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This study aimed to identify and explain the components of Al algorithm-based
interactive industrial design and to develop a conceptual framework for organizing its
contextual conditions, inputs, processes, and outputs. This applied qualitative study
was conducted using a meta-synthesis approach. The research corpus included national
and international studies related to interactive industrial design, artificial intelligence,
generative design, human—machine interaction, human—robot interaction, industrial
knowledge management, and intelligent technologies published between 2020 and
2026. Data were collected through a systematic search of reputable scientific databases.
After removing duplicate, irrelevant, and methodologically weak sources, 55 studies
were selected for final analysis. The seven-step model proposed by Sandelowski and
Barroso was used to conduct the meta-synthesis. The quality of the selected studies
was assessed using the Critical Appraisal Skills Programme checklist, and coding
reliability was examined through inter-coder agreement. The meta-synthesis findings
indicated that the components of Al algorithm-based interactive industrial design can
be classified into 4 main categories, 19 concepts, and 96 codes. The main categories
were context, inputs, process, and outputs. At the contextual level, digital
transformation, technological and data-driven infrastructure, human—machine
interaction, ethical requirements, trust, and knowledge management were identified.
The input category included user data, interactive needs, design and environmental
data, Al algorithms and technologies, and human expertise. The process category
comprised design problem identification, data collection and preparation, intelligent
analysis, generation of design alternatives, human—Al interaction in the design loop,
simulation, evaluation, optimization, and continuous learning. The output category
included improved design quality and accuracy, innovation and creativity, enhanced
user experience, increased productivity, strengthened design decision-making,
knowledge management, and ethical, organizational, and social implications. Al-based
interactive industrial design is a multidimensional, data-driven, human-centered, and
learning-oriented approach that integrates algorithmic analytical capabilities with
human creativity and expertise to enhance the quality, innovation, interactivity, and
effectiveness of industrial design processes.

Keywords: interactive industrial design, artificial intelligence, Al algorithms, meta-
synthesis, generative design, intelligent design.
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Extended Abstract

Introduction

Interactive industrial design has increasingly moved beyond the conventional boundaries of form
development, product aesthetics, ergonomics, and manufacturability toward a data-driven, intelligent, and
human-centered design paradigm. The acceleration of digital transformation, the expansion of smart
manufacturing, and the growing complexity of user needs have created new expectations for industrial
designers, requiring them to integrate technological intelligence with human creativity and contextual
judgment. In contemporary industrial environments, design decisions are no longer based only on
individual expertise or static market information; rather, they are increasingly shaped by large-scale data,
intelligent algorithms, real-time feedback, simulation systems, and interactive human—machine processes.
The digital economy has intensified this transformation by changing the ways industrial organizations
understand customers, manage innovation, and respond to competitive pressures (Sheng et al., 2024). In
this context, artificial intelligence has become a strategic capability that can strengthen industrial decision-
making, support market responsiveness, and improve organizational performance in technology-intensive
sectors (Alizadeh et al., 2026). The emergence of Industry 5.0 has further emphasized that advanced
automation should not simply replace human actors, but should enhance human-centered collaboration,
adaptability, creativity, and sustainable value creation (Kaleli, 2025).

Artificial intelligence can contribute to interactive industrial design through several
complementary mechanisms. Generative design algorithms can produce multiple design alternatives
based on defined constraints, performance criteria, and user requirements, thereby expanding the creative
solution space available to designers (Liu et al., 2025). Thermal simulation and intelligent modeling can
also support interactive design by linking environmental data, performance requirements, and product
configuration in areas such as furniture and indoor spatial design (Liu, 2025). In addition, multidimensional
feature learning and intelligent diagnostic systems can process complex industrial data and identify hidden
performance patterns that may inform product redesign and system optimization (Wang et al., 2025). The
use of industrial Internet of Things infrastructures and information-centric access control mechanisms
highlights the importance of secure, reliable, and data-driven industrial ecosystems for Al-enabled design
processes (Li et al., 2025). Similarly, environmental sensing and stereoscopic vision demonstrate how data
from physical and spatial contexts can be incorporated into industrial renewal and design decisions (Huang
& Li, 2025). These developments indicate that interactive industrial design based on Al algorithms is not
limited to the automation of design tasks; rather, it involves the integration of user data, environmental
data, product data, design knowledge, and algorithmic intelligence.

Human—machine and human—robot collaboration are also central to the conceptualization of
interactive industrial design. Intelligent manufacturing models have altered supply chain collaboration and
organizational coordination, showing that design decisions are increasingly embedded in broader
networks of production, logistics, and market interaction (Hou et al., 2025). Human-in-the-loop approaches
in collaborative manufacturing demonstrate that cobots, virtual reality, and intelligent assistance can
enhance precision, flexibility, and designer—operator interaction in industrial processes (Forlini et al., 2024).
Likewise, path optimization algorithms for energy-efficient collaborative robots show how algorithmic
decision-making can support more efficient, sustainable, and adaptive industrial operations (Fang & Zhang,
2023). Beyond physical collaboration, interactive knowledge management has become a major
requirement in Al-based industrial design. Retrieval-augmented generation and large language models
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can organize, retrieve, and present distributed industrial knowledge in interactive forms, supporting
designers in accessing prior experience, technical documentation, and organizational memory (Chen et al.,
2025). Nevertheless, the integration of Al into design and manufacturing raises ethical challenges related
to transparency, accountability, trust, bias, professional responsibility, and the changing role of human
experts (Stathatos et al., 2024). Moreover, the broader use of Al in interactive environments shows that
intelligent systems are most effective when they enhance user engagement, personalization, and
meaningful interaction rather than functioning as isolated technical tools (Schonberger, 2024). Accordingly,
the present study aimed to identify the components of Al algorithm-based interactive industrial design
and to develop a conceptual framework for explaining its contextual conditions, inputs, processes, and
outputs.

Methods and Materials

This study was applied in terms of purpose and qualitative in terms of methodological orientation.
A meta-synthesis design was used to systematically review, interpret, and integrate previous studies
related to interactive industrial design based on artificial intelligence algorithms. The meta-synthesis
approach was selected because the research topic is multidisciplinary and conceptually dispersed across
fields such as industrial design, artificial intelligence, generative design, human—machine interaction,
human-robot collaboration, intelligent manufacturing, industrial knowledge management, and ethical
issues in smart systems. The research corpus included relevant national and international scientific sources
published between 2020 and 2026. A systematic search was conducted in major scientific databases using
Persian and English keywords related to interactive industrial design, Al-based design, generative design,
intelligent manufacturing, human-in-the-loop design, human—machine interaction, human-robot
interaction, industrial knowledge management, and Al algorithms in design.

The meta-synthesis process was carried out through seven main stages: formulating the research
question, conducting a systematic review of texts, searching and selecting appropriate studies, extracting
information from selected sources, analyzing and synthesizing qualitative findings, controlling quality,
and presenting the final findings. In the initial search, 226 sources were identified. After screening titles,
abstracts, keywords, and full texts, duplicate, irrelevant, and methodologically weak sources were
excluded. The quality of the selected studies was assessed using a critical appraisal checklist, and only
studies with sufficient conceptual relevance and methodological quality were retained. Finally, 55 studies
were included in the final analysis. The extracted data were coded through open, axial, and integrative
coding. To enhance reliability, part of the coding process was reviewed by a second coder, and inter-coder
agreement was calculated. The obtained kappa coefficient was 0.635 with a significance level of 0.001,
indicating acceptable agreement between coders.

Findings

The findings of the meta-synthesis showed that the components of Al algorithm-based interactive
industrial design can be organized into 4 main categories, 19 concepts, and 96 codes. The four main
categories were context, inputs, process, and outputs. The context category referred to the broader
conditions and enabling foundations required for the formation and implementation of Al-based
interactive industrial design. This category included digital transformation and Industry 4.0/5.0,
technological and data-driven infrastructure, human—machine interaction and human-centered design,
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ethical requirements, trust and technology acceptance, and knowledge management and organizational
learning in industrial environments.

The input category included the resources, data, technologies, and human capabilities required to
initiate and sustain interactive industrial design. Four main concepts were identified in this category: user
data and interactive needs, design, product and environmental data, Al algorithms and technologies, and
expert knowledge and human resources. User data included needs, preferences, user experience,
behavioral feedback, and cognitive or perceptual information. Design and environmental data included
CAD models, product specifications, geometry, functional data, thermal and environmental information,
and technical constraints. Al technologies included machine learning, deep learning, generative design,
generative networks, machine vision, language models, and Al-based knowledge retrieval. Human
expertise included industrial design knowledge, engineering experience, interdisciplinary competence,
collaboration between designers and data specialists, and expert judgment.

The process category described the operational mechanism of Al algorithm-based interactive
industrial design. It included problem identification and design needs assessment, data collection,
preparation and integration, intelligent analysis and pattern extraction, ideation and generation of design
alternatives, human—AlI interaction in the design loop, simulation, evaluation and optimization, and
continuous learning and improvement of the design system. The findings showed that this process is not
linear or purely machine-driven. Rather, it is an iterative, interactive, and feedback-based cycle in which
designers, users, data, algorithms, and industrial conditions continuously influence one another. The
output category included improved design quality and accuracy, innovation and creativity in design,
enhanced user experience and interactivity, increased productivity and reduced development time,
improved design decision-making and knowledge management, and ethical, organizational, and social
implications. Overall, the findings indicated that Al-based interactive industrial design operates as an
intelligent, data-driven, human-centered, participatory, and learning-oriented design system.

Discussion and Conclusion

The results of this study indicate that Al algorithm-based interactive industrial design should be
understood as a multidimensional design system rather than a single technological tool. The identification
of four categories, 19 concepts, and 96 codes shows that this approach depends on the simultaneous
interaction of technological infrastructure, data resources, algorithmic capabilities, human expertise,
organizational knowledge, ethical considerations, and interactive design processes. The contextual
findings suggest that digital transformation and smart manufacturing create the necessary environment for
Al-enabled design, while ethical trust, human-centered interaction, and knowledge management
determine whether such technologies can be meaningfully adopted in practice. Therefore, successful
implementation requires more than acquiring Al tools; it requires organizational readiness, data maturity,
interdisciplinary collaboration, and responsible governance.

The findings also show that the input structure of interactive industrial design is inherently hybrid.
User data, product data, environmental data, algorithmic tools, and professional design knowledge must
be integrated to support meaningful design decisions. This is important because Al systems may generate
technically optimized alternatives, but their value depends on human interpretation, contextual relevance,
user acceptance, and feasibility in real industrial settings. The process findings further demonstrate that
Al-based interactive design is iterative and feedback-oriented. Designers do not disappear from the design
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process; instead, their role changes from sole creators of design alternatives to interpreters, evaluators,
coordinators, and strategic decision-makers who work alongside intelligent systems.

The output findings suggest that Al-based interactive industrial design can improve design quality,
accuracy, creativity, productivity, user experience, and organizational knowledge management. At the
same time, the study highlights that such outputs are not exclusively technical or economic. Ethical and
organizational implications are also central outcomes of Al integration. Issues such as algorithmic bias,
transparency, accountability, intellectual property, user trust, and the changing professional identity of
designers must be addressed if Al-based design is to develop responsibly. In conclusion, Al algorithm-
based interactive industrial design represents a novel and integrative approach to industrial product and
service development. By combining algorithmic analysis with human creativity and expertise, this
approach can support more intelligent, adaptive, innovative, and user-centered design processes. The
conceptual framework extracted in this study can serve as a foundation for future model validation,

practical implementation, and the development of assessment tools in different industrial contexts.
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