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Abstract. This study explores a participatory design methodology for
renovating a vacant unit in Haraichi Complex, a large-scale housing estate
built in 1966, which faces an aging population. As an extension of the
"Satellite Lab Ageo" community hub, the project aims to expand resident-
led activities to the vacant unit on the second floor. To overcome the
limitations of traditional participatory methods—such as the time-
consuming nature of physical modeling and difficulties in consensus
building—this research introduces generative Al as a tool for rapid
visualization. While previous applications of Al in planning have struggled
with realism and implementation, this study focuses on the process of
integrating diverse resident needs into a cohesive architectural design. By
verifying the transition from "idea projection" via Al to physical spatial
realization, this research proposes a new framework for participatory
design that facilitates collective intent in the revitalization of aging housing
complexes.

1 Introduction

Haraichi Danchi in Ageo, Saitama, is a public housing estate constructed in 1966,
comprising a cluster of 45 five-story residential blocks. More than half a century after its
initial occupancy, the estate currently accommodates approximately 2,400 residents across
1,600 households. While the vacancy rate remains remarkably low at 3—4%, the aging rate
(the proportion of the residents over 65) has reached 42%. Consequently, regional
revitalization has emerged as a critical and inevitable challenge that must be addressed to
ensure the community's sustainability.

Since 2012, our university has repurposed a vacant storefront within the complex to
establish "Satellite Lab Ageo,” a strategic base for social experiments aimed at community
revitalization. Through student-led initiatives such as a community library and a pizza cafg,
the lab has fostered intergenerational exchange and served as a local hub. Building upon the
outcomes of these ground-floor activities, this study focuses on a project to expand into
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vacant second-floor residential units, transforming it into community spaces through
resident-participatory design.

According to previous research [1], participatory design in housing renovation often
faces difficulties in achieving consensus due to the diverse interests of residents and
varying levels of engagement. Conventional methods using sticky notes and physical scale
models present a significant challenge, as they require considerable time for participants to
share a common visual intuition and demand extensive effort to reach a final agreement.

In contrast, the most distinctive feature of this study is the integration of generative Al
to elicit the latent needs of residents and rapidly visualize their ideas. In the field of
architectural design, generative Al has been gaining attention as a method for sharing the
mental imagery of users. However, challenges in participatory design using generative Al
have also been reported. For instance, in landscape planning, while this technology is
effective for capturing residents' intentions in real-time, the generated images sometimes
lack realism. Consequently, the implementation process for the design and operational
phases has yet to be systematized [2].

The objective of this study is to verify a design methodology that utilizes generative Al
to visualize residents’ requests and translates them into the renovation design of community
space on the second floor of the Satellite Lab. Specifically, this research goes beyond
conventional Al-assisted methods—which often remain limited to the visualization of
individual intentions—to clarify the process of how multiple intentions can be integrated
and translated into a concrete architectural design. The concept of "projection as an idea"
presented in this study visualizes the diverse aspirations of residents and evaluates its
effectiveness through implementation in physical space, thereby offering new possibilities
for participatory design.

2 Design using generative image Al

In the initial stage of the project, we verified the effectiveness of a community-participatory
design methodology that utilizes generative Al to visualize residents' intentions and
projects them onto the actual interior design.

As of May 2024, when this practice commenced, widely available generative AI models
included Stable Diffusion (Stability Al), Midjourney (Midjourney, Inc.), and DALL-E 3
(OpenAl). For this project, Midjourney was selected for the workshops (hereafter "WS")
due to its established reputation for generating highly creative and evocative imagery, as
well as its superior ability to capture the "atmosphere" of space.

The verification process consisted of the following four steps:

2.1 Step 1: Preliminary Experiment

To establish the methodology and optimize the application of generative Al two
preliminary experiments were conducted. A pilot exercise carried out prior to the main
experiment revealed that it was difficult for participants to envision a concrete ideal space
when presented only with the “skeleton” state of the unit, where the interior had been
completely stripped. For example, in the study by A. Ishraq et al., a participant stated that
having a scenario helped them think about the future [3]. In addition, P. Adrian et al. noted
that the inclusion of community functions was perceived as inspiring, as it allowed citizens
to use the ideas of others to develop their own ideas or optimize existing ones [6]. These
findings suggest that both narrative cues and shared visual references can support
participants in imagining future spatial use and expanding their ideas through dialogue.
Accordingly, we decided to provide sample images pre-generated with Midjourney as
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visual and narrative cues, enabling participants to imagine possible activities and spatial
situations more concretely and to initiate dialogue more easily.

The first preliminary experiment

aimed to create an "ideal image" that integrated the

opinions of all participants using Al. However, attempting to aggregate multiple requests
into a single image tended to result in a generic spatial image where individual preferences
were averaged out, leading to a loss of distinct characteristics. Furthermore, the experiment

highlighted a significant issue: the

Al often generated images that lacked architectural

feasibility, such as adding windows in structurally impossible locations within the existing
framework. This problem was closely related to the limitation that the image had to be
regenerated with each prompt [4], while only specific parts of the composition could not be
edited independently. As a result, even when attempting to correct architectural
inconsistencies, other elements of the image were often altered unintentionally, making it
difficult to gradually refine the output toward a satisfactory result. Based on the above
results, the second preliminary experiment adopted a method of presenting multiple diverse
and photorealistic images (Fig.1). As a result, participants were able to select and share

images that closely aligned with their

own ideals. However, the experiment also identified a

tendency where the initially presented or selected images strongly conditioned subsequent
ideas, thereby restricting the expansion of creative thinking.

Therefore, we shifted our approach regarding the role of generative Al: rather than
using it to "create a unified final consensus for design," we repositioned it as a "tool to
stimulate discussion and visualize the latent intentions of participants." Specifically, an
improved methodology was derived for this project in which the generated images are not
treated as finished designs themselves. Instead, the details of the discussions sparked by
these images are meticulously recorded, and the designer then translates and reflects these
insights into a concrete architectural plan based on their professional expertise.

Procedure Prompt

STEP(D

Images selected from
samples

White interio r, large rectangular window,
natural fight, minimalist style, wooden floo r,
white walls, buit-in
shelves, small kitchen area, hanging
decorations, Scandiavian style, clean and
bright

. Samples

STEP®) Discussion

Wood, natural, plants, reconfigurable furniture

First Revision Use wood for the ceiling and floo r, and unify the walls in white First Revision
Image generated by Natural light, Minimalist style, Wooden
Midiourney v floors, White walls, Wooden ceiling, Buit-in

shelves, small kitchen space, Hanging
decoration, Scandinavian style, Clean and

STEP@ Discussion

Indirect lighting, seating available anywhere, cushions

Second Revision

STEP®)

Image generated by
Midjourney

Kitchen with indirect lighting, floor cushions for seating anywhere

Second Revision

White minimalist Scandinavian-syle room wih
large rectangular windows alowing natural ight
wooden floors, white walls, wooden ceiing,
bultin
shelves, small kitchen space with indirect fighting,
cozy seating cushions scattered throughout,
hanging
decorations, clean and bright amosphere,
photoreaiistic render

STEP®
Discussion
l
1
STEP®)
Findings

1 Person

Wooden floor and ceiling, white walls

Liveable, seating available anywhere
Indirect lighting at the steps

2 People
Wooden floor and ceiling, white walls
Easy to live in, seating available anywhere
Preference for no steps, preferring indirect ceiling lighting

Fig. 1. Procedure of the Second Preliminary Experiment.
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2.2 Step 2: Design Workshop Using Generative Image Al

Incorporating the improvements identified in Stepl, we conducted three workshops
utilizing Midjourney to collect residents' feedback that would inform the design process.

In the first workshop, to facilitate the exchange of opinions, we presented ten distinctive
images (Fig.2) generated based on various interior shop aesthetics that complemented the
space. We then iteratively generated new images by incorporating keywords identified
during the discussion. As a result, although we managed to narrow the options down to two
proposals that closely aligned with the participants' requests, a unanimous consensus was
not reached.

NO. 1 Japanese style NO. 2 classic NO. 3 simple (wood) NO. 4 colorful (deep tones)  NO. 5 simple (white)

Fig. 2. Ten Sample Images.

In the second and third workshops, we prepared 14 images—refined and supplemented
based on the feedback from the first session (Fig.3)—and followed the same procedure. The
results revealed that elementary school students showed a strong preference for natural and
simple interiors utilizing wood, while a certain number of adults supported a clean, white-
themed aesthetic. By encouraging participants to freely discuss the reasons for their
preferences and iteratively using these insights as prompts, we brought the generated
images closer to their ideals and selected the final proposal.

Fig. 3. Fourteen Revised and Additional Sample Images.
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2.3 Step 3: Basic Design Development through Generative Al

Based on the group-specific opinions gathered during the Step 2 workshops, three
design proposals were formulated (Fig.4).

Interestingly, many children noted that they "feel calm in simple and neat spaces," a
finding that contradicted the organizers' prior assumptions. Conversely, adult preferences
were more diverse; notably among elderly participants, a tendency was observed where
irregular floor levels or a cluttered atmosphere evoked a sense of nostalgia and were viewed
favorably.

Through the three workshops, we successfully gathered a wide range of requests from
both residents and administrators. Generative Al proved particularly effective in engaging
children and elicited numerous creative ideas by visualizing opinions that are often difficult
to verbalize. However, the study also revealed a limitation: Midjourney struggled to
represent unfinished or cluttered spatial aesthetics, resulting in a discrepancy between the
generated images and the participants' mental imagery.

Participants Preferred images

Participant A

Participant B

Participant C

2.4 Step 4: Basic design using Al

Based on user feedback categorized by profile obtained through previous workshops, we
have developed the following three design proposals. Since current technology cannot
directly convert Al-generated images into workable construction drawings, the designer
extracted key features from the generated images and keywords—considering the actual
conditions of the existing building—and integrated them into the final designs. Furthermore,
although not prominently featured in the images, many users requested storage space for
their belongings; therefore, we have incorporated a significant number of shelves and
storage units.
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Contributors Key Features of the Design Proposals
Option 1 Elementary Students Incorporating natural materials
and a shoes-off environment
X - Features a colorful design with
Option 2 Administrators
shoes-on convenience
Simple designated zones
Option 3 Adult Residents pe desig
for shoes-on and shoes-off use.

Fig. 5. Key Features of Each Design Proposal.

2.5 Step 5: Interior Construction as Implementation

Renovation work was carried out based on the final design (Fig.6). The university students
worked on the construction for two months. As a finishing touch, a painting workshop was
held for the children, where they applied natural paints in their chosen colors to the shelves.

Fig. 6. Before Renovation (Left), After Renovation (Right).

2.6 Step 6: Evaluation Through a Questionnaire

After the completion of the lab, a survey was administered to the participants to evaluate
whether the realized space reflected their opinions and to assess the effectiveness of the Al-
assisted design process.

The workshops utilizing generative Al proved effective as a tool for increasing
participants' engagement in the project and encouraging proactive input. However, certain
challenges were identified: a gap emerged between the Al-generated images and the actual
hardness and scale of real-world materials. Furthermore, because the generated images
often featured furniture and decorative accessories, participants who developed an image
distinct from the empty, post-construction interior expressed lower satisfaction regarding
the furniture during the evaluation phase.

Through this initial study, it was demonstrated that community-participatory design
using generative Al is effective as a means of "projecting”" the intentions of individual
residents. At the same time, however, the research highlighted the difficulty of establishing
a framework for integrating multiple, often divergent, intentions within a shared space into
a single generated image.
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3 Space-use plan using generative image Al

Since its opening in December 2024, the lab has gradually begun to function as a
community hub, hosting activities such as Japanese drum (wadaiko) practice and providing
a space for children to stay while the community library on the ground floor is open.
However, challenges remained regarding underutilization due to the difficulty of
envisioning specific use cases. Consequently, a follow-up workshop utilizing generative Al
was conducted to share potential usage scenarios and to deliberate on necessary equipment.

Specifically, two workshops were held to examine lighting and furniture design
proposals based on photographs of the interior after its completion. While reviewing the
generated images, participants engaged in a dialogue regarding their individual preferences
and the points of divergence between the Al-generated visuals and their own mental
imagery.

In our previous workshops, while the sample images helped initiating discussion, they
sometimes guided participants' ideas toward specific directions. Also, they have the
inherent difficulty of integrating diverse intentions and reflecting them in physical space,
which ultimately necessitated a reliance on physical models. Based on these reflections, this
project attempted to refine the methodology to address these issues.

3.1 The First Usage Planning Workshop

In March 2025, OpenAl released the image generation features of GPT-40. Compared to
Midjourney, this model excels in accurately preserving the content of the original source
image and allows for targeted modifications to specific areas. Another significant
characteristic is its ability to process intuitive instructions in Japanese. Since the objective
of this workshop was to examine concrete usage scenarios within the completed interior,
we adopted this feature for its ability to reflect the actual local conditions and its capacity
for flexible adjustments. This decision is also supported by K. Ioannis et al., who suggest
that the swift and efficient technical evaluation of ideas using advanced models, such as
ChatGPT-40 or similar alternatives, enables citizens to assess solutions from both
emotional and technical perspectives [5]. Therefore, GPT-40 was considered suitable not
only for visualizing participants’ ideas, but also for supporting a more concrete evaluation
of their feasibility and spatial implications. (Fig.7)

Current lab interior Al-generated image

<Prompt used for ChatGPT >

Try creating a space that combines Halloween
and Christmas.

Fig. 7. ChatGPT prompt and the image generated by ChatGPT (right).
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Based on the reflections from previous sessions, we attempted to refine the
methodology. First, we ensured that participants had a comprehensive understanding of the
current state and spatial configuration of the lab. To avoid steering their ideas toward
specific directions, we moved away from showing pre-prepared sample images; instead, we
adopted a format where images were generated on-site during the dialogue, using actual
photographs of the space as a base.

Specifically, participants' remarks were recorded as prompts in real-time, and we
conducted detailed interviews regarding how the generated images differed from their
mental imagery or which aspects they found appealing. By repeating this interactive
process, we incrementally visualized the participants' latent requirements.

Finally, we made analysis on the text data gathered during the image-generation process
and the approximately 100 images that were generated (Fig.8).

The prompt used Al-generated image

*Secret hideout
*Camping space
*Party space
*Aquarium space
*Reading space
*Classroom
*Exercise space
*Rest space

*Movie space

*Lively gathering space etc.

Fig. 8. Words and generated images obtained from the workshop.

3.1.1 Discussion of Words Elicited Through Image-Generation Prompts

In this step, we extracted these words that describe specific activities from the image
generation prompts and used them as indicators. Then, we derived reference values for
color temperature and illuminance required for each activity. Additionally, we organized
the adjectives associated with the activity words and categorized them into groups of words
with similar semantic meanings.

The analysis revealed that the required lighting environments spanned a broad range,
with color temperatures varying from 2,000K to 6,000K and illuminance levels from 30 Ix
to 1,000 Ix. These findings demonstrate that to accommodate such a diverse range of
activities, the implementation of lighting fixtures equipped with dimming and color-tuning
functions is essential.

In the categorization of adjectives, expressions indicating vibrant spaces, such as
"colorful" and "lively," were frequently observed. Simultaneously, numerous requests for
calm environments, characterized by terms like "relaxing" and "cozy," were also identified.
This contrast suggests a need for a flexible spatial configuration that allows for not only
multi-colored, high-illuminance settings but also lower-intensity settings conducive to rest
and recovery.
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3.1.2 Discussion Based on the Generated Images

The approximately 100 images generated during the workshops were classified based on
three criteria: "activity level," "number of users," and "frequency of use." The results
showed that, overall, a large number of images depicted scenarios such as music activities,
gaming, or movie screenings involving several people. Conversely, it was also observed
that a significant number of images illustrated individuals spending time quietly alone.
However, some of the generated images contained expressions that are physically
impossible, such as depicting the interior as being underwater. When evaluating the utility
of these images as reference material for design considerations, it became clear that there is
a significant disparity in their contribution to actual design between realistic and unrealistic

imagery.

3.2 The Second Usage Planning Workshop

In the second workshop, participants were divided into two groups to conduct a more
detailed projection based on specific usage scenarios. To scrutinize the required equipment,
each group engaged in in-depth discussions focused on a single base image, followed by an
iterative process of modification and regeneration. Furthermore, to diversify usage imagery,
a role-playing format was adopted where participants spoke from the perspective of
individuals with attributes different from their own. The imagery and prompt vocabulary
generated through these processes were then organized to derive and blueprint the spatial
zoning, required illuminance, and recommended color temperatures (Fig.9).
Based on the findings obtained, the following improvement plans were developed:

¢ Flooring Area: Designated as a calm dining and social space for adults, featuring
decorative lighting such as pendant lights.

+ Cork Mat Area (Multipurpose Use): Designed as a space for floor-seated activities like
movie screenings and gaming; a large projector screen will be installed on the window side
to enhance the sense of immersion.

* Cork Mat Area (Stay and Relaxation): Intended as both a play area for children and a
"secluded retreat" where individuals can spend time quietly alone. Drawing on camping
imagery, equipment such as tents and lanterns will be placed to create this atmosphere.

Based on the improvement plans, a projector screen was first installed on the window
side of the cork mat area. Regarding the lighting plan above, we reconsidered the design to
account for the fact that the facility is regularly used for Japanese drum practice. Since
permanent pendant lights could obstruct movement or interfere with activities during
practice sessions, the plan was revised to implement a lighting track system. This allows for
flexible adjustments to the placement and types of lighting fixtures according to the specific
usage scenario.
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Fig. 9. Space program zoning.

4 Tent installation

Within the cork mat area, a DIY tent was constructed and installed to serve as a "secluded
retreat" where children can spend time quietly alone. The structure was designed as a
teepee, composed of five wooden poles and canvas fabric. To increase the children's
interest in and attachment to the lab through their participation in the creation process, a
workshop was conducted where 90 children and 60 adults painted and decorated the tent
fabric.

Following the workshop, the fabric painted by the participants was sewn together to
complete the tent, which was then permanently installed inside the lab (Fig.10).

Given its recent installation, we have yet to conduct a detailed assessment of how the
tent is used. However, the workshops have successfully raised awareness of the place,
particularly among children, and it was observed that a sense of familiarity and
psychological ownership toward the space is beginning to develop.

Fig. 10. Scenes from the workshop at the "Tkosu Ageo Children’s Fair” and the installed tents.

10
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5 Conclusion

This study positioned generative Al as a "projection device to visualize residents’ visions"
and proposed a participatory design process that extracts opinions and keywords through
iterative dialogue to gradually solidify a spatial image. The results confirmed that
generative Al is an effective tool for instantaneously visualizing and sharing spatial
atmospheres that are difficult to verbalize, particularly in stimulating children's ideas and
eliciting their opinions. On the other hand, it also became clear that higher realism in
generated images carries the risk of misleading participants into believing the visuals can be
implemented exactly as depicted.

Furthermore, the selection of an appropriate AI model tailored to the specific
application is a crucial design condition. While Midjourney is effective at stimulating
creative inspiration, it tends to deviate significantly from reference images (image prompts).
Therefore, it is arguably better suited for new construction or landscape planning rather
than the renovation of existing rooms. In contrast, ChatGPT (GPT-40) demonstrates high
fidelity to reference images with relatively minor discrepancies in scale, making it a more
suitable tool for exploring renovation ideas and concrete usage scenarios. However, as
more realistic images are prone to causing misunderstandings regarding feasibility, it is
essential to clarify during the workshop stage that the images represent an atmosphere and
are not necessarily implementable in their exact form.

Moreover, current generative Al is limited to creating two-dimensional images and
lacks the capability to interpret them as three-dimensional objects with precise dimensions
or to convert them directly into constructible drawings. Consequently, the architect must
fulfill the role of "translator," converting the "atmosphere" presented by Al-generated
images into dimensions, materials, budgets, and construction conditions. This requires the
architect to identify the specific elements valued by participants and adapt them
accordingly. Future research will involve resident surveys to verify how intentions
projected through Al are reflected in actual use, operation, and management. Through this,
we aim to extend the concept of "projection" in participatory design beyond the design
process to the stage of post-occupancy evaluation.
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