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Abstract: This paper presents a comprehensive sustainability framework tailored to schools in
conflict areas, which suffer from weaknesses in education infrastructures and services. The primary
objective is to assess the sustainability of public schools in these areas, focusing on the West Bank of
Palestine. Concerning international assessment tools, which often prioritize the environmental aspect
over social and economic considerations, this study offers a comprehensive collection of indicators
addressing the environmental, social, and economic dimensions of sustainability in public schools.
The research methodology integrates insights from the literature review, the Palestinian context, and
experts’ opinions, which were collected through questionnaires. The Analytical Hierarchy Process
(AHP) method is used to determine the weights of the indicators. Applying this methodology to
54 Palestinian public schools revealed a low level of sustainability. Improvement recommendations
include implementing green building principles, promoting social inclusion, and collaborating with
local organizations to enhance economic conditions. This study provides a foundation for future
research endeavors by presenting a robust framework for assessing sustainability in public schools in
the Palestinian Territories.
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1. Introduction

Schools are an important platform for promoting sustainability because of their critical
role in shaping the beliefs and behaviors of future generations [1]. Education for sustain-
ability aims to equip people with the information, capabilities, and mindset needed to
understand and deal with social, economic, and environmental issues and encourage their
active participation in creating a more sustainable future [2]. A sustainable school aims
to seamlessly integrate sustainability ideas into all aspects of its activities, not just the
surrounding physical environment [3]. This strategy targets all parties involved in the
school, including students, staff, families, and the larger community, by implementing
various policies and procedures to promote a quality and physically beneficial learning
environment [4].

The education system in conflict zones such as Palestine suffers from significant ob-
stacles, including political unrest, shortages of trained teachers, outdated curricula, and
financial constraints [5]. The ongoing political unrest in the region has led to the demolition
of schools, restrictions on access and movement, and the evacuation of teachers and stu-
dents alike [6]. As a result, many schools suffer from a lack of resources and infrastructure,
which negatively affects the level of education. Due to the lack of opportunities in Palestine,
many teachers are looking for work abroad, further exacerbating these difficulties [7]. There
are currently very few skilled and experienced teachers resulting from this trend. The
situation is exacerbated by outdated curricula that do not adequately focus on critical
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thinking, problem-solving techniques, technology, and innovation—all critical to success in
today’s globalized economy [8].

However, there is a notable gap in the availability of effective methods and tools to as-
sess school sustainability across its three pillars [9]. While international tools such as LEED
for School and BREEAM Education include indicators for sustainability and education,
they show some limitations in the Palestinian context. For example, the LEED for school
framework consists of seven categories for evaluating school sustainability [10]. In 2008,
BREEAM Education introduced the MAN 10 Index, which focused on “development as an
educational resource” to encourage sustainable education through building design and re-
furbishment [11]. Table 1 shows that the LEED, BREEAM, and SBTool assessment methods
focus on environmental features, neglecting social and economic issues. Considering the
significance of the social and economic factors to the Palestinian population, international
assessment methods should be adapted to the Palestinian context by consulting experts in
the field of sustainability.

Table 1. The weight of the sustainability dimensions in the international tools [12,13].

Tools Environmental Economic Social Aspect Others
Aspect (%) Aspect (%) (%) (%)

BREEAM 721 % 3.7 % 18.6 % 5.6 %

LEED 80.0 % 1.8 % 11.0 % 7.2 %

SBTool 64.9 % 2.5 % 17.1 % 15.5 %

Several studies have proposed tools for assessing school building sustainability consid-
ering specific regional contexts. Ref. [14] focused on implementing sustainability in school
buildings in Iraq. They used a combination of BREEAM, LEED, PBRS, AlSa’fat, SBTool, and
expert opinions. Although the study primarily assessed environmental sustainability in
school buildings, it did not consider the social and economic indicators. Ref. [15] adapted
the SBTool methodology to determine the sustainability of secondary school buildings
in Portugal. Their study included LEED for Schools, BREEAM Education, and SBTool.
This research represents the initial sustainability assessment of Portuguese school con-
struction, focusing on the adaptability of SBTool to evaluate basic education institutions.
Ref. [16] sought to develop guidelines for assessing school sustainability in Egypt, using
the Eco-Schools Program in Cyprus and Canada, the Green Schools Program in Ireland,
and LEED for Schools. This study represents the first evaluation of the sustainability of
Egyptian schools. Notably, it applied the same framework to both new and existing schools,
raising concerns about effectiveness due to different indicators between these two cases. In
Palestine, this kind of sustainability framework and analysis is absent.

This paper aims to establish a comprehensive sustainability framework for Palestinian
schools and use this methodology to assess the sustainability of a significant group of
schools to make recommendations to improve school sustainability in Palestine.

2. Methodology and Materials

Figure 1 shows the proposed framework. It includes three stages. The first stage
presents the international frameworks for sustainability, focusing on BREEAM Education,
LEED for Schools, and SBtool for K-12 schools. It also analyzes the Palestinian context,
emphasizing the drivers and barriers behind implementing sustainability in Palestinian
schools. The second stage presents the assessment model, which includes pressure, state,
and response indicators. The third stage concerns data collection and analysis. The
AHP method and a questionnaire administered to a panel of experts are used to deter-
mine the indicators’ relevance and weights. Data about the schools are collected using a
questionnaire administered to the school’s administration. Data analysis is based on the
sustainability index.
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Figure 1. The methodology steps for schools’ sustainability assessment.

The following sections present the implementation of the sustainability framework
for schools, emphasizing the selection of indicators and adapting this framework to the
Palestinian context.

2.1. Implementation of the Sustainability School Framework

The Pressure-State-Response (PSR) method is prominent in sustainability [17]. This
framework is valuable for understanding the actions and events that affect the system’s
state and provides insights into appropriate responses for educational institutions and
stakeholders. The basic concept of the PSR model revolves around answering the key
questions: “What happened?”, “Why did it happen?”, and “How should it be addressed?”.
It creates an index that systematically evaluates the consequences of stress, changes in state,
and the effectiveness of problem-solving approaches [18].

After a comprehensive literature review and analysis of educational conditions in
Palestine, we identified eleven main pressure criteria. These criteria are organized into four
categories for environmental, five for social, and two for the economic dimension of sustain-
ability. The following sections present the significance and role of the environmental, social,
and economic indicators and compare the selected indicators with the international ones.
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2.1.1. The PSR Environmental Indicators

Buildings significantly impact the environment as they consume resources, produce
waste, and release emissions into the atmosphere throughout their life cycle [19]. Buildings
constitute one of the most significant sources of carbon dioxide emissions and global
warming. Five criteria are selected for the environment: energy efficiency, water efficiency,
indoor quality, waste management, and site development, as shown in Table 2.

Table 2. The PSR environmental indicators for schools.

Pressure Criteria State Indicators Unit Response Indicators
Heating Consumption kWh/m?2.yr
- - 2 Energy Efficient Equipment
Cooling Consumption kWh/m*.yr Management system
Lighting Consumption kWh/m? yr
Energy Wall Insulation
Efficiency
L Roof Insulation
Building Envelope U value
Glazing
Shading Devices
Renewable Energy Production kWh/m?2.yr Solar Panels
Number of Students
Total Water Consumption L/student.yr
Internal Leak
Water Rai wor H .
ici ainwater Harvestin,
Efficiency Supply Water Consumption L/student.yr &
s Recycled Greywater
E Connection to Public Sewage Scale (1-5)
]
é’ Heating/Cooling System
& Thermal Comfort PMV & PPD Global Insulation
E Ventilation System
. Natural/ Artificial Lighting
IndoF)r Visual Comfort lux Wall-Window Ratio
Quality
Glare
Acoustic Comfort dp value Acoustic Insulation
Indoor Air Quality CO; level Ventilation System
Respect the Safety Guidelines
Safety Scale (1-5)
Training Classes
Waste Waste Oor1 Solid Waste Separation
Management Management Grey Water Recycling
Green Area Y%
oite land Eff f
Development Heat Island Effect AT Low SRI Surface
Shading Area Y%
Energy Efficiency

School buildings have always been a target of energy conservation interests. This is
because energy efficiency and indoor comfort are the most important characteristics of a
well-functioning school based on the principles of sustainable architecture [20]. Energy
performance in school buildings is evaluated by assessing the condition of the indicators,
i.e., the HVAC system, external and internal lighting, and the building envelope, to de-
termine how much energy savings could be achieved. Other energy-saving methods and
renewable energy technologies play an essential role in assessment schemes to find more



Sustainability 2024, 16, 6830

50f19

sustainable energy use. Although Palestinian schools do not use heating or cooling systems
such as HVAC, they were included in the assessment. This is because, in line with future
aspirations, it is possible to use these resources to increase the comfort of students and
school staff.

Water Efficiency

Due to population growth and the resulting increase in demand for this resource,
there is growing concern about water scarcity. Therefore, the rational use of water in
buildings is becoming increasingly necessary. Schools are among the types of buildings
that consume large amounts of water [20]. Therefore, in this category, water consumption
must be reduced by eliminating potable water use in landscaping, innovative treatment
and reuse of water, and reducing the use of municipal water supply.

Energy and water efficiency benefits schools in many ways: financially, educationally,
socially, and environmentally:

It reduces water and energy costs so that more can be done with the school budget.
It provides excellent leadership opportunities and hands-on learning activities for students.
It builds a strong school culture based on good communication and shared goals.

It contributes to a better environment through efficient energy and water use, and
individuals can do their part to build a better and more sustainable planet now and in
the future.

Indoor Environmental Quality (IEQ)

Within educational settings, the effects of IEQ factors on students” health, well-being,
and academic performance are significant [21]. The IEQ includes thermal comfort, indoor
air quality, acoustic comfort, visual comfort, and safety. Ref. [22] showed that getting plenty
of daylight improved the students” performance by 7% to 18%. Inadequate lighting can
disrupt circadian rhythms, affecting hormone levels and the sleep-wake cycle. Children
are more sensitive to temperatures than adults [23]. This sensitivity is attributed to their
high metabolic rates and limited opportunities for adaptation in classroom environments.

Furthermore, research conducted by [24] showed that children are more vulnerable
to air pollutants than adults due to immature lung and metabolic. In addition, Ref. [25]
demonstrated that students were more productive and happy and learned more effectively
when they were not distracted by noises from outside or from surrounding spaces and
occupants. Poor IEQ in the classroom has been associated with decreased attention spans
and adverse effects on memory and concentration among pupils.

Waste Management

Schools generally produce a wide range of waste, including food, paper, sanitary,
electrical and electronic equipment (WEEE), plastics, furniture, and glass. In the UK, for
example, elementary schools produce about 45 kg of waste per pupil, while secondary
schools produce 22 kg per pupil [26]. This can be a unique challenge when it comes to
managing everything in a convenient, sustainable, and cost-effective manner. Therefore,
schools should prioritize reducing waste production and adopting a recycling culture.
Waste separation, reduction, recycling, and composting are good options for waste manage-
ment. Waste separation is the first step in school waste management. Labeled boxes should
be available for glass, paper, plastic, cans, and organic waste. Recycling of waste within the
school should be considered. Recycling grey water in schools reduces water consumption.
Recycling informs good practices at work and at home.

Site Development

Site development is essential to building sustainability [10]. This category aims to
reduce the building’s impact on ecosystems and promote landscaping. This category
comprises three indicators: green spaces, the heat island effect, and shaded areas. Green
spaces can significantly enhance children’s mental, physical, and social development from
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infancy to adulthood [27]. A green view from a school’s windows correlates with better
academic performance and student concentration. Heat islands occur when there are dense
concentrations of pavement, buildings, and other surfaces that absorb and retain heat.
This effect increases energy costs (e.g., for air conditioning), air pollution, and heat-related
illnesses. Therefore, materials with a low solar reflectance index (SRI) must be used to
reduce the heat effect. The shading structure is an important and valuable addition to
schools. Shading of outdoor areas can protect students and staff from the sun’s harmful
UV rays and protect outdoor furniture and playground equipment from high temperatures.
However, building these shade structures in a way that does not conflict with passive
design strategies, such as allowing the sun into classrooms in the winter, is very important.

2.1.2. The PSR Social Indicators

The social aspect of the school is essential because, in school, we learn to live with
and for society. However, the social dimension of schools is considered less frequently
than the environmental and economic dimensions [28,29]. Therefore, the Palestinian school
framework is clearly interested in the social aspect, which includes five criteria, namely
social equity, health and comfort, social cohesion, accessibility, and teaching quality, as
shown in Table 3.

Table 3. The PSR social sustainable indicators for schools.

Pressure Criteria

State Indicators Unit Response Indicators

The ratio of low-income people

Social Inclusion Y%
Adaptation for disabled students
Social Equity Teachers Participation
Human Centred Design Scale (1-5) Parents Participation
Students Participation
Absence Rates
Occupants Health %o The appearance of Sick Building
Syndromes /BRI
é Health and Comfort Appropriate classroom furniture
% Ergonomic Scale (1-5) design and arrangement
o S
Social Social Interaction Event/yr School Services
Cohesion Cultural Value Scale (1-5)
Access to Public Transportation (m)
Accessibility Access to Non-Motorized Mode of Movement (0 or 1)
Parking Area (%)
Success Rates Y%
Governance policy
Teaching Quality Attendance Rates % Student /.Teacher
Discipline Referrals No. of Students/yr (%) Occupation rate
School Dropout
Social Equity

Equity reflects the goals being the same for all students, but the support needed to
achieve those goals depends on the student’s needs [30]. Most schools focus on horizontal
equity, meaning they treat students who are already considered equal similarly. However,
in most schools, students come from different backgrounds, and some enjoy more privileges



Sustainability 2024, 16, 6830

7 of 19

than others. Therefore, teachers must focus on vertical equity, where individual resources
are provided based on student needs [31].

This category can be achieved through two indicators: social inclusion and human-
centered design. Social inclusion is the process of improving the conditions for student
participation in schools and enhancing the abilities, opportunities, and dignity of disad-
vantaged people, particularly low-income students and those with disabilities. Human-
centered design is a problem-solving approach that places education stakeholders at the
center of the development process. The critical stakeholders needed in this approach are
students, teachers, and parents.

Social Cohesion

This category focuses on the importance of the social and physical integration of
the school into society. The school should promote participation and the preservation of
traditions in society. This helps create a positive school culture for students and teachers [32].
Teachers are motivated to work when the school has a positive culture because they see the
big picture, while students are in a better mental and emotional state to learn. This happens
by focusing on social and extracurricular activities in school to maintain the cultural value
of society and enhance a positive school culture.

Accessibility

This category concerns easy access to school, regardless of the type of transportation
used. The school should be located as close as possible to public transportation services.
This helps encourage the use of public transport rather than private transportation. In
addition, this category focuses on the importance of providing car parks separate from
student movement corridors, playgrounds, and other school facilities.

Teaching Quality

Quality instruction is one of the school’s main pillars for improving student achieve-
ment. Supporting each teacher in delivering quality instruction is critical to achieving
the best outcomes for all students, especially the most disadvantaged. The success rate,
attendance rate, and number of expulsions and dropouts are used to evaluate this category.

2.1.3. The PSR Economic Indicators

Education is the key to economic growth [33]. The purpose of education is to meet all
kinds of demands and needs of both society and individuals. The relationship between
education and the economy can be summarized as follows [34]: (i) education raises the
manpower needed by the economy (contribution to production); (ii) there is a specific cost
of operating and benefiting from the education service (training cost); (iii) education has an
impact on income generation at the individual (micro) and societal (macro) levels; and (iv)
education service has the property of being a commodity.

The effects of education on economic growth are assessed by two categories: an-
nual operating costs on education and the index of unemployment rates with advanced
education, as shown in Table 4.

Table 4. The PSR economic indicators for schools.

Economic Pillar

Pressure Criteria State Indicators Unit Response Indicators
Operational Energy Expenses
Opegrtlirrll;a(ljos ts Operational Expenses $/m2.yr $/styr Operational Water Expenses
Maintenance Cost
Impact on Creating Jobs/Employment job/yr

Local Economy

Production Activity $/yr
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Annual Operation Cost

Per-student spending in educational institutions is influenced by the cost of instruc-
tional materials and facilities, the number of students enrolled in the education system,
teachers’ salaries, pension systems, and the programs offered (e.g., general education or
vocational). In addition, policies to reduce average class sizes, attract talented teachers,
or change staffing structures also affected per-pupil spending. Education expenditures
include operating costs for energy, water, and maintenance. Here, of course, we are only
concerned with the school level, so we have yet to include teachers’ salaries, for example,
because this is the government’s responsibility at all levels of education, not just at the
school level.

Impact on Local Economic

The employment rate is one of the most meaningful indicators of economic growth.
Indeed, schools employ many teachers, administrators, and staff. Therefore, it is essential
to develop an indicator that identifies the contribution of schools to creating jobs in society
and helps reduce the unemployment rate. The importance of school production activities is
the possibility of using school facilities after classes. Nationally, there are many attempts to
use school facilities for childcare, entertainment activities, and vocational training centers.
This helps students learn about economic growth and productivity meaningfully and
strengthens schools’ role in serving society and individuals effectively and beneficially.

2.1.4. Comparison between the Palestinian School’s Framework and
International Frameworks

Comparing the proposed framework for assessing sustainability in Palestinian schools
with existing frameworks such as LEED for Schools, BREEAM Education, and SBTool for
K-12 Schools, as shown in Figure 2, several important points can be highlighted:

1.  The proposed Palestinian framework covers various environmental aspects that are
consistent with other frameworks. Unlike other frameworks, it demonstrates a com-
prehensive approach to environmental sustainability.

2. Unlike some existing frameworks, the proposed framework focuses on social aspects.
It recognizes the importance of fostering a supportive and inclusive school environ-
ment that addresses the diverse needs of students and supports their well-being. This
focus on social aspects is consistent with the overarching goal of holistic sustainability.
However, it is essential to note that other frameworks include some social indica-
tors, such as accessibility. The difficulty is that they are not placed in a separate and
systematic category.

3.  Teaching quality is another crucial aspect of the proposed Palestinian framework.
The framework emphasizes the critical role of educational outcomes in assessing
sustainability. A school’s sustainability encompasses its infrastructure, educational
effectiveness, and student achievement.

4. Economic aspects are integrated into the proposed framework, as in the other frame-
works, by assessing annual operating costs. Another important idea is the contribution
to local economic development. Thus, the Palestinian framework addresses the practi-
cal aspect of sustainability.

In summary, the proposed framework for school sustainability assessment in Pales-
tine is characterized by its holistic environmental, social, and economic coverage. This
framework is compatible with existing international tools that consider the specific needs
and challenges of schools in Palestine, thus promoting sustainable development in the
education sector.
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Figure 2. Comparison between the school’s framework and international frameworks.

2.2. Application to Palestinian Schools

The proposed framework’s application to Palestinian schools is based on data col-
lection using questionnaires and school data fields. Two questionnaires were used for
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data collection. The first targeted experts to determine the weighting of each indicator
and its applicability to the local context of Palestine, while the second addressed school
principals to obtain physical and social information about the schools. In the following
sections, these steps are described in detail. The collected data are then used to determine a
sustainability index and indicator weights using the AHP method. The following sections
present the questionnaire for experts and the panel of experts involved in this research and
data analysis using the AHP method and the sustainability index.

2.2.1. Experts’ Questionnaire

The experts” questionnaire is used to determine the importance of each assessment
indicator and its applicability to the local context of Palestine through the opinion of experts.
This quantitative questionnaire consisted of closed questions in rating scales conducted
to Palestinian experts. The questionnaire includes two parts. The first part focuses on
collecting personal information from the respondents, including their background and
experience with sustainable projects, etc. The second part focuses on the list of sustainability
indicators and asks respondents to rate the importance of each indicator on a five-point
scale: 1 = completely unimportant, 2 = unimportant, 3 = neutral, 4 = important, and 5 = very
important. In addition, respondents can indicate additional evaluation points that they
consider relevant, important, or missing.

Table 5 summarizes the profile of the twenty-eight (28) specialists. About 64% of them
hold a doctoral degree. They cover the fields of energy, electrical engineering, architecture,
civil engineering, and economics. Approximately 50% of the experts are architects. Expe-
rience is split approximately 50/50 between the public and private sectors. Additionally,
86% of experts have worked in the sustainability field for more than ten years.

Table 5. The experts’ personal information.

Classification No.
Male 23
1 Gender Female 5
Bachelor
2 Education level Master 4
PhD 18
Architecture 14
Civil Engineering 5
3 Specialization Economic 1
Energy Engineering 7
Electrical & Telecom Engineering 1
. Public Sector 12
4 Working Sector Privet Sector 16
3-10 years of experience 4
> Experience More than 10 years of experience 24

2.2.2. School Field Data

The school questionnaire included four sections of closed questions about the aca-
demic year 2021-2022. The first section focuses on general information about the school,
including school gender, grade level, location, number of students and staff, and construc-
tion date. The second section addresses the environmental and physical aspects of the
schools, including energy-related issues, water and sanitation issues, and site develop-
ment. The third section focuses on the social aspect, including teaching quality, student
engagement, dropout rates, and accessibility. It aims to provide insights into the various
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social dimensions of schools. The final section addresses economic considerations. It
includes questions about the number of new employees, annual maintenance, and school
profit-making activities.

The questionnaire was conducted with school administrators because they comprehen-
sively understand the school’s operations and policies. They provide general information
about the school, socioeconomic issues, and environmental characteristics. Schools from the
Tulkarm and Nablus governorates in the West Bank were selected for the application. This
selection is due to the possibility of obtaining information and data from the Directorate of
Education and Schools. Tulkarm governorate is in the northwestern part of the West Bank
and borders the Mediterranean Sea to the west. Nablus Governorate is in the northern
part of the West Bank. The region is characterized by rugged mountains, including Mount
Gerizim and Mount Ebal, deep valleys, and fertile plains. Nablus is known for its histori-
cal and architectural heritage, including the well-preserved Old City with its traditional
markets, narrow streets, and historic buildings. By including schools from Tulkarm and
Nablus, we were able to cover both social and geographic diversity.

There are 409 public schools in these two governorates. Tulkarm has 141 schools with
43,115 students and 2193 teachers, while Nablus has 268 schools with 84,288 students and
4128 teachers.

2.2.3. Data Analysis Using the AHP Method

The objective of the data analysis is to rank the indicators based on experts’ opinions
and determine their relative weight to calculate the overall sustainability score. The Analytic
Hierarchy Process (AHP) method is used for this purpose. This method is a structured
method for decision-making proposed by Thomas L. Saaty in the 1970s [35]. It provides
a framework for complex decisions by decomposing them into a hierarchical structure
and systematically evaluating the relative importance of criteria and alternatives. The
calculation process in AHP includes the following steps [36]:

a.  Hierarchical structuring: identify the decision problem and divide it into a hierarchy
of criteria and alternatives.

b.  Pairwise comparisons: using pairwise comparisons, evaluate the relative importance
of the criteria and alternatives.

c. Calculate the weights: calculate the criteria weights by summing the scores of the
pairwise comparisons using matrix algebra.

d.  Consistency check: perform a consistency check to ensure the reliability of the

judgments. The consistency ratio (CR) is calculated to evaluate the consistency of the
pairwise comparisons. The judgments may need to be revised if the CR exceeds a
predetermined threshold (usually 0.1).

e.  Aggregation and decision-making: to obtain an overall score or ranking, aggregate
the weights of the criteria and alternatives. To do this, multiply the criteria weights
by the corresponding ratings of the other options and add them together.

2.2.4. Data Analysis Using the Sustainability Index

The sustainability index is a metric designed to measure and assess the overall sus-
tainability performance of a system, organization, or entity. It provides a quantitative
representation of how well a system meets environmental, social, and economic objectives,
often considering various indicators within these dimensions. Calculating a sustainability
index typically involves the following steps:

a.  Define Indicators: identify indicators representing critical sustainability aspects in
the selected context.

b.  Assign Weights: assign weights to each indicator based on its relative importance in
contributing to overall sustainability.

C. Data Collection: collect quantitative data for each indicator and ensure the data are

accurate, up-to-date, and relevant to the indicators.
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d.  Normalization: normalize the data to bring all indicators to a comparable scale. This

step is crucial when the indicators have different units of measurement or magnitudes.

e.  Score Calculation: calculate the sustainability index using a formula that combines

the normalized values of each indicator with the assigned weights. Scores typically
exist on a scale, e.g., 0 to 100.

f. Interpretation: interpret the sustainability index to understand the overall sustainabil-
ity performance. Higher values generally indicate better sustainability performance.

3. Results and Discussion

This section first presents the experts’ opinions and how they were used to weight the
indicators and assess the sustainability of a group of schools using the sustainability index.

3.1. Expert Responses

A group of twenty-eight Palestinian experts evaluated the set of indicators, and
Table 6 shows the results graphically in the form of a heatmap. According to this heatmap,
nearly 86% of experts gave the set of indicators high ratings (score of 4 or 5), while only
12% gave it an average level of 3. According to experts, this result confirms the indicators’
importance, comprehensiveness, and applicability for sustainability assessment in Pales-
tinian schools. The total scores had a standard deviation of 7 and a mean of 120, ranging
from 108 (heat island effect) to 135 (social inclusion).

3.2. Categories and Indicators’ Weights

As shown in Figure 3, experts gave the greatest weight—46%—to categories related to
the social component. This is consistent with the goals of the Palestinian education system.
The first goal of the Palestinian Ministry of Education’s strategic plan (2021-2023) is to
ensure everyone’s access to education in a safe, equitable, and comprehensive manner. The
second goal is to raise the level of education by raising standards, strengthening procedures
and inputs, evaluating results, and creating systems to track progress [37]. The importance
of the environmental aspect of the school can be observed in second place in terms of
energy and water consumption, the quality of the internal environment, and the site’s
sustainability. Third place was assigned for the economic aspect with 17%. This means that
when we expand the social category, we can direct the attention of experts toward it and
achieve a balance between the three aspects, which is the primary goal of the framework.

46.20%

36.50%

17.40%

Environmental Aspect Social Aspect Economic Aspect

Figure 3. The weight of sustainability pillars is based on experts’ responses.
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Table 6. Heatmap results for each indicator are based on expert responses [38].
- Scale for Quantitative Parameters
g 1to 5 (1 Less Important, Global
3‘ Category Indicator D 5 More Important) Score
4 5
Heating Energy Consumption P1 10 16 125
Cooling Energy Consumption P2 117
Energy Use . -
Efficiency Lighting Energy Consumption P3
Building Envelope Insulation P4
Renewable Energy Production P5
] Total Water Consumption P6
8, | Water Use o - 4G Recveli 7
£ | Efficiency Water Harvesting and Greywater Recycling
s Connection to Public Sewage P8
g Thermal Comfort P9
g Visual Comfort P10
5 Indoor -
E Quality Acoustic Comfort P11
Indoor Air Quality P12
Safety and Security P13
Waste Management Strategies P14
Site Green Areas P15
Development Heat Island Effect P16
Shading Area P17
Social Equity Social Inclusion P18
Human Centred Design P19
Health and Occupants Health P20
Comfort Ergonomic Comfort P21
= Social Social Interaction P22
& | Cohesion Cultural Value P23
::: Access to Public Transportation P24
§ Accessibility Access to non-motorized P25
Parking Area P26
Success Rate P27 4
Teaching Quality Attendance Rate P28 4
School Dropout P29 7
Discipline Referrals P30 6
g Operational Energy Expenses P31 5
&, | Annual -
] Operating Costs Operational Water Expenses P32 5
é Maintenance Cost P33 4
g Influence on Local Creating Jobs/Employment P34 6
i@ | Economy Social Activity P35 7

Table 7 shows the AHP matrix and category weights. The consistency ratio (CR) for
this matrix is 5.90, which is less than 10%. “Social Equity” received the highest weighting
of 9.63%, while “Quality of Teaching” received the lowest of 8.57%.

Table 8 displays the order and weighting of the indicators. “Social inclusion” is the
most important factor, weighing 3.22%. This measure evaluates how well a public school
can serve low-income and disabled students. It draws attention to a school’s vital role in
promoting social equity and justice, which is one of the main goals of pursuing sustainable
education. Next come the “Occupant Health” and “Indoor Air Quality” scores, which have
identical scores. The most important concept of sustainability is providing a healthy indoor
environment for students, as explained.
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Table 7. The AHP matrix according to the experts’ opinions.

S‘gtai“al’.ﬂ“y D c1 c2 c3 c4 cs C6 c7 c8 c9 Cl0  CI1  Weight
ategories
Social Equity C1 1.00 1.01 1.01 1.04 1.05 1.06 1.08 1.09 1.10 111 112 0.0963
Indoor Quality Cc2 0.99 1.00 1.00 1.03 1.04 1.05 1.07 1.08 1.10 111 1.12 0.0955
Health and Comfort c3 0.99 1.00 1.00 1.03 1.04 1.05 1.07 1.08 1.10 111 112 0.0955
Social Cohesion c4 0.96 0.97 0.97 1.00 1.01 1.02 1.03 1.04 1.06 1.07 1.08 0.0925
Accessibility C5 0.95 0.96 0.96 0.99 1.00 1.01 1.03 1.03 1.05 1.06 1.07 0.0917
Energy Use Efficiency Cé6 0.94 0.95 0.95 0.98 0.99 1.00 1.02 1.03 1.04 1.05 1.06 0.0910
Water Use Efficiency c7 0.93 0.94 0.94 097 098 0.98 1.00 1.01 1.03 1.04 1.04 0.0895
Site Development c8 0.92 0.93 0.93 0.96 0.97 0.98 0.9 1.00 1.02 1.03 1.04 0.0887
Influence on Local Economy 9 091 091 091 0.94 0.95 0.96 0.97 0.98 1.00 1.01 1.02 0.0872
Annual Op. Costs C10 0.90 0.90 0.90 0.93 0.94 0.95 0.97 0.97 0.99 1.00 1.01 0.0864
Teaching Quality cn 0.89 0.90 0.90 0.93 0.93 0.94 0.96 0.97 0.98 0.99 1.00 0.0857
Table 8. The weights of indicators by applying AHP method.
Indicator ID Rank Indicator Weight (AHP)
Social Inclusion P18 1 0.0322
Indoor Air Quality P12 2 0.0317
Occupants Health P20 3 0.0317
Total Water Consumption P06 4 0.0305
Building Envelope Insulation P04 5 0.0303
Safety and Security P13 6 0.0303
Thermal Comfort P09 7 0.0301
Access to Public Transportation P24 8 0.0301
Heating Energy Consumption PO1 9 0.0298
Green Areas P15 10 0.0298
Cultural Value P23 11 0.0293
Renewable Energy Production P05 12 0.0291
Visual Comfort P10 13 0.0291
Social Interaction P22 14 0.0289
Access to non-motorized mode P25 15 0.0289
Acoustic Comfort P11 16 0.0286
Shading Area P17 17 0.0284
Ergonomic Comfort P21 18 0.0284
Creating Jobs/Employment P35 19 0.0284
Human centred Design P19 20 0.0282
Attendance Rate P28 21 0.0282
Cooling Energy Consumption P02 22 0.0279
Waste Management Strategies P14 23 0.0279
Parking Area P26 24 0.0279
Maintenance Cost P33 25 0.0279
Success Rate P27 26 0.0277
Water Harvesting and Recycling P07 27 0.0274
Operational Energy Expenses P31 28 0.0272
Connection to Public Sewage P08 29 0.0267
Operational Water Expenses P32 30 0.0267
Lighting Energy Consumption P03 31 0.0265
Social Activity P36 32 0.0262
School Dropout P29 33 0.0260
Discipline Referrals P30 34 0.0260
Heat Island Effect P16 35 0.0258

The weighting of the indicators is consistent with the concepts of sustainability and
the context of the schools in Palestine. For example, “insulation of the building envelope”
and “shading of the exterior facades” are of greater importance than “renewable energy
generation” since energy conservation is better than the generation of the alternative.
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Similarly, “energy use for cooling” is considered less important than “energy use for
heating” because schools are generally not operational during the summer. The same logic
applies to the “heat island effect” indicator.

Experts attach great importance to indoor environment quality. Notably, the indicators
related to indoor quality occupy a place in the upper half of the priority list. For example,
the “indoor air quality” indicator ranks second across all criteria. It is followed by “Safety”,
“Thermal Comfort”, “Visual Comfort”, and finally, “Acoustic Comfort”, which ranks 16th
out of a total of 35 indicators. This underscores the importance of indoor quality for
students and school staff and highlights the profound impact these indicators have on
health and educational outcomes. Consequently, they play a critical role in shaping the
nation’s future and the next generation.

According to experts, “access to public transportation” is crucial since public school
facilities must be easily accessible via these services. Social indicators, such as “cultural
value”, “social interaction”, “access to non-motorized transportation”, “ergonomic com-
fort”, and “human-centered design”, are generally more valuable than environmental
and economic indicators. Regarding the economic component, measures related to “job
creation” receive greater weight than those related to “operation and maintenance costs”.
This underscores how important schools are to society as active and productive institutions.

3.3. Application to Schools

Data were collected from 40 schools from Tulkarm and 14 schools from Nablus,
including 37 elementary schools and 17 secondary schools, as shown in Figure 4. Secondary
schools included 9 scientific secondary schools, 13 literary secondary schools, 1 industrial
school, and 4 schools focused on entrepreneurship and business. Regarding gender, there
were 26 schools for girls, 19 for boys, and 9 for both genders at the primary level. In
addition, schools from different geographic areas were included in the data collection:
Villages (13), cities (6), and large towns (35). In terms of the construction date, the selected
schools showed a wide range, with the oldest school established in 1908 and the youngest
in 2020. The average building area is 1395 m? and the median is 1002 m?, while the mode
value is 1200, indicating the most frequent occurrence of this value in the dataset. The
range value is 7395, illustrating significant variability in school building square footage
in the selected group. This range results in varying student population densities, ranging
from 0.07 to 1.82 students/m?, with an average of 0.42 students/ m?2,

3.4. Sustainability Index for Schools

Figure 5 shows the sustainability index values obtained from the sample of Palestinian
schools. These values range from a minimum of 0.229 to a maximum of 0.479, with a
mean value of 0.343. These values indicate the extent to which schools in Palestine adopt
sustainable practices, with higher index values indicating higher levels of sustainability.
We notice a difference in sustainability performance between schools, but generally, sus-
tainability is very low, at less than 50%. At the same time, it is better than the worst value,
which is 0. This shows that progress is being made towards sustainability, although there
is still room for improvement in social, environmental, and economic aspects. Here, we
notice an important aspect: The school that achieved the highest sustainability index is the
school that achieved a balanced approach to the three pillars of sustainability. In contrast,
this school, which ranked 7, received the highest score for social performance, while the
overall performance was very low due to ignoring the environmental and economic as-
pects. Instead of focusing only on excellence in a specific category, all indicators should be
considered satisfactorily.

These findings suggest that the policies or measures implemented by the Palestinian
education system support sustainability to some extent and that schools are committed to
adhering to these policies. However, more effort and commitment are needed to increase
the overall level of sustainability in Palestinian schools. This indicates that further improve-
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Sustainability Index Value

ments and initiatives are required to strengthen sustainability practices and ensure more
consistent and comprehensive implementation throughout the education system.

West Bank

54 Palestinian
Public Schools

Raba
*

Teitid ‘
Jenin Py

—— 40 from Tulkarm
(74%)

03 ®Jaba

14 from Nablus
(26%)

Jerusalem

* Dar Salsh

Bethlehem

Figure 4. The location of selected schools.

Schools’ Sustainability Index
® Environmental Aspect  ®Social Aspect M Economic Aspect
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School Rank

Figure 5. The sustainability index values for Palestinian public schools.

According to the results presented in Figure 6, the sustainability index for secondary
schools is very close to that of primary schools (6% lower). This contradicts the concept that
secondary schools, being more aware and responsible, will exhibit higher levels of sustain-
ability. However, the reason behind this discrepancy is that social rather than environmen-
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tal indicators primarily influence the sustainability of primary schools. While secondary
schools show significantly lower energy and water consumption, primary schools excel in
social inclusion, which is very important according to the expert opinions presented earlier.
Regarding school gender, there is no noticeable difference between female and male schools
regarding sustainability. This is because these schools have an apparent convergence
regarding all sustainability aspects, including environmental, social, and economic.

Sustainability Index in Schools

0.48
0.44

E—0.35 8

J*1(),25

L]

0.48

——0.45

o
o § ©
&

=
w
h

o
w

0.25

0.2
0.15
0.1
0.05

Sustainability Index

M Total Schools M Secondary Schools M Primary Schools [ Boy Schools M Girl Schools

Figure 6. The sustainability index with the schools’ grade and gender.

4. Conclusions

This paper presented a comprehensive framework for assessing the sustainability of
public schools in conflict areas, focusing on the West Bank in Palestine. The framework
is based on a review of international standards and their adaptation to the Palestinian
context through local experts” opinions. It comprises 35 indicators across 11 sustainability
categories: energy efficiency, water efficiency, indoor quality, site development, social
equity, health and comfort, social cohesion, accessibility, instructional quality, impact on
local economies, and annual operating costs. The framework uses the Sustainability Index
as a global indicator of sustainability in schools.

The framework was applied to assess 54 schools in the Palestinian territory. The
results show a low overall sustainability level. Girls’ schools have a slight advantage over
boys’ schools due to their higher social inclusion. Likewise, primary schools outperform
secondary schools in terms of overall sustainability, although the latter has a clear advantage
in the environmental area. The results underscore the importance of social indicators in
influencing and determining the overall sustainability of schools, especially social inclusion.

This research suggests some recommendations for improving the schools’ sustain-
ability, particularly implementing green building principles, using renewable energy
sources, fostering social inclusion, and attracting local organizations to enhance schools’
economic situations.

Although this study was limited to 54 schools, it provides a foundation for future
research by expanding its application to a larger geographic scope and including experts
with more social and economic experts. In addition, this research has not addressed
the new challenges in the Palestinian territories, particularly in Gaza. Future research
should consider these new and complex challenges to adapt the proposed framework
to the imperative of rapid but sustainable reconstruction of the education infrastructure,
considering the geopolitical context, the vast destruction, and the urgent need of the
population for essential services.
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