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This study proposes a hybrid framework for generating user-centered and
energy-efficient architectural patterns for primary schools by integrating
Generative Adversarial Networks (GANs) with Post-Occupancy Evaluation
(POE). Based on empirical data from 384 users in several public schools in
Tehran, the POE results identified ventilation (r = 0.586), lighting quality, and
furniture/materials (r = 0.701) as the most influential factors on user
satisfaction. Factor analysis revealed latent features such as circulation clarity,
sensory comfort, and spatial quality. The GAN model was trained over 500
epochs on these data and produced synthetic layouts that prioritized user
preferences across six functional zones (e.g., administrative, workshop, and
classrooms). In the generated layouts, up to 34% of the area was allocated to
classrooms, making them the dominant spaces. A comparison between GAN-
generated layouts and baseline school samples showed that EnergyPlus
simulations predicted an average 22% reduction in annual energy consumption,
particularly in heating, cooling, and lighting. Adjacency with service areas,
window-to-wall ratio, and classroom orientation significantly influenced
thermal performance and natural daylighting. Additionally, a feedback loop
was employed to iteratively refine GAN outputs using Mean Squared Error
(MSE) and Structural Similarity Index (SSIM) for improved spatial accuracy.
The results confirm the effectiveness of integrating GAN and POE in
predictive, performance-driven school design. By facilitating decision-making
in the early design stages, the proposed framework offers a scalable approach
to flexible and sustainable educational architecture that balances environmental
objectives with user experience.
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Extended Abstract

Introduction

School buildings play a critical role in shaping students’ learning environments, yet many traditional designs
fail to fully address issues of energy efficiency, spatial comfort, and user satisfaction. Post-Occupancy
Evaluation (POE) provides valuable insights into how users perceive and interact with educational spaces,
but these data are rarely integrated into the design process. At the same time, advances in artificial
intelligence particularly Generative Adversarial Networks (GANSs) offer new opportunities to generate
architectural layouts that balance performance with user needs. This study proposes an integrated POE-
GAN framework to produce school layouts that simultaneously optimize energy use, spatial organization,
and user satisfaction. By combining user feedback with generative design, the research aims to establish a
data-driven approach for creating more sustainable and human-centered educational environments.

Methodology

This study employed a hybrid framework combining Post-Occupancy Evaluation (POE) data with a
Generative Adversarial Network (GAN) to produce user-centered and energy-efficient school layouts. A
total of 320 completed POE questionnaires from teachers and students in primary schools were collected
and validated for content and construct reliability (Cronbach’s o = 0.881). These data were encoded into
conditional vectors representing user preferences for spatial comfort, functional priorities, and
environmental quality. The GAN model was trained on 500 architectural layout samples, with training loss
and zone coverage heatmaps used to monitor convergence and spatial learning. Energy performance of
generated layouts was evaluated through EnergyPlus simulations, while spatial coherence was assessed
using Structural Similarity Index (SSIM) and Mean Squared Error (MSE). Finally, the generated layouts
were compared against traditional school designs across key metrics of energy use, spatial quality, and user
satisfaction.

Results and discussion
The results demonstrate ¢ that the GAN-POE framework effectively generated school layouts that align

with both functional priorities and user satisfaction. Across training epochs, the model progressively
improved in spatial coherence, with classrooms and hallways emerging as dominant zones consistent with
Post-Occupancy Evaluation (POE) data. Among the top three layouts (epochs 480, 490, and 499), Layout
499 with a near U-shaped configuration, achieved the best overall performance in terms of energy efficiency,
spatial comfort, and user satisfaction, outperforming L-shaped alternatives. Compared to traditional school
designs, the GAN-generated layouts reduced annual energy consumption by 21.8%, improved user
satisfaction scores by 19.3%, increased structural similarity (SSIM) by 31%, and reduced layout variation
(MSE) by 62%. These findings confirm that generative design informed by POE can yield user-centered,
energy-efficient, and functionally coherent educational environments.
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¥ co-evolutionary
*territoriality

® Indoor Environmental Quality (IEQ)
* Generative Adversarial Networks - GANs

' Transfer Learning
*Data Augmentation

* Explanatory-Sequential Mixed-Methods

" Generator

" Discriminator
“minimax game

" epoch-based

¥ epochs

* Vector

¥ neutral

" unbiased

" Tiling/Sliding Window
* seam blending

' Multi-Resolution/Hierarchical
" building mass & wings
" Global Constraints
“WWR

" SSIM

* MSE

¥ adjacency rules

" Inter-Tile Continuity

™ Circulation Connectivity
" CAPEX/OPEX

"-class rebalancing
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