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Abstract:

The increasing volume of research on daylight and visual comfort in educational spaces over the past two decades has necessitated a
systematic and bibliometric analysis of this field. This study presents a bibliometric analysis aimed at investigating the knowledge structure,
trends, and research directions in the area of daylight and visual comfort in educational environments. Data were retrieved from the Scopus
database, and after applying screening criteria based on the PRISMA guidelines, 152 research and review articles published between 2000
and 2025 were selected and analyzed. Using VOSviewer software, the study analyzed the temporal distribution of publications, co-authorship
patterns, keyword co-occurrence, and citation impact. The results indicate a significant growth in scientific production from 2017 onward,
with the formation of thematic clusters around energy optimization, parametric design, dynamic daylight metrics, glare control, and the
effects of daylight on visual perception and learning performance. Furthermore, a notable contribution from Asian countries, particularly
China and Iran, is evident in both document production and citations. Finally, the findings provide a framework for guiding future research
and supporting informed decisions in the sustainable design of educational spaces by identifying emerging trends and research gaps in the
field.
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Extended Abstract

Introduction

Energy use has become a central global concern because of its environmental, economic, and social consequences (1).
Buildings account for approximately 30-40% of worldwide energy consumption (2) and therefore represent a major target for
efficiency-oriented design and policy interventions. Within the building sector, educational facilities are among the most
energy-intensive building types after residential and office buildings (4). Their high consumption is associated with expanding
information-technology infrastructure, increasing numbers of users, changing educational programs, and greater reliance on
lighting and cooling systems (5). The continued use of fossil-based energy in schools and universities further intensifies the
need for sustainable architectural responses.

Daylight is one of the most important passive strategies for reducing energy demand while improving indoor environmental
quality. Its effective use can decrease dependence on artificial lighting (7) and has consequently become a fundamental priority

in building design (8). In educational environments, daylight quality and availability influence students’ visual experience,
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learning conditions, and the energy performance of buildings (9). Nevertheless, daylight is often distributed unevenly across
classrooms, producing areas of insufficient illumination as well as zones exposed to excessive brightness or glare. Such
conditions can reduce visual comfort, impair users’ satisfaction, and increase the use of electric lighting (9). Visual comfort
therefore depends not merely on the presence of natural light but on the provision of adequate and well-balanced illumination
without disturbing brightness contrasts or excessive intensity. Failure to achieve this balance can undermine both occupant
well-being and energy-saving objectives (12).

The growing influence of standards such as EN 17037, LEED, ASHRAE 90.1, and WELL has encouraged researchers to
evaluate daylight through measurable performance indicators, simulation tools, and user-centered criteria. However, despite
the rapid expansion of publications, systematic quantitative assessments of this field remain limited. Bibliometric analysis is
suitable for examining large bodies of literature, identifying intellectual structures, tracing scientific development, and detecting
emerging themes (13, 14). It clarifies relationships among publications and reveals dominant patterns through descriptive and
network-based indicators (15). It can also summarize accumulated knowledge, expose research gaps, and support the
formulation of future research agendas (16). Accordingly, this study aimed to map the scientific development of research on
daylight and visual comfort in educational spaces between 2000 and 2025. It examined publication growth, influential authors
and institutions, national and international collaboration, citation patterns, dominant thematic clusters, emerging keywords, and
opportunities for future research.

Methods and Materials

The study employed a bibliometric research design. Scientific records were retrieved exclusively from the Scopus database
for the period from 2000 to 2025. The search strategy combined terms related to daylight and natural illumination, visual
comfort and glare, and educational buildings and learning spaces. Searches were conducted within document titles, abstracts,
and keywords. Eligibility was restricted to final English-language research and review articles published in scientific journals.
Conference papers, book chapters, letters, and other document types were excluded to maintain the consistency of the dataset.

The initial search retrieved 484 documents. After applying filters related to publication year, language, document type, and
publication stage, 262 records remained. No duplicate records were identified. Titles, abstracts, and keywords were
subsequently reviewed to exclude studies that did not directly address daylight and visual comfort in educational settings. A
final content assessment retained only studies investigating daylight and its relationship with visual comfort or visual
performance in schools, classrooms, universities, or other educational spaces. The final dataset comprised 152 articles,
including 148 original research articles and four review articles.

The bibliographic data were exported to Excel and analyzed using VOSviewer version 1.6.20. Four complementary analyses
were conducted. Temporal publication analysis was used to examine changes in scientific output throughout the study period.
Co-authorship analysis was conducted at the author and organizational levels to identify prominent researchers, institutions,
and patterns of scientific collaboration. Citation analysis was used to determine the countries and journals with the greatest
scientific influence. Keyword co-occurrence analysis was performed to map the conceptual structure of the literature and
identify thematic clusters and emerging research trends. To strengthen the validity of the findings, two researchers
independently reviewed the extracted data and analytical procedures. Any disagreement regarding the inclusion or classification
of documents was resolved through consensus.

Findings

Publication output was limited and relatively dispersed between 2000 and 2017, followed by a marked acceleration. A total

of 119 articles were published between 2018 and 2025. Annual output increased from five articles in 2018 to 27 articles in
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2024, before reaching 21 articles in 2025. These results demonstrate that the field experienced its most substantial expansion
during the final eight years of the study period.

The co-authorship networks indicated limited international integration. Authors and institutions generally collaborated
within national or regional boundaries rather than through extensive cross-border networks. Zahra Sadat Zomorodian ranked
first in publication output with six articles and also received the highest citation count among authors, with 233 citations.
Mohammad Tahsildoost published five articles and received 222 citations. Parnian Bakmohammadi and Esmatullah Noorzai
each received 208 citations. Emad S. N. Mushtaha demonstrated the greatest total link strength, with 12 collaborative links,
followed by Yu Bian with 10 links.

At the organizational level, the School of Architecture at South China University of Technology produced the largest number
of articles, with five documents, followed by the School of Architecture and Urban Planning at Guangdong University of
Technology with four. The Department of Project and Construction Management at the University of Tehran received 208
citations and shared the highest organizational collaboration strength. Overall, Asian institutions led scientific production and
collaborative activity, whereas the most highly cited institutions were distributed across both Asia and Europe.

China ranked first in publication output with 27 articles, followed by Iran with 19. Indonesia, Turkey, and the United
Kingdom each produced nine articles. Iran achieved the highest citation total, with 701 citations, followed by the United
Kingdom with 287, Hong Kong with 228, China with 221, and Turkey with 166. Journal analysis showed that Energy and
Buildings and Applied Energy had the strongest citation impact. Regarding publication volume, Energy and Buildings ranked
first with 13 documents, followed by Buildings and the Journal of Building Engineering with 12 each, the Journal of
Daylighting with 11, and Sustainability with eight.

Keyword co-occurrence analysis revealed eight thematic clusters. These clusters addressed natural light in classrooms and
university spaces; energy efficiency, energy conservation, and parametric design; computer simulation of daylight and building
energy use; architecture, sustainability, and visual comfort; dynamic daylight indicators, daylight autonomy, and glare control;
indoor environmental quality and useful daylight illuminance; architectural design and quality control in classrooms; and the
combined roles of natural, solar, and artificial light.

“Daylighting” was the most frequent keyword, occurring 81 times and achieving a total link strength of 430. It was followed
by “visual comfort,” with 59 occurrences and a link strength of 317, and “student,” with 27 occurrences and a link strength of
179. Recent themes included college students, sunlight, energy consumption, daylighting metrics, parametric design, university
classrooms, educational spaces, and glare effects. Conceptual directions with comparatively high citation impact included
daylight simulation, natural lighting, energy conservation, parametric design, and architectural design.

Discussion and Conclusion

The findings demonstrate that daylight and visual comfort in educational spaces have developed from a relatively
fragmented topic into an established interdisciplinary research domain. The substantial increase in publications after 2017
appears to reflect the convergence of global energy concerns, green-building policies, advances in lighting simulation,
performance-based standards, and growing recognition of the relationship between environmental quality and learning. The
prominence of journals specializing in energy and building performance also shows that daylight research now extends beyond
conventional architectural design into energy engineering, sustainability, environmental psychology, and educational
performance.

China and Iran have become major contributors to the literature, while Iran’s high citation total indicates its considerable

scientific influence. Nevertheless, the collaboration maps reveal that knowledge production remains geographically
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fragmented. Most authors and institutions collaborate primarily with partners from the same country or region. Stronger
multinational research networks could improve the comparability of findings, facilitate the exchange of climatic and technical
knowledge, and support the development of assessment frameworks applicable across different geographical and educational
contexts.

The thematic structure indicates a transition from basic evaluations of illumination toward integrated computational and
user-centered approaches. Parametric design, dynamic daylight metrics, glare analysis, and behavioral assessment are
increasingly being combined with energy optimization and sustainable design. This shift creates opportunities to connect
architectural technologies with environmental perception and educational outcomes. However, major gaps remain. The
literature lacks a comprehensive method capable of simultaneously evaluating visual comfort, energy performance, and
learning-related outcomes. Field-based evidence is also insufficient across different climatic regions, age groups, educational
levels, and spatial scales.

The study was limited to English-language journal articles indexed in Scopus and excluded conference papers, dissertations,
reports, and other potentially relevant sources. Its findings also depended on the selected search terms and bibliometric
indicators, which cannot replace a detailed qualitative evaluation of individual studies. Future research should therefore
combine bibliometric mapping with systematic content analysis, real-time environmental measurements, occupant evaluations,
and comparative investigations ranging from individual classrooms to entire educational campuses. Overall, the results provide
a roadmap for researchers, designers, and policymakers. Integrating daylight strategies with visual-comfort criteria can reduce

energy consumption while supporting healthier, more effective, and more sustainable schools and universities.
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