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Abstract

The architectural design process, intrinsically linked to the discipline of representation, is articulated through
progressive phases, each characterized by specific activities and objectives. This article reports the prelimi-
nary results of a study aimed at mapping Generative Artificial Intelligence (GenAl) tools currently available
to support the design process and its representation, associating them with operational phases.

Al, where implemented, has demonstrated its capacity to introduce novel approaches by automating
procedures and identifying unexplored solutions. In architectural design, GenAl redefines representa-
tion, modifying its objectives and the diachrony of design phases. Digital tools enhanced by Al shape
design thinking, demodulating the sequence and interaction between phases.

Beyond mapping GenAl tools, the contribution is propaedeutic to future educational experiences (planned
for the 2025/2026 academic year) to verify the applicability of Al tools in complex design processes.

The study offers a framework of Al potentialities in contemporary architectural design and rep-
resentation, highlighting how GenAl provides new visual tools and triggers a paradigm shift in how we
conceive and communicate architectural design.

Keywords
Generative artificial intelligence, digital representation, architectural Design, Al-based tools, compar-
ative critical mapping.
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Introduction

The history of architectural design is intrinsically linked to that of its representation tools. If,
for centuries, canonical instruments have shaped thought, the advent of digital technology
has progressively expanded the disciplinary vocabulary, introducing new design grammar and
syntax [Carpo 201 |; Carpo 2017]. Today, Generative Artificial Intelligence (GenAl) is not
limited to automating existing processes. However, it is proposed as a catalyst for a paradigm
shift capable of redefining the relationship between human intuition and computational ca-
pacity [Chaillou 2019]. This change extends to various fields of architectural design, includ-
ing interior design [Spennato 2023]. Recent reviews meticulously analyze the application of
various generative Al models across the different phases of the architectural design process,
highlighting both the potential and the existing gap between technological advancements and
their practical adoption in the field [Li et al. 2024; Bélek, Tutal, Ozbasaran 2023].

GenAl in the context of architectural representation tools

The evolution of architectural representation tools is a foundational element in the analysis of
contemporary design. Historically, the primary objective of this technological progression has
been process optimization and error minimization. The advent of Artificial Intelligence (Al) is
progressively reshaping the landscape of architectural representation tools, introducing a transfor-
mation from pre-existing traditional and digital methodologies [Vissers-Similon et al. 2024]. This
transition can be interpreted as part of a broader evolutionary trajectory of Computer-Aided
Architectural Design (CAAD), as argued by Stojanovski et al. [2021], who traces the shift from
generative algorithms to artificial intelligence in architectural and environmental design.
Historically, architectural representation has been a codified language specifically purposed for
transmitting design ideas through representational artifacts characterized by disciplinary codes
and conventions. The introduction of GenAl unveils unprecedented paths for visual artifact
creation, enabling the generation of representations from diverse inputs. This approach auto-
mates complex procedures and can yield unexpected outcomes, fostering design exploration.
Within this context, the intrinsic dialectic of ékphrasis is reactivated. At the same time, his-
torically, the word evoked and interpreted the image; Al now presents a significant inversion,
leveraging language as a generative matrix. The algorithm, trained on vast datasets of images
and texts, learns semantic and formal correlations, translating textual descriptions into visual
representations. The capacity to generate synthetic architectural artifacts from linguistic inputs
is extensively explored in studies investigating the potential of language-image models to pro-
duce complex and qualitatively relevant architectures [Koehler 2023; Chen et al. 2023].
Constituent linguistic units, termed tokens, function as intrinsic elements of the generated im-
age, evoking atmospheres, architectural styles, and spatial configurations. Notably, while directly
influenced by the training dataset, the quality and pertinence of the output remain intrinsically
linked to the precision and richness of the linguistic input, underscoring the centrality of the user's
descriptive and conceptual competence. Al transcends a mere transformation of architectural
representation tools. Instead, it modulates the interrelation between language and image. This
evolution prompts an in-depth reflection on the modalities through which design ideas are repre-
sented in the digital age. Suppose the practice of ékphrasis traditionally conferred upon the word
the power to narrate the visual. In that case, Al reveals the generative capacity of language, inau-
gurating new frontiers for architectural communication and visualization [Bernhard et al. 2021].

Definition of considered design phases

A precise definition of the design phases under analysis is necessary to structure this re-
search. While professional practice conventionally articulates the design process into mac-
ro-phases of technical-economic feasibility, definitive design, and executive design, the
context of this study -primarily oriented towards mapping Al tools and their potential inte-
gration into educational design and representation laboratories- necessitates a simplified
re-interpretation of this subdivision. Specifically, the following macro-phases will be considered:
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- Phase [: conceptualization and generation (Low degree of conditioning). This phase is
defined as a moment of conceptual ideation dedicated to establishing the project’s guid-
ing principles and generating initial formal and spatial hypotheses. In this phase, Al tools
can support the architect in exploring a wide range of solutions, automating form and
planimetric configuration generation processes, and stimulating creativity by identifying
unexpected relationships between programmatic data and design constraints [Mancini and
Menconero 2023]. This phase partially correlates with the preliminary phase of profes-
sional practice projects but with a marked emphasis on alternative exploration and con-
cept generation, allowing for a low degree of conditioning in model inference to promote
transverse design exploration;

- Phase 2: development and optimization (intermediate degree of conditioning). This phase
is dedicated to refining initial ideas, translating them into more defined spatial configura-
tions, and integrating performance considerations (functional, environmental, structural).
In this context, Al tools can facilitate the analysis of diverse design configurations, evalu-
ate their performance against specific criteria, and support the decision-making process
through complex data visualization and optimized solution identification. This intermediate
phase is comparable to a simplified version of the definitive design, focusing on spatial and
performance definition. This phase witnesses a progressive increase in Al conditioning,
supporting more informed design choices through analysis and optimization;

- Phase 3: representation and communication (high degree of conditioning). This final
phase centers on project formalization through graphic elaborations and detailed models
to communicate design choices to stakeholders. In this context, Al offers tools for auto-
matic rendering generation or immersive visualization creation. Although chronologically
assimilable to executive design, it is important to note that the investigated applications
cannot emulate the documental output typical of an executive project. The contribution
of Al in this phase is nonetheless characterized by a high degree of conditioning, as the
generation of specific visual outputs requires more stringent parameters and constraints
to ensure project coherence.

This subdivision can be considered eminently representative of the traditional design pro-
cess, borrowing some fundamental aspects from it. Moreover, it is precisely calibrated to
facilitate the analysis of Al tool contribution in the creative and decisional process. It ena-
bles thematic mapping and potential integration into an educational context, considering
the variable degree of conditioning exerted in inference within the different phases.

Al-based tools: identified categories and classification criteria

An Al model constitutes a computational system engineered to emulate specific human cog-
nitive capacities through data processing and learning. These models operate via mathematical
algorithms, calibrating during a pre-training phase on large-scale datasets. An Al model’s pri-
mary objective lies in identifying patterns and correlations within data and making elaborate
predictions or decisions in response to novel inputs.

The classification of Al tools proposed herein is structured according to distinct categories,
reflecting the diversity of underlying architectures and specific applications. The principal cate-
gories, with their respective subcategories, encompass:

Al Image Generators: Tools specialized in generating images from textual and/or visual inputs:
- Base: Offer fundamental text-to-image generation functionalities, ideal for conceptual pro-
totyping and initial stylistic exploration;

- Intermediate: Feature advanced functionalities such as inpainting (filling missing areas in an
image) and outpainting (extending image borders), enabling more sophisticated manipula-
tion and greater creative control;

- Advanced: Offer complex user interfaces, such as Automaticl | || and ComfyUl, which
allow for highly detailed control over generation parameters and the implementation of
personalized workflows;

Shape Generation: Tools for creating geometries that automate modeling processes and fa-
cilitate the exploration of design variants. These tools are often based on architectures such
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as Generative Adversarial Networks (GANs), pioneering models introduced by Goodfellow
et al. [2014] that marked a breakthrough in the field of GenAl:

- 2D: Tools dedicated to generating planimetries and distribution schemes.

- 3D: Tools focused on creating three-dimensional architectural models, frequently with op-
timization functionalities based on specific parameters.

Al Assistants: Al systems providing support in various phases of the design process.

- General Purpose: Models applicable to tasks ranging from information retrieval to pattern
identification within data.:

- Specific Purpose: Tools focused on specific tasks within the architectural domain, such as spa-
tial data analysis (e.g., Aino.World) or BIM model interrogation and management (e.g., Archie).
The comparative analysis of Al tools necessitates the adoption of evaluation criteria of di-
verse natures. The parameters utilized in this analysis, accompanied by a concise description,
are detailed below:

- Category: The principal classification of the Al tool (Al Image Generator, Shape Generation,
Al Assistants);

- Subcategory: A more specific classification within the principal category (e.g., Al Image Gen-
erators: Base, Intermediate, Advanced);

- Application Name: The commercial name of the Al tool;

- Web Resource: The official URL address of the Al tool:

- Key Aspects: A brief description of functionalities and principal characteristics;

- Open/Closed: Indicates whether the tool's source code is open and accessible for modifica-
tions (Open) or proprietary (Closed). It is necessary to clarify that the term ‘open’ has also
been used in cases involving only an open-weight model;

- Fine-tuning: Specifies whether the user can customize the Al model with proprietary data
to adapt it to specific needs;

- Learning Curve: Evaluates the difficulty of learning and using the tool for a new user (Easy,
Medium, Steep);

- Where it Computes: Indicates where data processing occurs (remote or locally executable
computation);

- User Interface: Describes the type of interface through which the user interacts with the
tool (Web-Based, Software, Plugin, Chatbot, API, etc.);

- Compatible Environments: Lists the operating systems and software with which the tool is
compatible (e.g, Web Browsers, Windows, macOS, Linux, CAD, BIM);

- Cost/License: Indicates the cost model or license type of the tool (e.g., Freemium, Subscrip-
tion, Pay-per-use, Free);

- Project Phase: Specifies the phases of the design process in which the tool is most applicable
(indicated numerically as defined previously).

Critical mapping of Al tools in the design process

The findings of this investigation represent an initial census of Al-based applications poten-
tially integrated into architectural design processes (tabs. 1,2,3). In contrast to other studies
analyzing the broader AEC sector [Onatayo et al. 2024], the identified applications specifical-
ly focus on the ideation phase of the design process.

The classification of tools, structured into three functional macro-categories, identified 134
available tools and applications (survey conducted until January 31, 2025). It is important to
emphasize that this reconnaissance does not aspire to exhaustiveness, instead representing a
snapshot of a continuously and rapidly evolving technological landscape.

The quantitative analysis of the tabulated data, illustrated in the histograms of Figure |, revealsa
distinct predominance ofimage generatortools,which constitutethemajority (93 outof 134,0r
69.4% of the total). Generic Al assistants represent a smaller fraction (23 tools, | 7.16%), while
3Dmodelersconstitutetheleastnumerous category (1 8tools, |3.43%). Afurtherobservation
concerns the prevalence of tools classified as ‘Closed’ and characterized by a ‘Simple’ or
‘Medium’ operational pipeline. This data suggests a maturation phase of Al tools within
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Table | (continuing

at pages 6, 7, 8).
Descriptive mapping

of Al lmage Generator
tools for architectural
design, categorized by
subcategory (Basic,
Intermediate, Advanced)
and characterized by
key aspects, accessibility,
learning curve,
computational location,
user interface, compatible
environments, cost/
license, and project phase
applicability. Regarding
the table, in the ‘Open/
Closed’ column the
individual letters mean: C,
Closed; O, Open.

In the ‘Fine-tuning’
column: Y, Yes; N, No.

In the ‘Learning Curve’
column: E, Easy; M,
Medium; S, Steep.

In the "Where It
Computes' column: L,
Locally; R, Remote; W-B,
Web Based.

In the ‘Compatible
environments' column:
MA, Mobile App.
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Dezgo text2image/sdxl anﬁowggg\zé?/;rg;% ﬁli';ga» O|IN[M|[= W-B Sers Pay-per-use |1 -3
Platform offering a wide range
Fal https://fal.ai/ of tools, also state-of-the-art [O[Y |M|= W-B WetSJeBrgow— Subscription | | -3
models for image generation.
) https//www.adobe. [ Adobe's generative Al for ima- Web Brow- o
Firefly com/products/firefly. | ge creation and manipulation, | C |N|M|= W-B sers, Adobe | Subscription | | -3
html integrated into Creative Cloud. Apps
. : Platform offering a wide range Web Brow- -
Flux.| Al https:/flux | .ai/ oT’Fqu—basgedtooIs. EEICIN|M|= W-B sers Subscription | | -3
. . Platform for access a wide
Hyperbolic https://apphyperbolic. range of models, also for image|O [ Y [M|=| W-B, API Web Brow- Subscription | I -3
xyz! generation. sers
Al-powered visual ideation :
Krea Al https://wwwikrea.ai/ Iatfgrm with real-time gene- |C|Y [M|= W-B Web Brow- [ Freemium, || _3
P P ration and upsca\ingg sers Subscription
S eritaaidif e Plugin for the open-source Kri-
9 Krita Al httpsi//kritaaidiffusion. ta%)ainting softE)Nare, enabling [O[N|M|— Plugin Krita Free -3
< com/ e :
%! Stable Diffusion integration.
@ . " Leading Al art generation tool Discord,
£ | Midjourney hitps/fwwwamidjour- |y S0 %or it d%tinct\ve artistic| C | L |[M || Discord Bot | Web Brow- | Subscription | | -3
g ney.com/ style. sers
= : httpsy/creatornightca- | Hatform offering various Al Web Brow- -
NightCafe ps: o studié/g art generation ntjethods and |C|Y|M|[=™ W-B sers Subscription | | -3
i community features.
Platform aggregating various Al Web B F
OpenArt https://openart.ai/ art mode%s and offering tools |C|Y |M|=® W-B €b brow- reemim, 3
P perop for generation and expl%ration. sers Subscription
b hetos) y Platform ivingdaclce]:cs to awide clnlm WB APl MWi(n)dsox‘/\s,S Freemium, || 1
oe ttps:/poe.com range of models for image Pl B, acOS, iOS, vty -
pertp ¢ eneration. ¢ Android Subscription
https://www.promeai. | Al-powered design and retou- Web Brow- -
PromeAl prol/it ching tools for \%sualiza‘mon, ~ W-B sers Subscription | I -3
- . - Al-powered platform for gene- Web Brow- -
Rendair | https://www.rendairai/ rfting realis%c visualizati(%ns. CIN|M W-B cers Subscription | | -3
https://replicate.com/ Platform for running and
Replicate co \ectior?s/text—to—i— deploying various Al r%]o_de\s, oYM g API WetSJe%gow— Pay-per-use | | -3
mage including image generation.
. . Al-powered platform for Web Brow- | Freemium,
ReRender | https:/rerenderai.com/ erEerating visualizations. CIN|M|= W-B sers Subscription -3
Al-powered platform for inte-
Spacely Al | https//www.spacely.ai/ | rior design and space planning, | C | N [M [ W-B WelgeEggow» Subscription l_'32
including visualization.
Al-powered plugin for Revit -
https://www.evolvelab. P pug ; - Revit, -
Veras and SketchUp for generating | C [N |M|— Plugin ’ Subscription I
iolveras conceptual gesigng options.g ¢ SketchUp P
. Popular web Ul for Diffusion
Automa- https:/github.com/ odels. offering extensive O 1Y |5 |2 W.B Web Brow- Free -2
ticl 111 automaticl | '] Customization agnd control. = sers -3
. Node-based interface for
hitps//githubcom/ | Al based workflows, offerin W
- / ] S 1 /eb Brow- -2
ComfyUl com]%zr:g{n)brrlmous/ highly flexible and complex SIME g w-B sers Free -3
o Y customization.
‘Ecﬂ https:/github.com/ ‘Stre?mlinfed E)n% user—frr/ierédlly Web B
IS} ttps://github.com, interface for Diffusion Models, 2 . eb Brow- _
3 Fooocus lllyasviel/Fooocus focusing on ease of use and oY M= w-B sers Free I-3
< quality.
https://github.com/ | Optimized and community-fo-
Forge | llyanielistable-dift- | cused distripution of Diffusion | 0| Y [ s [2]  ws WebBrow- | free |12
sion-webui-forge Models.
ot Unified creative platform for
Invoke m&gig%mﬁ\?oiggf Al image generation, offering [O[Y | S g Software WeEeBrgOW’ Free |:32

3203



Category: Al Image Generator
2 8 £
~ 5 g . olw 213 9 £ 9 9
S z ] s} 2l c| 3| € & c é ©
o pa 3 3 olZ|0| s 5 [oR g &
8 o] 3 & Ol 2 20 O £ Q5 5 -
5} = o 3 Z| ol El= = o = 9
© > o| &|e < =3s % Q9
5 9 ) 9 alEl 5@ Q 58 e) 9
? g = = ol*|3lgl > £ © LS
< = 9
@)
. - Cloud-based platform provi-
RunDiffusion https.//zgrrvg/\ffumon. ding access to powerful GPUs | C | Y |M | = W-B WelgeBrgow» Pay-per-use l_'32
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architectural design, characterized by the diffusion of applications developed for a heter-
ogeneous audience not necessarily possessing advanced digital skills. The reduction in the
learning curve renders such tools accessible to a broader user base, facilitating adoption.
Furthermore, the prevalence of services processing calculations remotely highlights a mar-
ket trend towards further democratization of access to these technologies, not only in
terms of user interface but also concerning the hardware requirements necessary for utili-
zation. Finally, analyzing the design phase in which applying these tools is most agile reveals
a prevalent concentration in the initial phases. This imbalance could be attributed to the
greater ease of use of tools with consolidated pipelines for input data analysis, typical of
preliminary phases, and the increasing demand for tools supporting design idea generation
and visual exploration in the conceptual phase.

Figure 2 presents three heat maps comparing image generation tools with four key pa-
rameters: fine-tuning capability, accessibility (open/closed), learning curve, and computation
location (local/remote). The fine-tuning parameter assumes particular relevance within the
context of architectural design. A frequently raised critique regarding these tools concerns
the potential homogenization of generated design solutions, often deemed devoid of specif-
ic contextual references and potentially eroding the stylistic identity of individual designers.
However, through fine-tuning operations, it is hypothesized that each architect can preserve
and personalize their design language, adapting Al tools to their distinctive style [Kim et al.
2023]. The analysis of heatmaps specific to image generators reveals that only a minority of-
fer this level of customization. It is also significant to note that a minority of tools are classified
as ‘Steep’ about fine-tuning, suggesting that customization options, when available, are quite
accessible and do not always necessitate particularly advanced skills.

Analogously, figure 3 presents heatmaps comparing generic Al assistants based on the same
four parameters considered previously. In this instance, a slightly more balanced distribution is
observed among tools enabling fine-tuning operations between Open and Closed applications.
Furthermore, a single tool classified as ‘Steep’ is noted by potentially more consolidated and
task-specific operational pipelines. Another significant similarity to image generators lies in the
computation location: for generic Al assistants, most processing occurs remotely.

Regarding 3D model generators for architectural design in the project phase, illustrated in fig-
ure 4, it is notably complex to identify tools enabling output customization. Furthermore, the
category exhibits a marked prevalence of Closed applications compared to Open ones. Anal-
ogous to image generators, most 3D modelers execute calculations remotely, presenting user
interfaces that are relatively simple and accessible, suited to a user base possessing foundational
skills in the field of architectural design.

Ciriticalities and opportunities in architectural educational applications
It is reiterated that this collection provides a limited perspective on the panorama being
mapped. The sector’s dynamism is evidenced by the recent introduction of models such as

DeepSeek R, the stable release of Gemini 2.0 by Alphabet, the release of Mistral Al's mobile
application, and the release of Grok 3 developed by XAl. After the table's compilation (January
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mapping of Shape e~
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design, categorized by AR&tab=subscription
subcategory (2D, 3D) ) Cloud-based collaborative pla- CAD
and characterized by Hypar https:/hypar.io/ tform for office environment | C [N |M|> W-B Softwares | Free (Beta) | 1-2
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learning curve, ] o N Ad\_/ance?j genergtordof cAD
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} : https://iamplooto.com/ |  Housing solution generator
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Rpezardingzlhe table, in the html and building typology
‘Open/Closed’ column the A BN Knowledge Reuse Fn-
dividual | .C gine that combines the power
individua etters mean: C, of Al 'and full Revit Integration CAD and
ﬁ?ﬁ:qﬁg’e?jﬂe‘gé, column: Skema https://www.skema.ai/ té)wg/lenmeorgtee‘zstﬁ }Sikges 2(5),? ClY[M[= W-B BIM Softwa- | Subscription | 2
Y Yes: N. No. weeks by directly leveragin res
\ Yes; N, Y Y ging
In the ‘Learning Curve’ the work from your previous
column: E, Easy; M, BM projects.
Medium; $, Steep. The all-in-one tool for
In the Where | _ ) designing buildings. Spacio is CAD and o
n the Where It Spacio https://app.spacic.ai/ | a cutling-edge building design | C [N |[M| = W-B BIM Softwa- | Subscription | | -2
Computes’ column: L, tool in the browser. Built for res
Locally; R, Remote; W-B, architects and engineers.
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n the ‘Compatible . ; ‘te housing solutions based on 1 _| for pricing _
environmen‘Ft)s' column: Testfit https://www:testfit.io/ inputs related fo area, context, CIN|M|= W-B BIM Egtwa (Demo 2-3
: uilding typology available
MA, Mobile App. build | lable)

31, 2025), these significant events highlight the highly complex period the research world is
experiencing. Consequently, two key aspects emerge: the urgency to define methodologies for
census and mapping of these tools to maintain a constantly updated overview and the necessity
to define novel validation and interpretation protocols for algorithmically generated outputs,
moving beyond a merely superficial or aesthetic reading and investigating the conceptual and
design implications intrinsic to these computational architectures.
Integrating Al-based applications in educational settings presents an initial challenge concerning
‘computational thinking” instruction to students lacking specialized training in computer science.
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Table 3. Descriptive
mapping of Al Assistant
tools for architectural
design, categorized by
subcategory (General
Purpose, Specific Purpose)
and characterized by

key aspects, accessibility,
learning curve,
computational location,
user interface, compatible
environments, cost/
license, and project phase
applicability.

Regarding the table, in the
‘Open/Closed’ column the
individual letters mean: C,
Closed; O, Open.

In the ‘Fine-tuning’ column:

Y, Yes; N, No.

In the ‘Learning Curve’
column: E, Easy; M,
Medium; S, Steep.

In the ‘Where It
Computes’ column: L,
Locally; R, Remote; W-B,
Web Based.

In the ‘Compatible
environments' column:
MA, Mobile App.
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Fortunately, the market is cognizant of this complexity and offers various user-friendly ap-
plications. Beyond this initial phase, the criticality related to application learning emerges as
these applications rapidly reveal their limitations after an initial phase of student appreciation.
These limitations manifest through imprecise or misaligned outputs, a circumscribed personali-
zation margin, highly standardized processes, and limited compatibility with tools conventionally
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Fig. 1. Quantitative
distribution of Al

tools across functional
categories and key
parameters. Histograms
show the prevalence of
Al Image Generators
and tools with medium
learning curves, remote
computation, and
applicability in early design
phases.

Fig. 2. Heatmaps
comparing Al Image
Generator tools based
on (left) Open/Closed
accessibility and Fine-
tuning capability; (center)
Learning Curve and
Fine-tuning capability;
(right) Compute Location
and Fine-tuning capability.
Heatmaps highlight the
limited availability of
fine-tuning options across
different accessibility and
complexity levels.

Fig. 3. Heatmaps
comparing Generic Al
Assistant tools based

on (left) Open/Closed
accessibility and Fine-
tuning capability; (center)
Learning Curve and
Fine-tuning capability;
(right) Compute Location
and Fine-tuning capability.
Heatmaps indicate a
slightly more balanced
distribution of fine-tuning
options than image
generators.

Fig. 4. Heatmaps
comparing 3D Model
Generator tools based

on (left) Open/Closed
accessibility and Fine-
tuning capability; (center)
Learning Curve and
Fine-tuning capability;
(right) Compute Location
and Fine-tuning capability.
Heatmaps illustrate the
scarcity of fine-tuning
options and the prevalence
of closed-source 3D
model generators.
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employed in the design process. However, as evidenced by recent studies [Paananen et dl.
2023], despite these limitations, the guided use of image-generation tools can enrich the
educational experience, stimulating creativity and facilitating the exploration of novel design
methodologies. Semantic Al models for guiding ideation in architectural design courses have
been proposed and evaluated [Vermisso 2022], suggesting specific pedagogical approaches
to integrate Al into the early phases of the design learning process. Consistent with this
evidence, further research investigates the use of Al diffusion as a design vocabulary in the
initial phases of architectural design and education [Bank Stigsen et al. 2023; Hanafy 2023],
confirming the potential of these tools to enrich the ideation process.

The role of the teaching staff is to guide students toward the most appropriate application,
mitigating the risks of an incongruous approach. The informed introduction of this technolo-
gy within architecture faculties is highly advisable to prepare students for a rapidly transform-
ing professional landscape.

Within this evolving technological panorama, Al joins digital tools already introduced into
education, such as VPL and computational design [Lo Turco et al. 2024]. Experience gained
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with these approaches can guide the educational integration of Al [Sebestyen et al. 2024],
fostering a critical and conscious understanding of the novel technologies.

Despite initial difficulties, employing these tools can significantly expand the student learning
experience, offering the opportunity to explore innovative methodologies of representa-
tion, simulation, and design analysis. The capacity to rapidly generate images, forms, or design
scenarios accelerates both the creative process and the capacity for critical self-evaluation.
The continuous activity of reviewing automatically generated solutions promotes the devel-
opment of a critical sense that can be readily transposed to the analysis of one’s project. The
necessity for a critical approach to Al is also highlighted by recent research [Kwon, Ahn 2024],
which urges a critical reflection on the potential implications of Al in architectural design,
including concerns regarding the erosion of design identity.

This process is further enhanced by applying tools dedicated to data analysis. These, when
implemented in the preliminary phases of the design process, contribute to developing a
deeper understanding of the reference context [Ampanavos and Malkawi 2022], while when
applied in later phases, they can guide specific design strategies [Huang et al. 2022].

Conclusions

The mapping of Al-based tools for architecture reveals a rapidly evolving panorama, with
a growing offering of applications supporting diverse design phases. Quantitative analysis
reveals the predominance of image generators, characterized by accessibility and ease of
use, indicating democratizing access to these technologies. However, the limited possibility
of fine-tuning represents a critical aspect, suggesting a potential trend toward stylistic ho-
mogenization of generated outputs.

The educational integration of these tools presents challenges related to computational
thinking literacy and the management of applicative limitations. Notwithstanding these
challenges, significant opportunities emerge: Al can accelerate the creative process, foster
critical self-evaluation, and expand design representation and analysis modalities. Educa-
tional efficacy resides in the capacity to guide students towards a conscious and critical
utilization, avoiding an uncritical dependence on generated outputs.

Future research should focus on developing dynamic methodologies for census and vali-
dation of Al tools. Concurrently, it is necessary to define innovative pedagogical protocols
that integrate Al to enhance design thinking rather than as a substitute.

This perspective of GenAl integration with design thinking is supported by studies such
as that of Sreenivasan and Suresh [2024], which explore the synergies between design
thinking and artificial intelligence, underscoring Al's potential to amplify human creative
capacities.

Finally, contributing to an epistemological reflection on the impact of Al on the architec-
tural discipline [Gallo et al. 2020; Del Campo et al. 2019; Giordano et al. 2024] becomes
indispensable to delineate future scenarios in which artificial and human intelligence can
coexist and collaborate effectively [Mance 2025]. The principal challenge lies in preparing
future architects to operate in a professional context profoundly transformed by Al [Jaru-
ga-Rozdolska 2022], preserving the centrality of critical thinking and human creativity.

Acknowledgements

The authors thank prof. Roberta Spallone and prof. Massimiliano Lo Turco for the opportunity to carry out this innovative
research on Al. Part of the research will be further developed within a course in next academic year available at Politecnico
di Torino.

The authors jointly wrote Abstract, Introduction, Criticalities and opportunities in architectural educational applications and Conclu-
sions. The authors jointly developed the tables |, 2 and 3.

PhD Candidate Enrico Pupi wrote Definition of considered design phases and Al-based tools: identified categories and classification
criteria.

PhD Tomalini wrote GenAl in the context of architectural representation tools and Critical mapping of Al tools in the design process.

3208



Reference List

Ampanavos, S., Malkawi, A. (2022). Early-Phase Performance-Driven Design Using Generative Models. In D. Gerber, E. Pantazis,
B. Bogosian, A. Nahmad, C. Miltiadis (Eds.). Computer-Aided Architectural Design. Design Imperatives: The Future is Now. Procee-
dings of the |9th International Conference, CAAD Futures 2021, Los Angeles, CA, USA, July 16-18,2021, vol. 1465. Springer:
Singapore. https://doi.org/10.1007/978-981-19-1280-1_6 .

Bank Stigsen, M., Moisi, A., Rasoulzadeh, S., Schinegger, K., Rutzinger, S. (2023). Al Diffusion as Design Vocabulary - Investigating
the use of Al image generation in early architectural design and education. In W. Dokonal, U. Hirschberg, G. Wurzer (Eds.). Digital
Design Reconsidered. Proceedings of the 4 |st Conference on Education and Research in Computer Aided Architectural Design in
Europe (eCAADe 2023), Graz, September 20-22, 2023, vol. 2, pp. 587-596. https://doi.org/10.52842/conf.ecaade.2023.2.587 .

Bernhard, M., Smigielska, M., Dillenburger, B. (2021). Augmented Intuition. Encoding Ideas, Matter and Why It Matters. In |.
As, P. Basu (Eds.). The Routledge Companion to Artificial Intelligence in Architecture, pp. 405-419. London: Routledge. https://doi.
org/10.4324/9780367824259-26 .

Bolek, B., Tutal, O, Ozbasaran, H. (2023). A systematic review on artificial intelligence applications in architecture. In Journal of
Design for Resilience in Architecture and Planning, 4(1), pp. 91-104. https://doi.org/10.47818/DRArch.2023.v4i1085 .

Carpo, M. (201 1. The Alphabet and the Algorithm, Writing Architecture. Cambridge: The MIT Press.
Carpo, M. (2017). The second digital turn: Design beyond intelligence. Cambridge: The MIT Press. https://doi.org/10.2307/j.ctt | wOdbéf.
Chaillou, S. (2019). Al & Architecture | An Experimental Perspective. Harvard: Harvard University Press.

Chen, J, Wang, D, Shao, Z., Zhang, X,, Ruan, M, Li, H., Li, . (2023). Using Artificial Intelligence to Generate Master-Quality
Avrchitectural Designs from Text Descriptions. In Buildings, 13(9), 2285. https://doi.org/10.3390/buildings 13092285 .

Del Campo, M., Manninger, S., Sanche, M., Wang, L. (2019). The Church of Al - An examination of architecture in a posthuman
design ecology. In M. Haeusler; M. A. Schnabel, T. Fukuda (Eds.). Intelligent & Informed. Proceedings of the 24th CAADRIA Con-
ference. Atti del 24th CAADRIA Conference, Victoria University of Wellington, Wellington, New Zealand, April 15-18, 2019,
vol. 2, pp. 767-772. Wellington, New Zealand. https://doi.org/10.52842/conf.caadria.2019.2.767 .

Gallo, G,, Tuzzolino, G. F, Wirz, E (2020). The role of Artificial intelligence in architectural design: conversation with designer
and researchers. In M. Soellner (Ed.). Conference proceedings of the 7th International Conference on Architecture and Build Envi-
ronment S.ARCH. Proceedings of the 7th International S.ARCH Conference, Tokyo, April 7-9, 2020, pp. |-8. Erlangen: S. Arch.

Giordano, A, Russo, M., Spallone, R. (2024). Preface: Introducing the Relationships Between Digital Representation and AR/AI
Advanced Experiences. In A. Giordano, M. Russo, R. Spallone (Eds.). Advances in Representation. New Al-and XR-Driven Transdi-
sciplinarity, pp. ix, xvi. Cham: Springer: https://dx.doi.org/10.1007/978-3-03 1-36155-5 .

Goodfellow, . J., Pouget-Abadie, )., Mirza, M., Xu, B, Warde-Farley, D., Ozair; S., Courville, A., Bengio, Y. (2014). Generative
adversarial nets. In Proceedings of the 28th International Conference on Neural Information Processing Systems, vol. 2, Montreal,
Canada, pp. 2672-2680. Cambridge: The MIT Press. https://doi.org/10.5555/2969033.2969 125 .

Hanafy, N. O. (2023). Artificial intelligence’s effects on design process creativity: ‘A study on used A.l Text-to-Image in archi-
tecture’. In Journal of Building Engineering, 80, 107999. https://doi.org/10.1016/jjobe.2023.107999 .

Huang, C., Zhang, G, Yao, ], Wang, X, Calautit, . K, Zhao, C., An, N, Peng, X. (2022). Accelerated environmental performan-
ce-driven urban design with generative adversarial network. In Building and Environment, 224, 109575. https://doi.org/10.1016/j.
buildenv.2022.109575 .

Jaruga-Rozdolska, A. (2022). Artificial intelligence as part of future practices in the architect’s work: Midjourney generative tool
as part of a process of creating an architectural form. In Architectus, vol. 3, No. 71, pp. 95-104.

Kim, F C., Johanes, M., Huang, J. (2023). Text2Form Diffusion: Framework for learning curated architectural vocabulary. In W.
Dokonal, U. Hirschberg, G. Wurzer (Eds.). Digital Design Reconsidered. Proceedings of the 41st Conference on Education and
Research in Computer Aided Architectural Design in Europe (eCAADe 2023), Graz, September 20-22, 2023, vol. |, pp. 79-88.
https://doi.org/10.52842/conf.ecaade.2023.1.079 .

Koehler; D. (2023). More than anything: Advocating for synthetic architectures within large-scale language-image models. In
International Journal of Architectural Computing, 21(2), pp. 242-255. https://doi.org/10.1177/1478077 1231170455 .

Kwon, C., Ahn, Y. (2024). Critical views on Al (Artificial Intelligence) in building design. In International Journal of Sustainable
Building Technology and Urban Development, 15(2), pp. 240-246. https://doi.org/10.22712/susb.20240017 .

Li, C, Zhang, T, Du, X, Zhang, Y., Xie, H. (2024). Generative Al models for different steps in architectural design: A literature
review. In Frontiers of Architectural Research. https://doi.org/10.1016/j.f0ar2024.10.001 .

Lo Turco, M., Tomalini, A,, Bono, J. (2024). The teaching of parametric modeling in the School of Architecture at the Politecnico
di Torino. In 20 Architecture Experience. Proceedings of the International Conference of Architecture and Design. Bucarest
(ROU), October 30-31, 2023, pp. 72-81. Bucarest: Accademia Adrianea Edizioni.

Mance, D. (2025). Architectural practice in the Digital Age: Balancing Adoption and Adaptation. In M. Barosio, E. Vigliocco,
S. Gomes (Eds.). School of Architecture(s) - New Frontiers of Architectural Education, pp. 349-361. Cham: Springer. https://doi.
org/10.1007/978-3-031-71959-2_38 .

Mancini, M. F, Menconero, S. (2023). Al-aided design? Text-to-image processes for architectural design. In diségno, n. |3, pp.
57-70.

Onatayo, D, Onososen, A., Oyediran, A. O, Oyediran, H., Arowoiya, V., Onatayo, E. (2024). Generative Al Applications in

Avrchitecture, Engineering, and Construction: Trends, Implications for Practice, Education & Imperatives for Upskilling. In Archi-
tecture, 4(4), pp. 877-902. https://doi.org/10.3390/architecture4040046 .

3209



Paananen, V., Oppenlaender, J., Visuri, A. (2023). Using text-to-image generation for architectural design ideation. In International
Journal of Architectural Computing, 22(3), pp. 458-474. https://doi.org/10.1177/14780771231222783 .

Sebestyen, A., Ozdenizci, O, Legenstein, R, Hirschberg, U. (2024). Al-Infused Design - Merging parametric models for archi-
tectural design. In O. Kontovourkis, M.C. Phocas, G. Wurzer (Eds.). Data-Driven Intelligence. Proceedings of the 42nd Conferen-
ce on Education and Research in Computer Aided Architectural Design in Europe (eCAADe 2024), Nicosia, September | |-13,
2024, vol. |, pp. 489-498. https://doi.org/10.52842/conf.ecaade.2024.1.489 .

Spennato, A. (2023). Design e Intelligenza Artificiale: Una nuova frontiera per I'interior design. In AND, 44, pp. 98-107. https://
and-architettura.it/index.php/and/article/view/639 .

Sreenivasan, A, Suresh, M. (2024). Design thinking and artificial intelligence: A systematic literature review exploring synergies.
In International Journal of Innovation Studies, 8(3), pp. 297-312. https://doi.org/10.1016/].jis.2024.05.001 .

Stojanovski, T, Zhang, H., Frid, E,, Chhatre, K, Peters, C., Samuels, I, Lefosse, D. (2021). Rethinking Computer-Aided Archi-
tectural Design (CAAD)-From Generative Algorithms and Architectural Intelligence to Environmental Design and Ambient
Intelligence. In D. Gerber, E. Pantazis, B. Bogosian, A. Nahmad, C. Miltiadis (Eds.). Computer-Aided Architectural Design. Design
Imperatives: The Future is Now. Proceedings of the International Conference on Computer-Aided Architectural Design Futures,
Singapore, July 2021, pp. 62-83. Singapore: Springer Singapore. https://doi.org/10.1007/978-981-19-1280-1_5 .

Vermisso, E. (2022). Semantic Al models for guiding ideation in architectural design courses. In Atti dellInternational Conference
on Innovative Computing and Cloud Computing. https://computationalcreativity.net/iccc22/papers/ICCC-2022_paper_|50.pdf .

Vissers-Similon, E,, Dounas, T, De Walsche, J. (2024). Classification of artificial intelligence techniques for early architectural
design stages. In International journal of Architectural Computing, 0(0). https://doi.org/10.1177/14780771241260857 .

Authors
Enrico Pupi, Politecnico di Torino, enrico.pupi@polito.it
Andrea Tomalini, Politecnico di Torino, andreatomalini@polito.it

To cite this chapter: Enrico Pupi, Andrea Tomalini (2025). Al-Based Tools and Applications: a Descriptive Mapping in the Architectural Design Process
Stages. In L. Carlevaris et al. (Eds.). ékphrasis. Descrizioni nello spazio della rappresentazione/ékphrasis. Descriptions in the space of representation
Proceedings of the 46th International Conference of Representation Disciplines Teachers. Milano: FrancoAngeli, pp. 3197-3210. DOI: 10.3280/
0a-1430-c921.

Copyright © 2025 by FrancoAngeli s.rl. Milano, Italy ISBN 9788835182412

3210



