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Abstract

Introduction: Schools have many roles and capacities before and after disasters. Resilience plays an important role in maintain-
ing schools’ performance after disasters. This study systematically reviewed the literature to identify the components of school
resilience in emergencies and disasters.
Methods: In this study, Scopus, Web of Science, PubMed, and Google Scholar databases were systematically searched using “re-
silience”, “risk”, “disaster”, “emergency” and “school” as keywords. In total, 8,053 studies were reviewed in several stages and even-
tually, 26 articles were selected. Other articles were excluded due to the lack of inclusion criteria or being irrelevant. Five other
articles were included in the study by reviewing the references. Finally, 31 relevant articles were analyzed. The quality of the articles
was assessed based on the PRISMA checklist.
Results: The evaluation of articles based on content analysis resulted in the emergence of 4 themes, 11 subthemes, and 99 codes. The
themes included structural factors, non-structural factors, functional-process factors, and facilities. The subthemes included build-
ing standards, school environment, physical safety of the building, equipment and facilities, safety and retrofit of non-structural
components, infrastructures, communication (internal and external), education, management, health, and human-financial re-
sources.
Conclusions: The factors and dimensions affecting the resilience of schools were recognized. Different dimensions should be con-
sidered to increase the school’s ability, and maintain its performance and appropriate response to disasters. The determined indices
can be used by policy- and decision-makers when confronting emergencies and disasters to assess the resilience of schools against
the risks.
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1. Introduction

Nowadays, natural and man-made disasters threaten
the lives of millions of children in many parts of the world.
As a vulnerable group, children are directly affected by dis-
asters. Due to the increasing frequency and severity of
risks, children are more vulnerable than before (1, 2). Ac-
cording to the United Nations Children’s Fund (UNICEF)
(2013), the number of children aged < 18 years who are af-
fected by disasters would increase to 2.5 billion by 2050
(3). As students, most children spend much time with their
teachers. They spend more than seven hours a day and 260

days a year in schools (4). Since teachers and students may
lose their lives in emergencies and disasters, these phe-
nomena may have serious impacts on educational services
and suddenly interrupt the educational process leading to
mental disorders in students (5, 6).

In spite of significant efforts on the safety and readi-
ness of schools in disasters, the negative effects of disas-
ters are still evident in schools. These disasters may, for
instance, lead to the collapse of schools’ buildings and
contribute to physical harm of children. For example, the
2006 storm in Da Nang, Vietnam, resulted in the complete
or partial destruction of 5,120 schools, with a total esti-
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mated loss of $300 million (7). Recently, the Ministry of Ed-
ucation, Culture, Sports, Science, and Technology of Japan
reported that some 6,284 public schools were demolished
and 733 students and teachers lost their lives as a result of
the Tokyo earthquake and tsunami in 2011 (8, 9). In Iran,
more than 90% of local education institutions, in which
10,000 students were studying, were destroyed in the 2003
Bam earthquake (10). Also, information available about na-
tional schools of Iran (11) shows that 22% of the total pop-
ulation of Iran (nearly 14 million students) are at risk of
moderate to severe earthquakes. The latest survey by the
Iranian School Rehabilitation Center shows that about 65%
of all schools have no organizational capacity to withstand
a possible earthquake (12).

Given the importance of school resilience, high-level
documents including the Hyogo Framework for Action
2005 - 2015 (13-15)) and the Sendai Framework for Disaster
Risk Reduction 2015 - 2030 (15-17) recognize the school lo-
cation safety, constant access of children to education, and
the use of education for assisting countries as priorities for
reducing the risk of disasters (18-20).

Resilience is a multifactor term with many definitions
in various fields such as health and psychology (21, 22). Re-
silience has been defined as “the ability of a social or en-
vironmental system to absorb disorders by maintaining a
basic structure, ways of functioning, organizational capac-
ity, and the ability to adapt to stress and change.” (9, 23).

Disaster risk reduction training is essential for having
a sustainable community (2, 9). The importance of disaster
risk reduction training in schools is due to its role in creat-
ing safer schools, increasing the resilience capacity, and re-
ducing the damage caused by natural disasters. Its mere in-
tegration in the curriculum alone not enough but relevant
issues such as structural and non-structural safety, statute
law, management mechanism, qualified human resources,
adequate budget, strong cooperation, appropriate warn-
ing system, and risk assessment should also be considered
(24-26).

The United Nations and the Coalition for Global School
Safety, as well as some researchers such as Izadkhan (27),
Dixit (28), and Wisner et al. (29), identified the build-
ing safety and disaster education as important factors in
school safety. According to Shiwaku et al. (30), it is impor-
tant to focus on the concept of education for teachers and
principals and the relationship between teachers and ur-
ban disaster management planners.

Given the important role of schools after disasters (5,
31, 32) and the distribution of schools throughout a city,
they can be considered as shelters for homeless people
and a place for medical clinics and other emergency op-
erations. After a disaster, the schools’ activity will create a
sense of normal condition in the community and help peo-

ple return to normal status after an event (33).
Studies on school resilience have focused more on the

role of schools before and after disasters and the exis-
tence or absence of disaster readiness plans. While school
resilience embraces a variety of dimensions and compo-
nents, each study has focused on a single dimension.

2. Objectives

It is necessary to conduct a study to review and sum-
marize previous studies. As resilience is multidimensional
and no comprehensive approach was followed in a system-
atic study to identify the factors affecting the disaster risk
reduction (DDR) and schools’ resilience and preparedness
at the time of events and disasters, this systematic study
was conducted to identify these factors.

3. Methods

The present study was a systematic review of the ar-
ticles available on Scopus, Web of Science, PubMed, and
Google Scholar databases. The study was registered in
PROSPERO with code CRD42018106114. The study was de-
signed based on the following research question: What
are the dimensions and components affecting schools re-
silience at the time of disasters? To answer the question,
we selected the keywords including (“resilien* OR risk”),
(“disaster OR emergen*)” and “school” according to MeSH
terms. The PRISMA checklist (34, 35) was used for assess-
ing the validity of the articles. This checklist evaluated the
three major parts of the paper, including presentation, in-
troduction, and methodology. In the next step, the arti-
cles were evaluated by the STROBE checklist (36, 37), with 22
items to assess the title, abstract, introduction, methods,
results, and discussion sections of articles.

3.1. Data Sources

The search was carried out without any limitation
in Scopus, Web of Science, PubMed, and Google Scholar
databases from May 10, 2018, to August 30, 2018.

3.2. Search Strategy

Based on the research question, keywords were se-
lected according to MeSH terms. The opinions of profes-
sors, experts, and the keywords of the related articles were
also used. The search strategy was defined based on each
database. The search combination for PubMed was as fol-
lows:

“(Disaster* OR emergen*) AND (resilien* OR risk) AND
(school)”

Search Strategy in PubMed was as follows:
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(Disaster* [tiab] OR emergen* [tiab] OR disaster
[MeSH]) AND (school [tiab] OR kindergarten [tiab] OR
school [MeSH]) AND (resilien* [tiab] OR risk [tiab] OR risk
[MeSH])

3.3. Inclusion Criteria

All articles including original articles, short commu-
nications, letters to editor, editorials, RCTs, systematic re-
views, and articles presented at conferences and interna-
tional congresses on the main topic of the study, i.e. di-
mensions and components affecting school resilience at
the time of disasters, as well as articles related to the iden-
tification of the components of school resilience, schools
and disasters, schools’ safety and retrofitting against haz-
ards, disaster plans, and school readiness were included in
the study. It should be noted that only the articles that were
in English and had been published until August 30, 2018,
were included in the study.

3.4. Exclusion Criteria

Studies not addressing the components of school re-
silience, examining community and individual resilience,
examining the psychological effects of disasters on stu-
dents, and post-traumatic stress disorder (PTSD) PTSD were
excluded.

3.5. Information Extraction

The articles were selected and evaluated based on the
PRISMA guidelines. The PRISMA guideline (34, 35) is a 27-
item checklist that examines the title, summary, methods,
results, discussion, and source of funding of the studies.
All search results were inserted into EndNote X8. First,
the duplicate articles were removed. Then, unrelated stud-
ies were removed by examining the title and then review-
ing the abstracts. Irrelevant studies were further excluded
in the next stage by reviewing the full texts by two inde-
pendent researchers according to inclusion and exclusion
criteria. Finally, the full texts of the remaining articles
were examined based on the PRISMA standard checklist. In
the next step, these articles were evaluated by the STROBE
checklist (36, 37), with 22 items related to the title, abstract,
introduction, methods, results, and discussion sections of
articles. Finally, two researchers (the student and the first
advisor professor) independently reviewed the quality of
the articles and in the case of disagreement, the article was
reviewed by the third researcher (the second advisor pro-
fessor).

4. Results

Overall, 8,053 articles were extracted from the men-
tioned databases. Next, 1,690 articles were deleted as they
were duplicates. Thus, 6,370 titles and abstracts were re-
viewed, which resulted in 224 full-text articles to review. Fi-
nally, 26 articles were selected and the other articles were
removed due to the lack of necessary criteria or being ir-
relevant. Five other articles were included in the study by
reviewing the references. Therefore, in total, 31 relevant ar-
ticles were analyzed. The extracted information in the first
level included the authors’ name, country, year, type of dis-
aster, study objective, methodology, and the factors affect-
ing school resilience. The results are shown in Figure 1.

4.1. Descriptive Analysis

The examination of the studies showed that out of 31
studies related to the research question, 21 (67%) were con-
ducted in Asian countries. Also, 54% of the selected stud-
ies were original articles. The methodology of 12 stud-
ies was descriptive and 14 studies were conducted cross-
sectionally. All of the finally selected papers addressed the
components affecting resilience against disasters; 83% ad-
dressed natural disasters, 9.6% addressed man-made dis-
asters, and 7.4% addressed both hazards. Moreover, 45%,
38%, and 17% of the studies directly, indirectly, and both di-
rectly and indirectly pointed to the components of school
resilience, respectively. A description of the articles is pre-
sented in Table 1.

4.2. Qualitative Analysis

The evaluation of articles based on content analysis
resulted in the emergence of four themes, 11 subthemes,
and 99 codes. The themes included structural factors, non-
structural factors, functional-process factors, and facili-
ties. The subthemes included building standards, school
environment, and physical safety of the building in the
structural factors theme, equipment/facilities, and safety
and retrofit of non-structural components in the non-
structural factors theme, infrastructures, communication
(internal and external), education, management, and
health facilities in the functional-process factors theme,
and human-financial resources in the facilities theme (Ta-
ble 2).

5. Discussion

This study identified the related indices of school re-
silience that may increase the ability to respond to disas-
ters. The review of 31 finally selected papers showed that
many components are directly and indirectly involved in
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Figure 1. Search and article selection diagram

school resilience. Considering the number of factors af-
fecting the concept of school resilience, these studies ad-
dressed the disaster response programs in schools (2, 5, 33,
42, 44, 45, 56), the assessment of school readiness in emer-
gencies and disasters (20, 30, 43, 48, 51, 53, 58, 59), the role
of schools in disasters (38, 57, 60), the safety of schools (39-
41, 46, 54) and school resilience (4, 24, 47, 49, 50, 52, 55, 61).

It seems that each study examined the resilience of
schools based on the authors’ expertise not based on a
comprehensive approach from the perspective of experts
in disaster. School resilience is wider than school readi-
ness, safety, or disaster response programs. It needs to
be considered to increase a school’s ability to maintain its
performance and appropriate response to disasters. The
present systematic review study divided the four dimen-
sions of school resilience according to a systematic ap-
proach to structural, non-functional, functional-process
and facilities factors (Figure 2). However, the studies by
Santa-Cruz et al. (50), Dixit et al. (33), Vahdat and Smith

(12), and Kisioglu et al. (39) addressed structural compo-
nents and studies by Naseri and Kang (56), Oktari et al. (61),
Kokcu et al. (48), Graham et al. (42), and Lee et al. (44) ad-
dressed the functional components separately. The stud-
ies by Tong et al. (24) and Shiwaku et al. (52) merely fo-
cused on physical and functional components while the
study by Grimaz (51) focused on school location, and struc-
tural, non-structural, and functional dimensions. Accord-
ing to these studies, all these components are character-
ized by multi-risk assessment, training analysis, planning,
and student-oriented investigation. However, the present
study considered all structural, non-structural, and func-
tional dimensions in various areas of management, educa-
tion, health facilities, communication, and infrastructure.
The financial and budget dimensions are comprehensive
in this study.

Construction standards, school environment, and
physical safety of buildings were among the structural di-
mension indices that included structural features, build-
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ing architecture and safety, retrofitting, and renovation
in school resilience. Also, the features of the location of
schools such as the topography of the area, type of soil,
foundation of the earth, and placement in flat or elevated
zones were also considered as important elements of the
structure (4). Given the importance of structure in school
resilience, structural interventions are necessary to pro-
tect the lives of students and school buildings. As the Dixit
et al. study showed, it is important to reduce the vulner-
ability of school buildings but it is not considered (62).
Shah et al. (58) recommended measures such as the recon-
struction of vulnerable buildings, constructing a place for
emergency evacuation, and storage of essential goods to
enhance facilities. Since many deaths are caused by the de-
molition of buildings, the number of deaths from disasters
can be reduced if the buildings are designed appropriately
and checked regularly. Students are at high risks in schools
due to their high population density. As a result, the physi-
cal safety of schools should be considered more closely (Ta-
ble 2). Kisioglu et al. argued that for a school building to
be considered safe, the maximum number of students in
a classroom should be 40 students and the required space
for each student should be 6 m2 (39).

Important factors before building a school are the
assessment of site stability, assessment of the building
retrofitting opportunities, or the change of location to a
stable and secure place. In the study carried out by Vahdat
and Smith (12), the type of structure, engineering method,
age of the building, population density, age group of users,
and the conditions of the school location, such as soil type
and instability of the area, were considered as the risk fac-

tors of school structure vulnerability. In areas surrounded
by mountains or sea, the level and severity of disaster ef-
fects are high. The Department of Education and schools’
managers should prioritize risk prevention and risk reduc-
tion everywhere, especially in places that are most at risk.

School location is another index of resilience. Schools
in the main street, plains, and flat areas, and schools hav-
ing fewer floors to facilitate access to the distribution of
humanitarian assistance and, if necessary, evacuation of
injured victims are regarded as positive featured schools
for post-disaster measures. Relief measures are difficult
in crowded areas with heavy traffic, unstable and sloping
land, and areas without roads and highways due to diffi-
cult road access (50). Designing emergency exit routes and
places for evacuation and shelter is another important in-
dex of resilience in construction standards. Also, examin-
ing building vulnerability, retrofitting, and proper rehabil-
itation of schools is necessary to ensure safe learning facil-
ities for students and temporary shelters for the commu-
nity after disasters (60). The roofs of schools can be used
as a place of evacuation during a hazardous event such
as flood. In some areas, e.g., the city of Banda, Indonesia,
where school roofs are not flat, the schools cannot use the
roof as a place for emergency evacuation (54). Emergency
exits are important routes for evacuation during disasters.
It is important to install signage along the emergency exit
to show the path because of the congestion and risk of
harm to employees and students when leaving the school
building after disasters (50). Moreover, it is also important
to pay attention to the safety of exit routes, the height of
the rails, and the traffic control of population to prevent
damage (50). Resilient schools can be safe environments
for emergency resettlement in the event of disasters, as in
the Philippines where school buildings are considered as a
place for emergency post-disaster relief (63).

Structural safety was another example of resilience in
this study. Safety tips for the building dimensions include
120 cm above the floor for the height of windows, the width
of 90 cm for the doors, the width of 130 - 140 cm for the
steps, and 15 cm for the height of the stairs. One of the
standards of classroom doors is an outward swing to avoid
the students’ injury when they rush towards exit doors at
the time of disasters (39). For a school to be structurally re-
silient, it should have just a few floors so that in the event
of outbreak of fire, in particular, the risk of injury and suf-
focation due to congestion in stairs and exit routes is min-
imized (40). Other design factors that affect school build-
ing resilience are the shape and size of windows and class-
rooms. In this regard, Hassanain argues that the smaller
size of the windows and classrooms is a factor in reducing
the expansion of the fire due to the limited oxygen avail-
able at the time of fire. The flaring out of fire is a func-
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tion of the scale of the building; large buildings contain
more flammable materials than smaller ones (40). On the
other hand, in Kisioglu et al.’s study the number and shape
of windows were reported to be important for providing
adequate light (39). Therefore, although large windows
are desirable from an architectural perspective because of
their lighting, small windows are recommended from the
viewpoint of safety. It is recommended to investigate both
views in a balanced way to increase resilience.

Another important factor in school resilience is the
non-structural component. In this study, the equipment
and facilities of school buildings, as well as attention to
safety and retrofitting of non-structural components were
recognized as important in this dimension. The layouts of
non-structural elements (e.g. false ceilings, bookshelves,
chimneys, ceiling fans, and libraries) are important as they
can cause injury or death by collapse (49). Removing bar-
riers to school evacuation, installing high rails along the
stairs, and non-slippery rails are the safety points of non-
structural components (39, 50). In this study, electrical sys-
tems including emergency power supply, electrical wiring
systems, electrical covers, electricity generators, and heat-
ing systems were among the most important equipment
for school resilience. Kisioglu et al. (39) noted that, in
Turkey, most classrooms had central heating systems and
only one school used coal heaters. Modern central heating
systems are considered to be a safety improvement con-
tributing to school resilience (64). This is important in
many cases because of the risks of heaters, including car-
bon monoxide poisoning, burning traumas, and uncon-
trollability of heaters.

Based on the results of this study, the essential fire-
fighting equipment in schools includes fire extinguisher
capsules and hoses, fire-proof doors, gas shut-off valves,
fire alarm system, alarm system, periodic check-ups, and
recharge of fire extinguisher capsules. In the study by Hos-
seini and Izadkhah, it was suggested that a fire-fighting
team be formed to train and equip schools with fire extin-
guisher capsules before an earthquake. In addition to the
provision of fire extinguishers, it is suggested the students
be trained on how to be calm in fire situations; we should
prepare and guide them on fire safety and, when it is not
possible to extinguish the fire, teach them how to evacu-
ate the school (41). Hassanain (40) argues that building
facilities including fire detection and fire alarm systems,
smoke detectors, fire control and fire inhibitors, fire extin-
guishers, fire sprinklers, and evacuation equipment such
as exit doors, emergency lighting, and signage are also im-
portant.

Another index that affects school resilience is the
functional-process dimension that includes infrastruc-
tures affecting disasters, communications, management,

health, and education. Providing basic services such as
water supply, electricity, telephone communication, and
annual communication programs with the police, fire de-
partment, “civil defense, school committee, parents, and
family was recognized to be important in this dimension.
This study showed that school readiness and resilience
would be increased by educating children and training
school staff including office staff, teachers, and managers.
Schools can also play an important role in educating the
community and establishing cooperation among different
groups of society not only in emergencies, but also before
and after disasters. The educational content for this di-
mension was considered to be emergency situation recog-
nition, school evacuation, disaster preparedness, hazard
identification, risk reduction measures, earthquake prepa-
ration, school response program, drilling and planning for
preparation, evacuation, emergency response, first aids,
and school activity persistence after disasters. Disaster pre-
paredness is associated with specific social and economic
characteristics including education, household income,
sex, household resources, proximity to hazardous seismic
areas, preparedness behavior and risk experience (65). Re-
searchers believe that there is a special relationship be-
tween resilience and culture, the population at risk, adver-
tisement and protection factors (66). Also, changes in so-
cial, economic, and environmental conditions can affect
school performance (9).

It should be noted that the level of awareness and com-
mitment of local communities is increased through the
education provided by teachers, health workers, parents,
religious leaders, community-centered organizations, and
community interventions. These teachings have a positive
psychological impact on crisis management by local au-
thorities and humanitarian agencies (50). In Shiwaku et
al.’s study the important factors in school resilience were
disaster educational programs for teachers, staff, students,
parents, and people exposed to disasters, participation
in disaster preparedness programs, sharing disaster pre-
paredness programs for teachers, staff and parents, school-
family emergency information sharing, and parents’ in-
volvement in school activities (52). On the other hand,
the integration of disaster components into the curricu-
lum, school regulations, course syllabus, preparation for a
disaster management plan, emergency management and
preparedness plan, rehabilitation management program
(school reopening program), and disaster-related educa-
tion (parents, teachers and students’ participation in drill)
are other important components affecting resilience in the
study by Tong (24). The results of this study also confirmed
the direct or indirect impact of these indices on school re-
silience level.

As necessary facilities effective in school resilience are
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human and financial resources. The role of staff and stu-
dents is important in human resources (44). Schools that
have different stakeholders including internal (students,
parents, families) and external (emergency services, CDEM
organizations, community) ones are interested in emer-
gency preparedness efforts (5). It should be noted that in-
vesting in risk reduction before disasters is more beneficial
than allocating costs after disasters. Expenditures men-
tioned in the studies to reduce the disaster risk include
the cost of replacement from the local government fund,
the cost of parental cooperation, the cost of the local com-
munity, and the cost of other organizations. The budget
dedicated for preparedness and response programs, a sep-
arate budget for reconstruction after disasters, the budget
for supervision and monitoring, funding for the support of
students with special needs, and funding for training activ-
ities are also mentioned in the studies (24, 52).

In this study, the indices affecting school resilience in
different areas were identified and discussed. Identifying
these components, in addition to preserving the lives of
students and the school staff in disasters, can help increase
the readiness of schools in providing an appropriate post-
disaster response.

5.1. Conclusions

This study identified the effective indices of school re-
silience. Based on the review of 31 related articles, the
four structural, non-structural, functional-process, and fa-
cility areas were found to be important for school re-
silience at the time of disasters. According to the find-
ings of the study, the functional and process components
are important factors that can increase the readiness of
schools through appropriate education, communication,
planning, and management. In the structural changes, as
retrofitting requires high costs, one can take appropriate
functional measures using available resources, and prop-
erly managing human and financial resources to increase
school resilience. Encouraging schools to establish appro-
priate internal and external communication increases the
preparedness of schools to deal with emergencies and dis-
asters. Increasing the risk perception is effective in edu-
cating students for improving students’ real performance
in disaster risk reduction, and since student education can
lead to the transfer of knowledge to families and the com-
munity, it is an important component that can be used to
invest in it. It should be noted that the management and
prioritization of effective factors in reducing the risk of dis-
asters in schools are crucial for the improvement of spatial
variability. The identified indices can be useful to policy-
and decision-makers in the area of disasters and accidents
for assessing school resilience at the time of disasters.

5.2. Research Limitations

Although a comprehensive systematic outlook and a
disaster risk management approach to school resilience di-
mensions are the strengths of this study, the lack of access
to the full text of some studies was a limitation, which was
attempted to be resolved through correspondence with
the authors and establishing inter-university links. In ad-
dition, the study of English-language articles and the non-
retrieval of the texts in other languages were other limita-
tions of the study.
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