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Abstract

Background: The mental and physical comfort of students in the classroom is very important because it affects students’ learning.
The structure of negative emotional states, including stress, anxiety, and depression is influenced by the building environment and
its physical features.
Objectives: The present study aimed to survey the relationship between ventilation by window opening and female student’s stress,
anxiety, and depression in high school classrooms.
Methods: The current study was conducted as a quasi-experimental method, using pre-test and post-test with the control group.
Statistical population of this study was female students studying at Shiraz high schools during 2016 - 2017. A total of 384 students
were selected randomly using Cochran’s formula for participation in the study. The students in 14 classrooms were divided into two
groups of intervention and control. The pre-test was used for assessing stress, anxiety, and depression in DASS-21 questionnaires.
The intervention group was then allowed to improve the air quality for 6 weeks by opening the window in the classroom. However,
this discretion was not given to students in the control group. After 6 weeks of post-test, DASS 21 questionnaire was used.
Results: The mean stress score in the intervention group was 20.36±4.326 at pre-test and 19.91± 5.162 at post-test and in the control
group was 20.28± 5.348 at pre-test and 19.91± 5.162 at post-test. The mean anxiety score in the intervention group was 21.15± 4.705
at pre-test and 18.55 ± 4.673 at post-test and in the control group was 19.12 ± 5.272 at pre-test and 18.92 ± 5.0 at post-test. Also, the
mean depression score in the intervention group was 18.29± 4.878 at pre-test and 18.53± 4.750 at post-test and in the control group
was 17.83 ± 5.501 at pre-test and 17.28 ± 5.375 at post-test. Ventilation by window opening could significantly decrease the level of
stress (P < 0.001) and anxiety (P < 0.001) but no significant difference was observed in depression (P = 0.067).
Conclusions: Ventilation by window opening in the classroom could reduce the stress and anxiety of female high school students
in eight weeks, but did not affect the level of depression.
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1. Background

Mental disorders have increased exponentially in re-
cent decades and led to serious public health problems (1).
In particular, the prevalence of behavioral and mental dis-
orders among high school students has been reported in
several studies (2-5). Students’ mental health is an impor-
tant concern since it affects many factors such as academic
performance, concentration, fatigue, learning, and absen-
teeism (6). For this reason, the identification of factors af-
fecting the development and increase of these disorders is
of interest to mental health researchers.

Stress, anxiety, and depression are negative emotions
that are prevalent among students. Negative emotions not
only have negative effects on mental health but also affect

students’ academic achievements. The World Health Orga-
nization (WHO) reported that depression affects people of
all ages and lifestyle and causes distress and interferes with
a person’s performance at quotidian tasks (7).

The importance of negative side effects related to
stress, anxiety, and depression necessitates the investiga-
tion of this issue among students (8).

Several economic, social, and physical environmental
factors influence human mental health that building en-
vironment is one of them. The physical environment af-
fects negative emotions and mental disorders (9). Envi-
ronmental psychology helps to identify the factors affect-
ing these emotions (10). The building environment in-
cludes several determinates such as housing, neighbor-
hood, plants, the convenience of the facility, and the pat-
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tern of land use, which affects human mental health in-
dividually and collectively. These dimensions not only do
they effect on mental health directly but also the features
of the building environment determines user’s behavior
(11). Recent cross-sectional studies in educational build-
ings have documented that physical features of the class-
rooms and its interior design could affect student’s psycho-
logical responses such as stress, aggression, and happiness
(12-14).

Several factors might affect the quality of the indoor
environment such as air pollution, noise pollution, visual
contamination, odor, light, air condition quality and ven-
tilation, thermal comfort, and chemical pollutions (15).

Thermal comfort is an environmental feature that af-
fects human mental health (16). Air temperature, relative
humidity, air velocity, clothing, and metabolic rate affect
thermal comfort (17). Although thermal comfort is impor-
tant in all building applications, indoor thermal comfort
is a matter of immense concern for students in the school
as they spend a major portion of their education in the
classrooms (18). A systematic review study showed that
hot weather was one of the factors influencing depression
among students (19).

Humans use different adaptive opportunities to con-
trol thermal conditions, e.g. opening the windows, chang-
ing clothes, and using curtains. These actions use to
achieve and maintain indoor thermal comfort. Human at
home or other personal environments adjust their own
thermal environment but public spaces may not be able to
provide all users thermal satisfaction. One effective solu-
tion to reduce indoor air temperature in hot seasons and
improve the air quality is window opening that was stud-
ied in several researches among workers in the offices or
students and staffs in the educational buildings such as
schools and universities (20).

Having self-control in setting thermal environmental
conditions could improve occupant’s tranquility and com-
fort as Zhou et al. (21), indicated in an experimental study.

2. Objectives

Regarding the importance of the effect of air quality on
mental health, this study seeks to investigate the effect of
ventilation by window opening on negative emotions, in-
cluding stress, anxiety, and depression among female high
school students.

3. Methods

3.1. Study Design and Participants

The method of this study was quasi-experimental de-
sign with pre-test, post-test, and control group. Statistical

population of this study was female students studying at
Shiraz high schools during 2016 - 2017. Cochran’s sample
size formula was used for estimating the sample size (N =
384).

In order to select schools and classrooms, multi-stage
cluster sampling was used. A district was selected ran-
domly from four educational districts of Shiraz. Then
two schools were selected randomly from all female high
schools in the selected district. In the next step, 14 class-
rooms were randomly selected among the two selected
schools.

In order to have the groups with equal sizes, random
allocation rule was applied to randomize the students. The
students in 14 classrooms were divided into two groups of
intervention (N = 192) and control (N = 192).

By reviewing students’ health records at the school,
students who did not have a specific respiratory disease
participated in the study.

The pre-test was used for assessing stress, anxiety, and
depression in DASS-21 questionnaires. The intervention
group was then allowed to improve the temperature and
ventilation by window opening for 6 weeks in the class-
room. However, this discretion was not given to students
in the control group. After 6 weeks of post-test, DASS-21
questionnaire was used. Intervention process was con-
ducted from April to May 2017.

3.2. Measurement

3.2.1. Depression Anxiety Stress Scale (DASS-21)

DASS-21 was developed by Lovibond and Lovibond and
also has been used widely in clinical samples to screen the
symptoms at different levels of depression, anxiety, and
stress. DASS-21 survey included the 21 questions: Depres-
sion (7 states), Anxiety (7 states), and Stress (7 states) self-
report scales that measure these dimensions by 21 states.
Answers were reported on a four-point Likert scale (0 - 3).
Response option from 0 (did not apply to me at all), 1 (ap-
plied to me to some degree, or some of the times), 2 (ap-
plied to me to a considerable degree), 3 (applied to me
most of the times) considered for each state. The higher
the score the more severe emotional distress was (22).

The findings show that the DASS-21 has psychometri-
cally good reliability and validity. Also, the validity of this
questionnaire was investigated by Samani and Joukar (23)
in Iran and reported good internal consistency and con-
struct validity (24).

3.2.2. CO2 Concentration

Handheld CO2 meter (Carbon Dioxide detector) AZ-
7755 was used to measure CO2 concentration. The CO2 mea-
suring range is 0 - 9999 (ppm) and the accuracy of the de-
vice is ± 50 (ppm) ± 5%.
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3.3. Statistical Analysis

Statistical package for social science (SPSS) Version 21.0
was used to analyze the data. Mean and standard devi-
ation as a descriptive statistical was used to analyze de-
mographic data. Also, the effect of ventilation by window
opening on stress, anxiety, and depression were analyzed
with ANCOVA analysis.

3.4. Ethical Approval

This article is approved by the Ethics Committee of the
Islamic Azad University. Also, written informed consent
was obtained from students’ parents.

4. Results

The study sample size consisted of 384 female students
at Shiraz high schools. The mean age of the students in
the intervention group was 17.12 years (SD = 0.54) and in
the control group was 17.41 years (SD = 0.45). All of the
participants (100%) in both groups were educated at the
university. The average of monthly family income in both
groups was between 20 - 30 million Rials. In each group,
none of the students had a history of specific mental ill-
ness. There was no significant difference in the prevalence
of overweight or obesity between the intervention group
(7.1%) and control group (6%).

The mean stress score in the intervention group was
20.36 ± 4.326 at pre-test and 19.91 ± 5.162 at post-test and
in the control group was 20.28 ± 5.348 at pre-test and 19.91
± 5.162 at post-test. The mean anxiety score in the interven-
tion group was 21.15± 4.705 at pre-test and 18.55± 4.673 at
post-test and in the control group was 19.12 ± 5.272 at pre-
test and 18.92 ± 5.0 at post-test. Also, the mean depression
score in the intervention group was 18.29±4.878 at pre-test
and 18.53 ± 4.750 at post-test and in the control group was
17.83 ± 5.501 at pre-test and 17.28 ± 5.375 at post-test.

In order to investigate the effects of ventilation by win-
dow opening on stress, anxiety, and depression of the stu-
dents, ANCOVA analysis was used. According to the results,
window opening ventilation could significantly decrease
the level of stress (P < 0.001) and anxiety (P < 0.001) but
no significant difference was observed in depression (P =
0.067).

By comparing the CO2 concentration, Figure 1 showed
that ventilation by window opening during 6-week inter-
vention significantly improved the classroom indoor air
quality.

5. Discussion

This study aimed to survey the association between
ventilation by window opening and negative emotions,
including stress, anxiety, and depression of female high
school students by studying CO2 levels in the classrooms
over six weeks.

Is CO2 a good indicator of indoor air quality in class-
rooms? Chatzidiakou et al. answered this question. Over-
all, indoor CO2 levels were a useful indicator of indoor in-
vestigations (25).

The present study found that by natural ventilation
of the classroom, the temperature was reduced by open-
ing the windows and reached the optimum temperature.
Stress and anxiety were reduced in conditions of natural
ventilation and favorable temperatures, which was consis-
tent with some studies (26-29). According to the finding
of a study conducted in the workplace, good ventilation
and room temperature reduces stress and increases pro-
ductivity in workers (26). Also, chemical elements of the air
manufacturer (such as ozone) and poor ventilation signif-
icantly affected the stress level of females participating in
the study (27). In line with the results of this research, one
of the sources of stress reported among conference inter-
preters in their job setting was poor ventilation as a physi-
cal environmental factor (28). Furthermore, office workers
experienced stress in offices because of sick building syn-
drome, especially poor ventilation (29).

Contrary to the hypothesis, depression was not associ-
ated with ventilation by window opening and temperature
reduction in our population. This finding may in part be a
result of methodological differences between studies, es-
pecially the duration of the intervention that was 6 weeks.
For example, Lan et al. surveyed usual task work and neuro-
behavioral exam during 30°C as a warm thermal condition
and 22°C as a neutral thermal condition. According to the
physiological tests, negative mood such as depression was
reported when the thermal condition was warm and air
quality was undesirable (30).

The predictive models estimated that average indoor
CO2 levels during a teaching day should be limited to be-
low 1000 ppm for the coarse fraction and 1200 ppm for the
fine fraction to ensure annual mean exposure below WHO
2010 guidelines. Overall, evidence indicates that limiting
CO2 to 1000 ppm, which is lower than current guidelines,
may improve indoor air quality in classrooms (25). Accord-
ing to the present study, CO2 levels in the control group was
more than 1200 ppm and below 800 ppm in the interven-
tion group during 6 weeks, which indicated the positive ef-
fect of ventilation by window opening.

There were a number of limitations to the present
study. Due to the fact that Shiraz located in a warm and dry
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Figure 1. Indoor CO2 concentration during 6 weeks in the intervention and control groups

climate, the need for air ventilation in the warm seasons
is felt more than mild or cold seasons. This study was con-
ducted in April and May, which is the last two months of ed-
ucation in the academic year. However, it is recommended
that the study should be carried out in the warm months
of the year. Maybe the changes in the negative emotions
are more perceptible than the results of the present study.
Also, measuring negative emotions were exclusively self-
reported and might have been affected by self-report bias.
It is recommended that the effect of natural ventilation by
window opening should be investigated on male students
and in other climate areas in future studies.

5.1. Conclusions

According to the results, there is a substantial poten-
tial to reduce indoor pollution levels in the classrooms
with simple cost-effective methods such as ventilation by
window opening. Natural ventilation in the classroom re-
duced female high school student’s stress and anxiety, but
did not affect their depression. It seems that 6 weeks was
not enough time to change the level of depression, and
longer period of time was needed to display the depression
as a common negative emotion among students. Many
schools do not have standardized mechanical air condi-
tioning systems because of the limited funding, and due

to the effects of air ventilation and the appropriate tem-
perature on students’ stress and anxiety, thus it is rec-
ommended to use natural ventilation. The present study
recommended that long-term investigations of pollutants
known to affect health are routinely performed in schools
and when necessary, remedial measures are introduced.
Future studies could examine the effects of natural ventila-
tion and the concentration of CO2 in the classroom on aca-
demic performance, learning, fatigue, and other negative
emotions, such as violence among students.

Despite the limitations of school selection and sam-
ple size, findings may assist stakeholders, architects, engi-
neers, and school personnel to take better informed deci-
sions on school building design, retrofitting, and mainte-
nance. Actually indoor air quality investigations in school
buildings should be part of the standard requirements of
building regulations.
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