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Abstract. This study explores the potential of Text-to-Image (T2l) Al systems in architectural design education,
particularly during the conceptual design phase. Through a structured two-stage workshop, architecture stu-
dents used T2I Al to conceptualize a public building project, focusing on the bird’s eye and interior perspec-

tives. These Al-assisted designs were subsequently refined to align with specific site conditions and program-
matic requirements. The study reveals T2l Al's ability to expand creative possibilities in architectural design
while highlighting its limitations and biases. The findings emphasize the necessity for a critical and informed
approach when integrating Al into architectural education and practice, addressing ethical considerations. Fu-
ture research directions are proposed to optimize T2l Al applications in architectural design, address inherent
biases in Al systems, and enhance the discourse on Al’s role in shaping the future of architectural practices.
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1. Introduction and contextualization

The field of architectural design education is undergoing a
rapid transformation driven by technological advancements
and recent global challenges. Tepavcevic¢ (2017) highlights
the significant impact of these developments on archi-
tectural design thinking, necessitating a reconsideration
of educational pedagogies in the digital era. The recent
shift in education has emphasized integrating advanced
tools, aligning with the findings of Duarte et al. (2012) and
Berkel (2020), who explored computational methodologies
in urban design, showcasing the potential of digital tools
in enhancing urban planning and architectural education.
Artificial intelligence, particularly generative design and
text-to-image (T2l) Al systems, is gaining popularity and
may transform design and construction practices.
Historically, architectural education has relied on histori-
cal and theoretical references from classical treatises and
specialty magazines. However, the digital era has shifted
this paradigm, with platforms like Pinterest and Instagram
emerging as popular yet less rigorous sources of inspira-
tion, as discussed by Kathuria (2017). In response, our re-
search focuses on utilizing digital tools like Text-to-Image
Al technology to enhance the sourcing of project-support
references. This approach, aligning with Hajirasouli et al.'s
(2023) emphasis on immersive VR in architectural teaching,

marks a significant shift towards a more controlled ap-
proach in reference gathering, which is crucial in today’s
competitive architectural landscape. Additionally, traditional
design studios, as described by Schén (2017), play a pivotal
role in developing architectural skills. Schén emphasizes
the 'reflective practitioner’ model, where students learn
through a cycle of design, critique, and iteration, a process
still fundamental in today’'s architectural education. In line
with this, recent studies by Oxman (2017) discuss the evolv-
ing role of digital tools in design studios, underscoring their
potential to transform pedagogical approaches.

Our study addresses two primary inquiries: the effi-
cacy of Text-to-Image (T2l) technology in early architec-
tural project development and the functionality and user
engagement of current tools in both academic and profes-
sional settings. This investigation aims to bridge the gap
between traditional architectural references and modern
digital capabilities, offering insights into their role in con-
temporary architectural practice.

2. Theoretical framework

Artificial Intelligence (Al) has steered a paradigm shift
across various sectors, challenging traditional method-
ologies and introducing innovative approaches. Studies
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spanning healthcare, business, and marketing domains
exemplify Al's transformative power (Ismail et al., 2022;
Lin & Alvarez, 2020; Yadav, 2021). Al has transcended
conventional boundaries in higher education, enhancing
student engagement, personalizing learning experiences,
and optimizing educational outcomes (Eguchi et al., 2021).
This evolution reflects a broader trend in academia, where
technological integration is becoming pivotal in reshaping
educational paradigms.

2.1. Al's confluence with architectural design

Integrating Al into architectural design represents a sig-
nificant intersection of technology and creativity. In fash-
ion and product design, Al has already demonstrated its
capacity to foster novel approaches to creative problem-
solving (Zhang et al,, 2022; L. Wei, 2019). The application
of Text-to-Image Al (T2l Al) systems marks a significant
leap in architectural design, enabling the generation of
visual concepts from textual descriptions (L. Wei, 2019).
This development holds considerable potential for advanc-
ing the design process, yet its full impact, especially in
architectural production, needs to be fully comprehended
(Enjellina et al., 2023).

2.2. Theoretical underpinnings in architectural
education

Integrating digital tools has been a subject of rigorous
academic inquiry in architectural education. However, the
application of T2I Al introduces a novel dimension to this
discourse. This tool can potentially enrich the overall ar-
chitectural design process, particularly in the initial con-
ceptual phases. Using such technologies poses challenges
to more traditional pedagogical methods, necessitating a
reevaluation of the theoretical foundations of architectural
design education (Lim & Baboo, 2022; McManus, 2018).

2.3. Bridging the gap - Al in architectural
pedagogy

Exploring the use of Text-to-lmage Al (T2l Al) in archi-
tecture education encompasses a complex process that
goes beyond technological aspects of pedagogy. This in-
vestigation surpasses broader themes in higher education,
such as the role of technology in boosting critical think-
ing, creativity, and problem-solving skills. It also involves
understanding how Al technologies can be integrated into
existing educational organizations to improve the learn-
ing experience in architectural design and related fields.
Therefore, it is relevant to critically examine the Al's role
in deepening engagement with design concepts to create
a more dynamic and iterative learning ecosystem. In brief,
the potential for Al to reshape the architectural design stu-
dio landscape is substantial, and the involved framework
to effectively integrate Al into the university curriculum
to enrich the educational process is challenging (Zawacki-
Richter et al., 2019; Li, 2022).

2.4. Implications for higher education

Integrating Al in architectural education has far-reaching
impacts on the broader landscape of higher education.
Traditional teaching methods are being challenged and
extended by integrating technology and Al in higher edu-
cation. This shift is not only limited to architecture but
is a significant movement towards innovative approaches
to learning that emphasize critical thinking, creativity, and
problem-solving skills. Technology and Al have enhanced
the educational experience significantly and continue to
do so. The role of Al in shaping future educational strate-
gies extends across various disciplines, offering new ways
to engage students and prepare them for a rapidly evolv-
ing technological world. The challenge lies in ensuring that
Al is implemented in a manner that is pedagogically sound
and beneficial to the overall learning experience, preparing
students for their immediate educational goals for lifelong
learning and adaptation in an Al-influenced world (Chat-
terjee & Bhattacharjee, 2020; A. Wei, 2020).

This theoretical framework sets the stage for an in-
depth exploration of T2l Al in architectural education. It
underscores the need for academic research that is as
robust in its technological aspects as in its pedagogical
considerations. The research aims to contribute to the
discourse on integrating Al in higher education, focusing
on its transformative potential in the architectural design
process.

3. Methodological evaluation of Text-to-
Image Al systems in architectural design
processes

Selecting an appropriate Al system was crucial in facilitat-
ing an effective design process within our architectural case
study, particularly during the conceptual design phase. To
achieve this, educators in the design studio conducted a
comprehensive evaluation of various Text-to-Image Al sys-
tems, focusing on key criteria such as accuracy, process-
ing speed, user-friendliness, and overall compatibility with
architectural conceptual design requirements.

3.1. Evaluation process

We systematically compared several benchmark models
of leading Text-to-Image Al systems, including DeepAl,
DALL-E 2, MidJourney, Stable Diffusion with ControlNet,
and PromeAl. In our methodological framework, we also
considered the traditional studio-based learning models
described by Salama (1995), who highlighted the impor-
tance of cognitive and social dimensions in architectural
education. By integrating Al tools within this framework,
we aimed to maintain the balance between technological
advancements and traditional pedagogical values.
Each tool was assessed based on specific attributes es-
sential for architectural design:
a) DALL-E 2: Known for generating highly detailed and
realistic images, DALL-E 2 excelled in producing
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visually pleasing outcomes. However, it often pro-
vided too literal interpretations, limiting the creative
stretch needed for early-stage design exploration. Its
strength in detail and realism was counterbalanced
by its lower scores in abstract output and creative
flexibility.

b) MidJourney: This software excels at creating artistic
and stylized images. While its level of abstraction
aligned well with conceptual design needs, it occa-
sionally failed to balance realism and conceptuality,
a critical aspect of architectural design.

¢) Stable Diffusion + ControlNet: This combination of-
fers robust control over image generation, allowing
for context-specific modifications. Despite its ad-
vanced capabilities, the complexity of setup and us-
age posed a barrier for seamless integration into the
design studio environment, particularly for students
with varying levels of technical proficiency.

d) PromeAl: Designed to generate detailed and con-
text-aware images, PromeAl provided excellent site-
specific outputs. However, its steep learning curve
and the need for extensive prompt engineering
made it less suitable for our educational context.

e) DeepAl: In contrast, the DeepAl APl was chosen for
its unique ability to generate abstract images from
textual descriptions, enhancing creative flexibility. Its
user-friendly interface and straightforward prompt
requirements made it accessible for students, en-
couraging exploration and iteration. The tool's ca-
pacity to produce a range of visual styles, from ab-
stract to more detailed, aligned well with the diverse
needs of our architectural design process.

3.2. Tool comparison and selection

By comparing these tools (see Figure 1), we determined
that DeepAl best met the criteria for facilitating an effec-
tive and creatively open-ended design process. This choice
was based on its unique ability to generate abstract im-
ages, user-friendliness, and alignment with our educa-
tional objectives. Unlike MidJourney and PromeAl, which
required extensive prompt engineering or had complex
setups, DeepAl offered a balance of usability and output
quality.

a) Accuracy: DeepAl's outputs were aligned closely
with the textual descriptions provided, ensuring
that the initial design concepts were accurately
represented.

b) Processing Speed: The tool’s efficiency in generating
images allowed for rapid iteration and refinement,
crucial for maintaining the momentum of the design
process.

) User-Friendliness: The intuitive interface of DeepAl
enabled students to engage with the tool effectively,
regardless of their technical proficiency levels.

d) Compeatibility: The ability to produce a range of vis-
ual styles made DeepAl versatile and adaptable to
various conceptual design needs.

Figure 1. Comparison of Al tools for architectural design
score for detail and realism, abstract output, user-friendliness,
and creative flexibility

3.3. Impact on the design process

DeepAl's ability to generate abstract images from tex-
tual descriptions was a significant factor in our selection
process. This feature enhances creative flexibility, allow-
ing designers to interpret and complete the design more
freely. The iterative nature of design processes in studios,
as emphasized by Cuff (1991), underscores the importance
of integrating new tools without disrupting the core peda-
gogical objectives. Our findings align with Cuff's assertion
that the studio environment is crucial for developing prob-
lem-solving skills and fostering innovation. By leveraging
Al tools like DeepAl, we observed an enhancement in
students’ creative processes, mirroring traditional studios’
dynamic and iterative nature.

3.4. Practical application and references

Our preference for the DeepAl API" is supported by con-
tributions from Enjellina et al. (2023), who highlight the Al
Image Generator's role in broadening the design imagina-
tion through diverse visual and design alternatives. This
process resonates with our study’'s aim to foster a rich,
creative exploration in architectural design processes. Ad-
ditionally, Vermisso's (2022) discussion on the opportuni-
ties and constraints of Neural Language Model-assisted
processes in design creativity aligns with our exploration
of T2l Al's potential in enhancing conceptual thinking. Fur-
ther, Liu et al. (2022) exploration of integrating DALL-E,
GPT-3, and CLIP within CAD software offers practical in-
sights into applying Text-to-Image Al in producing refer-
ence images and materials in 3D design.

1 The selection of the DeepAl API is deemed valid primarily for
the context of the case study. Given the rapid development of
Al tools, newer technologies could soon offer better or differ-
ent functionalities. Thus, while the DeepAl API effectively serves
current needs, this decision reflects a momentary preference
that is subject to change as Al continues to evolve.
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3.5. Justification for methodological choices

While our study provides insights into the use of Text-
to-Image (T2I) Al systems in architectural design educa-
tion, we acknowledge that our analytic methods, such as
descriptive statistics and qualitative assessments, could
be complemented by more advanced models. This sec-
tion justifies our methodological choices and explains the
constraints behind not using more advanced analytic tools.

3.6. Constraints and rationale

Our research focused on the practical applications of T2I
Al systems in an educational setting, emphasizing creative
and pedagogical implications. Therefore, we prioritized ac-
cessible analytic methods that are manageable for both
students and educators.

Conducting the study within an academic semes-
ter posed time constraints, making training students on
advanced analytic software infeasible. Given the varying
technical proficiency of the architecture students, we chose
user-friendly tools like Microsoft Excel to ensure broad
participation without the barrier of complex software.

As a preliminary investigation, our study aimed to pro-
vide initial insights and lay the groundwork for future re-
search. This foundational approach allows for subsequent
studies to incorporate more sophisticated analytic models,
building on the knowledge established here.

4. Al-enhanced architectural design:
a two-stage methodology case study

The case study focused on designing a cultural and sports
center that would fill the void of a large, still vacant urban
area in a city center (Figure 2). The project aimed to create
a new space catering to the community’s diverse interests
and offering a platform for cultural exchange and sports
activities. The students were given a detailed brief to de-
velop a comprehensive methodology, which would seam-
lessly integrate the center into the surrounding environ-
ment and enhance the overall urban landscape. The meth-
odology was meticulously designed to blend the innova-
tive capabilities of Al tools with traditional architectural

practices, aiming to boost the creativity and precision of
architectural designs.

4.1. Stage one: Al-assisted conceptualization

In the first stage, Al tools, specifically the DeepAl Text-to-
Image (T2l) tool, in the selected style "Architecture Genera-
tor,” were employed to generate initial conceptual designs
(refer Figure 5 for details). Twenty architecture students
were instructed to provide detailed text inputs describing
key design elements for a public cultural and sports build-
ing. These inputs, emphasizing accuracy and intentional-
ity, guided the Al tool to generate pertinent visual repre-
sentations. Based on these descriptions, the DeepAl tool
produced bird’'s eye and interior views of the proposed
building. Students employed image editing software, par-
ticularly Adobe Photoshop, to refine these Al-generated
images to modify forms, lighting, and textures, aligning
the designs with tangible architectural, site implementa-
tion, and programmatic requirements. This phase was criti-
cal in transitioning from conceptual Al-generated imagery
to more practical and feasible architectural solutions.

4.2. Stage two: detailed architectural
development

The second stage involved students utilizing Al-generated
images as foundational references for developing detailed
architectural plans, sections, facades, and physical models
(as seen in the conceptual diagram Figure 5). The process
entailed translating the conceptual Al imagery into com-
prehensive architectural designs. This stage saw the crea-
tion of physical models at a scale of 1:1000 and detailed
A1-size vertical panels, which provided an in-depth visual
representation of the proposed designs. The plans and
cross-sections, drafted at a scale of 1:500, offered insights
into the building’s layout, functionality, and environmental
interaction. Students thus engaged in oral presentations
to support these designs, articulating the rationale behind
each design decision. These presentations were backed
by the graphical elements and the physical model, offer-
ing a well-rounded argument for each proposed solution
(Figure 3).

Figure 2. Plan of the intervention site (on the left). View of the location for the proposed design (on the right)
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Figure 3. The photo showcases the final presentation of a student from the workshop studio.
The project incorporates a very balanced blend of digital and manual outputs, which were initially
produced from Al image generation during the conceptual phase, as highlighted (by the authors)

Approximately 10,000 Al images were created and ex-
amined in the study?. Students chose the most engaging
depictions for their design scenarios. The study’s outcomes
were validated using a comprehensive assessment ap-
proach, including data collection, oral presentation obser-
vations, and physical analysis using 3D models and A1 pan-
els. A Randomized Controlled Trial (RCT) group of three
students was established to control confounding variables
and improve the study’s reliability (Shalem & De Clercq,
2022). The two-stage process showcased how Al-generated
images can serve as a starting point for in-depth archi-
tectural development. The approach enhanced the archi-
tectural design by integrating Al tools with conventional
design methods. This method encouraged creative explo-
ration of design options while confirming the proposed
architectural solutions’ practical applicability and feasibil-
ity. The final design (ST02), as depicted in Figure 8, clearly
demonstrates the integration of conceptual Al support.

4.3. Workflow overview

This case study explores how Text-to-Image (T2I) Al tech-
nology supported twenty architecture students in concep-
tualizing and refining their design projects. The workflow
(Figure 4) integrated Al-generated visuals, iterative prompt
adjustments, Photoshop enhancements, and final architec-
tural presentations, providing a comprehensive view of the
pedagogical strategy.
a) Initial Conceptualization:
= Traditional: Students sketch initial ideas by hand
or use essential software tools.
= Al-Integrated: Students input text descriptions
into T2I Al tools to generate initial design visuals.

2 The students selected Al-generated images from a pool of around
500 options using the free version of DeepAl. This selection task
was crucial as it aligned with their authorship goals. After mak-
ing their selections, the students edited the images to ensure the
building would fit well and look appropriate on the site.

= Benefit: Al provided immediate visual feedback,
enabling rapid iteration and refinement of ideas.

b) Design Development:

= Traditional: Manual refinement of sketches and
models, often requiring significant time and effort.

= Al-Integrated: Use Al-generated visuals as a base,
refining them with additional software tools and
manual adjustments.

= Benefit: Accelerated the development process by
providing detailed, accurate visuals quickly.

¢) Final Presentation:

= Traditional: Creation of final models and presenta-
tion materials by hand and using essential soft-
ware tools.

The students’ design process can be detailed as a con-
tinuous workflow integrating multiple stages, each build-
ing upon the previous to refine and enhance the final ar-
chitectural concepts (Figure 4).

Each student began by submitting a text prompt to the
T21 Al system describing their envisioned project based on
the assignment criteria. This initial conceptualization stage
allowed students to articulate their design ideas and set
the foundation for further development (see the Research
Conceptual Diagram for Stage One in Figure 5).

Based on feedback from professors and peers, stu-
dents revised their textual prompts to refine or alter de-
sign elements. These revised prompts were then submitted
to the T2l Al system, generating new images. This itera-
tive feedback and re-prompting process was repeated sev-
eral times, enabling students to refine their designs and
achieve a more desirable outcome.

The Al system, utilizing DeepAl, generated initial im-
ages that visually interpreted the students’ textual descrip-
tions. These Al-generated visuals served as the first draft
of their design ideas, providing a foundation for further
development.

After generating these initial images, students import-
ed the Al-generated visuals into Photoshop for further
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Figure 4. Workflow overview (by the authors)

Figure 5. Research conceptual diagram for stage one
(by the authors)

refinement. In this stage, adjustments included modifying
colors, textures, and formal elements to align with their
design vision and site-specific requirements. This refine-
ment ensured that the building designs fit appropriately
into the proposed intervention site.

Finally, the students compiled their refined designs
into comprehensive presentation panels. These panels in-
cluded the original Al-generated images, the Photoshop-
enhanced visuals, technical drawings, schematic diagrams,
and a physical model (Figure 3). This final design compi-
lation provided a holistic view of the proposed projects,
showcasing the evolution from initial conceptualization to
fully realized architectural designs.

4.4. Incorporating prompt engineering in
Text-to-Image Al systems

Prompt engineering is relevant to utilizing Text-to-Image
(T21) Al systems in architectural design. It involves the
careful crafting of textual inputs to generate desired visual
outputs. This section will elaborate on the methods and
significance of prompt engineering in our study, demon-
strating how iterative refinement of prompts can lead to
more accurate and creative design solutions.
a) Initial Prompt Creation

Students were instructed to create initial prompts describ-
ing key project design elements. These prompts included
specific architectural features, styles, and contextual ele-
ments. For example, a prompt might describe a public

building with open spaces, large glass facades, and a mini-
malist aesthetic.

b) Iterative Refinement
After generating initial images, students engaged in an
iterative process to refine their prompts. This involved ana-
lyzing the Al-generated images, identifying discrepancies
or areas for improvement, and modifying the prompts ac-
cordingly. For instance, if the initial output lacked the de-
sired level of abstraction or detail, students adjusted their
descriptions to be more precise or elaborate.

c) Feedback and Adjustment
Throughout the design process, students received feed-
back from peers and instructors. This feedback was crucial
in guiding further adjustments to the prompts. Students
could better align their textual inputs with their design
intentions by incorporating suggestions and addressing
specific issues identified in the Al outputs.

d) Finalization
The final set of prompts represented a well-refined de-
scription that effectively communicated the students’ de-
sign visions to the T2| Al system. These prompts were used
to generate the final set of images, which served as the
basis for detailed architectural plans and physical models.

4.5. Examples from the case study workflow
and prompt engineering

Student STO1 (Figure 6):

1. Initial Prompt: "White Building, Public, Long Lines”
(insufficient results).
= Al Output: Generated images were too abstract

and did not capture the intended complexity of
the design.

2. Revised Prompt: “Alvaro Siza, Public Building, Top
Perspective, Open Space, Sloping Land.” 3
= Al Output: Improved results with more relevant

architectural features.

3. Photoshop Enhancements: The student added accu-
rate site topography to accommodate local features
and urban elements such as hills and roads.

4. Final Al Output: This edited design features a most
extended building shape with a closing perpendicu-
lar top volume towards the riverside.
= Final design: The final design offers a more open

perspective on a majestic public open space, fa-
cilitating quality communal spaces, which was
well-received by tutors.

3 Students generally preferred and decided to work with small,
sectioned text prompts instead rather than fluid texts.
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a) b) )

Figure 6. This sequence illustrates the iterative design process, starting with an initial Al-generated image, refined
through multiple iterations and Photoshop enhancements to align with site conditions and design intentions.
STDO1: a — Initial Al-generated Image; b — Intermediate Photoshop Edit; ¢ — Final Design (physical model)

Student STO2 (Figure 7):
1. Initial Prompt: “Public Building, Cultural, Minimal,

Student STO3 (Figure 8):
5. Initial Prompt: “Sports Center, Cultural, Dynamic

Roof” (insufficient results).

= Al Output: Generated images were too abstract
and did not capture the intended complexity of
the design.

. Revised Prompt: “Building, Cultural, Walkway, Open-
ings, Topography, Alvaro Siza, From Above.”
= Al Output: Improved results with more relevant

architectural features.

. Photoshop Enhancements: The student added ac-
curate site topography, including a complex network
road system within the building, to accommodate
local features.

. Final Al Output: The edited design also features a
most extended building volume, which embraces a
football camp on the intervention site's south side.
= Final design: The final design, which incorpo-

rates nearby sports, is more geographically inclu-
sive and was well-received by tutors. The initial
prompted image'’s oblique lines were further de-
veloped to create a complex roof structure, dy-
namizing the overall volume outline, thus creating
opportunities to introduce accessible rooftops for
the facility users.

Building” (insufficient results).

= Al Output: Generated images were too abstract
and did not capture the intended complexity of
the design.

. Revised Prompt: “View-from-above, Public building,

Cultural center, Sports, Diagonal, Souto de Moura.”
= Al Output: Improved results with more relevant
architectural features.

. Photoshop Enhancements: The student added more

accurate site topography to accommodate the con-
frontation with a massive concrete wall west of the
intervention site.

. Final Al Output: The edited design features a highly

complex roof structure and volumes composed of

thin and long roof lines. That resulted in a compact

building shape and dynamic top view that enables

observation from nearby locations due to the exist-

ent topography.

= Final design: This student did not follow the Al
imagery for its conceptual design. Interestingly,
in this case, the student tried to create a dis-
similar design almost as a counterpoint to the
Al output. So, instead of a compact building, the

Figure 7. This sequence shows the evolution of the design from the initial Al-generated image through
intermediate refinements to the final design. The Al outputs provided a starting point, which was significantly
enhanced to meet the project’s specific requirements. STDO02: Initial Al-generated Image, Intermediate Photoshop

Edit, and Final Design (physical model)
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Figure 8. This sequence illustrates the iterative design process, starting with an initial Al-generated image, refined
through multiple iterations and Photoshop enhancements to align with site conditions and design intentions.
STDO3: Initial Al-generated Image, Intermediate Photoshop Edit, and Final Design Project (physical model)

Figure 9. Selected T2l Al outputs images with exterior and
“internal views” from STO1

Figure 10. Selected T2I Al outputs images with exterior and
“internal views” from ST02

student developed a light and open building, as
it would fluctuate all over the intervention site.
The alternative design was well received by tu-
tors, who noted the interest in having an Al image
that contradicted and defied the students’ crea-
tive stances.

In summary, each student’s workflow included initial
prompt submission, Al-generated output, iterative feed-
back and re-prompting, Photoshop enhancements, and
final design compilation. The T2l Al seemed to facilitate
faster and more creative design iterations than traditional
methods, as well as more curiosity, personal interest, and
discussion. Detailed visual comparisons, including side-by-
side visual comparisons of initial Al outputs, intermediate
edits, and final designs, highlight how Al and associated
tools improved the design process regarding speed, cre-
ativity, and alignment with site conditions. In the three
cases, students STO1 (Figure 6) and ST02 (Figure 7) tailored
their solutions to match the Al-generated images, while
student STO3 (Figure 8) opted to deviate from the initial
output image and create a solution without Al support,
drawing inspiration from its developed concepts instead.

Figures 9, 10, and 11 depict another design facet of the
workshop: Al matching design between exterior and inter-
nal settings. The sets of T2| Al-colored images showcase

Figure 11. The design’s incorporation of T2l Al image inputs is evident from the final presentation (STO1).
Integrating the Al inputs demonstrates the significance of Al-powered tools in the conceptual design phase process
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the designs’ matching exteriors and internal views. To ac-
complish this, students had to hone their natural language
skills to create outputs that surpassed the randomized
Al results.

In STO2, the prompt text "horizontal stripes” ties to-
gether the two design morphologies, while in STO1, the
prompt text “Alvaro Siza” implements a design language
style that is more closely related.

Figure 11 shows a final design presentation incorporat-
ing the previous design workflow with a recurrence of Al
generation for conceptual design.

5. Results

5.1. Evaluation criteria and feedback

Our research thoroughly investigated the influence of
student input on the architectural design process using a
methodical approach. This framework encompassed exam-
ining potential biases in text-to-image (T2l) synthesis, es-
tablishing unambiguous evaluation criteria, and advancing
design skills through effective communication and feed-
back, as per methodologies suggested by Al-Saggaf et al.
(2020). Our evaluation process involved documentation,
integrating input, output data, and reports, and ensuring
an objective and constructive feedback mechanism, as
Harputlugil (2018) discusses.

5.2. Essential components of our assessment
process

a) Defining evaluation criteria: Focused on creativity,
technical proficiency, functionality, and purpose, as
emphasized in the study by Li and Chen (2009), who
evaluated architectural design services using the
Fuzzy Analytic Hierarchy Process (AHP).

b) Objective reviews by evaluators: To ensure impartial
assessments align with Albukhari’s (2021) review of
assessment approaches in architectural design stu-
dios.

c) Detailed documentation: Incorporating design de-
scriptions, applied criteria, and evaluators’ assess-
ments. Cheung et al. (2002) in their multi-criteria
evaluation model for selecting architectural con-
sultants.

5.3. Text-to-Image synthesis analysis

In this research, text prompts were a key focus for under-
standing the nature of each image generated. Our study
specifically looked at the linguistic elements of the inputs
provided by students in the context of Al-generated ar-
chitectural designs using text-to-image (T2l) technol-
ogy. This facet entailed an in-depth examination of lan-
guage components—names, adverbs, nouns, and other
word categories to generate corresponding images. This
analytical method was pivotal in quantifying each word
type's frequency in the most effectively selected images.
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The analysis revealed a pronounced focus on describing
the public architectural building’s characteristics and fea-
tures, predominantly in noun and adjective forms, such as
its design, materials, and features. The notable scarcity of
verbs in the text implies a lesser emphasis on the build-
ing's functions than its appearance and design. The texts'’
diverse words and architectural references indicated a de-
tailed and varied discussion of the subject matter. Notably,
our analysis showed nouns comprised 50% of the language
used, adjectives 12.5%, adverbs 3.13%, prepositions 3.13%,
and names 12.5%, with other terms accounting for 18.74%
(Table 1). The analysis revealed a pronounced focus on de-
scribing the public architectural building’s characteristics
and features, predominantly in noun and adjective forms.
This finding resonates with Frolov et al. (2021), who dis-
cussed the challenges in adversarial text-to-image synthe-
sis, such as generating high-resolution images and devel-
oping reliable evaluation metrics correlating with human
judgment. These statistics were instrumental in assessing
the Al system'’s effectiveness in generating images accu-
rately reflecting the students’ intended design elements,
resonating with the foundational work of Agnese et al.
(2020), who reviewed the development in text-to-image
synthesis, emphasizing the translation of human-written
textual descriptions into images with semantic meaning.
Their survey provided insights into key concepts crucial
for our study, like generative adversarial networks (GANSs)
and deep convolutional encoder-decoder neural networks
(DCNNSs). This aspect of our research, exploring linguistic
patterns’ implications on design quality and bias, is sup-
ported by Liang et al. (2020) work on CPGAN. This text-to-
image synthesis model focuses on parsing the content of
both the input text and the synthesized image to model
text-image consistency at the semantic level. This dual-
purpose linguistic analysis identifies recurring textual pat-
terns yielding superior design solutions and uncovers po-
tential biases in Al-generated designs. If certain adjectives
or names consistently lead to high-quality imagery, it may
indicate a bias toward specific architectural styles or forms,
necessitating acknowledgment and corrective measures.

Table 1. Word usage analysis in text inputs

Word type Percentage

Noun 50%

Adjective 12.5%
Verb 0%

Adverb 3.13%
Preposition 3.13%
Name 12.5%
Others 18.74%

5.4. Examples of prompts and design
progression

To illustrate the impact of T2I Al systems on the design
process, we provide condensed examples of prompts used
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by students and the progression of their designs from ini-
tial Al-generated concepts to final presentations.

= Student STO1:

Initial Prompt: “White Building, Public, Long Lines” (in-

sufficient results).

Revised Prompt: “Alvaro Siza, Public Building, Top Per-

spective, Open Space, Sloping Land.”

Final Design: Enhanced site topography and urban el-

ements resulted in a design with a significant public

open space, which was well-received by tutors.

= Student ST02:

Initial Prompt: "Public Building, Cultural, Minimal, Roof”

(insufficient results).

Revised Prompt: “Building, Cultural, Walkway, Open-

ings, Topography, Alvaro Siza, From Above.”

Final Design: Integrated complex road systems and a

football camp, resulting in a geographically inclusive

design praised by tutors.

= Student ST03:

Initial Prompt: “Sports Center, Cultural, Dynamic Build-

ing” (insufficient results).

Revised Prompt: "View-from-above, Public Building,

Cultural Center, Sports, Diagonal, Souto de Moura.”

Final Design: Choose to counter Al output, creating a

light, open building instead of a compact structure,

showcasing the flexibility and creativity fostered by
the Al tool.

These examples illustrate the iterative process and the
role of T2| Al in enhancing creative exploration and design
development. The ability to refine prompts and integrate
Al-generated images with traditional design tools like
Photoshop allowed students to create more sophisticated
and contextually appropriate designs.

5.5. Architectural styles and features analysis

The study meticulously analyzed the textual inputs pro-
vided by the students to the T2| Al system to discern their
design preferences for a proposed public facility building
(Table 2). This analysis, vital for uncovering the students’
conceptual leanings and inspirations, aligns with Huang
et al.'s (2020) work on architect classification based on
the outward appearance of the building. Their approach
to identifying architectural styles through image attributes
and characteristics provided a foundational methodology
for our study. Regular interactions, such as meetings and
workshop sessions, ensured all participants aligned with
the project objectives. This collaborative approach is sup-
ported by Ashkan’s (2016) phenomenological evaluation
of teaching professionalism in architecture design studios,
emphasizing the significance of various teaching styles
and methods in shaping instructional quality and studio
culture.

A breakdown of word types revealed a diverse array
of architectural styles and features being envisaged by
the students. This analysis illuminated the prominence of
specific architectural figures and styles as sources of inspi-
ration or reference points for their designs. For instance,

the exterior design predominantly featured elements like
views from above, cultural significance, and utilization of
open spaces. Notably, designs reflecting Norman Foster's
white buildings and Paulo Mendes da Rocha’s use of con-
crete and greenery were recurrent themes among the stu-
dents. For the interior design, themes revolving around
open spaces, cultural elements, and vegetation were fre-
quently observed.

Regarding stylistic influence, two students drew inspi-
ration from Kengo Kuma's approach to interior design,
while another student looked to Aires Mateus for guidance
in material selection. Despite some thematic overlaps, each
student showcased their unique vision and interpretation
of the public facility building. Our data analysis indicated
that Alvaro Siza was the most frequently cited architect
for exterior (57%) and interior (71%) designs. Kengo Kuma
was mentioned in 14% of the interior designs. In compari-
son, Paulo Mendes da Rocha was referenced in 14% of the
exterior and 29% of the interior designs (Figure 10). This
nuanced analysis is crucial in recognizing patterns that
consistently yield high-quality design solutions and iden-
tifying potential biases within these solutions.

Table 2. Architectural references

Architect/place Mc(eenxt;zrri\orste M((eir;ttfrri]orr?te
Siza Vieira 57% 71%
Kengo Kuma 14% 14%
Paulo Mendes da Rocha 14% 29%

5.6. Word frequency analysis

In a detailed word frequency analysis, the most recur-
rent word in the students’ inputs was “public,” appear-
ing in 28% of the cases. In contrast, terms such as “seen
from above,” “culture,” "water,” “top perspective,” “river
view,” and “sloping land” were among the least frequently
used, each appearing only once, accounting for 4% of the
total list. The diversity of names of architects or places
mentioned (eleven in total) indicated the students’ wide-
ranging architectural inspirations. This eclectic list included
various types of buildings, spaces, views, materials, nature,
and other features, underscoring the breadth of consid-
erations and influences in the students’ design thinking
(Table 3).

non non " ou

Table 3. Word frequency analysis

Word Frequency
Public 28%
Seen from above 4%
Culture 4%
Water 4%
Top perspective 4%
River view 4%
Sloping land 4%
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5.7. Study limitations

While our study provides valuable insights into using Text-
to-Image (T2l) Al systems in architectural design educa-
tion, it is essential to acknowledge its limitations. The re-
search was conducted with a sample size of 20 students
from a single module, which may not fully represent the
diverse architectural education contexts. This limitation
suggests the need for broader studies with more exten-
sive and varied participant groups to generalize the find-
ings more effectively. Additionally, the workshop context
employed user-friendly tools to enable students to analyze
contextual research data and further the learning process.
The primary aim was to engage students in research analy-
sis without necessitating a separate learning process due
to the workshop schedule constraints.

Additionally, the workshop context employed user-
friendly tools to enable students to analyze contextual re-
search data and further the learning process. The primary
aim was to engage students in research analysis without
necessitating a separate learning process due to the work-
shop schedule constraints. Consequently, students and
tutors predominantly utilized Microsoft Excel and its as-
sociated data analysis tools. The evaluation of design solu-
tions relied heavily on the tutors’ experience, while textual
prompts were examined using Excel for data analysis. This
reliance on specific tools and the tutors’ subjective experi-
ence may have introduced biases that could be mitigated
in future research using more advanced analytical methods.

5.8. Future research

Future research endeavors should incorporate more
advanced methods, such as stylistic discourse analy-
sis through software like Nvivo* or similar tools, for a
more comprehensive and unbiased data analysis. These
advanced methods would strengthen the reliability and
depth of the research findings.

6. Discussion

6.1. Ethical implications of using Al systems in
education

A set of proactive measures focused on data privacy, bias
mitigation, and transparency was implemented to ensure
the responsible integration of Text-to-Image Al systems
into architectural design. These measures were guided by
practical ethics, prioritizing beneficence and fairness and
ensuring that technological advancements served the pur-
pose while minimizing potential harm.
a) Data Privacy: One of the primary concerns was
protecting student data. To address this, we imple-

4 NVivo is a qualitative data analysis (QDA) computer software
package from Lumivero (formerly QSR International). It is used
across diverse fields, including social sciences such as anthro-
pology, psychology, communication, and sociology, as well as
forensics, tourism, criminology, and marketing.

mented data privacy protocols. Personal identifiers
were removed from datasets to ensure anonymity.
Additionally, data was stored and accessible just for
researchers. For example, student-generated design
prompts and Al outputs were anonymized before
analysis, and access to these datasets was restricted
to users who had completed data privacy training.
b) Bias Mitigation: Recognizing the potential for Al
to reflect and perpetuate existing biases, a review
and adjustment protocol was set up for the Al tools
used. Regular audits and model adjustments helped
minimize these biases, and educational modules on
Al's limitations fostered critical engagement among
students. The integration of Al in architectural edu-
cation also brings forth significant ethical considera-
tions. As Bynum (2020) discusses, the ethical use of
Al requires transparency, accountability, and contin-
uous monitoring to ensure fairness and inclusivity. In
our study, we emphasized these principles by imple-
menting strict data privacy protocols and educating
students about the ethical implications of Al usage.

¢) Transparency: Students were provided with detailed
explanations about the operational mechanisms of
Al systems. Transparency was crucial as it fostered
an understanding of Al's capabilities and limitations
while ensuring students could critically engage with
the technology. These ethical measures align with
contemporary educational standards to enhance the
pedagogical effectiveness of Al integration, thus en-
abling students to navigate and contribute to ethical
discourses in future careers.

Additionally, we implemented measures to ensure that
the Al tools were used transparently and responsibly. Stu-
dents were educated about the potential biases inherent
in Al systems and trained to evaluate Al-generated out-
puts critically. This educational component was crucial in
fostering a critical understanding of Al technologies, en-
suring students could discern and address biases in their
design process.

We also emphasized the importance of maintaining
the integrity of the design process by encouraging stu-
dents to use Al tools as supplementary aids rather than
replacements for their creative and analytical skills. This
balanced approach aimed to integrate Al seamlessly into
the educational framework, enhancing learning outcomes
while preserving the core values of architectural education.

6.2. Case study: addressing ethical issues in
practice

A key observation from our case study was how students
engaged with the T2I Al system. Inputs comprising adjec-
tives, nouns, and names of notable architects shaped the
Al-generated conceptual images. This occurrence implies
that students drew from established architectural styles
and experiences, using these references as a foundation for
their creative process. The subsequent phase involved ed-
ucators guiding students to blend Al-generated concepts
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with more nuanced human insights, a point underscored
in work by Ploennigs and Berger (2022). Combining Al effi-
ciency with human creativity and critical thinking emerged
as a potent method for refining designs to meet specific
project requirements.

Our findings suggest that while T2I Al systems enhance
the visualization of ideas, they also reflect the biases and
conceptual leanings inherent in the input texts. This re-
ality underscores the importance of critical engagement
with Al outputs. The student’s initial designs, influenced
by the Al's interpretations of their inputs, were further in-
dividualized through editing and adaptation, illustrating
the transformative journey from Al-generated prompts to
unique architectural designs. However, integrating T2I Al
into architectural education has particular challenges. One
of the critical concerns is the ethical use of Al technology,
particularly in educational settings where openness and
transparency are crucial.

Additionally, while T2I Al systems can mimic certain as-
pects of human thought, they inherently need more crea-
tive intuition and adaptability of the human mind. These
systems are bounded by their programming and the data
they have been trained on, which can limit their utility in
more complex or innovative design tasks. Considering
professors and tutors of educational courses, this setting
requires a deeper understanding of how T2| Al systems
function and their strengths and limitations. So, educators
need to acknowledge these tools to understand them and
know how to operate these systems. This learning pro-
cess implies a proactive approach towards technological
education, ensuring educators can proficiently guide their
students using these advanced tools.

6.3. Design process insights and feedback

Our findings revealed vital insights for refining the design
process and providing constructive feedback. Some stu-
dents reported discrepancies between their textual inputs
and the Al-generated results. For example, a typographical
error in one student’s input (“Slop” instead of “Slope”) led
to an Al-generated image that did not accurately reflect
the intended design concept. This incident highlights the
need for precision in textual inputs to T2l Al systems. Fur-
thermore, some students encountered challenges adapt-
ing Al-generated images to fit specific site conditions, em-
phasizing the need for creative adaptability in the design
process. Tutors observed that the ability to interpret and
modify Al-generated images was a crucial aspect of the
creative development process, shifting the perspective of
these images from conclusive designs to starting points
for further exploration.

Our study also found that the edited images produced
in the second stage of the design process varied more in
quality than the Al-generated ones. This variation under-
scores students’ need for advanced visual aesthetics and
technological understanding skills. Additionally, the anal-
ysis indicated that partial views generated by the T2I Al
system encouraged more free-form design outcomes

compared to comprehensive images, which sometimes
imposed constraints on the adaptability of designs to site-
specific conditions.

An anticipated discovery pertains to the students’ dis-
tinct planning and design methodologies. As shown in Fig-
ures 3, 4, and 5, student ST02 did not use his preferred Al
image to construct his project design, whereas STO1 and
ST03 did so. This trend was also observed in about 25% of
the students, indicating the potential necessity for them to
surpass the constraints of their initial sources of inspiration
to produce more free, impactful end products.

A notable observation was that one control group
(RCT) utilized Revit BIM modeling and comprehensive
hand sketching as part of their design process. This ap-
proach enabled these students to achieve comparable
levels of accuracy and timeliness with their peers, high-
lighting alternative methodologies that can complement
Al-assisted design processes.

This study offers a multi-dimensional insight into inte-
grating Al in architectural design education. It underscores
the importance of precision in Al inputs, adaptability in
interpreting Al outputs, and the potential of alternative
methodologies.

6.4. Integrating findings with existing
literature

Our findings contribute to the broader discourse on Al
integration in architectural education. The enhanced crea-
tivity and efficiency observed align with the studies by Du-
arte et al. (2012) and van Berkel (2020), which underscore
the transformative potential of digital tools in architectural
design. Moreover, the ethical considerations highlighted in
our study echo the concerns Chatterjee and Bhattacharjee
(2020) raised regarding data privacy and bias in Al applica-
tions in education.

The iterative design process facilitated by T2l Al tools
supports the findings of Hajirasouli et al. (2023) on the
benefits of immersive VR in enhancing design thinking.
The critical role of textual inputs in generating high-quality
Al outputs, as observed in our study, parallels the insights
of Agnese et al. (2020) on the significance of precise lin-
guistic elements in text-to-image synthesis.

Furthermore, the variability in design quality during the
adaptation and refinement stages highlights the ongoing
need for developing advanced visual aesthetics and tech-
nological skills, reinforcing the arguments of Liu et al. (2022)
about integrating Al tools in CAD workflows. By bridging
traditional and Al-assisted design methods, our study pro-
vides a comprehensive framework to guide future research
and practical applications in architectural education.

Future research should continue to explore these in-
tersections, examining how emerging Al technologies can
further enhance educational outcomes while addressing
ethical considerations. This integrative approach will en-
sure that Al tools are used responsibly and effectively,
fostering a new generation of architects equipped with
the skills to navigate and leverage advanced technologies.
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6.5. Pilot projects and longitudinal study

To further validate our study’s findings and demonstrate
the practical applicability of T2I Al in architectural edu-
cation, we propose future pilot projects in collaboration
with professional architectural firms. These projects would
provide an opportunity to observe and analyze how T2I Al
tools are employed in real-world scenarios, offering richer
insights into their practical utility and adaptability in pro-
fessional settings.

Recognizing the importance of understanding the en-
during effects of T2I Al integration in architectural edu-
cation, we suggest conducting a longitudinal study. This
extended research would track students’ progress who
have used T2I Al tools in their design projects over sev-
eral years, evaluating how their exposure to Al affects their
design thinking and creativity.

6.6. Incorporating divergences

We assert that a more comprehensive understanding of
the role of T2I Al in architectural design requires a broad-
er range of viewpoints. Interviews and surveys involving
seasoned architects, industry experts, and technologists
would provide diverse perspectives on integrating Al into
architectural practice. This approach will bring practical
insights from the field and help identify emerging trends
and potential challenges professionals face in adopting Al
technologies.

7. Limitations and future research

7.1. Limitations

One limitation of this study is the relatively small sample
size, consisting of 20 students from a single architectural
design module. This constraint limits the generalizability
of the findings across different educational contexts and
architectural schools. Future research would aim to include
a more extensive and more diverse sample to validate and
extend the insights gained from this study. Additionally,
expanding the scope to include different architectural pro-
grams and institutions would provide a more comprehen-
sive understanding of the impact and potential of T2l Al
systems in architectural education.

7.2. Future research

Our study has paved the way for intricate and in-depth
research trajectories that extend the exploration of text-to-
image (T2) artificial intelligence (Al) in architectural design
education. These trajectories weave together theoretical
and practical elements from our initial findings, offering
a diverse yet interconnected roadmap for future scholarly
inquiry.

The rapid evolution of T2l Al systems necessitates
ongoing evaluation and refinement of these tools. Fu-
ture research should be dedicated to rigorously assess-
ing the latest Al innovations, particularly their capacity for
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interpreting and rendering complex architectural concepts
and seamlessly integrating with diverse design methodol-
ogies. This pursuit will build upon the preliminary findings
of Dehouche and Dehouche (2023), aiming to elucidate
emerging Al tools' operational efficiency and creative po-
tential in architectural contexts.

Parallel to technological exploration, there is an im-
perative need to develop robust ethical frameworks for
Al utilization in architectural education. This aspect of re-
search, drawing inspiration from the perspectives provided
by Vimpari et al. (2023), will delve into formulating guide-
lines that ensure responsible and transparent Al practices.
Such guidelines will be crucial in maintaining the integrity
of design processes while harnessing Al's capabilities.

Cross-disciplinary applications of T2l Al, encompass-
ing fields such as environmental sustainability and urban
development, present another productive ground for re-
search. Building upon the creative applications observed in
our current study, this approach offers a more holistic and
integrative view of architectural solutions, blending Al with
various domains of knowledge and practice.

Conducting longitudinal studies is essential to under-
standing the enduring impact of Al integration in archi-
tectural education. These studies will provide insights into
how continuous exposure to Al influences design thinking,
creativity, and the development of architectural skills over
an extended period. This endeavor will offer a comprehen-
sive view of the transformative effects of Al in architectural
education, expanding beyond the initial observations of
our study.

Furthermore, the diverse range of T2l Al tools available
today calls for comparative analyses to determine their
suitability for specific architectural tasks. This research is
vital for educators and practitioners in making informed
decisions about which Al tools best align with their design
needs and objectives, echoing the considerations high-
lighted in the work of Ruiz et al. (2022).

Transitioning from educational settings to professional
practice is crucial to investigate how T2| Al tools are in-
tegrated into real-world architectural projects. This line of
inquiry will bridge the gap between theoretical knowledge
and practical application, providing valuable insights that
complement the educational focus of our study and dem-
onstrating the practical viability of Al tools in professional
architectural contexts.

Delving deeper into technological integration within
architectural education presents a significant opportu-
nity for expansion and innovation. Tailoring educational
modules to include advanced technology, particularly in
architecture, can cater to a wide range of learning prefer-
ences and skill levels. This strategy extends the influential
role that advanced technology plays in streamlining the
architectural design process, aiming to enrich the overall
learning experience by infusing state-of-the-art tech ad-
vancements.

Embracing a worldwide perspective is critical in future
investigations concerning the application and reception
of advanced text-to-image technology in diverse cultural
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settings. Research that spans the global architectural
landscape promises to yield a richer, more varied un-
derstanding of the application and perception of these
technological tools in varying cultural and geographical
contexts.

Future inquiries are poised to traverse the dynamic and
ever-changing territory of technological application in ar-
chitectural design and education. This exploratory path is
set to provide a thorough and practical analysis of how
this technology is progressively defining the contours of
architectural practices and educational methodologies.
This comprehensive approach will not only enhance our
understanding of technology's role in current architectural
frameworks but also open doors to its potential impact on
future developments in the field.

7.3. Pilot studies and longitudinal research

To validate our findings further and explore the practical
applicability of T2l Al in architectural education, we pro-
pose conducting pilot projects in collaboration with pro-
fessional architectural firms. These projects will provide
opportunities to observe how T2I Al tools are utilized in
real-world scenarios, offering richer insights into their util-
ity and adaptability in professional settings.

Additionally, longitudinal studies tracking students’
progress who have used T2| Al tools in their design pro-
jects over several years will be crucial. These studies will
evaluate how continuous exposure to Al influences design
thinking, creativity, and the development of architectural
skills. By monitoring these impacts over an extended pe-
riod, we can gain a comprehensive understanding of the
long-term benefits and challenges associated with Al in-
tegration in architectural education.

Future research should incorporate a global perspec-
tive and examine how advanced text-to-image technology
is applied and perceived in different cultural contexts. This
broader approach will provide a more diverse understand-
ing of Al's role in architectural education worldwide.

8. Conclusions

This study has provided a comprehensive exploration of
the potential of Text-to-Image (T2I) Al systems in the con-
text of architectural design education, highlighting both
the transformative possibilities and the nuanced complexi-
ties of Al integration. Our research delved deep into the
process of Al-generated design conceptualization, reveal-
ing how the precise use of language in T2l Al systems
significantly influences the quality and creativity of archi-
tectural designs. The outcomes demonstrate that T2l Al
accelerates the design process and opens up new avenues
for creative exploration, primarily when students draw in-
spiration from renowned architects and styles.

A key finding of our study is the importance of ac-
curate and thoughtful textual inputs in generating suc-
cessful project designs. The study illuminated how specific

adjectives, nouns, and architectural references in students’
inputs led to varied design solutions, showcasing the ef-
fectiveness of T2I Al in reflecting the design process's in-
tended meaning and conceptual approaches. This insight
aligns with the broader trend of Al's transformative role
in enhancing design efficiency and quality and identifying
consistent design solutions and potential biases.

Furthermore, our study emphasizes the need for a bal-
anced approach in architectural education that integrates
T21 Al technology with traditional design methodologies.
The variability in design quality during the adaptation and
refinement stages underscores the ongoing need for skill
development in technological proficiency and creative in-
terpretation among architecture students. Our study also
underscores the value of alternative techniques like Revit
BIM modeling and manual sketching as complementary
tools in Al-influenced design workflows.

Additionally, the research highlights the ethical impli-
cations of using Al systems in educational contexts. Data
privacy, bias mitigation, and transparency were critical
considerations in our study, ensuring that integrating Al
tools was both responsible and beneficial to the student’s
learning experience. These ethical considerations are cru-
cial in maintaining the integrity of the design process while
leveraging Al's capabilities.

As Al technology progresses, it is crucial to recognize
that our findings and insights reflect the present scenario
and may evolve. The knowledge gained from this research
contributes to the expansive dialogue surrounding archi-
tectural education, establishing a foundation for continued
research and exploration. This study represents a crucial
step in deepening our understanding and implementation
of Al in architectural design and education.

Ultimately, this research offers substantial insights for
educators, learners, and professionals in architecture. It
underscores the significance of integrating Al into the de-
sign process to augment creative expression and opera-
tional efficiency while acknowledging its constraints and
endorsing a holistic approach to education. As we navi-
gate the changing landscape of Al in architectural design
and education, fostering an environment that encourages
analytical thought and creative investigation becomes vi-
tal. This approach will ensure that technological progress
positively influences and amplifies the architectural design
process, preparing students for a future where Al plays an
integral role in creative industries.

As we continue to explore the integration of Al in
architectural education, it is crucial to adopt a compre-
hensive approach that includes continuous feedback and
adaptation. Future research should focus on longitudinal
studies to assess the long-term impact of Al tools on stu-
dents’ learning outcomes, as suggested by Purcell and
Gero (1998), who emphasize the importance of evaluating
educational interventions over extended periods. Through
these efforts, we can better understand and optimize the
role of Al in shaping the future of architectural education
and practice.



Journal of Architecture and Urbanism, 2024, 48(2), 109-124

Acknowledgements

We thank the design students from the Lisbon School of
Architecture for their creativity, dedication, and hands-on
designs that provided a solid basis for our research. Their
enthusiasm and diligent work ethic greatly enhanced the
scope of our discoveries.

Ethical approval

This study used architectural design projects created by
students. Appropriate measures were taken to ensure
privacy and confidentiality, including removing personal
identifiers. Ethical considerations were also considered
when using Al and analytics tools to avoid potential bi-
ases and provide unbiased analysis. Overall, the research
complied with ethical standards for using human-derived
data and Al in academic research.

Funding

This research was supported by the Fundagéo para a Cién-
cia e a Tecnologia (FCT - Foundation for Science and Tech-
nology), Lisbon, Portugal, under the FCT-Tenure program
through the co-financed contract CEECINST/00112/2018/
CP1530/CT0014 awarded to Nuno Montenegro.

Availability of data and materials

The study’s primary data and visual representations are
available in the article. The corresponding author can re-
quest supplemental materials to support the research’s
transparency and replicability.

Competing interests

The authors report that there are no competing interests
to declare.

References

Agnese, J., Herrera, J., Tao, H., & Zhu, X. (2020). A survey and
taxonomy of adversarial neural networks for text-to-image
synthesis. Wiley Interdisciplinary Reviews: Data Mining and
Knowledge Discovery, 10(4), Article 1345.
https://doi.org/10.1002/widm.1345

Albukhari, I. N. (2021). Assessment of architectural design studio:
A review. American Journal of Civil Engineering and Architec-
ture, 9(3), 88-94.

Al-Saggaf, A., Nasir, H.,, & Hegazy, T. (2020). An Analytical Hier-
archy Process-based system to evaluate the life-cycle perfor-
mance of buildings at early design stage. Journal of Building
Engineering, 31, Article 101364.
https://doi.org/10.1016/j.,jobe.2020.101364

Ashkan, M. (2016). The phenomenological evaluation of teach-
ing professionalism in the architecture design studio culture:
A case at the University of Kansas. ArchNet-1JAR: International
Journal of Architectural Research, 10(1), 41-61. https://www.

123

proquest.com/scholarly-journals/phenomenological-evalua-
tion-teaching/docview/1805463495/se-2

Bynum, T. W. (2020). The historical roots of information and com-
puter ethics. In The ethics of information technologies (pp. 43—
61). Routledge. https://doi.org/10.4324/9781003075011-4

Chatterjee, S., & Bhattacharjee, K. K. (2020). Adoption of artificial in-
telligence in higher education: A quantitative analysis using struc-
tural equation modelling. Education and Information Technologies,
25(5), 1-21. https://doi.org/10.1007/510639-020-10159-7

Cheung, F. K. T., Kuen, J. L. F., & Skitmore, M. (2002). Multi-criteria
evaluation model for the selection of architectural consultants.
Construction Management and Economics, 20(7), 569-580.
https://doi.org/10.1080/01446190210159818

Cuff, D. (1991). Architecture: The story of practice. MIT Press.

Dehouche, N., & Dehouche, K. (2023). What is in a Text-to-Image
prompt: The potential of stable diffusion in visual arts education.
ArXiv. https://doi.org/10.48550/arXiv.2301.01902

Duarte, J. P, Beirao, J. N., Montenegro, N., & Gil, J. (2012). City
induction: A model for formulating, generating, and evaluating
urban designs. In S. M. Arisona, G. Aschwanden, J. Halatsch, &
P. Wonka (Eds.), Communications in computer and information
science: Vol. 242. Digital urban modeling and simulation (pp. 73—
98). Springer. https://doi.org/10.1007/978-3-642-29758-8

Eguchi, A, Okada, H., & Muto, Y. (2021). Contextualizing Al educa-
tion for K-12 students to enhance their learning of Al literacy
through culturally responsive approaches. K/ - Kiinstliche Intel-
ligenz, 35(2), 153-161.
https://doi.org/10.1007/s13218-021-00737-3

Enjellina, Beyan, E. V. P., & Rossy, A. G. C. (2023). Review of Al
image generator: Influences, challenges, and future prospects
for architectural field. Journal of Artificial Intelligence in Archi-
tecture, 2(1), 53-65. https://doi.org/10.24002/jarina.v2i1.6662

Frolov, S., Hinz, T., Raue, F., Hees, J, & Dengel, A. (2021). Adver-
sarial text-to-image synthesis: A review. Neural Networks, 144,
187-209. https://doi.org/10.1016/j.neunet.2021.07.019

Hajirasouli, A., Banihashemi, S., Sanders, P., & Rahimian, F. (2023).
BIM-enabled virtual reality (VR)-based pedagogical framework
in architectural design studios. Smart and Sustainable Built En-
vironment. https://doi.org/10.1108/SASBE-07-2022-0149

Harputlugil, T. (2018). Analytic Hierarchy Process (AHP) as an
assessment approach for architectural design: Case study of
architectural design studio. ICONARP International Journal of
Architecture and Planning, 6(2), 217-245.
https://doi.org/10.15320/ICONARP.2018.53

Huang, Y. C, Wang, S. Y, Liong, S. T, Huang, C. E, Hsieh, Y. C,
Wang, H. Y., Lin, W. H, & Gan, Y. S. (2020). Who is the designer?
ARC-100 database and benchmark on architecture classification.
International Journal of Computational Intelligence Systems,
13(1), 1305-1314. https://doi.org/10.2991/ijcis.d.200824.001

Ismail, A. F. M. F,, Sam, M. F. M., Bakar, K. A., Ahamat, A., Adam, S.,
& Qureshi, M. I. (2022). Artificial intelligence in healthcare busi-
ness ecosystem. International Journal of Online and Biomedical
Engineering (IJOE), 18(9), 100-114.
https://doi.org/10.3991/ijoe.v18i09.32251

Kathuria, N. (2017). Role of internet in contemporary architec-
tural pedagogy. International Journal of Advance Research,
Ideas and Innovations in Technology, 3(6), 550-557. https://
www.ijariit.com/manuscript/role-of-internet-in-contemporary-
architectural-pedagogy/

Li, J.,, & Chen, S. (2009). Evaluating the architectural design ser-
vices by using fuzzy AHP. In 2009 Sixth International Confer-
ence on Fuzzy Systems and Knowledge Discovery (pp. 287-291),
Tianjin, China. https://doi.org/10.1109/FSKD.2009.360


https://doi.org/10.1002/WIDM.1345
https://doi.org/10.1016/J.JOBE.2020.101364
https://www.proquest.com/scholarly-journals/phenomenological-evaluation-teaching/docview/1805463495/se-2
https://www.proquest.com/scholarly-journals/phenomenological-evaluation-teaching/docview/1805463495/se-2
https://www.proquest.com/scholarly-journals/phenomenological-evaluation-teaching/docview/1805463495/se-2
https://doi.org/10.4324/9781003075011-4
https://doi.org/10.1007/S10639-020-10159-7
https://doi.org/10.1080/01446190210159818
https://doi.org/10.48550/ARXIV.2301.01902
https://doi.org/10.1007/978-3-642-29758-8
https://doi.org/10.1007/S13218-021-00737-3
https://doi.org/10.24002/jarina.v2i1.6662
https://doi.org/10.1016/j.neunet.2021.07.019
https://doi.org/10.1108/SASBE-07-2022-0149
https://doi.org/10.15320/ICONARP.2018.53
https://doi.org/10.2991/IJCIS.D.200824.001
https://doi.org/10.3991/ijoe.v18i09.32251
https://www.ijariit.com/manuscript/role-of-internet-in-contemporary-architectural-pedagogy/
https://www.ijariit.com/manuscript/role-of-internet-in-contemporary-architectural-pedagogy/
https://www.ijariit.com/manuscript/role-of-internet-in-contemporary-architectural-pedagogy/
https://doi.org/10.1109/FSKD.2009.360

124 N. Montenegro. Integrative analysis of Text-to-Image Al systems in architectural design education: pedagogical innovations and creative...

Li, S. (2022). Potential of using computer vision to predict graphics
for learning-by-doing. In 2022 IEEE 5th International Conference
on Knowledge Innovation and Invention (pp. 169-172), Hualien,
Taiwan. https://doi.org/10.1109/ICKI155100.2022.9983585

Liang, J., Pei, W., & Lu, F. (2020). CPGAN: Content-Parsing Genera-
tive Adversarial Networks for text-to-image synthesis. In A. Ve-
daldi, H. Bischof, T. Brox, & J. M. Frahm (Eds.), Lecture notes
in computer science: Vol. 12349. Computer Vision — ECCV 2020
(pp. 491-508). Springer.
https://doi.org/10.1007/978-3-030-58548-8_29

Lim, J. Y., & Baboo, S. B. (2022). Perception of creative arts practi-
tioners on the use of digital technologies for creative projects
among creative arts students in institutions of higher learn-
ing. Journal of Language and Communication, 9(1), 102-115.
https://doi.org/10.47836/jlc.9.1.07

Lin, R. Y., & Alvarez, J. B. (2020). Industry perspectives and com-
mercial opportunities of artificial intelligence in medicine. In
Artificial intelligence in medicine: Technical basis and clinical
applications (pp. 479-502). Elsevier.
https://doi.org/10.1016/B978-0-12-821259-2.00024-7

Liu, V., Vermeulen, J., Fitzmaurice, G., & Matejka, J. (2022). 3DALL-E:
Integrating Text-to-Image Al in 3D design workflows. ArXiv.
https://doi.org/10.48550/ArXiv.2210.11603

McManus, M. (2018). An in-depth look at design students as they
embark on teaching architecture to children. ARCC Conferen-
ce Repository. https://arcc-journal.org/index.php/repository/
article/view/545

Oxman, R. (2017). Thinking difference: Theories and models of
parametric design thinking. Design Studies, 52, 4-39.
https://doi.org/10.1016/j.destud.2017.06.001

Ploennigs, J., & Berger, M. (2022). Al art in architecture. ArXiv.
https://doi.org/10.48550/arXiv.2212.09399

Purcell, A. T., & Gero, J. S. (1998). Drawings and the design pro-
cess: A review of protocol studies in design and other disci-
plines and related research in cognitive psychology. Design
Studies, 19(4), 389-430.
https://doi.org/10.1016/50142-694X(98)00015-5

Ruiz, N., Li, Y., Jampani, V., Pritch, Y., Rubinstein, M., & Aberman, K.
(2022). DreamBooth: Fine tuning text-to-image diffusion models
for subject-driven generation. ArXiv.
https://doi.org/10.48550/arXiv.2208.12242

Salama, A. M. (1995). New trends in architectural education: De-
signing the design studio (1st ed.). Tailored Text and Unlim-
ited Potential Publishers. https://researchportal.northumbria.

ac.uk/en/publications/new-trends-in-architectural-education-
designing-the-design-studio

Schén, D. A. (2017). The reflective practitioner: How professionals
think in action. Routledge.
https://doi.org/10.4324/9781315237473

Shalem, Y., & De Clercq, F. (2022). Randomized control trials in ed-
ucation (RCTs): What is their contribution to education theory
about teaching? Journal of Education, 89, 3-22.
https://doi.org/10.17159/2520-9868/i89a01

Tepavcevi¢, B. (2017). Design thinking models for architectural
education. The Journal of Public Space, 2(3), 67-72.
https://doi.org/10.5204/jps.v2i3.115

van Berkel, B. (2020). Architecture and the impact of the fourth
industrial revolution. Architectural Design, 90(5), 126-133.
https://doi.org/10.1002/ad.2619

Vermisso, E. (2022). Fragmented layers of design thinking: Limita-
tions and opportunities of neural language model-assisted pro-
cesses for design creativity. Design Computation Input/Output.
https://doi.org/10.47330/DCI0.2022.MMLW2640

Vimpari, V., Kultima, A, Hamalainen, P., & Guckelsberger, C.
(2023). “An adapt-or-die type of situation”: Perception, adop-
tion, and use of text-to-image-generation Al by game industry
professionals. ArXiv. https://doi.org/10.48550/arXiv.2302.12601

Wei, A. (2020). The application of “Artificial Intelligence +" in the
construction of architectural majors in higher vocational col-
leges. In 2020 International Conference on Educational Science
(pp. 579-584). https://doi.org/10.38007/Proceedings.0000343

Wei, L. (2019). Al-Design: Architectural intelligent design ap-
proaches based on Al. DEStech Transactions on Engineering
and Technology Research.
https://doi.org/10.12783/dtetr/icaen201/28985

Yadav, A. (2021). How artificial intelligence is transforming the
banking industry: Data analysis review. International Journal of
Advanced Research in Science, Communication and Technology,
7(2), 76-81. https://doi.org/10.48175/IJARSCT-1707

Zawacki-Richter, O., Marin, V. I, Bond, M., & Gouverneur, F. (2019).
Systematic review of research on artificial intelligence applica-
tions in higher education — where are the educators? Interna-
tional Journal of Educational Technology in Higher Education,
16(1), 1-27. https://doi.org/10.1186/s41239-019-0171-0

Zhang, H., Bai, X, & Ma, Z. (2022). Consumer reactions to Al de-
sign: Exploring consumer willingness to pay for Al-designed
products. Psychology & Marketing, 39(11), 2171-2183.
https://doi.org/10.1002/mar.21721


https://doi.org/10.1109/ICKII55100.2022.9983585
https://doi.org/10.1007/978-3-030-58548-8_29
https://doi.org/10.47836/jlc.9.1.07
https://doi.org/10.1016/B978-0-12-821259-2.00024-7
https://doi.org/10.48550/ArXiv.2210.11603
https://arcc-journal.org/index.php/repository/article/view/545
https://arcc-journal.org/index.php/repository/article/view/545
https://doi.org/10.1016/j.destud.2017.06.001
https://doi.org/10.48550/arXiv.2212.09399
https://doi.org/10.1016/S0142-694X(98)00015-5
https://doi.org/10.48550/arXiv.2208.12242
https://researchportal.northumbria.ac.uk/en/publications/new-trends-in-architectural-education-designing-the-design-studio
https://researchportal.northumbria.ac.uk/en/publications/new-trends-in-architectural-education-designing-the-design-studio
https://researchportal.northumbria.ac.uk/en/publications/new-trends-in-architectural-education-designing-the-design-studio
https://doi.org/10.4324/9781315237473
https://doi.org/10.17159/2520-9868/i89a01
https://doi.org/10.5204/jps.v2i3.115
https://doi.org/10.1002/ad.2619
https://doi.org/10.47330/DCIO.2022.MMLW2640
https://doi.org/10.48550/arXiv.2302.12601
https://doi.org/10.38007/Proceedings.0000343
https://doi.org/10.48175/IJARSCT-1707
https://doi.org/10.1186/s41239-019-0171-0
https://doi.org/10.1002/mar.21721

