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Abstarct

Daylight, as one of the most important factors affecting the quality of
educational spaces, has widespread effects on the perceptual and therapeutic
dimensions of users. The aim of the current research is to identify, model, and
prioritize the perceptual and therapeutic components of natural light in
educational spaces of schools. To achieve this goal, the indicators and sub-
indicators related to daylight were collected through a review of theoretical
literature and field studies. Then, for structural analysis, structural equation
modeling (SEM) was used in SmartPLS and AMOS. next, the analytic
hierarchy process (AHP) was employed to determine the priority and weighting
of the components. The findings showed that in the perceptual dimension, the
mood component (with a weight of 0.17) has the highest importance, followed
by focus and creativity, and the impact on daily activities. In the therapeutic
dimension, the serotonin production component (with a weight of 0.14) ranked
first, while the components of sleep cycle regulation and depression treatment
were placed in subsequent ranks. Sensitivity analysis for key components
revealed that the prioritization, particularly in the therapeutic dimension, has
relatively suitable stability. This research also emphasizes the combined effects
of daylight on students' cognitive, behavioral, and physiological dimensions. In
addition to enhancing spatial perception, social interactions, and mood, natural
light plays an effective role in reducing stress, improving sleep, and increasing
mental productivity by regulating the body's biological rhythms. Such an
approach to educational space design helps not only meet functional needs but
also address users' psychological and health requirements.
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Extended Abstract

Introduction

Daylight plays a critical role in enhancing the quality of indoor environments, particularly in educational
spaces where users’ cognitive, emotional, and physiological needs converge. Over the past decades, the
emphasis on human-centric design has shifted the architectural focus toward incorporating environmental
features that support mental well-being and learning performance. Natural light, as one of the most essential
environmental stimuli, impacts users in multiple dimensions ranging from visual comfort and spatial
perception to hormonal regulation and psychological restoration. The educational environment, being a
pivotal setting for early cognitive and social development, necessitates a design approach that integrates
both perceptual and therapeutic dimensions of daylight. While existing studies have addressed the general
influence of lighting on productivity and well-being, there remains a gap in systematically identifying and
guantifying the specific components through which daylight affects users in educational contexts. The
present study aims to fill this gap by identifying, modeling, and prioritizing these perceptual and therapeutic
components using a combination of structural equation modeling (SEM) and analytic hierarchy process
(AHP). This approach offers a holistic view that bridges empirical validation with design application.
Methodology

The research employs a mixed-method quantitative approach, integrating two advanced analytical
techniques: Structural Equation Modeling (SEM) and the Analytic Hierarchy Process (AHP).

1. Component ldentification: Initially, a comprehensive literature review was conducted to extract
perceptual and therapeutic indices related to daylight. Databases including Scopus, Web of Science, and
PubMed were scanned to identify relevant studies in architecture, psychology, and biomedical sciences.
This process yielded 18 core components—9 perceptual and 9 therapeutic—classified based on their
empirical validation and theoretical relevance.

2. Survey Design and Data Collection: A structured questionnaire was designed, incorporating 37 items
representing the extracted components. The questionnaire was administered to architectural experts,
environmental psychologists, and primary school teachers, yielding 210 valid responses. A Likert scale (1—
5) was used to measure the perceived importance and effectiveness of each component.

3. Structural Equation Modeling (SEM): To assess the construct validity and interrelationships among
variables, SEM was conducted using SmartPLS and AMOS. Confirmatory factor analysis (CFA) was
employed to verify measurement reliability and convergent/discriminant validity. Model fit indices such as
CFI, TLI, RMSEA, and GFI were computed.

4. Analytic Hierarchy Process (AHP): Subsequently, AHP was utilized to prioritize the identified
components. Pairwise comparisons were made among subcomponents within each dimension (perceptual
and therapeutic). Final weights were calculated after consistency checks (CR < 0.1). Sensitivity analysis
was performed to evaluate the robustness of rankings under varying input scenarios

Results and discussion

1 SEM Results — Perceptual Dimension: The model for perceptual components showed a strong overall fit
GOF =0.92. Key model indices include CFI = 0.958, TLI = 0.952, RMSEA = 0.060, and X%/df = 2.642, all
indicating a highly acceptable fit. Factor loadings for the observed variables ranged from 0.733 to 0.945,
with all t-values exceeding 2.58, confirming statistical significance. The most influential perceptual
component was Mood and Atmosphere (loading = 0.91), which highlights the emotional resonance of
daylight and its capacity to reduce anxiety and elevate mood. This was followed by Focus and Creativity
and Effect on Daily Activities, emphasizing the role of uniform, non-glary light in enhancing cognitive
performance and behavioral regulation.

Other notable factors include Spatial Perception, where directional daylight was found to increase depth
perception and space awareness, and Interaction of Light and Shadow, which introduces dynamic variation
and visual interest in learning spaces.

2 SEM Results — Therapeutic Dimension: The therapeutic model also exhibited excellent fit statistics GOF

=0.92; AVE > 0.71; CR > 0.88). Among the therapeutic components, Serotonin Production emerged as the
top priority (weight = 0.14), reflecting daylight’s profound effect on mood regulation through hormonal
pathways. The component Sleep-Wake Cycle Regulation (0.13) followed closely, underscoring the
synchronization of biological rhythms with exposure to natural morning light.
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Additional therapeutic factors include Seasonal Depression Mitigation, Immune System Support, and
Vitamin D Synthesis (Haridi et al., 2022; Aranow, 2011). The model confirmed strong and significant
relationships between daylight and various health outcomes, including stress reduction, visual health, and
even cellular repair.

3 .AHP Prioritization Perceptual and Therapeutic Weights: AHP results showed the following top-ranked
components:
Perceptual: Mood and Atmosphere (17%), Focus and Creativity (15%), Daily Activities(%\a)

Therapeutic: Serotonin Production (14%), Sleep Cycle Regulation (13%), Depression Treatment(/\Y)

Sensitivity analysis revealed that while the perceptual model was moderately sensitive (e.g., Mood's
influence drops below if weight <15%), the therapeutic rankings showed greater stability Serotonin
remained top-ranked until its weight dropped below 12%.

4 Implications for Design: The findings suggest that daylight should not merely be treated as a utilitarian

aspect of lighting design but as a therapeutic and perceptual tool. The study proposes specific strategies such
as:

Orienting classrooms for maximum morning light

Avoiding cold-spectrum light during late hours

Utilizing dynamic lighting systems to simulate natural variation
Integrating daylight with thermal and acoustic comfort systems

Designers and policymakers can use these insights to create emotionally supportive, cognitively stimulating,
and physiologically regenerative learning environments.

Conclusion

This study confirms the multifaceted value of daylight in educational environments and introduces a
validated model that integrates both perceptual and therapeutic considerations. Using SEM and AHP, the
research identifies the most influential components of daylight and ranks them in terms of their relative
impact on student well-being and learning.

The implications extend beyond architecture into the domains of educational psychology, health design, and
environmental behavior. As daylight directly influences serotonin levels, sleep quality, emotional
regulation, and cognitive focus, it becomes a non-negotiable element in the design of 21st-century schools.
Designing for daylight is, in effect, designing for better learning, healthier minds, and more humane spaces.

The methodological rigor of this study allows its application not only in architectural contexts but also as a
reference for policy interventions and multidisciplinary collaborations in school design and renovation.
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' Qian et al. (2021) demonstrated that light scattering significantly affects ceramic stereolithography manufacturing processes, with
implications for precision and material properties in additive manufacturing. Their findings highlight the critical role of light control
in advanced fabrication techniques.
T Holick (2007) established the fundamental role of vitamin D in human health, detailing the pathophysiology and global health
implications of vitamin D deficiency in this seminal review.
' Aranow (2011) demonstrated the critical role of vitamin D in modulating immune system function, highlighting its importance
for both innate and adaptive immune responses. The study provides evidence for vitamin D's immunoregulatory properties and its
potential therapeutic applications in autoimmune disorders.
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