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ABSTRACT

Introduction: Students play a key role in shaping the future of any society and spend a significant amount
of time in educational environments. Creating an optimal learning environment requires close attention
to factors affecting student well-being, particularly thermal comfort and indoor air quality. This study aims
to systematically review the existing literature on thermal comfort and ventilation systems in schools.

Material and Methods: This systematic review was conducted based on the Cochrane methodology,
involving a comprehensive search of three major databases — Scopus, Web of Science, and PubMed
— for articles published between 2020 and 2024. The inclusion criteria encompassed peer-reviewed,
conference, and review articles published in English that included the keywords “thermal comfort,”
“ventilation,” and “school” in their title, abstract, or keywords. Studies focusing on preschools, universities,
or other non-primary/secondary educational settings, as well as those conducted during the COVID-19
pandemic, were excluded.

Results: A total of 42 articles were selected after a rigorous screening process. The highest number
of publications was reported in 2023. Key findings included: Most studies focused on elementary
and secondary schools. The majority of research was conducted during the summer season, which
may limit generalizability across seasons. There was considerable variation in CO, levels, with some
exceeding recommended standards. In simulation studies, DesignBuilder and EnergyPlus were the most
frequently used software tools. Additionally, results showed that: Indoor air quality and thermal comfort
are significantly influenced by the type of ventilation system. Schools using natural ventilation often
experienced higher CO, concentrations and lower thermal comfort than recommended. Implementation
of Demand-Controlled Ventilation (DCV) has shown promise in improving indoor air quality and reducing
pollutant levels.

Conclusion: This paper can contribute to the improvement of educational space design, enhancement
of student learning, and promotion of indoor environmental health. It also provides insights into the
latest methods for measuring and simulating thermal comfort and indoor air quality. For more practical
outcomes, long-term studies with larger sample sizes across different seasons and times of day are needed.
Combining computer simulations with real-world measurements can support cost-effective and optimized
design of educational spaces. Future research should focus on standardizing temperature, humidity, CO>
levels, and selecting the most appropriate ventilation strategies for classrooms.
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1. INTRODUCTION

Schools are considered critical indoor spaces
due to their significant impact on the health and
comfort of their occupants . Students spend over
70% of their day on school-related activities.
According to the resolutions of the Supreme
Council of Education in Iran, elementary school
students in the first, second, and sixth grades
attend school for 25 hours per week (5 hours daily),
while for students in the third, fourth, and fifth
grades the attendance is 26 hours weekly (5 hours
and 20 minutes daily). High school students are
required to attend for a minimum of 6 hours and a
maximum of 8 hours per day .These schedules are
notably different in private educational institutions.

Poor indoor air quality and thermal discomfort
canlead toreduced concentration, increased fatigue,
and long-term health issues, negatively impacting
both students and educators .Extended school
hours and high student density present significant
challenges in maintaining a safe and comfortable
classroom environment. Children are particularly
vulnerable as they tend to passively adapt to their
surroundings and may not effectively communicate
dissatisfaction with indoor conditions Achieving
thermal comfort for students is a substantial
challenge for educational institutions. Factors such
as environmental conditions, seasonal variations,
heating systems, gender, and clothing insulation
significantly influence students’ thermal comfort.

The primary objectives of this study are as
follows:

1. To review recent research and identify
limitations and challenges in evaluating thermal
comfort in educational institutions.

2. To explore the relationship between
thermal comfort and ventilation.

3. To assess simulation methodologies for
analyzing thermal comfort and ventilation in
schools.

And also to provide recommendations for
improving thermal comfort in schools and guiding
future research initiatives.

2. MATERIAL AND METHODS

This systematic review adhered to the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines to ensure a
comprehensive and unbiased selection of studies.
A thorough search of peer-reviewed articles was
conducted across major databases, including
PubMed, Scopus, and Web of Science. The
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keywords employed in the search strategy were
“thermal comfort,” “ventilation,” and “schools”
Articles published between 2020 and 2024 that
focused on primary and secondary schools
were included. Studies related to other types of
buildings, such as kindergartens or universities,
were excluded. Additionally, articles focusing solely
on temporary ventilation measures introduced
during the COVID-19 pandemic were omitted
to avoid skewed results. Only articles written in
English were considered. All original research
articles, review papers, and conference proceedings
were eligible for inclusion.

For an article to be included in the review,
the selected keywords had to appear in the title,
keywords, or abstract. The selection process
involved the independent review of search results
by the authors, followed by the screening of
eligible articles for full-text review. Non-research
articles such as author notes, editorials, popular
texts, letters to the editor, and articles published in
languages other than English were excluded.

A total of 290 studies were initially identified
through the search process. After removing
duplicates and excluding non-relevant studies
based on titles and abstracts, 50 articles were
selected for full-text screening. Following further
evaluation against the inclusion and exclusion
criteria, 42 studies were ultimately included in the
analysis.

The quality of the review articles was assessed
using the Joanna Briggs Institute (JBI) tool, while
the quality of cross-sectional articles was evaluated
using the Critical Appraisal Skills Program (CASP)
tool. Quality assessments were independently
conducted by the authors using the JBI and CASP
checklists, and the results were averaged for each
article. Based on this qualitative assessment, all
reviewed cross-sectional and review articles were
deemed to be of exceptionally high quality.

The study analyzed 42 articles, comprising 4
review articles and 38 original and conference
papers. Of these, 25 studies included experimental
measurements, 8 involved both simulation studies
and experimental measurements, 4 focused solely
on simulation studies, 1 utilized machine learning
methods, and 4 were review studies. Additionally,
13 of the original articles were conference papers
(Fig.1).

3. RESULTS AND DISCUSSION
The evaluation highlighted several critical
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Fig. 1: The process of selecting and screening articles

concerns regarding thermal comfort and ventilation
in educational institutions, particularly in naturally
ventilated buildings.

Thermal Comfort of Students

Indoor thermal conditions are influenced by
multiple factors, including season, occupancy,
ventilation type, and heating systems. Regarding
thermal comfort, many classrooms, particularly in
schools located in warmer climates, experienced
temperatures  exceeding the recommended
comfort range of 22-26°C during summer months.
While natural ventilation systems are energy-
efficient, they often struggle to maintain both air
quality and thermal comfort, which can lead to
discomfort for students. This review revealed that
most schools rely on natural ventilation. However,
mechanical ventilation systems, though more
adaptable to varying climatic conditions—such
as changes in outdoor temperature, wind speed,
and direction—offer a more reliable solution for
ensuring high indoor air quality on a consistent
basis. Nevertheless, mechanical systems also face
challenges such as humidity control issues.

Furthermore, several studies found that even
schools equipped with mechanical ventilation
systems frequently fail to achieve optimal indoor air
quality due to poorly designed systems, inadequate
maintenance, or a lack of proper adjustment of
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ventilation settings. Interestingly, in temperate
climates, thermal comfort can often be achieved
without mechanical ventilation, particularly during
spring and winter.

Another critical observation was related to
seasonal variation in ventilation effectiveness. In
colder climates, many schools reduced ventilation
rates during winter to conserve heat, leading to the
accumulation of indoor air pollutants, including
CO. This highlights the need for balanced strategies
that maintain both energy efficiency and air quality
throughout the year.

Carbon Dioxide and Cognitive Performance of
Students

Analyzing the study results reveals that two
key factors of thermal comfort and ventilation,
significantly impact student learning. Temperature
plays a crucial role in children’s performance,
with elevated temperatures leading to decreased
concentration. Students tend to prefer classroom
temperatures lower than the thermally neutral
level that is typically preferred by adults. In tropical
climates, cross ventilation helps maintain thermal
comfort while keeping CO2 concentrations below
1000 ppm. Furthermore, CO2 levels below 900
ppm are shown to reduce negative effects on
cognitive function, supporting better academic
performance
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The Role of Simulation in Optimizing School
Mechanical Ventilation Systems and Minimizing
Energy Usage

Multiple studies suggest that simulation,
despite its minor inaccuracies, is an exceptionally
efficient and cost-effective method for modeling
and analyzing environmental settings. The findings
of the current study indicate that DesignBuilder
software, the predominant tool in this field, allows
for the creation and evaluation of various models
by manipulating different factors, thus helping
identify the most optimal design approach. Despite
some minor inaccuracies, these simulations are
highly generalizable and reliable.

Numerous software applications have been
developed for building simulation. DesignBuilder,
along with EnergyPlus—one of the most well-
known programs that simulates energy and
thermal performance in buildings—was used as the
environmental analysis tool for building design and
simulation. It is a powerful simulation software that
provides a three-dimensional graphical interface
for EnergyPlus, which is used to model overall
building energy consumption, climatic conditions,
and thermal loads.

4. CONCLUSIONS

This  systematic review highlights the
importance of proper ventilation and thermal
comfortin promoting students’ health and academic
performance. While natural ventilation systems are
widely used due to their low energy consumption,
they often fall short of providing adequate air
quality and thermal comfort, especially during
periods of high occupancy or extreme weather
conditions. The findings emphasize the need for
turther research to evaluate the long-term impacts
of poor indoor environmental quality on students
and to assess ventilation system performance
across different seasons.

Comprehensive measurements and simulations
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should be conducted year-round, with carbon
dioxide concentrations monitored during all hours
that students are present. These assessments should
account for various conditions, including season,
time, occupancy, whether ventilation systems are
active, and the type of ventilation employed.

Policymakers and school administrators
should prioritize improving indoor air quality
and maintaining thermal comfort in educational
facilities, as these factors are closely tied to student
well-being and academic success. Implementing
hybrid ventilation systems or upgrading existing
ones may be necessary to address the challenges
identified in this review. Additionally, fostering
increased awareness and providing training on
the proper use and maintenance of ventilation
systems are essential for ensuring their optimal
performance.
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