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Abstract: Chronic stress, culminating in burnout, evolves gradually and is notoriously difficult to
detect due to vague symptoms and individuals' hesitance to acknowledge their struggles. To
expedite the identification and recognition of this condition, enabling timely psychological
intervention, the integration of Artificial Intelligence (Al) is increasingly considered. This research
does not assert the feasibility of an Al system managing all aspects of chronic stress's impact.
However, it highlights the capability of current technology to detect stress indicators based on
quantifiable data like Heart Rate (HR) and organizational climate dimensions. Although other
physiological markers such as oximetry, skin galvanic response, and EKG have been explored, they
have not shown reliable differentiation between stress and joy. Focused on the unique context of
school principals in the Bedouin regions of Israel, this study investigates the interplay between HR,
organizational climate, and stress levels. It introduces a novel application of a fuzzy logic tool that
combines HR and organizational climate metrics to aid in stress diagnosis. This tool incorporates
the psychologist's expertise to provide real-time data crucial for developing effective coping
strategies. While the Al-supported fuzzy system does not replace professional psychological
intervention, it significantly enhances the speed of condition identification and intervention
planning, thus shortening the response time to stress-related issues in educational leadership within
culturally specific settings. The application of such Al-driven tools is pivotal for sustaining the well-
being and effectiveness of educational leaders, thereby supporting the broader goal of educational
sustainability.

Keywords: stress; burnout; heartrate; organizational climate; fuzzy; high school principals’
wellbeing

1. Introduction

Since its identification in the 1970s, "burnout" has become a focal point within occupational
health discourse, amassing over 1.44 million mentions in scholarly research as of January 2024
(Google Academic search). The profound impact of burnout on everyday functioning led the World
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Health Organization to categorize burnout syndrome in its 11th Revision of the International
Classification of Diseases (ICD-11) as specifically linked to occupational contexts [1]. The exigencies
of the COVID-19 pandemic brought this issue into sharper focus, revealing an escalation in mental
health challenges during lockdowns, particularly highlighting the vulnerability of healthcare
workers to burnout [2,3].

Burnout affects not only the mental and physical health of individuals, potentially leading to
conditions such as depression and anxiety [4], but also their job performance. Its repercussions extend
to reduced organizational commitment, increased turnover, and absenteeism [5,6], all of which
challenge the sustainability of educational systems and institutions.

Efforts to mitigate and address burnout encompass person-centered and situation-centered
strategies, with recommendations ranging from modifying work patterns and reducing workloads,
to fostering skills in coping, time management, and conflict resolution. Enhancing overall health
through balanced lifestyle choices, nutrition, and exercise, alongside understanding employee
personalities and needs, are crucial components [7].

Measurement of burnout employs various tools, including the widely used Maslach Burnout
Inventory (MBI) [8] and alternatives like the Oldenburg Burnout Inventory, the Shirom-Melamed
Burnout Questionnaire, the Copenhagen Burnout Inventory, and the Professional Quality of Life
Measure (ProQoL5). Emerging technological approaches include sensors for monitoring
physiological markers like cortisol, and wearables for assessing wellness and preventing burnout [9-
11].

Innovations utilizing Artificial Intelligence (AI) and fuzzy logic have brought about holistic and
multi-criteria approaches for detecting burnout [12], analyzing personality traits and their responses
to stressors, thus facilitating early intervention and contributing to educational sustainability [13-16].

Burnout syndrome has been first identified in the context of health-related workers and
continues to primarily affect them [5], [17-19], but it also affects professionals from other fields such
as: education [20-22], legal and justice system [23], software development [24-26] and many other
[27,28].

Recent concerns regarding burnout in the field of education have as subjects both students and
teachers. Students as subjects are addressed in studies related to well-being, behavior and attitudes
during the COVID-19 pandemic period [29,30], burnout and the teaching-learning environment
perceptions [31], and include all types of students including PhD candidates in medicine [32].
Teachers as subjects include different educational cycles such as primary school [33], secondary
school [34], high school [35,36] and higher education [37]. Comparative analyses before vs. during
the COVID-19 pandemic are also reported together with comparison with other occupational
categories [38].

The studies dedicated to school principals are not so numerically significant. Nevertheless, the
ability of students, teachers, parents, and principals to cope during the COVID-19 pandemic was the
focus of a study by [39] that looked at three latent profiles of school principals' stress.

Our research introduces a novel, culturally specific methodology for assessing burnout among
Bedouin school principals in Israel, examining the interplay between organizational climate and
physiological stress indicators like heart rate (HR). It proposes a fuzzy tool that integrates HR and
organizational climate data, aiming to enhance the resilience and sustainability of educational
leadership in challenging times.

The issue of school principals’ burnout has garnered increasing attention in recent years,
particularly in the context of sustainable education. Sustainable education emphasizes long-term,
holistic approaches to learning that consider environmental, social, and economic factors. However,
the pressures associated with implementing these comprehensive strategies can contribute
significantly to principals’ burnout. The complexity of the principalship has increased, with added
responsibilities such as managing diverse student needs, navigating bureaucratic systems, and
maintaining high academic standards [40]. These demands often lead to mental and physical
exhaustion, which is exacerbated by the lack of adequate support from central office administrators
and school boards.


https://doi.org/10.20944/preprints202407.2277.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 July 2024 doi:10.20944/preprints202407.2277.v1

Despite the critical role that principals play in fostering sustainable education, the incidence and
implications of their burnout have not been sufficiently studied. The literature indicates that principal
burnout can lead to high turnover rates, which in turn disrupts the continuity and effectiveness of
school leadership. This disruption can negatively impact the implementation of sustainable
education initiatives, as new principals may lack the experience or knowledge to continue these
programs effectively. Furthermore, burnout among principals can diminish their capacity to support
teachers and students, thereby undermining the overall educational environment [41].

Given the significant implications of principal burnout, it is essential to explore strategies to
mitigate this issue [42]. Research suggests that providing principals with more robust support
systems, including professional development opportunities and mental health resources, can help
alleviate some of the stressors associated with their role. Additionally, fostering a collaborative school
culture where principals feel supported by their peers and superiors can also reduce feelings of
isolation and burnout. However, more empirical studies are needed to understand the full extent of
principal burnout and to develop effective interventions tailored to the unique challenges of
sustainable education.

The limited focus on principal burnout may stem from broader research trends that typically
group various educational leadership roles together, without distinguishing the unique challenges
faced by principals. Existing studies often generalize findings across educational leadership without
considering the specific contexts and demands faced by school principals. Moreover, the nuanced
impact of burnout on principals—such as its effect on decision-making, leadership effectiveness, and
school climate—is not well-documented in the literature. This gap in research is concerning because
the well-being of principals is intrinsically linked to the operational health of schools and the
educational experiences of both students and teachers. Addressing this oversight in future research
could lead to more targeted interventions designed to support principals specifically, thereby
enhancing the overall sustainability and effectiveness of educational institutions.

Our research presents a new approach regarding the burnout syndrome that targets a
community with a high degree of specificity given the profile of the school principal in the Bedouin
area of Israel, consists of a study carried out to observe how the organizational climate and the
physiological parameter heartrate (HR) is reflected in the state of stress and proposes the application
of a fuzzy tool, which has as inputs HR values and the relevant dimensions of the organizational
climate in the context of the studied community.

Through this study, we seek to contribute to the existing literature on educational burnout by
providing insights into a critical yet overlooked area of educational leadership, with the goal of
enhancing the sustainability and effectiveness of educational systems through more targeted
interventions for school principals in very specific area, namely Bedouin area from Southern Israel.

The novelty of this research lies in its integration of fuzzy logic modeling with the assessment of
stress levels in educational leaders, specifically school principals, a focus that has been less explored
in existing literature. Unlike traditional analytical approaches, the use of a fuzzy logic system allows
for the processing of uncertain and imprecise data, reflecting the complex and often subjective nature
of stress and its triggers. By incorporating identified key organizational climate dimensions as inputs,
the model adeptly handles the nuanced interactions between these factors and their impact on stress,
predicting stress outcomes in scenarios where data may not be strictly binary or uniformly measured.
The approach can lead to more personalized and effective solutions in combating burnout and
enhancing institutional sustainability.

The two main objectives of our research are:

e Develop and implement a fuzzy logic model for stress estimation, based on the complex
relationships between climate dimensions identified in a prior research, physiological parameter
heartrate and stress levels. By employing the Mamdani fuzzy model, the research intends to
handle the imprecision and variability inherent in human emotional responses, providing a tool
for predicting stress levels based on organizational climate inputs.

e  Validate the fuzzy logic model through synthetical data. By applying the model to full range of
possible scenarios within school environments, the research seeks to ensure the model's
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reliability and accuracy in predicting stress, thereby enhancing its practical application in
developing targeted interventions for stress management among school principals.

The structure of the paper is designed to systematically address the research objectives
identified. It begins with a comprehensive Introduction that presents an extensive literature review,
leading to the research problem, identification of gaps, and formulation of specific research
objectives. Following the introduction, the 'Materials and Methods' section elaborates on the research
approach and methodology, detailing the experimental protocol, data collection, and preprocessing
methods used in the study. This section prepares the components of the experiment design, which
introduces the Fuzzy Intelligent System, explaining its operational framework and role in the study.
The robustness and effectiveness of this system are then examined in the 'Results and Discussion’
section, where the system's validation is discussed, illustrating how it meets the study's initial
objectives. The paper ends with the 'Conclusion' section, which summarizes the findings and their
implications and outlines the limitations encountered during the research and suggests potential
areas for future research.

2. Materials and Methods

The research methodology depicted in Figure 1 is designed to assess stress levels by integrating
both psychological and physiological factors focusing on school principals. The process begins with
an extensive literature review aimed at understanding the existing body of knowledge on stress,
burnout, and their determinants within educational settings. This comprehensive review helps
identify existing gaps, leading to a clear formulation of the research problem, which in this study
concentrates on how workplace conditions such as Work Satisfaction (WS) and Sense of Security
(50S), along with physiological indicators like Heart Rate (HR), contribute to burnout and stress
levels.

Building on this foundation, the research methodology incorporates insights from prior studies
on the influence of organizational climate dimensions—such as WS and SoS—on stress and burnout.
These factors have been historically linked to psychological outcomes and are crucial for
understanding the environmental impact on stress levels. In conjunction with this, the methodology
employs a stress assessment protocol that includes the measurement of HR as a physiological
indicator of stress, reflecting the direct impact of both environmental and biological factors on an
individual's stress levels.

Central to the methodology is the use of a fuzzy logic inference system, which is particularly
suited for handling the imprecisions and uncertainties inherent in human factors research such as
stress assessment. The model processes input variables (WS, SoS, and HR) through fuzzy sets that
allow for varying degrees of association rather than binary states, using a set of rules derived from
expert knowledge and empirical data to map out how these inputs interact to influence stress levels.

The output from the model provides a fuzzy estimation of stress levels, which can be converted
into a crisp, practical value representing the stress level on a continuous scale. This approach not only
enhances the understanding of how different factors interact to impact stress but also aids in the
development of targeted interventions and support mechanisms tailored to the specific needs of
educational leaders. By bridging theoretical research with practical applications, the methodology
offers a comprehensive tool for addressing the complexities of stress in educational settings.
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Figure 1. Research methodology.

The initiation of the research from the current paper was prompted by observations from a
school psychologist who, through deep familiarity with the Bedouin community in southern Israel,
identified a prevalent issue of stress potentially leading to burnout among school principals. This
observation underpinned the need for a systematic approach to quantify and analyze these stress
levels scientifically.

2.1. Settings for the Experiment

The empirical phase of our study began in a prior work [43] with a statistical examination of
burnout among school principals, utilizing a sample of 30 out of the total 35 school principals in the
Bedouin area. This assessment was conducted using the Principal's Burnout Scale [44] which includes
22 items categorized into three major dimensions: burnout, isolation, and dissatisfaction with others.
Alongside this, we administered a questionnaire to evaluate the school organizational climate,
derived from the Meitzav evaluation system. This questionnaire assesses various factors including
Work Satisfaction, Satisfaction on Management, Sense of Security, Conditions of Prolonged Stay,
Professional Development, Teamwork, Autonomy of Teachers, and Leadership.

The onset of the COVID-19 pandemic necessitated the adaptation of our study into a
longitudinal format, extending our observations to capture data during and post-pandemic periods.
This transition allowed us to gather comparative insights across three distinct time frames. Analysis
of this longitudinal data revealed a significant negative correlation between the principals’ perceived
organizational climate and their burnout levels, aligning with findings from prior studies on climate-
burnout relationships [21].

Further investigation focused on the relationship between the leadership approach of principals,
using the Bolman and Deal model [45], and their levels of burnout. Measurements across the four
frames of this model—structural, human resource, political, and symbolic—showed negative
correlations with burnout levels. The results obtained from the study on the 30 school principals in
the context of the conceptual approach proposed by Bolman and Deal [45] showed the average values
for each of the four frameworks: structural (M=3.10), human resource (M=2 .38), political (M=2.87)
and symbolic (M=2.80) and negative correlations with burnout level. In terms of managerial
effectiveness and leadership, 84% and 79%, respectively, rated themselves as effective compared to
other managers, of which 37% and 36%, respectively, ranked in the top 20%. Despite the fact that a
high percentage of principals self-rated as effective in leadership and management (84% and 79%,
respectively), our analysis indicated that these self-assessments did not necessarily correlate with
lower burnout levels [46].

Finally, our study confirmed that demographic variables such as gender, age, seniority in school,
overall work experience, and educational level did not significantly impact the burnout levels and
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thus were excluded from further consideration in the analysis. The longitudinal aspect of the study
reinforced the importance of Work Satisfaction and Sense of Security as consistent predictors of
burnout, demonstrating that Leadership and Satisfaction on Management did not have a substantial
impact on burnout levels [43]. This insight directs future research to focus on these stable dimensions
within the organizational climate as crucial factors in managing and understanding burnout among
school principals.

Considering the results of the longitudinal study from the pre- to the post-pandemic period,
which highlight a negative correlation between burnout and the same two dimensions of the
organizational climate for the analysed target group, between October 224 and November 15t 2022,
the following study was carried out in order to identify the role of the HR physiological parameter
in determining the state of stress. This parameter, together with the two dimensions of the
organizational climate, will constitute the input elements in the fuzzy system for estimating the state
of the subject.

2.2. Experiment Description

The study had the following attributes:

e  Participation was made on a voluntary basis, the elements of confidentiality of personal data being
mutually agreed upon.

¢  The maximum discussion duration set was 60 minutes, but relevant data was collected in an average
of 30-40 minutes.
The team that carried out the study included:

e A certified psychologist, who conducted the discussion part with each subject and recorded the
minute and second of each moment in which the stress or calming of the subject took place.

e  Two technicians, who monitored the subject's physiological HR fluctuations.

The study was carried out in two stages within the unstructured interview:

Stage 1 consisted of a survey that allowed the psychologist to identify emotional topics that cause
stress or calm/relaxation. In this way, one topic of stress and 2-3 topics of relaxation were identified,
based on the mimicry of the subjects, the physical discomfort displayed or expressed in the
communication with the psychologist.

Stage 2 consisted in using these elements for alternating moments. The psychologist chose strong
stimuli for de-stressing, as it is known that elements of stress are always strongly felt, but it is more
difficult to calm down the subject after a stressful situation. Given the field of activity of the studied
group, discussions related to the thirst for knowledge, successes/happy moments that led to the
fulfilment of wishes or plans of subjects with a positive impact for them were discussed as calming
elements. Also, within this stage, to succeed in the transition to the period of calming the subjects,
the psychologist used the ways in which they managed to face difficult situations from the past as
moments of awareness. In fact, the subjects found for themselves that although the narrated situation
had a strong negative impact, they found the necessary strength to overcome it. This awareness
helped a lot in many of the situations where the subjects remained anchored in increased stress.

The study did not start with a standard calming or stress session, but the discussion with each
subject was left free to eliminate the feeling of a laboratory experiment. The subject was allowed to
speak freely, and the psychologist "pressed" the identified buttons related to the discussion held and
adapted to the openness of each subject. Elements of stress alternated with elements of calming.

At the end of the experiment, the psychologist and the technician correlated the recorded data.

In total, during the experiment, from the 6 volunteer subjects over 5000 raw data were acquired
using the same HR measuring devices for all the subjects. These raw data were cleaned and labelled,
with the states Normal, Joy, Stress, according to the observations of the psychologist during the
experiment. Only one subject had a single fluctuation Normal-Stress during the experiment, all the
others had up to 6. Summing up, an average of 4 fluctuations were identified during the session's
average duration of 33 minutes.

Figure 2 shows an example of labelled data collected for one of the subjects, in which the HR
fluctuations during the experiment can be seen. It was graphically represented the percentage of
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change of the measured HR compared to the base HR. The base HR levels that were used in the
processing of the acquired data are those established in the specialized literature differentiated by
gender of the subject. Such normalization is common in studies focusing on physiological responses
over time, allowing for clearer insights into patterns and anomalies.

— R0 1 AR RAR Ak

Figure 2. Heartrate normalized with the base HR level, where the relevant data are between the blue
lines, the red circles represent stress moments and the green circles represent joy moments.

Important findings are:

e  More than 80% of the collected data show a correlation between psychological observations and
the level of the physiological parameter HR.

e  Forabout 15% of the data, a constant delay was observed between the psychological observation
and the measured HR level, which is related to the fact that certain subjects have a harder time
transitioning from stress to relaxation.

e The remaining data were not validated. Reasons may be the lack of harmony with the
discussions generated during the interview.

A very important finding is the fact that the subjects reacted by increasing HR to moments of
strong emotion, both to moments of stress and to moments of great joy. It is therefore not possible to
differentiate between great joy and stress based on HR alone. Therefore, the research will consider
organizational climate elements to differentiate between the two.

3. Fuzzy Intelligent System

The Fuzzy intelligent system (FIS) was designed in the following three steps:

Step 1: Selection of the inputs and output linguistic variables.

The inputs that have been identified in the previous research as relevant for the assessment of
burnout state for the school principals from the southern Israel are: Work satisfaction and Sense of
security, both variables of the organizational climate, and HR physiological parameter, in a
normalized form, as follows:

HR = HRmeasured (1)
HRpgse

The output is the variable level-of-stress, evaluated for alarming the subject regarding the
current state to find coping techniques to prevent reaching burnout.

Step 2: Defining the fuzzy sets for each of the variables.

Each linguistic variable has a membership function, which maps elements from the variable’s
range of values to values within the interval [0,1]. This research uses triangular and trapezoidal fuzzy
sets for the inputs, due to their simplicity.

The membership function of triangular fuzzy set (a, m, b) can be calculated according to the
following equation:

0,x<a

xX—a
—_a,a<xSm

ma(x) =45 2
4 :_—:l,m<x<b @

0,x=>b

Where a and b are values related to the range of values of the input and m is in the [a,b] interval.
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Similarly, can be calculated the membership function of trapezoidal fuzzy set.

For the output there was used trapezoidal fuzzy sets due both to their simplicity and the fact
that we need intervals of values represented.

In Figure 3 are presented the elements of the fuzzy system.

a3 R0

FIE Vanatsen

I",x:f}:f|

ot s

— e
Figure 3. Fuzzy system elements: (A) Heartrate input membership functions, (B) Work satisfaction
input membership functions, (C) Sense of security input membership functions, (D) Stress Level
output membership functions.

Figure 3A presents the membership function for HR input. There were considered two linguistic
values that denote normal HR, that are Normal for HR around the HRbase and Normal-High that
presents a slight growth of the HR above HRuvase, around the 1.2 of HRvase. The High HR is considered
above 1.5 of HRvase.

Figure 3B,C present the membership functions for the relevant variables that characterize the
organizational climate, that are Work satisfaction and Sense of security. For both, there were
considered five linguistic values that are related to the five Likert scale, from 1 — Low to 5 — High.

The trapezoidal fuzzy sets for stress level are presented in Figure 3D being defined based on the
Friedman scoring.

All the membership functions were calibrated manually, through tests, to get an appropriate
system response.

Step 3: Defining the fuzzy rules that associate fuzzy inputs to fuzzy output

Linguistic rules used in the FIS design are expressed in the form ‘If premise then consequent’,
where premises represent values of the FIS input variables and consequent are associated with the
FIS output value. The number of the FIS inputs and output determine the number of rules based also
on the number of elements in the premises and consequents. The rules on how to assess the stress
state were derived based on the organizational climate assessment questionnaires and the stress
assessment protocol based on HR.

For Low Work satisfaction and Low Sense of security, regardless the Heartrate, the Stress level
is considered Extreme. For High Work satisfaction and Low Sense of security, regardless the
Heartrate, the Stress level is considered Medium, that is also the case for Medium Work satisfaction
and Medium Sense of security.

The other rules are derived from the identified matrixes from Figure 4, used for estimating stress
levels based on the interaction between heart rate (HR) conditions and two key workplace variables:
Work Satisfaction (WS) and Sense of Security (50S). Each table corresponds to a different HR
condition—Normal, NormalHigh, and High— and outlines the predicted stress level from No Stress
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(N) to Extreme Stress (E) based on the combination of WS and SoS scores, both of which range from
1 (Iow) to 5 (high).

HR = Normal HR = NormalHigh HR = High
SoS |1 |2 (3 |4 |5 SoS 112 |3 |4 |5 SoS |1 (2 |3 |4 |5
WS WS WS
1 H|H(M|M|L 1 E|H|H | M|L 1 E |E|H|H|M
2 H{ M|M|L |L 2 H M|M|M|L 2 E |E|H|H M
3 M| M|(M|L |L 3 M| M|M|L |L 3 HI/H MMM
4 M|L (L [N |N 4 M M|M|L [N 4 HIMM M|L
5 M|L (L [N |N 5 M|L (L [N [N 5 MM |M|L |L
StressLevel
N | No Stress
WS = Work Satisfaction (1=Low, 2=MediumLow, 3=Medium, 4=MediumHigh, 5=High) | L | Low Stress
: _ B X _ : = : : - M | Medium Stress
SoS = Sense of Security (1=Low, 2=MediumLow, 3=Medium, 4=MediumHigh, 5=High) H | High Stress
E | Extreme Stress

Figure 4. Fuzzy rules matrix.

In the "HR = Normal" scenario, the stress levels predominantly range from No Stress to Medium,
indicating a generally lower stress level when the heart rate is within normal ranges. As the HR
condition intensifies to "NormalHigh," the occurrence of higher stress levels becomes more prevalent,
with stress levels such as High (H) and even Extreme (E) beginning to appear, especially at lower
levels of Work Satisfaction and Sense of Security. In the "HR = High" condition, the matrix shows a
clear shift towards higher stress levels across almost all combinations of WS and SoS, with Extreme
Stress (E) appearing most frequently when both WS and SoS are at their lowest levels. This systematic
approach demonstrates how varying HR conditions, combined with differing levels of work
satisfaction and security, can significantly influence the perceived stress levels, suggesting a complex

interplay between physiological responses and workplace environment factors in determining
overall stress.

4. Results and Discussions

The validation of the fuzzy model through synthetic data provides a robust method for
examining the model's efficacy and accuracy in predicting stress levels based on varying inputs. In
this approach, the fuzzy surfaces generated for the three primary inputs—Heart Rate (HR), Work
Satisfaction (WS), and Sense of Security (S0S)—play a crucial role. By systematically altering these
input values across a pre-defined range and observing the corresponding outputs, we can visualize
how the model responds to different levels of HR, WS, and SoS. This method effectively simulates a
wide array of real-world conditions, offering a detailed view of the model’s behaviour under
controlled, yet comprehensive, scenarios. The surface plots derived from these simulations illustrate
the complex interactions between the inputs and their cumulative impact on stress levels, thereby
providing a visual and quantitative method to validate the model's predictions.

Further enhancing the validation process, the synthetic data allows for the exploration of edge
cases and boundary conditions that may not be frequently encountered in real-world data sets but
are critical for testing the model's limits and robustness. For instance, extremely high or low values
of HR combined with varying degrees of WS and SoS can reveal the model’s sensitivity and
performance under extreme stress scenarios. These tests help to ensure that the output is both
accurate and reliable across all possible input combinations. Such a comprehensive validation
approach proves the model’s practical utility in predicting stress levels with significant accuracy and
underscores its adaptability and scalability to different educational settings where stress factors
might differ.
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Figures 5-7 present the Stress Level as function of Work satisfaction and Sense of security for
different values of HR. In Figure 5 HR is considered Normal, in Figure 6 HR is NormalHigh and in
Figure 7 HR is High. There are presented these three surfaces to validate the fuzzy rules with the
tables from Figure 4.

As can be seen in the surfaces in Figures 5-7, the Stress Level is evaluated as No Stress only in
case of HR being Normal or Normal High. In the case of High HR the Stress Level lowest value is
Low Stress. Also, the Stress Level is evaluated as Extreme Stress only in case of HR being Normal
High or High. In the case of Normal HR the Stress Level highest value is High Stress.

The figures provided illustrate the dynamic interplay between Heart Rate (HR) conditions—
Normal, NormalHigh, and High—and the stress levels as influenced by variations in Work
Satisfaction (WS) and Sense of Security (50S). These 3D surface plots distinctly visualize how stress
levels adjust in response to changes in these two key workplace variables under different
physiological states.

StressLevel

Sensa-of-security
5 Wark-salisfaciion

Figure 5. Fuzzy surface for HR=Normal.

Figure 5 (HR = Normal) showcases the lowest stress levels among the three scenarios. Here,
stress levels generally hover around 'No Stress' to 'Medium Stress' across various combinations of
WS and SoS. The graph reveals a significant dip in stress levels, particularly where both WS and SoS
are high. This suggests that under normal HR conditions, favorable workplace environments
characterized by high job satisfaction and security significantly mitigate stress.

Sense-ok-securly

Figure 6. Fuzzy surface for HR=NormalHigh.
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Figure 6 (HR = NormalHigh) represents a moderate HR condition and shows a noticeable shift
in stress levels towards 'Medium Stress' and 'High Stress' across similar ranges of WS and SoS. The
peak areas (indicating higher stress levels) expand, especially in regions where WS or SoS are lower.
This implies that even slightly elevated HR conditions can exacerbate stress responses in less ideal
work settings, highlighting the sensitivity of stress levels to physiological changes amplified by
suboptimal workplace conditions.

StressLavel

Sense-of-security - -
5 - Work-salisfaction

Figure 7. Fuzzy surface for HR=High.

Figure 7 (HR = High) marks the most pronounced stress responses, with no areas falling into the
'No Stress' category and an extensive spread into 'High Stress' and 'Extreme Stress' zones. In this
scenario, even high levels of WS and SoS are unable to counteract the influence of a high HR
condition, which significantly elevates stress levels. This suggests that when HR is high, perhaps
indicative of acute physiological stress or exertion, the protective effects of job satisfaction and
security are markedly reduced.

The progression across these figures clearly illustrates how physiological states (as indicated by
HR) interact with perceived job-related factors to shape an individual's stress landscape. These results
corroborate the fuzzy logic rules applied in Figure 4, validating the model's utility in predicting stress
levels under varying conditions of HR, WS, and SoS. It's evident that both work environment factors
and physiological states play crucial roles in determining overall stress levels, with significant
implications for workplace health management and individual well-being strategies.

The fuzzy system is useful for evaluating at a given moment the state of stress, which is a
“quantity” that cannot be measured, based on the measurable inputs HR by using sensors, Work
satisfaction and Sense of security by using questionnaires. The surfaces are suggestive visual forms
of highlighting the evolution of the stress level according to the values measured for the 3 inputs.

For the fuzzy system to be useful in preventing the occurrence of chronic stress that leads to
burnout, the state of stress is monitored over time and chronic stress can be diagnosed based on the
levels detected and the sequences that appear.

Following the study carried out to identify the link between HR and stress, it was concluded
that a high HR is a sign of high stress, but it can also be of a great joy moment. In the developed fuzzy
system, we included in the fuzzy rules the discrimination between the state of joy and the state of
stress by evaluating the inputs Work satisfaction and Sense of security. It can be seen in the three
surfaces in Figure 5-7 that if Work satisfaction and Sense of security are High or Medium High, even
if HR increases to High, the Stress Level does not exceed Medium Stress.

An interesting way to continue the research is the application of the research steps on a
community of high school principals from Romania, by making the identification of the elements of
the organizational climate with an impact on the state of stress, and the refinement of the fuzzy rules
considering the new inputs related to the dimensions of the climate. An important step in

d0i:10.20944/preprints202407.2277.v1
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reproducing the research is the correct identification of the climate assessment questionnaires. All the
other steps are like those in the present research.

To successfully replicate this research, it is imperative to meticulously identify the
organizational climate dimensions that significantly influence stress levels, which will serve as crucial
inputs for the fuzzy system. Understanding and selecting these key factors are mandatory to
determine which aspects of the work environment most directly affect psychological well-being. For
instance, factors such as Work Satisfaction (WS) and Sense of Security (SoS) have been determined in
our study as having profound impact on stress levels among educational leaders, but for other groups
other factors could have greater impact.

Once these dimensions are identified, they need to be precisely quantified and incorporated into
the fuzzy logic model. This involves setting up parameters and linguistic variables that accurately
capture the nuances of these factors. For instance, WS and SoS can be measured on a scale and then
translated into fuzzy terms like low, medium, and high. This translation is crucial as it allows the
fuzzy system to process the data in a manner that reflects the complexity and ambiguity inherent in
human emotional responses.

Moreover, to enhance the fidelity of the research replication, the method of collecting data on
these climate dimensions must be standardized. This must involve using validated questionnaires or
established scales that are consistent across different studies and settings. Ensuring consistency in
data collection methods helps in accurately comparing results across different scenarios and enhances
the reliability of the fuzzy model outputs.

Additionally, it is beneficial to continuously update the fuzzy rule set based on new findings
and feedback from ongoing research. This iterative process helps refine the model's accuracy and
adaptability, ensuring that it remains sensitive to the evolving dynamics of workplace environments.
Thus, by systematically identifying and integrating critical climate dimensions into the fuzzy logic
framework, researchers can effectively reproduce and extend the study, potentially leading to more
targeted interventions that reduce stress and improve overall organizational health in educational
settings.

5. Conclusions

This study systematically explored the interrelationship between physiological states,
represented by Heart Rate (HR), and workplace variables—Work Satisfaction (WS) and Sense of
Security (SoS)—to assess their combined effect on stress levels among school principals from
southern Israel Bedouin area. Employing fuzzy logic to model stress responses, our findings elucidate
how varying HR conditions can significantly amplify or mitigate the impact of workplace
environment factors on stress levels. Under normal HR conditions, high levels of WS and SoS
effectively reduce stress, suggesting that a supportive organizational climate is crucial in maintaining
low stress levels. As HR increases to NormalHigh and High, the protective effects of positive work
conditions diminish, indicating that physiological arousal associated with increased heart rates may
predispose individuals to higher stress regardless of job satisfaction or security perceptions.

The progression from Normal to High HR conditions demonstrates a clear escalation in stress
levels, with the most pronounced stress responses observed when HR is high. These outcomes
highlight the critical interplay between an individual's physiological state and their work
environment, underscoring the need for integrated approaches in managing workplace stress that
consider both health status and organizational factors.

Our study, however, is not without limitations. One significant constraint is the exclusion of HR
changes due to physical effort, as our research focused on school principals, a group typically
engaged in work that involves minimal physical exertion. Consequently, the stress level assessments
might differ under conditions where physical activity is a regular component of the job. Additionally,
the results are inherently specific to the group studied, derived from organizational climate
dimensions tailored to the specific context of school principals. These dimensions were extracted
from specialized questionnaires, indicating that similar studies aimed at different professional
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groups would require a reevaluation and customization of the organizational climate assessment
tools to ensure relevance and accuracy.

Moving forward, it is essential to extend this research framework to diverse occupational
groups, including those involving varying degrees of physical activity, to broaden the applicability
and generalizability of our findings. Further studies could also integrate real-time monitoring of
physiological indicators alongside dynamic assessments of workplace environments to develop more
nuanced understandings of stress triggers. Such comprehensive approaches will enhance the
predictive power of stress models and inform more effective stress management strategies, ultimately
contributing to healthier workplace environments across various sectors.
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