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Abstract

This study investigates the integration of Generative Al (GenAl) in architectural design ed-
ucation, focusing on its potential benefits, challenges, and implications across the different
stages of the architectural design process. This study employed a mixed-method approach
including a questionnaire survey of practicing architects and structured interviews with
architecture faculty. The findings highlighted a growing acceptance of GenAl’s role in
architectural design education, with more preference given to the conceptual design phase.
However, this faces multiple challenges including the lack of technical knowledge and
training as the most pressing issue, followed by the absence of clear guidelines, resistance
to change, and the high cost of the required infrastructure. This study proposed a frame-
work that summarizes the required actions concluded from the collected data to ensure
responsible integration of GenAl into architectural design education. Further research is
needed to explore the long-term impacts of GenAl on students” manual skills and critical
design thinking.

Keywords: architecture; design; Generative Artificial Intelligence; teaching/learning
strategies

1. Introduction

Artificial intelligence (Al) is widely defined as replicating human intelligence in ma-
chines, allowing them to think and act like humans, including understanding, learning,
and problem-solving skills [1]. Generative Al (GenAl) is a form of Al that could produce
different types of content, such as text and images, in response to user prompts by analyzing
and learning patterns from large data models [2]. GenAI has undergone remarkable devel-
opment since its introduction in 1956 by John McCarthy at the Dartmouth Conference [3]. It
has rapidly progressed and become a research field with significant influence across various
sectors of human life, including transportation, agriculture, healthcare, energy, entertain-
ment, and social life [4]. This also includes education, where GenAl has multiple impacts
on teaching, learning, and educational administration [5]. By enabling the development of
machines and tools with human-like intelligence, GenAl has the potential to revolutionize
teaching methodologies and significantly enhance students’ learning experiences [6].

This has opened up new possibilities for integrating GenAl into disciplines such as
architecture, where design products constitute a main output that requires creativity and
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advanced problem-solving skills [7]. Integration of GenAl into architectural design educa-
tion has the potential to significantly impact the design process, which typically includes
the stages of design data analysis, conceptual design, design development, and design
production. This could effectively enhance creativity and improve building performance,
leading to more innovative and creative solutions [8]. It helps analyze and understand
complex design data, enabling students to make informed design decisions. However, sev-
eral challenges and risks of misuse should not be ignored, including changes in educators’
roles, impacts on academic quality, and ethical concerns such as academic integrity and
intellectual property rights [9].

There is currently an ongoing debate on how architecture institutions should respond
to this substantial development when designing and implementing academic programs,
and how such programs can remain flexible and adaptable to the accelerating develop-
ments in this field. This study aims to explore the implications of integrating GenAl into
architectural design education by examining the perspectives of practicing architects and
architecture faculty members. It focuses on how GenAl is perceived in relation to the
architectural design process, its potential benefits, and the challenges associated with its
responsible integration into architecture schools. While students are not direct participants
in the empirical data collection for the present study, their perspectives are considered in
the Discussion through reference to a previously published student-focused study by the
authors. In this way, this study positions professional and academic perspectives as the
primary empirical basis while using the student perspective as a complementary source to
broaden the interpretation of the findings.

2. Literature Review

Architectural design is a problem-solving process that deals with spatial, environ-
mental, and social needs through the systematic organization of materials and resources,
utilizing tools such as modeling and optimization to achieve practical, efficient, and mean-
ingful spatial solutions [10]. In recent years, there has been growing emphasis on equipping
students with the ability to engage with emerging design tools and methods that align with
the advanced professional practices. This should be done while leveraging the collaborative
nature of design studios as spaces where students learn through peer interaction with each
other and with their instructors [11]. Design studio experience makes students active
participants in their learning journey, where critique sessions are used as tools for ideation
and reflection. These critique sessions develop not only design competences but also social
awareness among students [12].

However, some studies suggest that conventional design studios often suffer from
rigid, linear structures that fail to reflect the iterative and dynamic nature of architectural
design [13,14]. This has affected students’ readiness for the complex, interdisciplinary chal-
lenges of the profession, where their digital literacy remains underdeveloped [15]. Recent
studies have highlighted the necessity of educational reforms that position technology
not merely as a tool, but as a catalyst for fundamentally rethinking pedagogical strategies,
including the integration of Al technologies into design practices [16,17]. One of the most
impactful developments in this regard is the rise of GenAl, which is capable of producing
new content, such as text, images, 3D models, or code, by recognizing and replicating pat-
terns within large datasets [18]. It operates through an ecosystem of technologies, including
Deep Learning (DL), Machine Learning (ML), Natural Language Processing (NLP), Artifi-
cial Neural Networks (ANNs), and Large Language Models (LLMs), all contributing to its
generative capacities [3]. Within architectural design education, GenAl can be understood
as part of a broader digital ecosystem that includes Al-driven analysis, machine learning,
and immersive technologies. GenAl extends these capacities by enabling rapid content
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generation, design iteration, and the exploration of multiple alternatives across the design
stages [19]. Therefore, its integration requires pedagogical guidance, clear policies, and
critical engagement from students and educators.

The integration of GenAl into architectural education has created significant opportu-
nities to enhance design outcomes by reshaping design processes to be more effective [20].
It has the potential to amplify creativity, streamline data analysis, and enhance performance-
based strategies while helping students manage complex datasets [21-23]. Its integration
has also increased the demand for educators with relevant technical background and high-
lighted the need to train others who do not have GenAl background so that they could
guide students to effectively utilize these technologies [24]. Despite these benefits, the
adoption of GenAl in architectural education also brings notable challenges and risks. This
includes concerns over students’ attainment of the essential manual design skills and their
creative independence [25,26]. Ethical concerns related to GenAl integration have also been
raised, particularly regarding data privacy and biases within Al models. These biases can
reinforce cultural stereotypes and lead to designs lacking diversity and inclusivity [27,28].
Cost may also be a barrier to GenAl adoption, where institutions and individuals with
limited resources may struggle to afford necessary software, hardware, and training [29].

The existing literature highlights the transformative role of Al and GenAl in archi-
tectural education, particularly in enhancing creativity, efficiency, and innovation within
design studios. Several related studies were selected and summarized in Table 1 because
they address the main domains relevant to this research, including GenAlI applications
across design stages, Al-supported creativity and visualization, design—process transfor-
mation, and pedagogical implications in architectural education. For example, Cooper [8]
emphasized the potential of GenAl to amplify creativity and support performance-based
design strategies in educational settings. Similarly, Ayman et al. [30] conducted a com-
parative analysis of generative and non-generative Al applications in architectural design,
examining their underlying technologies, use cases, and implications on the design process.
Extending this line of inquiry, Li et al. [31] proposed a GenAl-driven workflow for con-
verting hand sketches into 3D models, showcasing practical applications of Al in specific
design tasks. A significant contribution of their study is showing how Al can rapidly
transform simple hand-drawn sketches into conceptual floorplans and volumetric 3D
models, thus accelerating early-stage ideation and enabling more efficient exploration of
design alternatives.

Furthermore, Zwangsleitner et al. [32] documented how students iteratively employed
tools like ChatGPT and Midjourney to visualize conceptual design alternatives within a
hybrid analog—digital workflow. This approach illustrated the potential of generative Al to
support early-stage conceptual exploration and enhance creative engagement in design
education, encouraging students to assess and rework Al-generated outcomes within
iterative creative processes critically. Following this direction, Cheung et al. [33] introduced
a collaborative conversational framework utilizing multimodal GenAl agents to support
students during the pre-design phase, enabling peer learning and seamless tutor interaction
with a minimal learning curve, thus broadening participation in early-stage design ideation.
In a related context, Rodriguez et al. [34] demonstrated how combining GenAl with Virtual
Reality can facilitate immersive spatial evaluations. Their study empirically shows that
combining Al-generated imagery with VR enhances users’ spatial perception and emotional
engagement, supporting more informed design decisions. These studies highlight patterns
of creative engagement and technical potential but remain limited to early design stages or
focus primarily on the tools’ technical aspects while overlooking their structured integration
into broader instructional environments.
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Table 1. A summary of similar previous studies.

Citation

Scope

Main Focus

Khogali [21]

How integrating Al affects design
development in
an architectural design studio.

GenAlI across design stages

Cudzik & Nyka [24]

How Al tools support architectural
education, highlighting their role in
conceptual design, sustainability
analysis, and design production.

GenAl across design stages

Ayman et al. [30]

The impact of GenAl and non-GenAlI
models on the architectural design
process, with a focus on design
authenticity and human-centered
approaches.

Design—process
transformation

Lietal. [31]

A demonstration of transforming
sketches to conceptual 3D models
using GenAL

Creativity and visualization

Zwangsleitner et al. [32]

How Al tools like ChatGPT and
Midjourney contribute to design
ideation in landscape architecture.

Creativity and visualization

Cheung et al. [33]

Development of a multimodal GenAl
collaborative framework for
pre-design analysis.

GenAl across design stages

Rodriguez et al. [34]

The influence of Al and VR
technologies on users” engagement
with architectural design.

Creativity and visualization

Belaroussi &
Martin-Gutierrez [35]

ChatGPT’s interpretation of
architectural character and human
perception.

Creativity and visualization

Braiden et al. [36]

Survey of practitioners on Al use in
early design stages.

GenAlI across design stages

10.

El Moussaoui [37]

How Al is transforming traditional
architectural practices, and the
evolving relationship between

designers and Al tools.

Design—process
transformation

11.

Asfour [38]

The potential impacts of GenAl on
architectural design education.

Pedagogical implications

12.

Cinar & Demiroz [39]

The integration of text-to-image Al

tools in architectural design education

through insights from a design studio
experience.

Pedagogical implications

13.

Montenegro [40]

The role of text-to-image Al systems in
architectural design education, with an

emphasis on their educational value
and impact on conceptual creativity.

Creativity and visualization

14.

Paananen et al. [41]

The use of text-to-image generation
tools to support ideation in
architectural design processes.

Creativity and visualization

The literature review was organized around four main thematic areas that guided the

structure of this study: GenAl applications across architectural design stages, Al-supported
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creativity and visualization, design—process transformation, and pedagogical implications
in architectural education. The studies summarized in Table 1 were selected using a
targeted thematic selection approach, rather than random or convenience sampling. The se-
lection was informed by the broader body of literature identified in a previously published
PRISMA-guided systematic review by the authors [19], which was conducted in Scopus
and Google Scholar using combinations of terms such as “Artificial Intelligence”, “Genera-
tive Al”, “Al”, “Design Studio”, “Architectural Design”, “Design Process”, “ Architectural
Design Education”, and “Architectural Education”. Studies were included in Table 1 when
they directly addressed one or more of these thematic areas. This selection was used to
position this study conceptually and to inform the development of the questionnaire and
interview themes.

However, there is a disconnect between the rapid development of GenAl technologies
and the response of academic institutions, which has increased uncertainty among students
and educators about how to appropriately use these technologies and integrate them into
academic programs. A noticeable gap remains in the literature concerning the pedagogical
changes required to update the conventional architectural design process and accommodate
GenAl tools responsibly. Existing studies have primarily focused on specific tools, individ-
ual applications, or selected stages of the design process, while giving limited attention to
the broader educational implications of GenAl integration in architectural design education.
Therefore, there is a need to connect these fragmented findings into a more integrated
educational framework that addresses the pedagogical, technical, institutional, and ethical
dimensions of GenAl integration.

To address this gap, the present study provides a comprehensive educational perspec-
tive by triangulating the views of practicing architects and architecture faculty members.
Its novel contribution lies in examining the perceived effectiveness of GenAl across the
main stages of the architectural design process, identifying areas of convergence and differ-
ence between professional and academic perspectives, and translating the findings into a
structured framework of recommended actions for architecture schools. As this study is
exploratory in nature, it does not test a single formal hypothesis. Instead, it investigates
the potential benefits, challenges, and implications of incorporating GenAl into architec-
tural design education. A mixed-method approach was employed, combining a question-
naire survey of practicing architects with structured interviews conducted with subject-
matter experts. Findings from both methods were triangulated to develop a framework
outlining the necessary steps for the responsible integration of GenAl into architectural
design education.

This thematic mapping shows that most of the selected studies focused on creativity,
visualization, and selected design stages, while fewer studies addressed broader pedagogi-
cal implications and design—process transformation. This supports the need for the present
study, which connects these fragmented areas through empirical input from practicing
architects and architecture faculty members.

3. Materials and Methods

This study implemented two research methods: a questionnaire survey targeting prac-
ticing architects with varying levels of professional experience, and structured interviews
with architecture professors from different universities. Both methods were conducted in
parallel and were designed around the same organizing logic: the benefits, challenges, and
pathways/recommendations associated with GenAl integration in architectural design
education. The questionnaire captured architects” perceptions of GenAl use in practice and
education, while the interviews explored academic perspectives on similar issues. This
parallel design enabled the triangulation of professional and academic viewpoints and
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supported the development of the proposed framework. The results from both methods
were analyzed and triangulated using both qualitative and quantitative analysis tech-
niques to enhance the validity of results. Figure 1 illustrates the methodology framework
implemented in this study.

Literature Review The Need for GenAl in Architectural
Design Education

: Its effectiveness in the Different

Design Process Stages

A Questionnaire Survey of
Professional Architects

(} D Its Benefits and Associated
) Challenges

A Structured Interviews £

with Academic Experts

A Framework of Recommended

Actions for GenAlI Use of in <:I Mixed Qualitative and

Architectural Design Education Quantitative Data Analysis

Figure 1. Methodology framework.

The research methodology involved conducting a questionnaire survey among practic-
ing architects currently working in Saudi Arabia, representing varying levels of professional
experience. The survey aimed to explore their perceptions and views on the use of GenAlin
architectural design, its potential effects on architects” productivity and creativity, and the
associated opportunities and risks. The feedback obtained from practitioners was essential
for developing recommendations for GenAl utilization in architecture schools. The sample
size was calculated considering a population size of 10,000 architects [42], a confidence
level of 95%, and a margin of error of £6%. This resulted in a required sample size of 260,
which was achieved in this study [43].

The survey was distributed digitally using a Google Form through utilizing profes-
sional platforms such as LinkedIn, as well as through direct emails to architecture firms in
Riyadh. The collected data were analyzed using Excel and Statistical Package for the Social
Sciences (SPSS v.16.0) software. Cronbach’s Alpha was used to assess internal consistency
data. The independent-sample t-test and ANOVA were used to compare the means of
the different groups in this study. Additionally, the Relative Importance Index (RII) was
calculated to rank the benefits and challenges of GenAl integration into the architectural
design process. As for the structure of the questionnaire, it included four sections covering
sample characteristics, the effectiveness of GenAl utilization across the different stages
of the architectural design process, the potential benefits of GenAl integration, and the
associated challenges. The questionnaire items were developed based on the main themes
identified in the literature review. The questionnaire included closed-ended questions
using a 5-point Likert scale, where responses ranged from 1 to 5.

The second phase involved conducting online one-to-one interviews through digital
meeting platforms with architecture professors from various universities worldwide, as
presented in Figure 2. The primary objective was to gather insights and recommendations
on the integration of GenAl into architectural design education, and the related opportuni-
ties and challenges in this regard. A total of 18 interviews were conducted including 10
participants from the Middle East, 3 from North America, 2 from Europe, 2 from South
and Southeast Asia, and one participant from Australia. The interviewees were selected to
capture diverse academic perspectives rather than to provide proportional regional repre-
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sentation or support regional comparisons. The higher representation from the Middle East
reflects participant accessibility. These experts were selected based on their knowledge,
research contributions, and professional experience in architectural education, innovation,
and utilization of Al. They occupy a variety of professorial ranks and academic leadership
roles, and many of them serve as program directors. The interview questions were designed
to explore the potential impact of GenAl on architectural design education. The same in-
terview guide was used with all participants to maintain consistency, while follow-up
questions were added when needed to clarify participants’ responses. The questions were
developed from the main themes identified in the literature review and organized into
four parts.

Country
Australia
Canada
Egypt
India
Iraq
Jordan
Malaysia
New Zealand
Poland
Saudi Arabia
Turkey
United Arab Emirates
United Kingdom
United States of America

Geographical Distribution of the Interviews Participants

Canada

@)
UK
- Poland
Pl
USA Turkey
O Jordan i
UAE
Egpt O
@9 o
KSA India
Malaysia
T
,\uqmm"‘o‘ i
New Zealand
O

i

Figure 2. The geographic distribution of the interviewees (circle size reflects number of interviewees).

The first part focused on understanding participants’ perspectives on the current role
of Al in educational settings and its development over time. The second part was about the
impact of GenAl on the different stages of the typical design process, highlighting where
GenAl has the most noticeable impact. The third part explored how GenAl may influence
the design process and student learning outcomes, particularly in relation to creativity,
innovation, problem-solving, and productivity within studio-based learning. The final
part of the interview addressed the potential challenges and ethical concerns involved in
adopting GenAl in architecture programs, such as limited technical knowledge, lack of
training, cost, and the risk of over-reliance on Al tools. Open-ended questions enabled
valuable insights to be obtained during these interviews, while follow-up questions were
added based on participants’ responses to investigate deeper into certain perceptions. The
interviews were recorded and transcribed. The collected data were analyzed qualitatively
to identify repeated themes and categorize the different views. Quantitative analysis was
also carried out using frequencies and RII method.

4. Results
4.1. Questionnaire Analysis
4.1.1. Sample Characteristics

Table 2 presents the characteristics of the study sample, highlighting diversity in
gender and years of professional experience. As presented in Figure 3, most participants
regularly use digital design tools. Regarding the willingness to use Al, the results demon-
strated a positive attitude toward the use of Al-based tools in architectural design, with
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85% of respondents agreeing to use them currently or in the future. In addition, the results
indicated a moderate level of familiarity with Al tools among participants. As for famil-
iarity with Al tools in architectural design, 8% of the respondents rated it as very good.
Conversely, 15% indicated that they are unfamiliar with Al tools and were therefore di-
rected to the end of the questionnaire. The remaining respondents reported good, average,
and low levels of familiarity, accounting for 26%, 28%, and 23% of the sample, respectively.

Table 2. Characteristics of the study sample.

Variable Categories Number %
Male 152 58
Gender Female 112 42
Total 264 100
Bachelor’s Degree 218 82
Master’s Degree 42 16
Educational level
Ph.D. Degree 4 2
Total 264 100
Less than 3 years 94 36
3 to less than 6 years 88 33
Years of experience 6 to less than 9 years 37 14
9 years and more 45 17
Total 264 100
c v = e @ i) e @ @ = o @ = =
@) = & = = g o © @ (O] O] @ £
@ - z 2 2 = > ©
£ = a o 5 < =
a 5 = = o
(o] 1] =
= c
« 2
&

Frequency of using digital Willingness to use Al toolsin  familiarity with Al tools in

design tools architectural design architectural design

Figure 3. Respondents’ familiarity with digital and AI design tools.

4.1.2. The Need for GenAl Utilization in Architectural Design Education

The results showed that respondents in general agree that GenAl should be incorpo-
rated into architectural design education, where the weighted mean of their agreement
on this statement was 4.03 out of 5.0. However, they did not accept the notion that it
should fully replace the traditional design methods adopted in architecture schools, as
the weighted mean of their agreement on this statement was 2.24. Alternatively, they ac-
cepted the notion that the integration of GenAl into architectural design education should
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observe a balance between the traditional design methods and the emerging Al ones. The
respondents agreed that this requires a substantial update of the traditional design process
followed in the design studio courses as many design tasks could be automated. It also
requires continuous training of faculty members on Al tools and technologies. Weighted
means of these two recommendations were 3.75 and 4.34 out of 5.0, respectively.

4.1.3. Effectiveness of GenAl Utilization in the Different Stages of Architectural
Design Process

As presented in Table 3, the highest agreement level was given to the conceptual
design stage (4.22 out of 5.0). This suggests that participants recognize GenAl'’s potential
to foster creativity during the early design phases, where innovative design concepts and
alternatives could be generated. The use of GenAl in the design production stage for
rendering, design refining, and presentation was ranked second, reflecting the growing ac-
ceptance of GenAl visualization tools in enhancing the presentation quality of architectural
projects. This was followed by the pre-design analysis stage, which serves as a preparatory
stage for data collection and analysis. While these top three stages received similarly high
evaluations (above 4.0 out of 5.0), the design development stage lagged behind with a
weighted mean of 3.60. This suggests that respondents believe that GenAl utilization in
this stage is less effective and technically developed.

Table 3. Respondents’” agreement level on the effectiveness of GenAl utilization in the different design
stages of architectural design process.

Architecture Questionnaire Results
Design Stage Weighted Mean RII Ranking
Pre-Design 410 0.820 3
Analysis stage ' .
Conceptual Design 422 0.844 1
stage ' '
Design
Development stage 360 0.720 *
Design Production 418 0.836 2

stage

4.1.4. Benefits and Challenges of GenAl Integration into Architectural Design

This section identifies and ranks the benefits and challenges of GenAl integration into
architectural design from the respondents” viewpoint (Table 4). Reliability analysis using
Cronbach’s Alpha was conducted first to assess the internal consistency of the questionnaire
sections related to respondents’ perception of Al benefits and challenges. This test examines
the covariance among perception items relative to the total variance. A high reliability
(e = 0.83) was observed in respondents’ perception of Al benefits, while an acceptable one
(e = 0.70) was observed in respondents’ perception of the challenges associated with Al
use in architectural design.
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Table 4. Benefits and challenges of GenAl integration into architectural design from the respondents’

viewpoint.
No. Benefits/Challenges Weighted RII Ranking
Mean
Respondents’ agreement level on the suggested benefits
1 Fosterl.ng crea’F1V1ty 4.06 0812 3
and innovation
2. Optimization of 3.63 0.726 4
design functionality
Exploring more
3. innovative design 4.10 0.820 2
variations
Enhancement in
4. teamwork and 2.88 0.576 5
collaboration
Time saving and
5. productivity 431 0.862 1
enhancement
Respondents’ agreement level on the suggested challenges
The lack of
1. knowledge and 4.09 0.818 1
training
5 The high costs of Al 279 0.558 5
tools
The resistance to
3. change among 3.61 0.722 3
stakeholders
4. The fear among 3.04 0.608 4

designers of job loss

The absence of clear
> regulations of Al use 3.94 0.788 2

As for the benefits, the results showed that the highest agreement level was given to
time saving and productivity enhancement, which scored an agreement weighted average
of 4.31 out of 5.0. This was followed by the advantage of exploring more innovative design
variations, which helps improve design aesthetics (4.10 out of 5.0). This leads to the third
benefit, which is fostering creativity and innovation (4.06 out of 5.0). On the other hand,
lower agreement levels were observed in the following suggested benefits: optimization of
design functionality (3.63), and enhancement in teamwork collaboration (2.88). The latter
issue is the only one that received an agreement level below 3.0, indicating respondents’
disagreement, and therefore was ranked the last. This indicates that there is an uncertainty
about GenAl’s impact on communication and collaboration skills among architects, which
requires an in depth investigation on how to properly integrate GenAl into the design
process without compromising the need for teamwork and collaboration.

As for challenges, the most significant challenge identified by the respondents is the
lack of Al-related knowledge and training, which scored 4.09 out of 5.0. This was followed
by the absence of clear regulations and guidelines for GenAlI use (3.94) and the resistance to
change among stakeholders (3.61). The fear of job loss was almost on the mid-scale, which
indicates some concern among architects. The high cost of GenAl tools scored the lowest
agreement weighted average (2.79). This was the only issue that received an agreement
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level below 3.0, indicating respondents’ disagreement, and therefore was ranked the last.
This shows that while financial constraints exist, they may not be the primary barrier to
GenAl adoption in architectural design.

To compare the means of the different groups, the independent-sample t-test was
conducted to examine the impact of gender on respondents” agreement level on the benefits
and challenges of GenAlI utilization in architectural design. A statistically significant
difference at « < 0.05 was observed between male and female respondents only in the
case of challenges. As presented in Table 5, the mean agreement levels of male and female
respondents were 3.57 and 3.39, respectively, suggesting that females tend to have a slightly
more positive perception of GenAl integration into architectural design. ANOVA test
was also conducted to examine the influence of educational level and work experience
on respondents” agreement level on the benefits and challenges of GenAl utilization in
architectural design. A significant difference was identified only in GenAl benefits based
on work experience, with more experienced professionals viewing GenAl more positively.
Further analysis using the Tukey HSD test revealed that those with nine or more years of
experience reported higher perception of GenAl benefits compared to those with less than
3 years of experience (mean difference = 0.40, p-value = 0.006).

Table 5. The independent-sample t-test to compare the average agreement level of male and female
respondents about the benefits and challenges of GenAl use in architectural design.

. Std. . .
Variable Gender  Frequency Mean Deviation t Sig. (2-Tailed)
Agreement on GenAl Male 152 3.79 0.67
Benefits Female 112 3.80 0.71 —092 0.972
Agreement on GenAl Male 152 3.57 0.64 219 0.030
Challenges Female 112 3.39 0.73 ) )

4.2. Interviews with Experts
4.2.1. The Need for GenAl Utilization in Architectural Design Education

There is a consensus among the 18 interviewees that GenAl is rapidly evolving,
transitioning from a specialized tool to a core component of architectural design education.
However, the extent of GenAl’s integration and its future trajectory remains a subject of
debate. One interviewee mentioned that: “Al was initially viewed negatively, with many
educators considering its use equivalent to academic dishonesty. However, Al is now more
widely accepted, and students increasingly give credit to Al-generated contributions.” On
the other hand, about one third of the interviewees argued that Al is still in an exploratory
phase, and further structured research is required before it can be fully integrated into
architectural education.

In addition, the respondents recognized the potential of GenAl to transform teaching
and learning. Most of them (83%) observed a clear shift in pedagogical approaches, where
GenAl has become a valuable design tool in architecture that is widely available. They also
anticipated a deeper integration of GenAl into architectural design curricula, predicting it
will become a core competency for future architects. However, they also emphasized the
need for guided implementation to ensure meaningful learning experience and outcomes.
While it holds a significant promise, its integration is still in progress and lacks a well-
defined, standardized framework. One interviewee predicted that “A shift from tool-centric
applications to methodology-driven approaches is needed, where Al supports human
creativity rather than replacing it.”
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4.2.2. Effectiveness of GenAl Utilization in the Different Stages of Architectural
Design Process

As presented in Table 6, the conceptual design stage was ranked the highest, with
almost all interviewees supporting Al use in this stage. The least supported stage was the
design development stage, with about 39% of interviewees supporting Al use in this stage.
One interviewee pointed out that: “Utilizing of the GenAlI tools in later design stages, such
as design development and design production, is more sophisticated and requires more
experience, advanced technical knowledge, higher costs, and more advanced technology”.

Table 6. Interviewees’ responses on which stage of the design process the GenAl tools have the most
significant impact.

Interviews Results

Design Stages
Frequency Percentage Ranking
Pre-Des1.gn 14 78% 2
Analysis
Conceptual Design 17 94% 1
Design 0

Development 7 39% 4
Design Production 9 50% 3

& Rendering

Interviewees’ responses indicated different views on the stages in which GenAlI could
be most effectively used. Overall, GenAl was most frequently associated with the early
and exploratory stages of the architectural design process, particularly pre-design analysis
and conceptual design, where it can support data collection, precedent analysis, ideation,
visualization, and the rapid exploration of design alternatives. Some interviewees also
suggested that GenAl could be used across all design stages, including design development
and final presentation, especially for idea testing, rendering, and generating multiple alter-
natives. However, others preferred limiting GenAl use to later stages, allowing students to
first develop their ideas through manual sketching before using Al-powered tools to refine
and enhance their designs. This approach may support a balanced integration of manual
and digital design skills, although it requires more experience and advanced technical
knowledge due to the complexity of GenAl tools used in later design stages.

4.2.3. Benefits of GenAl Utilization in Architectural Design Education

Most participants agreed that GenAl positively influence the architectural design
education by saving time, enhancing creative ideation, and supporting rapid design pro-
duction as presented in Figure 4. The first benefit highlighted by the interviewees was
time saving. Interviewees agreed unanimously that GenAl tools effectively accelerate the
architectural design process leading to a significant time saving. One interviewee noted
that: “Interviewees suggested that GenAl can help students generate multiple design
concepts and explore different ideas within a short time, thereby enhancing the efficiency
and speed of the design process. Rather than spending excessive time on manual processes,
students can focus more on developing their ideas, allowing for more time on critical
positioning of their work.” Al helps students quickly collect data, compare and analyze
information, and highlight key aspects of design tasks, allowing for more focus on creativity
and critical thinking. The design iteration process may also be extended to enable faster
analysis of spatial configurations, materials, and sustainability, enabling more data-driven
design decisions.
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Figure 4. Interviewees’ responses on the benefits of GenAlI utilization in architectural design education.

In addition, half of the interviewees added the benefit of enhancing learning outcomes
and students’ performance. Interviewees emphasized that GenAl, when combined with
traditional methods, deepens students’ understanding of the design rationale and process-
ing. This requires a structured guidance and clear educational frameworks. As a direct
result of this benefit, most interviewees (about 90%) stated that Al enhances creativity
by enabling quick iterations and opening new possibilities in the design process. As one
interviewee explained: “Al enhances human creativity, giving them more chances to im-
prove imagination, and rapidly materialize conceptual possibilities that might otherwise
remain unexplored”.

Moreover, about two-thirds of the interviewees highlighted the benefit of exploring
more innovative design variations, which could effectively enhance design aesthetics. Of-
fering numerous design alternatives could enhance students’ design thinking and allow
them to develop more advanced and innovative concepts. GenAl tools can be used for
visual representation, such as sketch-to-render or model-to-render processes, which signifi-
cantly compresses visualization workflow. Finally, around half of the interviewees noted
that GenAl is increasingly seen as a powerful tool for optimizing design functionality in
architectural education. GenAl enables students to analyze and refine their work more
effectively by offering feedback on the architecture design and performance evaluations
based on pre-defined criteria. This helps students make informed and functionally sound
design decisions. One interviewee said that: “Al-powered programs have the poten-
tial to become a fundamental part of project evaluation by enabling analysis of different
design aspects”.

4.2.4. Challenges Associated with the Utilization of GenAl in Architectural
Design Education

As presented in Figure 5, one main challenge in this regard is the resistance to GenAl
utilization among faculty, which was pointed out by about half of the interviewees. They
emphasized that ignoring Al is not an option, and it is professors’ responsibility to adapt
their teaching and evaluation methods to benefit from these disruptive technologies rather
than resisting them. The most frequently cited challenge in the interviews was the lack of
technical knowledge and GenAl-focused training among educators, which was mentioned
by 90% of the interviewees. The interviewees emphasized the need for qualified faculty
members who can guide students through the complexities of GenAl From their perspec-
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tive, there is a growing gap between educators and students that may hinder the effective
integration of GenAl tools into architectural education. One interviewee stated that: “The
most significant challenge would be educating educators so that they can effectively evalu-
ate the Al-assisted work presented by students. However, they must first be convinced that
Al has a positive impact on architecture and architectural education”.

Resistance to Lack of Incompatibility Overreliance Lack of Ethical High cost of Al
Al adoption technical  with traditional on Al relevant concerns tools and
among faculty capacity design undermines  guidelinesin infrastructure

methods students' skills  universities

Figure 5. Interviewees’ responses on the challenges associated with GenAlI utilization in architectural
design education.

Incompatibility of GenAl tools with the traditional design methods is another chal-
lenge that was raised by about a quarter of the interviewees. One interviewee mentioned
that “Students who rely heavily on Al-generated images often struggle to translate their
designs into tangible, buildable models, suggesting a fundamental gap between traditional
methods and new Al-generated techniques.” Another common challenge is the impact
of GenAl use on students’ creative and critical thinking skills. Half of the interviewees
mentioned that excessive reliance on GenAl may hinder students’ cognitive skills, includ-
ing problem solving and independent exploration and experimentation, which requires
further investigation. To mitigate this, one interviewee suggested that students should
be trained to critically evaluate GenAl outputs, encouraging active engagement rather
than passive acceptance. Another suggestion was to avoid GenAl utilization at the early
levels of education. If GenAl tools are introduced at the early stages of education prior to
the required architectural fundamentals, they may negatively impact their creativity by
providing solutions without a strong foundational understanding. About two-thirds of the
interviewees expressed the need for clear Al regulations and guidelines to govern the use
of Alin education. Universities must take responsibility for establishing clear guidelines
on Al ethical use and best practices.

Ethical challenges were also raised by about 80% of the interviewees, particularly the
issues of intellectual property, academic integrity, and responsible deployment of GenAl
tools. Students should also learn how to properly declare in their project submissions
whether Al tools were used or not. Another risk in this regard is data bias, which was
raised by half of the interviewees. They mentioned that they have noticed a bias that skews
knowledge toward specific perspectives, creating a gap that needs to be addressed. Finally,
the issue of cost was raised by about third of the interviewees. Although several GenAl
tools available for free or at affordable cost, advanced tools may not be available for all. In
addition, transformation towards Al-friendly teaching environment including the design
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studio incurs some cost for educational infrastructure development. This could significantly
restrict access to advanced and effective Al tools, particularly in the developing regions.

5. Discussion
5.1. Summary and Comparison of Findings

This section summarizes and compares the questionnaire and the interview findings.
In this context, it should be noted that students were not direct participants in the empir-
ical data collection of the present study. Therefore, references to students in the present
manuscript mainly reflect the perceptions of practicing architects and interviewed faculty
members. To broaden the discussion and provide a complementary student perspective,
the findings are discussed in relation to a previously published student-focused study by
the authors [44]. In general, the findings from the questionnaire and the interview strongly
support the need to integrate GenAl into architectural design education and the conclusion
that resisting this disruptive technology is no longer acceptable. A high agreement level
among architects (4.03 out of 5) was observed in this regard. There was also a consen-
sus among the interviewees that GenAl is rapidly transitioning to a core component of
architectural design education.

As for the effectiveness of GenAl utilization in the different stages of the architectural
design process, Table 7 compares the viewpoints of surveyed practicing architects and
faculty members. It indicates that the conceptual design stage received the highest rank
in both cases, suggesting that this phase is widely perceived as the most suitable and
impactful for integrating GenAl in the architectural design process. This may be related
to the availability of multiple conceptual design tools that fit the design needs of this
stage. However, another approach identified in the interview was that GenAl use is better
placed in the later design stages, so that students could start developing their ideas through
sketching and then utilize Al-powered digital tools to further refine and enhance their
designs. This approach has the advantage of integrating manual and digital design methods
and therefore deserves further investigation. Conversely, the design development stage
was ranked last in both research methods. This suggests that participants view design
tasks in this stage as less compatible with the technical development of GenAl tools. This
includes detailed technical and spatial decisions that need refinement by the design team.
The second and third ranks were assigned to the pre-design analysis and design production
stages, with a disagreement between practicing architects and faculty members over which
stage is more appropriate for GenAl use. The architects believe that the use of GenAl in
the design production stage is more needed in the job market, while the faculty members
believe that pre-design data collection is more important.

Table 7. Respondents’ ranking of the effectiveness of GenAl utilization in the different design stages
of the architectural design process.

Respondents’ Ranking

Architecture Design Stage

Questionnaire Interview
Pre-Design Analysis stage 3 2
Conceptual Design stage 1 1
Design Development stage 4 4
Design Production stage 2 3

As for the benefits and challenges of GenAl utilization in architectural design, Table 8
shows the findings of the questionnaire and interviews. Regarding the benefits, both
groups ranked time saving and productivity enhancement first. This finding should not be
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understood only as a matter of completing design tasks faster. Rather, it suggests a potential
shift in how time is distributed within the architectural design process. By accelerating data
collection, precedent analysis, visualization, and the generation of multiple conceptual al-
ternatives, GenAl may allow students and educators to allocate more time to interpretation,
critical evaluation, design refinement, and decision-making. In this sense, productivity
enhancement is not limited to efficiency, but also relates to expanding the range of explored
design options and supporting more iterative design thinking. This interpretation helps
explain why GenAl was perceived as particularly effective in the conceptual design stage,
where rapid exploration and comparison of alternatives are central to the learning process.
Optimization of design functionality ranked lowest in both methods, possibly due to the
limited efficiency of the available GenAl tools in this regard.

Table 8. Respondents’ ranking of the common benefits and challenges of GenAl integration into
architectural design education.

. Respondents” Ranking
No. Benefits/Challenges
Questionnaire Interview
Benefits
Fostering creativity

1. . . 3 2

and innovation

Optimization of
2. design 4 4

functionality

Exploring more

3. innovative design 2 3
variations

Time saving and

4. productivity 1 1
enhancement
Challenges
The lack of
1. knowledge and 1 1
training
5 The high costs of Al 4 4
tools

The resistance to

3. change among 3 3
stakeholders

The absence of

4. clear regulations of 2 2

Al use

As for the challenges, there is an agreement between the surveyed practicing architects
and faculty members in their rankings of the four identified common challenges. The most
pressing challenge was the lack of technical knowledge and training in Al in general and in
the use of GenAl in architectural design. This highlights the urgent need for multi-level
training programs to develop the skills of both educators and students. The absence of
clear guidelines and policies was ranked second, highlighting the need to develop such
guidelines to ensure the ethical and appropriate use of Al The third and fourth ranks were
given to resistance to change and the high cost of the required Al infrastructure.
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5.2. A Proposed Framework for GenAl Integration into Architectural Design Education

The recommendations concluded from this study were used to propose an interven-
tion framework to guide educators on how to effectively integrate GenAl into architectural
design education. Existing studies have addressed GenAl in architectural design education
from different but often partial perspectives. Some studies focused on specific tools or
applications, such as text-to-image generation, sketch-to-3D transformation, ideation, visu-
alization, or pre-design analysis [31,33,40,41]. Others discussed broader transformations in
design practice, authenticity, human—AlI collaboration, or the pedagogical potential of Al
in design studios [24,30,38]. While these contributions are valuable, many of them remain
focused on particular tools, isolated design stages, or general educational implications. The
proposed framework extends these contributions by providing a holistic overview that is
structured around four interconnected dimensions: teaching staff, students, curriculum
and assessment, and learning resources and policy, as presented in Figure 6.

Domains of Intervention

3. Curriculum and 4. Learning
* Teaching Staft 2. Students . A Resources and
ssessment -
Policy

Train educators Develop GenAl Embed GenAl Provide access to
to integrate competencies progressively GenAl tools, and
GenAl into while fostering into architectural ensure

teaching and creativity and design studio responsible Al
assessment. critical thinking. courses. adoption.

Y 4 N 4 N\ N
* Provide ® Build students' ¢ Revise learning ® Provide access to
professional Al literacy. outcomes to GenAl tools.
development in include Al .
GenAl. * Integrate competencies. ® Offer technical
GenAl into support for
* Develop GenAl design * Integrate GenAl students and
pedagogical workflows. activities across staff.
competencies. the design
* Promote process stages. * Develop
* Encourage critical . institutional Al
interdisciplinary evaluation of ¢ Redesign policies including
collaboration. GenAl outputs. asTessgwe.nfs to academic
value design ; :
® Support ® Reinforce process angd :;;ilg;;tuyr:nd
continuous academic critique. requirements
upskilling. integrity. a :
. C.olle!borate ® Address
with lndustry. copyright and
part-ners to-allgn data privacy.
curricula with
L ) \ market needs ) \ )

Figure 6. A proposed framework to facilitate GenAl integration into architectural design education.

In this way, the framework responds directly to the research question by explaining
not only the opportunities and challenges of GenAl, but also how architecture schools
can structure their responsible integration within the design studio context. The frame-
work emphasizes equipping educators with the pedagogical knowledge and technical
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competencies needed to integrate GenAl into teaching, assessment, and interdisciplinary
collaboration through continuous professional development. It also focuses on developing
students” Al literacy by embedding GenAl into design workflows while fostering critical
thinking, ethical decision-making, and academic integrity. At the curriculum level, the
framework highlights the need for a progressive incorporation of Al competencies across
design studios considering the different needs at the different stages of architectural design
process. This should be supported by assessment strategies that prioritize design processes
and reflective practice rather than final design outputs. Finally, it highlights the importance
of providing equitable access to GenAl tools, prompt libraries, and technical support,
alongside institutional policies addressing academic integrity, transparency, copyright, and
data privacy, thereby creating a supportive and ethically responsible learning environment
for Al-enhanced architectural education.

6. Conclusions

This study investigated the potential benefits, challenges, and implications of the
integration of GenAl into architectural design education considering its importance in the
different design stages. This study employed a mixed-method approach to investigate
respondents’ perception in this regard using a questionnaire survey of practicing architects
and structured interviews with faculty members in the field of architecture. The findings
support the notion that a substantial shift from traditional studio-based methods to GenAl-
enhanced approaches is expected in the near future, which necessitates some fundamental
pedagogical changes. However, a clear gap remains in understanding how to apply these
approaches in the architectural design studios at the various stages of the design process,
which requires future in-depth investigation. Additionally, the long-term impacts of GenAl
tools on students’ skills, such as problem-solving skills, requires further investigation
as well.

The findings from the questionnaire and interviews collectively indicated a growing
acceptance and recognition of GenAl role in architectural design among educators, students,
and architects. The highest impact of GenAl effective utilization in the design studio was
seen by experts and architects in the conceptual design phase. They also agreed that GenAl
utilization in the design development stage is least influential due to the limited availability
of tools that could offer the required technical refinement of design in this stage. An
alternative approach emerging from the interviews suggested that GenAl is more effective
when introduced in the later stages of the design process, allowing students to begin with
manual sketching to develop their ideas before using Al tools to refine and enhance their
designs, which promotes a balanced integration of traditional and digital design methods.

As for the benefits and challenges of using GenAl in architectural design, the findings
from both the questionnaire and interviews indicated that the most highly ranked benefits
were time saving and productivity enhancement. This benefit is not limited to faster task
completion; it also reflects the potential of GenAl to enable faster exploration of alternatives
and to allow for more time for critical evaluation and design refinement. Conversely, opti-
mizing design functionality was seen as the least significant benefit. Regarding challenges,
both groups identified a lack of technical knowledge and training as the most critical issue,
followed by the absence of clear guidelines, resistance to change, and the high cost of Al
infrastructure. Several interventions are needed to address these challenges, including
conducting structured training programs for faculty members, developing clear guidelines
on the ethical use of GenAl, and updating teaching methods to integrate GenAl with tradi-
tional design methods, where educators should foster a culture of inquiry, experimentation,
and ethical responsibility. The main contribution of the proposed framework is that it
translates the findings into studio-specific requirements for GenAl integration, rather than
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presenting general recommendations for Al use in higher education. The uneven geograph-
ical distribution of the interviewees is a limitation of this study, and future research may
consider a more geographically balanced sample.
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