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Abstract

Architectural design is a complex process in which multiple issues must be addressed simultancously. The
ratio of window area to floor area in classrooms, especially in cold regions, plays a significant role in enhancing
both visual and thermal comfort, as it directly influences the amount of natural light and radiant heat entering
the space. This reduces the need for artificial lighting and dependency on heating systems. However, an
excessively high ratio can lead to heat loss, energy wastage, and discomfort due to glare. Therefore,
determining an optimal window-to-floor area ratio is crucial for ensuring both visual and thermal comfort.
This study focuses on a secondary school classroom in Tabriz, a city with a cold climate. The research
objectives were optimized using simulation tools such as Honey Bee, Ladybug, and the Octopus optimization
plugin. The study concludes that the optimal classroom window-to-floor area ratio ranges between 0.125 and
0.2. Specifically, the best results for glare and adaptive thermal comfort are achieved with a lower ratio within
this range. In contrast, the best results for daylight sufficiency occur at the higher end.
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Introduction

Sustainable architecture is a comprehensive approach that addresses user needs, contextual factors,
functionality, and aesthetics in an integrated manner. In educational buildings, functionality plays a critical
role as it directly affects the cognitive performance, comfort, and health of students. Among the most
important factors are thermal comfort, energy efficiency, and adequate natural lighting, all of which
contribute to creating a conducive learning environment. Natural daylight has been widely acknowledged for
its positive physical and psychological effects. It enhances alertness, reduces eye strain, and supports circadian
rhythm regulation, contributing to better concentration and reduced fatigue. However, without proper
design, excessive brightness can cause glare and discomfort, undermining these benefits. Achieving a balance
between sufficient daylight and visual comfort requires careful consideration during the design
phase.Thermal comfort is equally essential, as inappropriate indoot temperatures can impair students' health
and focus. Given the challenges and costs associated with post-construction modifications, using simulation
tools during the early design stage is highly advantageous. In regions like Iran, where localized sustainable
building guidelines are lacking, such tools are crucial for climate-responsive architectural solutions.Numerous
studies have examined environmental comfort in educational buildings across diverse climates. For example,
research in subtropical and tropical regions has emphasized the need for cooler indoor environments and
has highlighted gender-based variations in thermal comfort perception. Other studies have focused on
optimizing design elements such as light shelves and window placement to improve performance. The use
of multi-objective optimization tools based on artificial intelligence has enabled architects to address multiple
goals simultaneously. Despite these advancements, practical design recommendations tailored to specific
Iranian climates remain limited. This study addresses that gap by focusing on the window-to-floor area ratio
in high school classrooms in Tabriz. The goal is to identify an optimal range that ensures thermal and visual
comfort based on climatic conditions, using simulation and optimization tools to inform design decisions.

Materials and Methods

Tabriz is situated in northwestern Iran and features a semi-arid climate characterized by cold winters and hot,
dry summers. Positioned at an altitude of 1361 meters, the city receives about 4,369 hours of sunshine
annually, of which approximately 3,047 hours are usable due to weather conditions (Ouria, 2019). According
to ASHRAE Standard 55, the psychrometric chart indicates that, without climate-adaptive measures, only
19% of the year offers natural thermal comfort. To evaluate the classroom environment, the study used three
key performance indicators:

Daylight Autonomy (DA) — the percentage of time during which natural light meets or exceeds minimum
illumination levels, as defined by Reinhart & Walkenhorst (2001).

Daylight Glare Probability (DGP) — a measure of potential visual discomfort due to bright light sources
within a space (Van Den Wymelenberg, 2014).

Adaptive Thermal Comfort — determined using updated ASHRAE and EN standards that incorporate
outdoor conditions in naturally ventilated buildings (Serghides et al., 2017; Wang et al., 2019).

The research employed Rhino software with the Grasshopper plugin for parametric modeling. This allowed
for flexible adjustments of classroom geometry, including width, length, and window size. Ladybug and
Honeybee plugins simulated daylight and thermal behavior using actual climate data from Tabriz Airport.
Artificial lighting was excluded to isolate the impact of natural light. For optimization, the Octopus plugin
within Grasshopper applied the SPEA2 evolutionary algorithm. The three objectives—maximizing daylight
autonomy, minimizing glare, and increasing thermal comfort hours—were assigned equal weights to ensure
an unbiased evaluation. The simulated classroom was a ground-floor unit with an east-west orientation,
featuring one south-facing window and a fixed-size door. The window was modeled as non-operable, double-
glazed, and low-emissivity. Except for the southern external wall, all other surfaces were considered adiabatic.
The simulation focused on typical school days and hours, excluding holidays and vacations, and assumed
adult student occupancy per ASHRAE guidelines.

Results

The primary objective of this study was to determine an optimal ratio between window area and classroom
floor area to create a comfortable indoor environment that supports educational activities. Using parametric
simulation and multi-objective optimization, the study explored how vatiations in classroom dimensions and
window sizes affected thermal comfort, daylight adequacy, and glare probability. Out of the various
configurations tested, 70 optimal solutions were identified using the SPEA2 algorithm. These solutions
formed a Pareto front where none dominated the others, meaning each provided a balanced trade-off among
the three objectives. The optimal range of window-to-floor ratios was found to be between 0.125 and 0.2.
Within this range, several configurations demonstrated particularly high performance in specific areas.For
instance, some configurations achieved daylight adequacy levels exceeding 86%, making them suitable for
reducing the need for artificial lighting during school hours. Others achieved over 1830 annual hours of
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thermal comfort, which would reduce reliance on mechanical heating or cooling systems. In contrast, the
best glare performance, with values as low as 0.73, indicating minimal visual discomfort. These results
underscore the importance of considering all comfort factors in tandem. Enhancing one objective often
impacts another—for example, increasing window size can improve daylight but may also raise glare and
thermal instability. The study demonstrates that there is no one-size-fits-all solution; rather, the optimal
design based on contextual needs and priorities. Designers may select specific solutions from the Pareto set
depending on site conditions, user preferences, or institutional policies on attificial lighting and HVAC
usage.Ultimately, the study's findings provide a valuable framework for evidence-based design in educational
architecture, especially in cold-climate regions like Tabriz.

Discussion

Ensuring thermal and visual comfort in classrooms is essential for supporting learning and well-being. This
study employed multi-objective optimization to explore how window-to-floor ratios affect daylight, glare,
and thermal comfort. A ratio between 0.125 and 0.2 was found to be the most effective. Lower ratios reduce
glare and maintain daylight levels, whereas higher ratios improve thermal comfort. The results provide
practical guidance for cold-climate classroom design in Tabriz. Future research can examine these
proportions in other climates and consider additional factors such as acoustic comfort or surface-to-floor
ratio as further design parameters.
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Fig 1. Graphic Contours of Climatic Parameters on an Houtly Basis, Extracted from Tabriz Airport

Meteorological Database, from January to December. A. Dry bulb temperature (°C) B. Dew point

temperature (°C) C. Direct vertical irradiance (lux) D. Relative humidity (%o)
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Fig 2. Graphic Contours of Climatic Parameters on an Hourly Basis, Extracted from Tabriz Airport

Meteorological Database, from January to December
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Fig 3. Model of the Classroom Under Study
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Table 3. Specifications of Materials Used in the South-Facing Wall of the Model
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Table 4. Optimal Solutions of the Final Pareto Front and the Value of Each Research Objective in

These Solutions
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Fig 5. Status of Various Factors Related to the Selected Solutions with the Highest DA
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Fig 6. Contours for the Selected Solutions with the Highest DA
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Fig 7. Status of Various Factors Related to the Selected Solutions with the Lowest DGP
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Fig 9. Status of Various Factors Related to the Selected Solutions with the Highest Adaptive Thermal
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