a robust foundation for future evaluative paradigms tailored

to emerging practices in virtual and speculative product design.
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5.5. Disciplinary Implications and Future Directions

The findings suggest an expanded disciplinary scope for industrial design, one that encompasses
virtuality not merely as a tool, but as a domain of legitimate and meaningful practice. Designers of the
near future may increasingly find themselves creating products that are never meant to be held, worn,
or manufactured, but rather experienced, inhabited, or emotionally engaged in simulated environments
such as those shown in Figure 10.
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Figure 10: ADA in cheerful mode, together with human characters

controlled by Al and/or external input in Unreal Engine (Author’s work).

This evolution carries implications for interdisciplinary design education also (Ozsoy, 2020), which
must now incorporate competencies in behavioral scripting, real-time interaction design, and narrative
construction. This also highlights the need for novel interdisciplinary collaborations, particularly with
game designers, Al developers, and media artists, whose expertise aligns seamlessly with the evolving

demands of virtual product development.

6. Conclusion

This study examined how intelligent, non-physical products can be conceived, refined, and evaluated
entirely within a virtual environment. Using an autoethnographic methodology, the four-week
development of ADA in Unreal Engine demonstrated that the expressive and narrative qualities of a
product can be systematically advanced through iterative interaction design and reflective evaluation,

even in the absence of physical prototyping.
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The results make clear the scale of these advances. The Behavioral Complexity Score increased by 180%
from baseline to final iteration, reflecting the expansion of ADA’s interactional repertoire. Narrative
Coherence improved by 70%, indicating that state-driven refinements enabled stronger alignment
between behavior and story logic. The repertoire of emotional expressiveness grew from 4 to 11 distinct
states, a 175% increase in ADA’s affective resolution. Parallel to these system-level gains,
autoethnographic self-report metrics documented a 45% reduction in cognitive load, a 129% rise in
design flow state, and an 85% increase in epistemic confidence. These converging results illustrate both
the technical and experiential dimensions of learning to design virtual-only products.

From these findings, three key contributions emerge. First, the study shows that behavioral, narrative,
and expressive growth can be monitored through custom metrics derived from design logs, scenario
testing, and reflective documentation, providing a replicable framework for evaluating virtual products.
Second, it suggests that narrative coherence and semantic fit serve as alternative measures of “usability”
in non-physical contexts, where the value of a product lies not in ergonomics or manufacturability but
in symbolic resonance, emotional engagement, and narrative integration. Third, it demonstrates that
autoethnographic documentation—using design journals, reflective memos, thematic coding, and
structured self-reports—offers a transparent and rigorous method for capturing the lived experience of
designing in speculative, post-material domains.

Taken together, these contributions suggest a paradigmatic shift: industrial design is no longer bound
solely to material prototyping but can meaningfully extend into narrative-rich virtual ecosystems where
interaction, symbolism, and affective presence take precedence. While the scope of this research was
limited to a single case study and the metrics remain exploratory, the findings establish a foundation for
further investigations. Future studies may validate these measures across multiple projects, explore user-
facing evaluations, or integrate multimodal sensory inputs.

Ultimately, this research demonstrates that virtual-only product design is not a diminished substitute for
material practice but a distinct and valuable domain, capable of yielding meaningful design outcomes
entirely within virtual space. This reframes the role of industrial design, positioning it at the intersection
of interaction, narrative, and affect, and points toward new directions for education and practice in a
digitally native design culture. By foregrounding the experiential, narrative, and expressive dimensions
of design, this research contributes to an emerging methodological repertoire for industrial design in the

21st century.
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