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Abstract: This research evaluates the quality of the indoor environment and comfort of Palestinian
public schools. The importance of this study is related to the pivotal role of indoor environmental
quality (IEQ) on students’ health, well-being, and academic performance, especially in a region facing
significant challenges such as limited financial resources and diverse climate conditions. Unlike
traditional technical evaluations, this research uses a post-occupancy evaluation (POE) methodology.
This research is based on a questionnaire about classes’ indoor environment and comfort parameters,
including thermal comfort, lighting, acoustics, indoor air quality, and ergonomic environment. The
research focuses on students’ overall well-being, considering factors often overlooked in traditional
assessments. Key findings reveal significant challenges in thermal conditions due to inadequate
heating, cooling, and ventilation systems and a lack of passive thermal design. High carbon dioxide
levels in classrooms due to inadequate ventilation highlight a second critical challenge. Schools also
suffered from noise pollution due to the absence of noise-absorbing materials. Students expressed
their satisfaction with the lighting and indoor ergonomic comfort. This research resulted in rec-
ommendations to address classrooms’ IEQ challenges, focusing on strategies to improve thermal
comfort, acoustics, and indoor air quality.

Keywords: indoor environmental quality; post-occupancy evaluation; questionnaire; thermal comfort;
acoustics; lighting; indoor air quality; ergonomic comfort; Palestinian; schools

1. Introduction

Achieving high indoor environmental quality (IEQ) is a significant concern because
individuals spend approximately 90% of their lives indoors [1] . Ref. [2] highlighted the role
of the indoor environment in shaping individuals’ health, well-being, and overall quality
of life. Furthermore, IEQ assessment is critical in the broader context of sustainability and
building performance certification programs [3]. The total weight of IEQ in sustainability
assessments ranges from 10% to 31% [4]. Recent global events, such as the COVID-19
pandemic, have underscored the urgent need to create indoor environments that prioritize
occupants’ health and well-being [5].

Educational buildings, including schools, play a pivotal role in society as many of
the world’s population spend more than 30% of their time in educational institutions [6].
Educational spaces’ overall indoor environmental quality is shaped by several factors,
mainly, indoor air quality, thermal comfort, acoustic comfort, visual comfort, ergonomics,
and safety. Within educational settings, the effects of IEQ factors on students’ health,
well-being, and academic performance are significant [7]. Getting plenty of daylight im-
proved students’ performance by 7% to 18% [8]. Inadequate lighting can disrupt circadian
rhythms, affecting hormone levels and the sleep–wake cycle. Children are more sensitive to
temperatures than adults [9]. This sensitivity is attributed to their high metabolic rates and
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limited opportunities for adaptation in classroom environments. Furthermore, research [10]
showed that children are more vulnerable to air pollutants than adults due to immature
lungs and metabolic factors. Poor IEQ in the classroom has been associated with decreased
attention span and adverse effects on memory and concentration among pupils.

Traditional methods for assessing indoor environmental quality (IEQ) included tech-
nical approaches with sensors to collect indoor data [11]. These approaches often ignore
the human experience. The question of how IEQ impacts people, particularly the young,
remains open. This gap highlights the need for a more comprehensive approach that
considers the feelings and experiences of occupants. Post-occupancy evaluation (POE)
systematically evaluates occupied buildings’ performances across various IEQ criteria [12].
The main strength of POE is its ability to identify specific needs within a building and guide
improvements that enhance comfort for occupants [13]. As a POE tool, the questionnaire
efficiently assesses IEQ [14].

Several scholars have used POE to examine indoor environmental quality (IEQ) in educa-
tional settings. Table 1 presents some of these studies and illustrates the highlighted results.

Table 1. Review of IEQ studies of educational institutions.

Authors Case Study Region Highlighted Results

1 [15]
Analyzed 26 higher education
buildings (involving 1013 students
and teachers).

Spain
The results highlighted the influence of building
characteristics such as lighting, shade, and HVAC
systems on occupants.

2 [16] Analyzed three classes of a secondary
school with 58 participants.

Haacht,
Belgium

The results highlighted the influence of projector
noise and whiteboard visibility on
students’ satisfaction.

3 [14]
Analyzed the feedback
of 790 occupants of eight
Roman schools.

Romania
The results highlighted a need to improve
ventilation due to a lack of air quality and
thermal comfort.

4 [11] Applied to 796 undergraduate
students at the University of Coruña. Spain

Their study revealed the influence of the
connection between place and classroom design
on academic outcomes.

5 [17] Surveyed 805 children in
32 well-ventilated classrooms.

United
Kingdom

The results highlighted that to ensure a
satisfactory comfort level and maintain the
likelihood of discomfort below 10%, it is
important to adhere to specific limits for ASV (air
sensation vote) and Top (operative temperature)
as follows: [ASV = very fresh and
Top = 19–27 ◦C], [ASV = fresh and
Top = 19–24 ◦C], and [ASV = OK and
Top = 19–22 ◦C].

6 [18]

Evaluated classroom ventilation in
both air-conditioned (AC) and
naturally ventilated (NV) urban
school buildings.

South Delhi,
India

The results showed the importance of classroom
ventilation and recommended specific measures
to improve indoor air quality.

7 [19] Quantitative and qualitative
evaluation of four schools.

Jericho and
Nablus,
Palestine

The results highlighted the critical need for a new
early-stage approach in school design that
integrates environmental enhancements to
optimize comfort for students and teachers.

8 [20]
Quantitative analysis of some thermal
comfort parameters for one year in
Wadi al Mughair School.

Hebron,
Palestine

The results highlighted the positive effect of the
ground channel and solar chimneys on hot and
sunny days in classrooms.

9 [21]
Analyzed 30 classrooms in two urban
secondary schools and three
primary schools.

London, UK

The results highlighted several considerations, such
as ventilation conditions, classroom size, floor type,
and number of occupancies, to reduce exposure to
fine particles within schools.
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Table 1. Cont.

Authors Case Study Region Highlighted Results

10 [22]
Analyzed indoor air quality (IAQ) in
36 classrooms at six schools (involving
105 teachers and 1268 pupils).

Finland

The study found differences in both
measurement and questionnaire data between
classrooms. It also highlighted the need to
expand the questionnaire to all occupants across
all sections of a building for a comprehensive
understanding of all spaces.

11 [23]
Evaluated teachers’ psychological,
social, and physical well-being
in 32 schools.

Manitoba,
Canada

The results found that ventilation and thermal
comfort were the most important measures of
teachers’ physical well-being, while lighting,
acoustics, and privacy were not significant
measures of well-being.

12 [24] Assessed IAQ factors
in 220 classrooms. Midwestern US

The results confirmed that mechanical system
types, adequate ventilation rates, and effective
filters have significant positive correlations with
student learning outcomes.

13 [25]

Analyzed satisfaction in five schools
including three high-performance
schools, one recently renovated school,
and one conventional school.

Major city on
the East Coast
ofthe United
States

The results showed that the three
high-performing school buildings did not
perform better compared to the renovated and
traditional school buildings. This suggests that
current high-performance design standards may
not adequately prioritize reducing health-related
pollutants in urban school environments.

14 [26] In total, 335 children from seven
primary schools participated.

Delft, the
Netherlands

The results showed that noise caused by students
is the biggest problem in classrooms. Girls
reported more problems than boys. Students can
also be valuable contributors to the co-design of
“new” or “adapted” classroom environments.

15 [27]
Analyzed IEQ in classrooms
(involving 11 lecturers and
24 students).

---

The study findings indicated that both lecturers
and students face substandard conditions related
to thermal comfort, lighting, acoustic quality, and
indoor air quality (IAQ), which may impact
teaching and learning abilities.

The Palestinian education system suffers from poor infrastructure because of the
occupation’s financial and strategic restrictions [28]. According to [29], the practices of
the Israeli occupation constitute barriers to providing regular health services to schools
and deprive students of safe access to schools. Ref. [30] highlighted the impact of limited
financial resources on the sustainability of public infrastructures and services. Schools
suffer from this limitation. The absence of green construction standards for schools also
hurts the learning conditions in schools [31]. Ref. [19] highlighted the importance of
optimal thermal, lighting, and acoustic conditions in schools that are conducive to a good
learning experience. This research contributes to improving IEQ in schools in Palestine by
investigating the students’ perception of the natural indoor environment in the classrooms
and determining a strategy to improve IEQ in schools. This research is based on a post-
occupancy evaluation (POE) survey conducted in three public schools of Tulkarm and
Nablus governance in the West Bank, Palestine.

This paper is organized as follows: Section 2 defines the research methodology and
materials and describes the protocol for collecting, selecting, and analyzing student data.
Section 3 presents and discusses the research results. Finally, Section 4 summarizes the
main issues and proposes recommendations to improve IEQ in public schools in Palestine.
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2. Research Methodology and Materials

This study included three stages. The first one focused on selecting indoor environ-
mental quality (IEQ) parameters. The second stage identified the study area and the school
selection process. Finally, the third stage focused on developing the questionnaire and
collecting data, which were analyzed to understand the students’ feedback about IEQ in
the classrooms.

2.1. Selection of IEO Parameters

In educational settings, the impact of IEQ is significant. Creating an environment
that supports students’ physical and mental health is essential for compelling learning
experiences. Factors such as thermal comfort, lighting, acoustics, indoor air quality, and
ergonomic considerations are pivotal in ensuring students are comfortable, healthy, and
able to focus on their studies. Each of these parameters influences students’ academic
performance, concentration, and overall comfort within the school premises. The selection
of these factors aims to comprehensively assess the overall quality of internal environments
in Palestinian schools.

1. Thermal Comfort

Ensuring optimal thermal comfort within school environments is crucial because
it profoundly impacts students’ academic performance and overall health. Maintaining
proper indoor temperatures and humidity rates dramatically impacts students’ ability to
learn effectively [32]. Extreme temperatures, both extreme cold and extreme heat, have been
linked to decreased student cognitive functions and academic performance. Ref. [33] proved
that students in classrooms with comfortable temperatures show increased attention spans,
better memory retention, and improved academic achievements compared to those in an
unfavorable learning environment. Additionally, Ref. [34] emphasized that comfortable
thermal conditions reduce discomfort and distraction, resulting in fewer health-related
issues such as fatigue, headaches, and irritability among students.

In international standards and building certifications, thermal comfort is a pivotal
factor, as is LEED, ASHRAE, and ISO. They emphasize the importance of thermal comfort
in creating healthy indoor environments while recognizing its direct link to the well-being
and productivity of occupants. Schools aiming for sustainability certifications often give
significant weight to thermal comfort within overall indoor environmental quality (IEQ)
standards, recognizing its pivotal role in achieving a good learning environment. Therefore,
prioritizing thermal comfort in educational facilities is not only in line with international
standards but also ensures that students have an environment conducive to learning that
enhances their health, concentration, and academic success.

2. Lightning Comfort

Lighting comfort within school buildings is crucial to students’ academic performance,
health, and well-being. Lighting is crucial in creating an ideal learning environment,
affecting students’ concentration, mood, and visual acuity. Ref. [35] conducted a study to
determine whether indoor lighting affected children’s academic abilities by administering
a questionnaire to 92 children aged 10–12 years in Denmark. The researchers found that the
students’ learning speed, concentration, and math skills increased when the lighting level
constantly changed from warm light 2900 K-450 lux to dynamic cool light 4900 K-750 lux.
Based on a questionnaire of 738 students in Delhi Champ, ref. [36] showed that lighting had
a significant effect on students’ concentration and academic performance and that lighting
from 250 to 500 lux was associated with increased student concentration, which resulted
in higher grades and improved student academic performance. Furthermore, adequate
exposure to natural light has been linked to improved alertness and reduced eye strain and
headaches among students [37].

Prioritizing lighting comfort in schools complies with international standards and
contributes significantly to students’ educational experiences. Implementing measures
such as using energy-efficient lighting systems, optimizing natural daylight, and reducing
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glare can enhance the overall lighting quality in educational spaces. By creating a well-lit
environment, educational institutions can promote better academic performance, support
students’ visual health, and foster an atmosphere that is conducive to learning.

3. Acoustic Comfort

Acoustic comfort in educational settings is essential for students’ academic success and
well-being. Students in noisy environments often have difficulties understanding speech,
resulting in decreased comprehension and learning outcomes. For example, ref. [38]
analyzed how noise affects students’ cognitive functions, which is related to students’
learning performance. Two hundred and sixty-eight students from three different primary
schools in Ulsan, Korea, were included: 135 boys and 133 girls aged 10–12 years. The results
showed that noise significantly affected global IQ scores, verbal IQ scores, Continuous
Performance Test scores, Children’s Color Paths Test scores, and Stroop test scores. These
results suggest that noise risks the attention and performance of elementary school students,
especially for groups most at risk of poor academic achievement.

Prioritizing acoustic comfort in schools complies with international standards (such as
ANSI, WELL, and ISO) and contributes significantly to students’ educational experiences.
Implementing sound-absorbing panels, proper sound insulation, and noise reduction strate-
gies can improve the overall acoustic quality in educational spaces. By addressing acoustic
comfort, educational institutions can promote better learning environments, enhance stu-
dent concentration and comprehension, and ultimately enhance academic success and
overall well-being.

4. Indoor Air Quality

Optimal indoor air quality (IAQ) is the cornerstone of providing good learning en-
vironments within educational institutions. Its importance lies in the profound impact
on students’ academic performance and health. When indoor spaces suffer from poor air
quality due to pollutants, insufficient ventilation, or contaminants, students may experience
various health problems such as respiratory illnesses, allergies, headaches, and fatigue [39].
Furthermore, poor indoor air quality negatively affects students’ ability to concentrate and
retain information, ultimately affecting their academic achievements. Ref. [40] showed that
reducing carbon dioxide concentration from 2100 ppm to 900 ppm in classrooms would
improve school tasks by 12% in terms of the speed with which tasks are completed and
by 2% in terms of errors made. In addition, this reduction would improve performance
on tests used to assess progress in learning by 5% and increase daily attendance by 2.5%.
In addition, ref. [41] confirmed that classroom indoor odor significantly impacts learning,
reading task, and verbal memory performance.

Prioritizing indoor quality in educational settings includes implementing robust mea-
sures such as effective ventilation systems, appropriate filtration mechanisms, and con-
tinuous monitoring protocols. These steps aim to support students’ health by reducing
illness-related absenteeism and enhancing their focus and concentration, directly impacting
academic performance.

5. Ergonomic Comfort

Comfort in educational settings, including appropriate furniture and color selection, is
essential for students’ overall health and academic performance. Carefully designed furni-
ture promotes good posture, prevents physical discomfort, and supports students’ physical
health [42]. Studies consistently prove that comfortable furnishings improve concentration
levels and create an environment conducive to effective learning [43]. Equally important
is the role of colors in shaping students’ psychological and emotional responses. Colors
directly impact mood and cognitive function, affecting students’ concentration and overall
mental state [44]. For example, calming colors like blue and green are associated with
reduced stress, while vibrant colors stimulate creativity and engagement [45]. In summary,
the emphasis on ergonomic comfort through well-designed furniture and strategic color
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choices plays a pivotal role in fostering an environment that supports students’ physical
health and positively impacts their concentration and academic achievement.

2.2. Research Material—School Selection

Occupants’ feedback was gathered by a post-occupancy evaluation (POE) survey
conducted in three public school buildings of Tulkarm and Nablus governance in the West
Bank, Palestine. This selection was due to the possibility of obtaining information and data
from the Directorate of Education and the municipalities and schools. These regions have
a Mediterranean climate, which is characterized by dry summers and mild, wet winters,
with winter temperatures ranging from 8 ◦C to 16 ◦C and summer temperatures ranging
from 17 ◦C to 35 ◦C. The humidity level in this region remains relatively constant, ranging
between 60% and 70%.

A lack of heating and ventilation systems is a general feature of schools in Palestine.
Indeed, these systems are not required by the General Administration of School Buildings
at the Ministry of Education. Public schools feature reinforced concrete structures, flat roofs,
and masonry facades. Classrooms are equipped with single-glazed windows with high
thermal transmittance (U-value = 5.7 W/m2.K) and lack shading devices. Furthermore,
no insulation is applied to the facades or the roofs of the surveyed buildings. Regard-
ing occupancy density, some buildings exhibit a satisfactory student density, averaging
0.55 students per square meter (m2).

Information was gathered from 331 students in 3 schools, including 200 students from
Tulkarm (60%) and 131 students from Nablus (40%). The students’ age range was 14 to 17,
and 51% of participants were female.

2.3. Data Collection

The post-occupancy evaluation (POE) survey was used to evaluate indoor environ-
mental quality (IEQ). POE surveys provide invaluable insights into occupant satisfaction
with environmental conditions, serving as a vital measure of a building’s ability to protect
the health and comfort of its occupants [46]. Involving students in evaluating the quality
of interior spaces provides baseline data and cultivates a collaborative approach to high
indoor quality [47]. Their feedback can identify hidden problems, such as inadequate
ventilation or uncomfortable seating, vital aspects of an IEQ test. They also foster a sense
of ownership and empowerment among students, allowing them to actively participate
in creating positive change [48]. At the policy level, insights gathered from POE surveys
create a basis for evidence-based decision-making, guide school design improvements, and
promote a healthier, more relevant learning environment for all [49].

The questionnaire design was based on the discussion presented in Section 2.1 about
selecting IEQ parameters. The adaptation of these parameters to the Palestinian context was
discussed with local experts in IEQ. The questionnaire was tested in some classes to check
their clarity for students. Table 1 summarizes the 14 questions that were selected. They
include the IEQ parameters discussed earlier: thermal comfort, acoustic quality, lighting,
air quality, school furniture, and safety. In addition, they cover significant building areas,
including classrooms, laboratories, and schoolyards. Thermal comfort was assessed for
both winter and summer.

The questionnaire, administered in April 2023, sought students’ retrospective as-
sessments of their experiences during the preceding winter and summer seasons of the
academic year 2022–2023. The questionnaire included 14 questions focusing on the signif-
icant aspects of IEQ, including thermal conditions, acoustic quality, lighting, air quality,
school furniture, and safety. The questionnaire began with general details about the student,
such as gender and age. Participants were then asked to rate their satisfaction with the IEQ.
The survey used a scale to assess occupant satisfaction. These aspects were evaluated in
academic building areas, including classrooms, laboratories, and schoolyards.
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3. Results and Discussion
3.1. Students’ Responses

Table 2 and Figure 1 show the distribution of descriptive numbers, percentages, and
means of student perception of different types of IEO parameters that may contribute to
the comfort level of classrooms.

Table 2. Student responses about IEQ in the classroom.

IEQ Parameters Scale Frequency Percentage Mean Overall
Mean

Thermal Comfort
in Summer

Moderate 84 25

1.87

1.97

Hot 121 37

Very Hot 126 38

Thermal Comfort
in Winter

Moderate 102 31

2.06Cold 147 44

Very Cold 82 25

Lighting Comfort in
the Classroom

Bad 45 14

2.28 2.28Acceptable 147 44

Good 139 42

Acoustic Comfort in
the Classroom

Annoying 135 41

1.71

1.68

Acceptable 156 47

Quiet 40 12

Acoustic Comfort in
Corridors and Yards

Annoying 147 44

1.64Acceptable 156 47

Quiet 28 8

Air Quality—Feeling
Lethargic in

the Classroom

No 104 31

2.18

2.26

Sometimes 184 56

Always 43 13

Bad Odors in
the Classroom

No 103 31

2.13Sometimes 167 50

Always 61 18

Bad Odors in
Laboratories

No 182 55

2.46Sometimes 118 36

Always 31 9

Safety and Security
in School

No 49 15

2.46 2.46Sometimes 80 24

Always 202 61

Color Ergonomic
Comfort in School

Annoying
and Ugly 57 17

2.13

1.99

Acceptable 175 53

Beautiful and
Pretty 99 30

School Furniture
Ergonomic Comfort

Annoying
and Ugly 99 30

1.85
Acceptable 184 56

Comfortable 48 15
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The overall mean values of each parameter of indoor environment quality (IEQ) were
1.97 for thermal comfort, 2.28 for lighting comfort, 1.68 for acoustic comfort, 2.26 for indoor
air quality, 2.46 for safety, and 1.99 for ergonomic comfort. Safety and lighting comfort
obtained the highest scores. Acoustic and thermal comfort obtained the lowest score. The
results for each factor will be detailed in the following sections.

3.2. Thermal Comfort Analysis

Based on students’ opinions in Figure 2 most (75%) of students found their classrooms
uncomfortably hot and very hot in the summer. During winter, 69% of students expressed
dissatisfaction with the classroom temperature, considering it cold or too cold. The reason
for this is that these schools lack heating, cooling, and ventilation systems (HVAC). There-
fore, students often resort to extra layers of clothing to deal with insufficient heating, as
shown in Figure 2. In addition, 14% of schools have attempted to address this issue by
installing electric heaters, as shown in Figure 3. However, this limited adoption highlights
the ongoing challenge of consistently maintaining an appropriate temperature.
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The observed results can be attributed primarily to financial constraints. The signifi-
cant initial and ongoing costs associated with HVAC systems, including energy use and
maintenance, create significant financial barriers to Palestinian public schools. As a result,
these schools often need such systems, leaving students in unsuitable thermal conditions.
Another contributing factor is that passive design principles should be considered. These
principles effectively enhance indoor thermal comfort without relying solely on heating,
ventilation, and air conditioning (HVAC) systems.

3.3. Lighting Comfort Analysis

Lighting comfort had a high mean level, which means that many students expressed
satisfaction with the lighting levels in their classrooms. As shown in Figure 4, 86% of
students found the lighting satisfactory, indicating a positive reception. Palestinian public
schools rely heavily on T8 or T5 fluorescent tubes. However, there is an apparent effort to
replace these lamps with LED lamps because of their advantages in terms of energy and
lighting. However, this replacement only depends on replacing the defective bulbs and not
replacing all the bulbs, which makes the process slow. Overall, based on students’ opinions,
it is clear that the lighting level in classrooms is sufficient.
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3.4. Acoustic Comfort Analysis

As shown in Figure 5, nearly half of the students were satisfied with the acoustics
in the classrooms and corridors. Noise pollution in classrooms comes from two sources:
internal sources, such as communication or interaction between students, and external
ones, like road traffic. Reducing internal sources depends on interior design, materials, and
use of space. We found that these school buildings used traditional materials to furnish
schools, which exacerbated indoor noise levels due to poor sound absorption properties.
To address this problem, we propose using acoustic plaster in the ceilings of existing and
newly constructed schools. In addition, we suggest designing the location of classrooms to
be entirely away from sources of external noise, such as streets. This situation emphasizes
the necessity of comprehensive acoustics to ensure a pleasant and harmonious auditory
experience in educational spaces.
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3.5. Indoor Air Quality Analysis

The presence of unpleasant odors was a notable concern in classrooms, with two-thirds
of students reporting occasional to constant unpleasant smells, as illustrated in Figure 6.
Additionally, 45% of students noticed similar odors in laboratories, emphasizing an urgent
need to address odor issues comprehensively to foster a better learning environment.
Moreover, a significant majority of students, over two-thirds, experienced lethargy in their
classrooms, indicating elevated carbon dioxide levels due to inadequate ventilation. The
deficient air quality in Palestine’s public schools primarily results from the absence of
ventilation systems in individual classrooms. The air quality in the laboratories is slightly
better than in the classrooms, but this is due to the lower occupancy rate and slightly
increased ventilation. However, in winter, the lack of heating systems means that classroom
windows are closed, interrupting natural circulation and exacerbating air quality problems.
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3.6. Safety

Students’ views on safety within the school environment varied, as shown in Figure 7.
Most (over 60%) felt very safe due to clear security measures, including fences and gates
surrounding most schools, creating a reassuring atmosphere. However, nearly a quarter of
students expressed partial feelings of safety, which could be affected by various factors such
as outdated infrastructure, inadequate security, inconsistent policies, or specific incidents
involving unruly students. Significantly, perceptions of safety varied between schools, with
some older institutions arousing discomfort.
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3.7. Ergonomic Comfort

Ergonomic comfort included two factors, namely, color comfort and furniture comfort.

i. Color Ergonomic Comfort

As shown in Figure 8, more than 80% of participants expressed satisfaction with
the decorative visual elements. This positive feeling came from educational institutions’
meticulous attention to detail, as evidenced by their commitment to the color standards
set by the Ministry of Education. This regulation specifies color schemes for interior and
classroom design, which have been carefully designed to suit the age groups of students.
This thoughtful approach enhances the attractiveness of the environment and contributes
significantly to the overall satisfaction of most students.
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However, around 20% of students expressed dissatisfaction with the aesthetic aspects
of their school buildings, finding them unattractive or distracting. This discontent stemmed
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partly from the lack of innovative design and aesthetics of some school structures. In such
cases, the lack of visually appealing elements may reduce satisfaction with existing colors
and decorations. In addition, individual perceptions and preferences greatly influence
students’ satisfaction with colors, resulting in varying satisfaction levels among students.

ii. Furniture Ergonomic Comfort

Examining the classroom furniture revealed that students had different opinions, as
shown in Figure 9. More than 70% of participating students expressed satisfaction with
the ergonomic features of the classroom furniture, finding it attractive and well-suited to
their needs. Conversely, nearly 30% of students expressed dissatisfaction, citing concerns
regarding comfort and aesthetics. While some students found the chairs uncomfortable,
others found them unattractive. An important factor contributing to these negative ratings
was irregular maintenance in some educational institutions. When essential maintenance
is overlooked, the quality and usability of the furniture deteriorate, affecting the overall
beauty of the learning environment. Moreover, financial constraints often hinder furniture
replacement, resulting in students experiencing prolonged discomfort due to the wear and
tear of old furniture.
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4. Discussion

The survey conducted on IEQ in Palestinian classrooms highlighted several critical
issues that significantly impact students’ learning and health. The primary concerns
identified include inadequate thermal and acoustic comfort and poor air quality.

Thermal comfort emerged as the most critical factor due to substandard building
insulation and outdated technical equipment. A lack of adequate insulation results in
significant temperature variations, adversely affecting student concentration and health.
While comprehensive building retrofit would be ideal, this would require substantial
investment, which may not be immediately feasible. In the short term, thermal comfort
can be improved by installing efficient ventilation systems and adding window shutters to
mitigate heat loss and gain.

Acoustic discomfort in classrooms was another significant issue hindering effective
learning. Mitigating this problem involves both behavioral and technical strategies. Sensi-
tizing students about noise reduction practices can have an immediate effect. Technically,
installing noise-absorbing materials and optimizing classroom layouts can reduce noise
levels. Additionally, external noise can be curtailed by implementing traffic calming mea-
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sures around school zones, such as reducing vehicle speeds and improving road surfaces
to decrease traffic noise.

Poor air quality in classrooms was primarily due to inadequate ventilation and low-
quality materials in furniture and building finishes. Improving ventilation systems is crucial
to ensure a continuous supply of fresh air. Selecting non-toxic, low-emission materials
for furniture and interior finishes can reduce indoor pollutants. Furthermore, enhancing
school cleaning protocols by integrating green cleaning products and optimizing cleaning
schedules can minimize the presence of airborne chemicals, thus improving the overall
air quality.

Addressing the IEQ challenges of classrooms should consider the individual impact
of each IEQ parameter and the interactions among these parameters. For example, noise
can distract and increase stress levels, potentially making other environmental discomforts
more noticeable, including poor lighting or air quality. Poor air quality can exacerbate
discomfort from inappropriate temperatures. The use of ventilation systems to improve
air quality could create noise and reduce the acoustic quality. It could also reduce thermal
comfort in winter if the ventilation does not include heated air. Natural light can influence
thermal comfort through solar heat gain. It reduces the need for artificial lighting, which
can reduce heat output from lights, aiding in better thermal management.

5. Limitations and Future Directions

This research provides significant insights into indoor environmental quality (IEQ)
in classrooms across Palestine and its influence on student well-being. However, we
acknowledge the following limitations, which could be addressed in future research:

(i) Scope of Interviews

This study was based on a small sample of interviews, which may have limited the
breadth of student assessments concerning IEQ.

(ii) Geographic Generalization

Our research focused on a specific geographic area within Palestine. While this
provided detailed local insights, it restricts the capacity to generalize these findings across
the entire region.

(iii) Outdoor Environmental Conditions

The exclusion of outdoor environmental conditions from this study is another limita-
tion. Outdoor conditions, such as air quality and noise levels, can impact IEQ in classrooms
and comfort levels perceived by students. Their inclusion could provide a more compre-
hensive understanding of the factors affecting IEQ.

(iv) Lack of a Mathematical Model:

Furthermore, this research did not develop a mathematical model to quantify the
impact of various metrics on IEQ. Such a model could be instrumental for policymakers
and educational administrators in making informed decisions.

To overcome these limitations, future research should consider the following enhance-
ments: (i) expand the interview pool by increasing the number of participants and including
diverse groups such as technical staff, teaching staff, and students from different educa-
tional levels, (ii) ensure wider geographic coverage by including large geographic locations,
(iii) incorporate outdoor environmental conditions in IEQ assessments, and (iv) develop a
mathematical model for the impact of IEQ metrics to aid decision-making.

6. Conclusions

This paper evaluated the quality of the indoor environment and comfort in Palestinian
public schools. The significance of this study is in recognizing the pivotal role that IEQ
plays in students’ health, well-being, and academic performance, especially in a region
facing unique challenges such as limited financial resources and diverse climate conditions.
The research methodology focused on classrooms in school buildings using post-occupancy
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evaluation (POE) methodology. This research used a questionnaire to measure students’
views on different IEQ measures. This study prioritized factors that are often overlooked
in traditional assessments, providing a comprehensive understanding of students’ overall
well-being. The survey covered thermal comfort, indoor air quality, lighting, acoustics, and
ergonomic comfort and highlighted the multifaceted challenges that are deeply intertwined
with IEQ.

This study presented the results of a survey assessing 331 students’ satisfaction with
the indoor environment in three Palestinian schools. Noteworthy mean values were ob-
tained for each IEQ parameter, with the highest values obtained for lighting and ergonomic
comfort, while the lowest values were obtained for acoustic and thermal conditions. The
absence of heating, ventilation, and air conditioning (HVAC) systems in Palestinian public
schools significantly impacts thermal conditions, requiring robust passive design strate-
gies, effective insulation, shading techniques, and implemented HVAC systems. Acoustic
challenges highlighted the need for sound-absorbing panels to reduce noise levels, while
air quality concerns emphasized the importance of effective natural and mechanical ven-
tilation systems. This study acknowledges the positive feedback regarding lighting and
safety but emphasizes continued attention to aesthetics and ergonomic aspects through
regular maintenance.

Despite valuable insights, this study has limitations, primarily the number of inter-
views with students. Future steps should include expanding the scope of the analysis to
include diverse areas in the West Bank, considering different environmental and social
conditions. In conclusion, this research establishes a critical relationship between IEQ
and student well-being, providing a comprehensive framework for targeted interventions.
Collaborative efforts between educational institutions, policymakers, and stakeholders are
essential to implement the recommended strategies and ensure that Palestinian schools
develop ideal learning environments that promote well-being and academic success.
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