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Abstract

Background Child safety in schools is paramount for decision-makers globally, with a focus on ensuring children
return home safely. However, the prevalent issue of injuries across educational systems demands a comprehensive
investigation into their causes, incorporating interdisciplinary perspectives and social dynamics, to develop effective
prevention strategies. The objective of this study is to comprehensively analyze the factors contributing to school-
related injuries and examine the impact of school climate on student safety. By employing advanced data analysis
techniques, the research aims to develop targeted, effective strategies to enhance child safety in educational settings.
This research aims to develop a multidimensional taxonomy to understand child injuries in elementary schools better,
enhancing precision in decision-making.

Methods Data from 363 Israeli primary schools and 10,855 school injuries attended to by MDA, the principal EMS provider,
were analyzed. The study utilized a two-level taxonomy, employing clustering methodology to classify schools into distinct
climate "patterns," with each pattern further delineating school injury characteristics into sub-patterns. The chosen method
proved effective in revealing nuanced relationships between school injuries and climate characteristics.

Results Analysis revealed five school climate clusters, ranging from "good"” to "bad;" each exhibiting two homogeneous
sub-clusters of school injuries. Schools with a "positive” climate witnessed boys predominantly experiencing head injuries
during breaks, while girls often sustained limb injuries from playing in corridors. Conversely, within the "negative" climate
cluster, subgroups emerged based on injury nature, whether linked to playing or falling from a height.

Conclusion The research delineates a nuanced association between school climate and injury rates, emphasizing

the necessity for sophisticated analytical techniques beyond conventional methodologies. Utilizing a diverse dataset

from various disciplines, the study highlights the multidimensional aspects of school health. The developed taxonomy
reveals the complex dynamics within school environments, advocating for customized health policies to mitigate injuries.
Critical findings prompt a reevaluation of established assumptions about the school climate-injury relationship, informing
strategic policymaking. For example, it suggests collaboration to enhance school safety through targeted, gender-sensitive
interventions and improvements. Integrating different data sources offers a holistic understanding crucial for effective
health policy formulation in educational contexts.
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Background

Ensuring safety for children aged 6—12 is principal to
decision-makers across sectors [2, 23, 34, 35]. Above all,
the system’s commitment is to the parents entrusting
their children to it, anticipating their safe return at day’s
end. The main challenge lies in the widespread occur-
rence of injuries, which is not limited to a single school,
but permeates the entire education system [12]. To effec-
tively address this issue, it’s imperative to identify the
causes of these injuries through a holistic, interdiscipli-
nary approach, taking into account social dynamics and
other contributing factors [8]. The World Health Organi-
zation (WHO) considers school injuries as a worldwide
problem affecting both developed and developing coun-
tries [26, 38]. To address this issue, collaborative efforts
among authorities, agencies, schools, healthcare provid-
ers, and law enforcement should be established to form
a proactive support system [14, 32]. Collecting data on
injuries and school climate enables the development of
tailored and precise preventive actions [32]. As a result,
data-driven improvement policies are strongly recom-
mended [6].

Child intentional and unintentional injuries stem
from a complex interplay of factors such as physical
conditions, supervision, home environment, and local
authority engagement [30, 32]. These elements don't act
independently; they interact and influence each other,
forming a complicated web of connections rather than a
linear cause-and-effect scenario [30]. According to Kraus,
children spend up to 50% of their time in school, and the
risk of school-related accidents is high, especially dur-
ing sports activities [19, 33]. Jaffe et al. [18] found that
games are the most prominent injury cause, followed
by slipping, and a relatively small part of school injuries
occurred during sports activities.

Student vulnerability was found to be related to the
school climate and physical risks at school [11, 21]. The
school climate, measured using scientifically validated
questionnaires, profoundly impacts children’s safety [7,
34]. There are three dimensions of the school climate
mentioned in the literature: physical, social and aca-
demic [20]. The interplay between physical aspects and
supervision can influence the climate positively or neg-
atively, underscoring the intricate connection between
these elements in shaping a secure educational envi-
ronment [13]. The positive school climate metrics are
strongly associated with safety, healthy relationships,
bullying prevention measures, engaged learning, and
school improvement efforts [34, 36]. Negative school
climate metrics, as expected, are strongly associated
with injuries, violence, high dropout rates, poor learn-
ing performance, and low motivation, both for chil-
dren and teaching staff [20, 22, 37]. There is a constant
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mutual interaction between children, teachers, and
parents in the context of the creation of a safe environ-
ment [5, 25, 27, 31]. Mitchell et al. revealed in relation
to "school climate patterns,” classroom-level elements
exhibited a stronger correlation with teachers’ outlook
on the climate, while school-level factors demonstrated
a closer connection with students’ perspectives [28].

Different aspects regarding school injuries and
school climate exist in one shared universe: they intri-
cately interact and influence each other. Enhancing the
school climate, improving physical conditions, ensuring
proper supervision, nurturing the home environment,
and involving local authorities are all vital for child
safety [29]. It is crucial to recognize the complexity of
assessing and utilizing information related to school
climate, vulnerability, and decision-making [16].

The comprehensive research must address multi-
ple dimensions of the problem. It must integrate data
from various sources [8] and use advanced data analysis
techniques, such as data mining, machine learning, and
statistical modeling. It can help uncover patterns and
relationships that might not be immediately apparent.
It’s essential to understand the local context in which
the data is collected. Different schools, communities,
and regions might have unique challenges and strengths
[1, 17]. The research must consider the combination of
qualitative and quantitative methods to interpret the
results [24]. Finally, the vision must be interdisciplinary
and comprehensive to bridge the gap between different
coordinate systems, aligning the motivations and goals
of different decision-making authorities [8].

In our research, we use the cluster analysis methodol-
ogy that helps to group cases into homogeneous groups
without defining the potential classes [15]. In the context
of school injuries and/or school climate, a "class" refers to
a category or group into which schools are classified or
grouped based on certain attributes or features. Cluster
analysis allows us to create artificial classes that we later
interpret. If such segmentation eventually leads to logi-
cally functional conclusions, this analytical process will
have a chance to stimulate decision-making [4]. The clus-
tering process was conducted in two stages, treating the
resulting clusters as latent classes at each step. First, all
cases were segmented based on the cluster "membership”
of school climate. Then, within each identified cluster,
further clustering was performed based on the character-
istics of the injuries [3]. Two-level taxonomy, presented
in this study, uses clustering methodology in a novel
effective way. The combined clusters that are identified in
the present study will lead to better understanding and
more effective multi-level decision-making.
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Methods

Data sources

The research is based on two independent datasets. The
first dataset consists of 10,855 cases of school injuries in
children in Israeli primary schools from 2013 to 2019.
The dataset was provided by MDA (Israeli EMS service).
MDA is a primary medical services provider and provides
medical services in all schools and kindergartens. Due to
the need to protect patient privacy, no personal details
about the children were obtained. Each case was assigned
a unique identification number, making it impossible to
determine if the same child was injured multiple times.
The second dataset with information on school climate
includes 363 schools provided by the Israeli Ministry of
Education. We have matched the school climate informa-
tion and injury cases that happened in the same school
and the same year.

Design

The school injury information is gathered according to
MDA reports. Five variables were used: (1) Event place
(class, corridor, sports ground, sports hall, stairs, yard,
other); (2) Event term (before-after school, break, les-
son, sports class, other); (3) Anatomic place (hand, foot,
head, other); (4) Injury cause (game, falling from height,
slipping, violence, other); (5) Injury type (medium/deep
incision, superficial incision, light local burn, rubbing
tear, trauma, other). The school climate information is
gathered from the Israeli Ministry of Education reports.
Feature selection analysis was conducted using Principal
Component Analysis, using IBM SPSS (version 28). From
13 items in the original questionnaire, the following six
items remained: (1) Teachers and students’ closeness; (2)
Efforts involved; (3) Violence cases; (4) Teachers’ satisfac-
tion; (5) Parents involvement; (6) General positive feel-
ing (GPF). All measurements are scaled 0—100 except
the number of violence cases. The variables selected
for further analysis were those included in the first two
components, which together accounted for 78% of the
total explained variance. Only the climate variables with
an absolute correlation greater than 0.5 with one of the
components were retained for subsequent analysis. Addi-
tional variables included in the analyses, collected from
both datasets: (1) Exact date and hour of injury event;
(2) Age group; (3) Number of regular classes in school;
(4) Number of special education classes in school; (5)
Average number of students in regular classes; (6) Aver-
age number of students in special education classes; (7)
Gender.
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Data integration
The integration process between the two databases
involved several steps:

(1) School climate data was verified for each institu-
tion (elementary, middle, and high schools) as reported
in the education system, with each school identified by
a unique institution number. (2) The child injury data-
base spanned seven years, from 2013 to 2019. Conse-
quently, data from the same period was also used from
the Ministry of Education’s database. (3) Some schools
had complete data for each of the seven years, allow-
ing a direct match between a child’s injury in a par-
ticular year and the school’s climate data for that same
year. However, in cases where schools lacked data for
specific years, older data from the same institution was
used when no current information was available for
that year.

Data analysis

The data analysis includes 4 main steps: (1) Analysis of
variables distributions. Research data from both sources
was analyzed using descriptive statistics (means, stand-
ard deviations, median values, Inter-Quartile Ranges
and skewness metrics, Confidence Intervals (CI) (95%))
for numerical variables and frequencies distribution for
categorical variables. (2) Cluster analysis of school cli-
mate variables using the k-means method. The cluster-
ing is performed per school. The analysis was performed
using Weka software [10]. The number of clusters was
set to five, this decision was dictated by the interpreta-
tion feasibility. In addition, the Schwarz’s Bayesian Infor-
mation Criteria (BIC) is used to justify the choice of final
number of clusters. Each cluster is approximately defined
as a "pattern" of school climate. The result shown for
each cluster is the average vector of all variables across
all included cases. It is called centroid. The clusters are
analyzed using scatter plots. Each plot demonstrates
the connection between one of the school climate vari-
ables and the "general feeling" variable, aggregated into
five clusters. (3) Cluster analysis of all cases in the MDA
dataset given the type of school climate found in step
(2). The number of sub-clusters is defined as two to get
the feasible interpretation of ten obtained clusters. (4)
The distance between ten clusters is measured using the
Heterogeneous Euclidean overlap metric (HEOM) imple-
mented in Python [39]. The HEOM metric is useful in
cases of mix data [9]. The distance between numerical
variables is measured by normalized Euclidian distance,
and between categorical valued by overlap metric 0/1.
The metric is considered as robust and effective. The
analysis is intended to quantitatively measure which clus-
ters are close enough, so they can be defined as similar
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patterns. Figure 1 depicts the schematic structure of all
research steps.

Results

The Results chapter demonstrates four types of results,
according to four steps presented in the Methods section.
Starting with general data description, Table 1 displays
the distribution of variables within two datasets.

To summarize the most notable results from child
injury data: the most frequent event term is break with
47.4%, the most frequent event place is yard with 38.8%,
games with 44.4% of all injuries is the most prominent
injury cause, and the most frequent injured anatomic
place is head with 53.9%. Boys comprised around 70%,
aged around 8.92 (median 9), particularly fourth or fifth
graders.

The second step in the analysis is designed to divide
all schools into different types of school climate "pat-
terns". The selection of the number of clusters is based on
two characteristics: the ability to interpret the obtained
results and the measurement of Bayesian Information
Criteria (BIC). The smaller the BIC value, the better is the
segmentation. Here are the BIC values for the segmenta-
tion for 2—8 clusters: 27500 (2cl), 24380 (3cl), 21916 (4cl),
20293 (5cl), 18969 (6cl), 17867 (7cl), 17003 (8cl). After
each iteration the possibility of reasonable interpretation
was checked. This way we decided to stop at 5 clusters.

The silhouette measures of cohesion and separation were
about 0.45 (fair). Table 2 demonstrates five "patterns”,
according to five clusters. Importantly, cluster #3 emerges
as a collection of schools with "good" climate, evidenced
by high climate quality scores and low violence cases. In
contrast, cluster #5 represents schools on the opposite
end, marked by low scores and notable violence cases.
Meanwhile, the remaining three clusters exhibit a certain
alignment on the spectrum. The calculations of Z-scores
for each value in the centroid strengthens the overall
impression of distance between the obtained scale.
Figure 2a—e showcase scatter plots depicting cluster
analysis outcomes from the first level of taxonomy. Each
color in the scatter represents different cluster. These vis-
ual representations unveil intriguing patterns in the inter-
play between school climate factors and GPF. Figure 2a
demonstrates positive correlation between teacher-stu-
dent closeness and GPF. Clusters are distinguished by
colors, aiding the categorization of diverse groups. Inter-
estingly, clusters 2 (light blue) and 4 (red) display some
overlap, diverging from the distinct separation seen in
other clusters. This overlap signifies intricate dynamics
within these clusters, suggesting complexities that merit
deeper exploration and understanding. Figure 2b depicts
the correlation between efforts involved and GPF, ech-
oes the pattern observed in Fig. 2a. The positive correla-
tion aligns with prior findings, indicating that increased
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Table 1 Variables distribution

Variable name N of valid cases Average (stdev) Cl (95%) Median (IQR) Skewness
Hour 10855 10.81 (1.493) (10.7910.84) 1(1012) —0.085
Age group 10363 8.92 (1.667) (8.898.96) 9(810) -0.226
N. of regular educ. classes 10853 15.077 (4.667) (14.9915.16) 15(1218) 0.15
N. of special educ. classes 10853 1.44 (1437) (142147) 1(02) 1.168
Average N. of students in regular educ. classes 10853 27.138 (3.694) (27.0727.21) 27.17 (24.4429.6) —-0.06
Average N. of students in special educ. classes 10853 28.695 (3.433) (28.6328.76) 29.06 (26.3831.15) —0.308
Gender N (%) N=10585

boy 7251 (69.3%)

girl 3334 (30.7%)

Event place N (%) N=10855

Classroom 1662 (15.3%)

Corridor 851 (7.8%)

Sportsground 1341 (12.4%)

Sports hall 390 (3.6%)

Stairs 292 (2.7%)

Yard 4216 (38.8%)

Otherwise 2103 (19.3%)

Event term N (%) N=10855

Before-after school 284 (2.6%)

Break 5146 (47.4%)

Lesson 1479 (13.6%)

Sports class 330 (3%)

Otherwise 3616 (33.3%)

Anatomic place main N (%) N=10855

Foot 1810 (16.7%)

Hand 2410 (22.2%)

Head 5853 (53.9%)

Other 782 (7.2%)

Injury cause N (%) N=10855

Game 4819 (44.4%)

Height 354 (3.3%)

Slipping 2534 (23.3%)

Violence 579 (5.3%)

Otherwise 2569 (23.7%)

Injury type N (%) N=10852

Medium/deep incision 52 (0.4%)

Superficial incision 1433 (13.2%)

Light local burn 12 (0.1%)

Rubbing tear 707 (6.5%)

Trauma 7608 (70.1%)

otherwise 1040 (9.6%)

Teachers and students’ closeness 10766 67.07 (12.723) (66.8367.31) 66.78 (58.6575.51) 0.208
Efforts involved 9648 62.533 (13.069) (62.2762.79) 61.91 (54.1569.29) 0.299
Violence cases 10766 10.337 (3.975) (10.261041) 1042 (8.0612.63) 0.149
Teachers'satisfaction 10517 73.849 (9.238) (73.6774.02) 754 (69.0580.12) -0.83
Parents involvement 9815 86.528 (7.29) (86.3886.67) 87.5(83.8291.67) -1.311
General positive feeling 10766 77947 (10.352) (77.7578.14) 77.56 (71.7584.41) -0313
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Table 2 Cluster analysis results — school climate (n. of cases, average, standard deviation and Z-score)
Overall Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Number of cases in cluster 10855 3414 3210 1523 1865 843
Teachers and students’ closeness 67.07 (12.72) 72574 59.32 87489 63.047 46.302
/=043 /=—061 /=161 /=-0.32 /=—163
Efforts involvement 62.533 (13.069) 65.733 56.787 82.626 59.159 42616
/=024 /=—044 /=154 /=-0.26 /=—152
Violence cases 10.337 (3.975) 9.043 11.858 5.096 12455 14.56
/=-0.32 /=038 /=—132 /=053 /=106
Teachers'satisfaction 73.849 (9.238) 77.386 76.064 80 60.428 69.648
/=038 /=024 /=0.66 /=—145 /=-045
Parents involvement 86.528 (7.29) 87419 88.062 90473 80.514 83.265
Z=0.12 =021 =054 Z=-082 Z=-045
General positive feeling 77.947 (10.352) 82.741 72409 93.52 74.369 594
/=046 /=-0.53 /=15 /=-035 /=-1.79

engagement efforts enhance the overall positive atmos-
phere within the school. Figure 2c depicts the negative
correlation between violence instances and GPF. Clus-
ters 1, 2, and 4 intermingle, while clusters 3 and 5 stand
distinctly apart. Figure 2d and e differ intriguingly from
Fig. 2a—c. The correlations between teachers’ satisfaction,
parental involvement, and GPF (General Positive Feeling)
remain unclear, as scattered data impedes cluster-specific
identification.

Table 3 summarizes results from school injuries’ clus-
ter analysis. This phase follows the 1-st level of taxonomy,
partitioning injury-related data within the five school
climate clusters into two coherent sub-clusters. This
uncovers patterns and relationships within and between
sub-groups. Notably, the 1-st level of taxonomy unveiled
clusters 1, 2, and 4 as in-between good (cluster 3) and
bad (cluster 5) climates. We interpret the obtained sub-
clusters in the 1-st cluster (in-between school climate),
3-rd cluster (good school climate), and 5-th cluster (good
school climate).

Clusters 1.1 and 1.2 notably diverge in gender com-
position. Cluster 1.1 consists mostly of girls (72.6%),
with 35.7% of injuries in classrooms and 18.1% in
the school yard. During breaks, 40.6% of incidents
occurred, with 49.8% slipping incidents and 10.7% play-
ing incidents. Meanwhile, Cluster 1.2 is predominantly
boys (84.1%), with 47.1%-yard injuries, 50.2% during
breaks, and 10.4% during classes. A significant 54.4%
occurred during games, 15.1% due to slipping. These
disparities emphasize the uniqueness of both clusters’
characteristics. Cluster 3, symbolizing "good" climate,
splits into two sub-clusters: 3.1 with 1136 injuries and
3.2 with 387. Notably, Cluster 3.1 has 87.9% boys, Clus-
ter 3.2, 74.2% girls. In 3.1, 41.8% injuries occur in yards,
15.3% on sports fields, 13.9% in classrooms. In 3.2,
33.6% injuries are in yards, 15.5% in classrooms, 9.8% in

corridors. Syncing with injury timing, 50.5% in 3.1 and
47% in 3.2 happened during breaks. Anatomical injury
distribution varies: 70.9% head injuries in 3.1, 75%
limb damage in 3.2. These intricacies intertwine with
incident context: 57.2% game-related injuries in 3.1,
49.9% due to slipping in 3.2. Such complexity enriches
the context of Clusters 3.1 and 3.2 in a good school cli-
mate. Finally, we explore sub-clusters denoting a bad
school climate, as seen in Cluster 5. In both sub-clus-
ters, around two-thirds are boys. Cluster 5.1, with 477
cases, records 57.7% incidents in yards, and 68.1% dur-
ing breaks. Notably, 56.4% incidents coincide with rec-
reational activities. Contrastingly, Cluster 5.2 reveals a
varied pattern. Here, 24% incidents arise in classrooms,
with just 9.8% in yards. Effective interpretation is prob-
lematic due to unreported injury event term (69.9%).
This cluster contained a substantial amount of missing
information, meaning that any conclusions drawn from
interpreting the results should be viewed with caution.
Alternatively, one could assume a uniform distribu-
tion of the other possibilities across the total number
of subjects. Incidents differ: 26.8% during games, 28.1%
linked to slipping. These complexities illuminate the
multifaceted attributes of adverse climate sub-clusters,
deepening our comprehension of the intricate interac-
tion between school environment and injuries.

Table 4 introduces a heatmap illustrating the distance
matrix between all ten clusters. Employing a specialized
index for mixed data, Heterogeneous Euclidean overlap
metric (HEOM), we constructed a matrix to compare
all 10 clusters formed during analysis. Each intersec-
tion represents a distance measure, indicating distance
between clusters. Cluster 3.2 stands out, mainly girls
in favorable climate schools with limb injuries, notably
distant from all clusters. This underlines its distinctive-
ness, accentuating unique attributes within the dataset.
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The high distance value of 10.0427 indicates significant
dissimilarity between clusters 3.2 and 4.1. A similarly
high value of 9.6064 between clusters 3.2 and 4.2 suggests
notable differences. These distances likely reflect distinct
injury characteristics prevalent in clusters predomi-
nantly comprising girls compared to others. Notably,
Cluster 3.2, with 74.2% girls, shows marked differences

from most other clusters. The lowest distance values are
observed between Cluster 1.2 and other clusters, as well
as between Cluster 2.1 and other clusters. These findings
can be readily explained by the predominance of injuries
occurring during breaks, most frequently involving head
injuries. As highlighted in our previous article, this type
of injury is the most common [18].
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Table 4 Distance matrix of Heterogeneous Euclidean overlap metric between obtained clusters

cluster 1.1|cluster 1.2|cluster 2.1|cluster 2.2|cluster 3.1|cluster 3.2[cluster 4.1|cluster 4.2|cluster 5.1|cluster 5.2

cluster 1.1

cluster 1.2| 6.482981

cluster 2.1| 6.624971| 3.064295

cluster 2.2| 6.372679| 5.429182| 5.462251

cluster 3.1| 6.137364| 3.443441| 3.701279

5.655745

cluster 3.2| 8.19324
cluster 4.1| 8.071649

6.637829
5.060005

6.856654
5.048346

4.962126

6.628494
6.22975

cluster4.2| 6.91016| 3.93604| 3.880206

5.1562747) 4.345007

4.802065

cluster 5.1| 6.431644| 3.674268| 3.727736| 6.157652

3.533236

6.098165

6.5859| 4.910059

cluster 5.2 7.132191]| 5.524363| 5.470978| 5.479255

5.937904

7.386984| 5.724477| 7.286715| 6.015053

Discussion

This study delves into the complex interaction between
school climate and child injuries in primary schools. The
intricate nature of this phenomenon demands advanced
analytic approaches. Traditional methods may fall short,
prompting the recommendation of techniques like mul-
tivariate analysis, machine learning, and data mining
techniques to unveil hidden patterns. The present arti-
cle introduces methodological innovations on multiple
fronts. Firstly, it employs a two-dimensional cluster anal-
ysis, each dimension drawing from distinct databases.
Secondly, it pioneers the application of this methodol-
ogy in previously unexplored domains such as school cli-
mate and school injury data. Lastly, it introduces a novel
practice by cross-referencing information from disparate
sources.

Constructing indices and collecting data about factors
of school climate and school injuries can indeed pro-
vide a multidimensional view of the educational envi-
ronment and the circumstances that may be associated
with school injuries [32]. However, extracting meaning-
ful insights from this information and translating them
into effective decision-making is not always straightfor-
ward, and there can be challenges in aligning the differ-
ent dimensions of data and motivations behind their use
[6]. Statistical methods facilitate comparisons, yet an
expert’s interpretation, fused with quantitative outcomes,
can enhance the interpretation’s depth. This blending of
logical reasoning and data-driven results enriches com-
prehension, addressing potential limitations of purely
statistical approaches [8].

The proposed 2-levels taxonomy categorizes cases into
distinct subgroups based on their similarities/dissimilari-
ties using cluster analysis methodology. The anticipated
relationship between school injuries and climate char-
acteristics reached an impasse, prompting the adop-
tion of machine learning for an unbiased, unsupervised
taxonomy. Initially, school climate events formed five
clusters, representing diverse climate patterns, ranging

from "good" to "bad". In the 2-nd phase of the taxonomy,
each "pattern” was subdivided into two sub-clusters, this
time using the injury variables. This approach provides a
nuanced understanding of complex interactions within
primary school environments. Remarkably, a profound
insight emerges from analyzing distinctions among sub-
clusters within the initial taxonomy’s five clusters. Not
surprisingly, the quality of school climate—whether
good, bad, or in-between—has very complex effect on the
characteristics of school injuries.

By taking a systematic and data-driven approach to
understanding and preventing injuries, one can create
a safer school environment for students and reduce the
potential injuries associated with specific patterns in
the school climate. A wide variety of tailored (precision)
measures can be used by decision makers at all levels—
from teachers, through school managers, to government
or local authorities. Moving beyond apparent patterns,
the exploration of injury characteristics, along with class
size, regular and special education classes, and school
climate, has the potential to verify or question existing
hypotheses relevant to decision-makers.

Implications for school health policy

The study reveals a complex relationship between
school climate and school injuries, highlighting the
need for advanced analysis methods beyond traditional
approaches. The study’s dataset, drawn from unrelated
sources, underscores the interdisciplinary nature of
school health. The taxonomy exposes the multifaceted
nature of school environments, urging tailored poli-
cies for injury prevention. Notably, insights challenge
assumptions about climate-injury links, guiding strategic
decision-making. The study bridges qualitative insights
and quantitative analysis, yielding comprehensive inter-
pretations. Below are several recommendations for
implementation by the decision makers in the health care
system and the education system.
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(1) Implementation of Targeted Safety Measures
and Training Programs. Educational authorities must
develop and implement targeted safety training pro-
grams that cater to the specific injury patterns observed
in different clusters. For example, for Cluster 1.1, where
slipping incidents are prevalent, schools should install
anti-slip flooring and conduct regular maintenance
checks. For Cluster 1.2, where injuries during games
are common, structured play and supervised sports
activities should be introduced to minimize risks. We
recommend installing non-slip surfaces in playgrounds,
establishing designated safety zones, and placing sur-
veillance cameras near playground areas to enhance
student safety. Health system authorities must collabo-
rate with schools to provide first-aid training for teach-
ers and staff, ensuring they can promptly and effectively
respond to injuries. Additionally, establish a report-
ing system for injuries to track and analyze incident
patterns, enabling continuous improvement of safety
measures. (2) Promotion of Gender-Sensitive Safety
Interventions. We recommend to educational system
decision-makers to recognize and address the gender-
specific injury patterns by designing gender-sensitive
safety interventions. For instance, since girls in Clus-
ter 1.1 experience more injuries in classrooms, schools
should evaluate classroom layouts and introduce safer
furniture and equipment. For boys in Cluster 1.2, inter-
ventions could focus on safer playground designs and
the introduction of rules that promote safe play during
breaks. In addition, we recommend to the health sys-
tem decision-makers to provide resources for gender-
specific health education programs that raise awareness
about common injury risks and prevention strategies
among students. Health professionals can collabo-
rate with schools to develop educational materials and
workshops tailored to the different needs of boys and
girls. (3) Enhancement of School Climate and Envi-
ronment. We suggest improving overall school cli-
mate by fostering a supportive and safe environment.
For Clusters 3.1 and 3.2, with good climates but vary-
ing injury contexts, schools should encourage positive
behavior and peer support systems to mitigate risky
behaviors during breaks. In schools with bad climates
(Cluster 5), initiatives to improve school climate could
include conflict resolution programs, anti-bullying
campaigns, and increased supervision during high-
risk periods such as breaks and recreational activities.
We suggest implementing social-emotional learning
programs and creating a more inclusive environment.
If the health system organizations will work with edu-
cational institutions to conduct regular assessments of
school climate and its impact on student health and
safety, it can either improve the overall situation.
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Limitations and future research

The reliability and accuracy of the data from different
sources could questionable, affecting the robustness of
the findings. The study’s findings may be specific to the
context of Israeli primary schools and may not be appli-
cable universally. The study is mainly methodological.
A notable disparity could exist between the envisioned
outcome and the actual findings in a particular applica-
tion. Despite advanced analysis, the interpretation of
cluster results and relationships still involves some level
of subjectivity, potentially impacting the conclusions. The
study uses data from a specific timeframe, and changes
over time might not be adequately captured, limiting the
study’s temporal validity. There are possibly injury cases
that handled in the school by the educational/administra-
tive staff. We used only cases that were reported to MDA.
While data from multiple sources enriches the analysis,
challenges related to merging datasets may introduce
errors or inconsistencies. More comprehensive informa-
tion could significantly contribute to advancing research
in this field. The distinctive characteristics of popula-
tions in Israel, including the multicultural composition of
specific geographic regions and the socio-economic dis-
parities between various societal groups, offer a valuable
foundation for deeper exploration. These factors could
help frame future studies and shed light on how diverse
school environments and demographic variations influ-
ence school injuries.

Conclusions

The study demonstrates how advanced analytic tech-
niques such as multivariate analysis and machine learn-
ing can uncover intricate relationships between school
climate and child injuries in primary schools, overcom-
ing limitations of traditional methods. By employing a
two-dimensional cluster analysis that draws data from
separate databases, the study innovatively integrates dis-
parate sources, providing a multidimensional perspective
on how various aspects of school climate might cor-
relate with injury incidences. This approach, combined
with the novel practice of cross-referencing data, ena-
bles a nuanced understanding of the school environment
and supports more informed decision-making aimed at
improving student safety and reducing injuries. The crea-
tion of a taxonomy that categorizes school climate and
injury patterns into distinct subgroups further enhances
this understanding, revealing complex interactions and
allowing for the development of tailored preventive
measures.
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