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Generative Artificial Intelligence (GenAI) is rapidly transforming architectural practice 
and education by enabling the fast and flexible visualization of design ideas. However, 
integrating GenAI into creative workflows raises critical questions regarding usability, 
collaboration, accessibility, and its measurable impact on design outcomes. This paper 
introduces the GAI-A Interface (Generative Artificial Intelligence for Architecture), a 
customized web-based co-design platform that streamlines access to advanced GenAI 
workflows, and investigates its potential to enhance creativity in architectural design. The 
interface employs Stable Diffusion (StabilityAI), integrated via ComfyUI 
(Comfyanonymous) and deployed online with Comfy Deploy (BennyKok), enabling 
intuitive text-to-image generation through a user-centered interface. Evaluations with 
expert designers and students using the Creativity Support Index (CSI) suggest that GAI-A 
fosters engagement, expressiveness, and exploration. Overall, the findings demonstrate 
the GAI-A Interface’s effectiveness in stimulating creativity by allowing architectural 
designers to intuitively experiment with generative models in both educational and 
professional settings. 

Keywords: Generative AI, Human-Computer Interaction, Design Creativity, Creativity 
Support Index, Design Education.

INTRODUCTION 
With the recent development of Generative 
Artificial Intelligence (GenAI), it has the potential 
to transform the practice of creative fields such as 
art, design and architecture. Originally designed 
to mimic human authenticity, AI has evolved to 
create meaningful patterns from large data sets 
(Naveed et al, 2023). The interaction between 
designers and computational systems, mediated 
through the articulations of design thoughts, has 
been revolutionized by complex generative 
architectures including Variational Auto-encoders 
(VAEs), Generative Adversarial Networks (GANs), 

and the more recent Diffusion-based models, 
collectively offering unprecedented potential for 
creative industries. The availability and 
accessibility of these models has led to interest in  
the potential use of GenAI models as teammates 
and collaborative tools to support creativity (Gül 
et al, 2024a, Turchi et al, 2023). Therefore, such a 
workflow demands a process of dialogue and idea 
articulation for communicating design concepts 
to the machine, utilizing modalities such as text-
to-text (T2T), text-to-image (T2I), and image-to-
image (I2I) generation within architectural design. 
However, while this workflow is promising, it 
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raises important questions about seamless 
collaboration within design teams, measurable 
impact on design processes and tangible 
outcomes, and overall usability for designers with 
varying levels of technical expertise. 

This research was conducted during a phase 
of accelerated technological development in the 
field of GenAI, during which tools, models, and 
implementation frameworks were evolving at an 
exceptional pace. As a result, some of the specific 
technologies employed in this study, including 
particular diffusion model configurations, 
interface libraries, and deployment environments, 
may have since been updated, restructured, or 
deprecated. However, the value of this research 
lies not in documenting a fixed technological 
stack, but in exploring the structure and logic of a 
creative co-design interface tailored to the 
evolving needs of architectural designers. The 
study’s contributions are situated in its broader 
methodological and conceptual insights: the 
articulation of design workflows that facilitate 
meaningful human-AI interaction; the 
development of user-centered interface 
components that support intuitive, accessible 
engagement with generative models; and the 
evaluation of creativity support in educational 
and professional design contexts. These elements 
remain relevant irrespective of specific toolchains 
and offer guidance for future systems that seek to 
integrate AI meaningfully into creative disciplines. 

In particular, understanding how designers 
effectively co-create with AI, quantifying 
improvements in efficiency and design quality, 
and ensuring that the tools are accessible and 
intuitive for all users remain critical areas for 
investigation. Addressing these issues is 
paramount to maximizing the potential of GenAI 
in design education and professional practice. 

We proposed an AI-based co-design interface 
based on the expectations of architectural design 
students, implemented and tested several 
prototypes, and evaluated its components. This 
paper elaborates the components of the GAI-A 

Interface and presents the evaluations of it as a 
creativity supporting co-design tool. 

GENERATIVE AI IN DESIGN 
GenAI models identify and encode patterns and 
relationships in large data sets and then use this 
data to generate new content (Stryker and 
Scapicchio, 2024). Such generation requires a 
cycle of training, tuning, generation, evaluation 
and retuning to improve the quality and accuracy 
of the generated content (Håkansson and 
Phillips-Wren, 2024) 

The proliferation of effective GenAI models, 
exemplified by user-friendly applications like 
DALL-E, MidJourney and open-source models like 
Stable Diffusion has sparked considerable interest 
in investigating how these tools can dynamically 
nurture creativity and integrate into the creative 
process (Xu et al., 2024).  

Of all these models, our focus is on Diffusion 
Models, in particular Stable Diffusion, because of 
its ability to produce high quality, photorealistic 
images, videos and animations. Stable Diffusion 
uses T2I technique that allows text to be 
transformed into visual representations by mixing 
VAE (output variation) with diffusion models 
(forward and backward process, defined as a 
Markov chain of diffusion steps) (see Håkansson 
and Phillips-Wren, 2024 for more details).   

Research on GenAI in architecture has 
explored its integration into design processes 
(Danchenko, 2020) including urban design (Jiang 
et al, 2024), conceptual design (Fang et al 2025) 
form exploration (Eroğlu and Gül, 2022) 
visualization (Ye et al, 2024) and ideation 
(Tholander and Jonsson, 2023).  While existing 
studies have largely focused on the potential of 
current GenAI models from a user perspective, 
this work differentiates itself by concentrating on 
the development of a custom GenAI interface 
tailored to designers' specific needs and by 
elucidating the essential components and 
functionalities expected within such an interface. 
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Building upon this distinction, our research aims 
to fill a critical gap in the existing literature by 
specifically evaluating how this custom GenAI 
interface enhances design creativity, positioning it 
as a more effective partner, and prioritizing the 
use of Creativity Support Tools (CST) as a key 
index for measuring its success within the design 
process. 

TECHNICAL DEVELOPMENT OF THE 
GAI-A INTERFACE 
Our research has demonstrated that the 
implementation and utilization of GenAI models 
present significant challenges for designers. 
Therefore, we proceeded by collecting data from 
students at every stage of the application 
development process, both their expectations 
from AI models and the extent to which the 
application we developed fulfills these 
expectations. Our findings indicated that they 
prefer to interact with such tools through simple 
interfaces such as web applications (Gül et al, 
2024a). In response to these findings, we 
developed the GAI-A Interface as an enabling 
layer for advanced GenAI tools and 
methodologies. The interface is hosted on a 
website with intuitive, targeted web applications, 
designed to be accessible without requiring prior 
expertise in the field (Figure 1). 

This strategy was selected to provide 
designers with a user-friendly and accessible 
platform, thereby streamlining the workflow and 
eliminating the technical barriers typically 

associated with the deployment and operation of 
such tools. Our development process consists of 
three parallel, interconnected loops: 

 
• Monitoring the advancements in AI tools, 

learn about them, and experiment with their 
capabilities, and developing new methods or 
update existing ones based on these 
developments. 

• Observing the evolving or unmet needs of the 
students during design studios and strive to 
align their requirements with the new 
methods we've been experimenting with (see 
(Gül et al, 2024b) for the process and design 
outcomes of the workshops during design 
studios). 

• Engaging a traditional feedback loop, 
continuously improving our implemented 
features based on user feedback. 

 
The GAI-A interface was developed in three 
stages, with each stage involving the introduction 
of a new prototype to the design studios. The 
initial prototype incorporated a collage workflow 
utilizing the Midjourney and ChatGPT APIs. This 
prototype was designed to blend multiple images 
into a single composite image, retaining distinct 
elements from each input. At the outset of our 
research, AI models such as Midjourney, as well as 
OpenAI's Dall-E and ChatGPT, were gaining 
prominence and widespread use. However, 
limitations were encountered due to the 
proprietary nature of OpenAI's models, which 

Figure 1  
Left: The GAI-A 
Interface (left: 
positive and 
negative prompts, 
middle: input 
images, right: 
advanced options 
menu and workflow 
preferences); Right: 
generated output 
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were not open source and offered restricted API 
access that did not fully meet our project 
requirements. Additionally, Midjourney lacked an 
official API, and all referenced models presented 
constrained capabilities in terms of conditioning 
and fine-tuning. Consequently, the focus of 
subsequent development shifted towards 
exploiting the capabilities of the Stable Diffusion 
model, delving into the extensive tools, methods, 
and approaches being cultivated within the 
design students to better meet our project’s 
objectives.  

The second prototype featured a revised 
collage tool and two new workflows which utilized 
Stable Diffusion to have an increased control over 
the generations (Zhang and Agrawala, 2023). 
Additional optional parameters related to 
diffusion samplers were added to the interface 
under the “Advanced Options” tab. The collage 
tool was also improved with the accommodation 
of a new parameter which enables the users to 
use the input collage between a literal 
composition and an abstract one, with a variable 
degree. This was done through utilizing the input 
image instead of an empty latent image and 
adjusting the denoising amount through this 
parameter. The added tools, Edge and Depth 
Detection workflows were similar in nature. They 
both processed the input images through either 
Canny Edge detection or depth estimation 
algorithms and conditioned the generation with 
this information. 
The third prototype represents a significant 
evolution in this regard (Figure 1). This version 
consolidates the previously separate pages into a 
single unified interface, offering a toggle for 
selecting between various workflows, such as 
Blend (formerly known as Collage), Canny, and 
Depth, on a consistent canvas. “Canny” workflow 
integrates Canny edge detection (1986), which 
extracts structural edges from an image, 
providing clear contours that guide Stable 
Diffusion in generating refined textures and 
details while maintaining the original 

composition. “Depth” workflow integrates MiDaS 
depth mapping (Ranftl et al., 2019), which 
estimates the depth of an image, adding spatial 
awareness that helps the model create more 
realistic and coherent results by preserving depth 
relationships and perspective. Together, these 
techniques enhance control over image synthesis, 
improving applications like sketch-to-image 
conversion, depth-aware transformations, and 
structured artistic rendering. This design allows 
users to switch between different workflows 
seamlessly at any time, enhancing usability and 
interaction efficiency. Furthermore, a fourth tool 
has been incorporated into this prototype, which 
facilitates a straightforward T2I workflow. This 
expansion of the creative possibilities available to 
designers within this robust framework is a 
notable addition. 

The latest GAI-A framework is structured 
across three functional layers, each designed to 
streamline the design process, reduce the 
technical load on the designers, and enhance 
creative flexibility. 

At the foundation of the GAI-A framework lies 
the Stable Diffusion layer. Through utilizing 
advanced ComfyUI workflows, this layer aids the 
generation of Stable Diffusion applications 
tailored specifically to meet the diverse needs and 
approaches of designers. These workflows are 
meticulously crafted to support various design 
tasks, from T2I to I2I conversions. Designers’ 
inputs are processed into these workflows, and 
the system dynamically generates outputs that 
respond to their requests. The intention here not 
only enhances the user experience by providing a 
tailored approach to design needs but also 
maximizes efficiency in creative output and 
engagement with the tool. 

Transitioning from the customizable 
workflows of ComfyUI (Comfyanonymous, 2023), 
the second layer involves transforming these 
tailored workflows into operational online 
deployments using Comfy Deploy (BennyKok, 
2024). This crucial conversion facilitates the 
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creation of an accessible API that connects the 
underlying workflow processes with the user 
interface in the subsequent layer. This layer is also 
responsible for covering the computation costs of 
running the Stable Diffusion models, while 
managing resources efficiently and ensuring that 
the system remains robust and responsive under 
varying loads. 
The top layer of the GAI-A framework is where the 
functionality comes to life in the form of a fully 
developed website and accompanying 
applications, engineered using Next.js framework. 
This layer introduces a suite of enhanced 
functionalities, including an interactive canvas 
that not only allows for intuitive interaction 
between different AI models but also supports 
direct actions like uploading images and 
generating results through user-friendly buttons. 
Design-specific workflows are integrated, 
providing users with sophisticated tools right at 
their fingertips. As most of the workflows 
currently implemented are reliant on image 

inputs, a canvas application was developed to 
provide basic functionality regarding image 
placement and manipulation. Designers have the 
ability to upload images to the canvas and 
manipulate these by rotating, resizing, and 
rearranging them to form a central composition. 
Following this setup, users can initiate the 
"Generate" command, prompting the workflows 
to process the inputs and display the generated 
images on the canvas. Users also have the option 
to hide the output to facilitate continuous visual 
generation. An “Outputs” button links to the 
generated images, serving as a repository where 
designers can review and access their desired 
outcomes. 

In the GAI-A Interface, designers initially 
encounter straightforward input fields and 
parameters, designed to be accessible for users 
with varying levels of experience. For those more 
adept, the framework offers an advanced mode 
within each workflow, which unveils nearly 
complete control over the internal parameters. 
This feature is particularly beneficial for 
experienced designers who wish to fine-tune 
every aspect of the workflow to suit specific 

Figure 2  
Left: Relations of 
CSI factors with 
the literature 
(Carroll and 
Latulipe, 2009); 
Right: 12 main 
factors of CSI 
(Cherry and 
Latulipe, 2014) 
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project requirements. The entire architecture of 
the GAI-A framework is designed with the user in 
mind, effectively abstracting the inherent 
complexity of the underlying technologies. This 
streamlined approach enables designers to 
leverage GenAI models while minimizing the need 
to engage with technical complexities, allowing 
for a greater focus on creativity and design 
problem-solving. By reducing the barriers to entry 
for utilizing advanced AI functionalities, the GAI-
A aims to broaden participation in design 
innovation, extending its accessibility to a wider 
range of practitioners. 

EVALUATING CREATIVITY SUPPORT 
OF THE GAI-A INTERFACE 
Methodology and evaluation metric 
The GAI-A interface was evaluated with expert 
study and a workshop with volunteer students 
(N=18) in the 3rd year design studio. This process 
is being monitored through the use of post-task 
tests and interviews. The Creativity Support Index 
(CSI), which has been developed to test 
applications that are designed to support 
creativity, has been identified as an appropriate 
instrument to measure the progress of the work 
in hand (Cherry and Latulipe, 2014). 

Carroll and Latulipe (2009) developed a CSI 
comprising twelve main factors following an 
extensive review of theories, ideas and categories 
related to creativity. These include flow 
(Csikszentmihalyi, 1997), fun (Read, MacFarlane 
and Casey, 2002) and play (Rubin, Fein and 
Vanderberg, 1983) (Figure 2). In the field of 
creativity theory, psychologist Csikszentmihalyi's 
(1997) conceptualization of optimal experience 
and flow is associated with enjoyment of the 
work, a deep but not effortless engagement with 
the activity. In his study of children, Read, 
MacFarlane and Casey (2002) suggest that 
children's anticipatory engagement and 
persistence are related to enjoyment of the 
activity.  

In particular, the desire to repeat and continue an 
activity is related to the enjoyment motive. 
Similarly, Carroll and Latulipe (2009) propose that 
Rubin, Fein and Vanderberg's (1983) concept of 
play may be related to individual attitudes such as 
intrinsic motivation for an activity, independence 
from external rules, and non-literality. 

In our research, maintaining user engagement 
in the environment and facilitating enjoyable 
discovery processes are closely related. In the 
context of digital environments, Schneiderman 
(2007) proposes four principles for the HCI 
community to consider when designing CSTs. 
These are: supporting exploratory research, 
enabling collaboration, preserving rich history, 
and designing with 'low thresholds, high ceilings 
and wide walls. It can be argued that an 
environment that is easy to learn and offers a free 
exploration environment will be an effective tool 
in terms of supporting creative processes in the 
field of design. In this context, the CSI developed 
by Carroll and Latulipe (2009) was deemed an 
appropriate evaluation criterion for our research. 

Expert study 
An expert participant who was a PhD candidate in 
Architectural Design Computing Program was 
presented with a simple urban infill problem. The 
task was to employ the GAI-A Interface during 
design. The expert was provided with pen and 
paper and drawing instruments, as well as with 
the option of using any 3D modeling application 
at her discretion. The participant was required to 
adhere to the think-aloud method, a commonly 
used technique in design studies, in order to 
assess cognitive and intellectual activities. While 
the think-aloud method is not the focus of this 
study, it was employed as a means to provide 
deeper insights for researchers into the impact of 
the GAI-A Interface on the design process. 
Following a preparatory training session, the 
design process was initiated and documented 
through both audio and video recordings. Once 
the design process was complete, the CSI, along 
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with user evaluation scales developed by 
Shneiderman et al. (2007) and Nielsen (1994) were 
administered in order to gather further insights. 

Results of expert study 
Table 1 presents the CSI factors and 
corresponding scores from our study involving an 
expert participant. This table outlines the factor 
counts, factor scores, and average weighted 
factor scores for each of the six factors in the CSI. 
The data reflect the frequency with which the 
expert identified each factor as significant for the 
task, independent of the tool's support for these 
factors. It is noteworthy that exploration (5), 

collaboration (4), and immersion (3) were 
identified as more important and relevant for the 
expert engaged in design tasks. In contrast, 
results with effort (2), enjoyment (2), and 
expressiveness (1) were deemed less critical and 
relevant. 
Subsequently, the expert was asked to evaluate 
the GAI-A Interface according to Nielsen's ten 
rules of usability (1994) and a heuristic evaluation 
informed by Shneiderman et al.'s golden rules 
(2007). This evaluation utilized a four-point 
positive/negative scale (Figure 3). Although the 
interface was noted for its consistency (S1-N6), 
the same positive feedback was not echoed 
regarding the short-term memory load (S8), 
which is critical for designers to maintain 
uninterrupted design activity. This concern is 
further supported by the identified weakness in 
the area of recognition rather than recall (N7). 
Moreover, the system's positive alignment with 
the real world (N2) suggests that users can 
operate the tool and the application without 
feeling alienated. Additionally, the provision for 
user control (N3) allows the design process to 
proceed without disruption. The interface was 
also praised for its aesthetic simplicity, which 
shifts focus directly onto the designed object 
(N9). However, the absence of informative 
documentation was highlighted as a shortfall by 
the expert (S3 and N5), indicating a need for 
enhanced control mechanisms and 
comprehensive information regarding the tool 
and application. Notable improvements have 
been identified in this latest version in 
comparison to its predecessor. However, further 
development is required.  

Results of design student workshop 
conducted with a group of 3rd year design 
students (N=18). The CSI rating of the preliminary 
work was found to be relatively high (see Table 2). 
Table 2 presents the average factor counts, 
average factor scores, and average weighted 
factor scores for each of the six key factors on the 

Figure 3  
Left: Scores of 10 
Rules of Nielsen 
(1994), Right: 
Scores of Golden 
Rules of 
Schneiderman 
(2007). 
 

Table 1  
Expert study 
results, CSI score 
is 95,3.  
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CSI. The average counts denote the frequency 
with which participants selected a specific factor 
as important to the task, irrespective of how well 
the tool supported those factors. It's worth noting 
that the average factor counts also shed light on 
which factors hold the most significance for this 
particular creative activity. Specifically, immersion 
(1.78) and collaboration (1.89) appear to be less 
relevant or important to users engaged in design 
tasks, whereas expressiveness (3.56) holds great 
importance, and exploration (2.78) and 
enjoyment (2.44) are also deemed relevant. The 
factor score represents the sum of agreement 
statement responses for a factor, each rated on a 
scale from 0 to 10, with a higher number 
indicating better support for that factor. 
Therefore, the maximum factor score is 20. 

In contrast to the expert study, students found 
the expressiveness aspect of working on the GAI-

A Interface we developed to be strong (see Figure 
2, bottom). This aspect received the highest score 
of 3.56. This finding suggests that the students 
perceive themselves as highly creative when 
working within the system (see Figure 2, bottom). 
Furthermore, the analysis revealed that the 
utilization of the interface developed facilitated 
the exploration of numerous design concepts, 
alternatives and results (as evidenced by an 
exploration score of 2.78). Conversely, the 
immersion component received the lowest score, 
suggesting that working with this tool is less 
intuitive and does not facilitate seamless 
workflow as compared to a design tool that is 
more familiar to them. This phenomenon may be 
attributed to the learning curve associated with 
utilizing the GAI-A Interface, a process that 
necessitates prolonged observation and design 
studies involving expert designers.

CONCLUDING REMARKS 
This study has enabled the following conclusions 
to be drawn with regard to the expectations of 
designers in relation to a GenAI-based design 
environment. Firstly, the latest iteration of GAI-A 
has demonstrated significant advancements in 
comparison to its predecessors; however, there 
are still some areas that require enhancement. A 
particularly salient area that merits attention is the 
storage and memorability of images. The ability 
to maintain a comprehensive array of images 
loaded as input, readily accessible for retrieval 
and reprocessing on the canvas through search 
functions, emerges as a salient interface feature 

that ought to be incorporated into the design 
process. 
Furthermore, the incorporation of a cropping 
function is now regarded as being of paramount 
importance, thereby enhancing the utility of the 
tool and the user's agency in the creative process. 
The GAI-A Interface has been found to facilitate 
creative activities in the design field, especially 
during the discovery phases. This inherent 
support is intrinsic to the design process itself, 
which is often characterized by the pursuit of 
inspiration. The ability to visualize the variations 
in a suggestion provided by the interface aligns 

Table 2 The study 
results with 3rd 
year design 
students, CSI score 
is 75,75 (SD: 20,15) 
N=18. 
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with the dynamic nature of design activities, 
thereby encouraging such discovery efforts. 

Additionally, the interface's ease of learning 
and the familiarity of its buttons and commands 
become pivotal factors. As the interface evolves 
and offers a more extensive range of functionality, 
it has been observed that the perception of the 
interface's capabilities increasingly depends on 
the user's familiarity with its features. This 
phenomenon can be conceptualized as a learning 
curve, where the complexity and feature-richness 
of the interface necessitates a greater degree of 
user expertise. 

This suggests a trade-off between 
functionality and ease of use. To further explore 
these dynamics, future research will examine how 
designers' proficiency with the GAI-A Interface 
affects their creative processes. This will include 
an examination of the effects of learning to 
navigate the interface on creativity. To this end, 
protocol studies involving a larger group of 
expert architects are planned. These studies will 
provide deeper insights into how interface 
mastery can enhance or hinder creative output in 
professional design environments. 
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