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Introduction

tress is a complex physiological and psy-
chological reaction that has been linked to
the development and aggravation of sev-
eral illnesses, such as mental and cardio-
vascular diseases [1, 2]. Therefore, one of
the crucial public health goals is to effec-
tively manage stress. According to theo-
retical frameworks like Lazarus’s transactional model,
stress results from a person’s assessment of a situation
and their perceived ability to cope with it, emphasizing
the value of internal resources [3].

One such resource that can affect coping strategies and
psychological well-being is spirituality, especially in a
religious context [4]. In an Islamic context, spirituality is
developed via a relationship with the Divine, expressed
through rituals and practices that are prescribed. The ef-
fects of such practices on psychophysiology are being
investigated in a growing body of research. For example,
research using metrics, such as heart rate (HR) and brain
activity indicates that prayer and Dhikr (remembrance of
God) may be associated with lower levels of anxiety and
enhanced physiological calm [5—7]. Other investigations
have analyzed physiological responses to listening to or
reciting the Quran [8].

A survey of the literature, however, identifies two main
gaps. First, much of the research views spirituality main-
ly as a transient behavioral change, often failing to take
into account a person’s enduring spiritual nature or reli-
gious upbringing. Second, not many studies use a single
computational framework to examine the physiological
effects of both spiritual interventions and stress-inducing
stimuli. As a result, little is known about the distinct and
combined effects of short-term spiritual practice (“en-
gaging in spiritual acts”) and long-term spiritual orienta-
tion (“being spiritual”) on stress resilience [9-12].

Developments in machine learning (ML) provide pow-
erful tools for modeling intricate psychophysiological
relationships. ML algorithms can detect subtle patterns
in physiological signals that conventional analyses might
miss. Because of their strong generalization performance
and quick learning speed, even with small sample sizes,
classifiers, such as extreme learning machines (ELM),
have been successfully used to model stress from physi-
ological data [13, 14]. Using such computational tech-
niques offers a promising strategy for clarifying the con-
nection between spirituality and stress response.
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Using a computational methodology to examine the
impact of Islamic spirituality on HR dynamics during
stress, this study seeks to fill the identified research gaps.
In particular, we look at two aspects: Short-term spiritu-
ality (the performance of a particular Dhikr) and long-
term spirituality (a life-oriented religious commitment).
We test the hypothesis that both aspects of spirituality
are associated with significantly altered HR response to
standardized laboratory stressors, using an ELM classi-
fier and wavelet analysis for feature extraction.

Methods

This study employed an observational design. The
participant pool consisted of all female students in the
Master of Arts program at Shahab Danesh University,
Qom, Iran, during the 2018-2019 academic year. A con-
venience sample of 24 volunteers, aged 25 to 31 years
(mean age=28 years), was selected. All participants re-
ported having no history of cardiovascular disease. The
use of data collected in 2018-2019 is justified because
it was part of a primary data collection phase for this
research project, ensuring a controlled baseline before
subsequent global events.

To minimize confounding variables, the sample was
homogeneous in terms of age, gender, and educational
background. A post-hoc power analysis is recommended
for future studies to confirm sample size adequacy.

Participants were divided into two groups based on
their scores on the Golzari religious belief commitment
questionnaire [15]:

1. High long-term spirituality group (n=12): Individu-
als reporting strict adherence to religious teachings in
their daily lives.

2. Low long-term spirituality group (n=12): Individuals
reporting no particular commitment to structuring their
lives based on religious directives.

The order of stress scenario presentation was consistent
for all participants to ensure comparability of physiolog-
ical responses across the same sequence of stimuli.

Data Recording: For each experimental state (baseline,
stressors, recovery), HR data were recorded for 4 min-
utes. Each minute of recording was treated as an inde-
pendent data point, resulting in a total of 96 data points
available for the analysis of long-term spirituality effects.
Data for short-term spirituality (Dhikr intervention) were
analyzed separately within this framework.
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Selection of physiological parameters for the study

To select appropriate physiological parameters, stud-
ies focusing either on the impact of spiritual and reli-
gious behaviors on physiological parameters or stress
evaluation through physiological metrics were reviewed.
Commonly utilized parameters included electroenceph-
alography (EEG) [16], electrocardiography (ECG), elec-
tromyography (EMG) [17], and galvanic skin response
(GSR) [18], thermal pattern variations across body areas,
respiratory patterns [19], heart rate variability (HRV),
blood pressure [20], and HR [21].

For this research, HR was chosen due to the follow-
ing considerations: Ease of data collection, practicality
for use in applied products resulting from this study, and
feasibility of collecting data during participants’ general
daily activities.

Selection of stress-inducing stimuli

To select stress-inducing stimuli for the test, stress was
categorized based on its underlying causes into three
types: Physical, mental, and emotional [22]. Subse-
quently, to induce stress in a laboratory setting, a com-
bination of methods was selected from existing studies
[23-27], consultations with psychology experts, and
the constraints imposed by data collection conditions.
Therefore, audiovisual content was created to serve as
stressinducing stimuli. Five stress-inducing audiovisual
contents were developed, each approximately 4 minutes
long. These included a virtual reality (VR) film displayed
through a VR camera and four audiovisual contents in
MP4 format created using Adobe Premiere Pro 2020 and
PowerDirector software for Windows.

The stimuli included:

o Physical stress: A video demonstrating a series of ex-
ercise movements. Participants were asked to replicate
the movements as they appeared on the screen to ensure
uniform conditions across all participants.

e Mental stress: Stroop and intelligence quotient (IQ)
tests were conducted. Each phase of the test was accom-
panied by specific time constraints for responding to the
questions, indicated by a timer displayed alongside the
questions.

o Emotional stress: Considering various emotional
stressors (e.g. anger, sadness, fear, hopelessness) and
potential differences arising from each, three consistent
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emotional stress contents were used for all participants
in the study. The edited videos included:

e A 3D VR horror film,
e A mysterious storyline clip, and

e A film depicting sequences of events related to pov-
erty, war, injustice, illness, death, and similar distressing
themes.

Selection of criteria for spirituality assessment

As outlined in the introduction, two dimensions of
spirituality were defined to assess its impact: Long-term
spirituality (an individual’s enduring spiritual orienta-
tion) and short-term spirituality (engagement in spiritual
acts). To categorize individuals according to these defini-
tions, a unified criterion was required, explained as fol-
lows:

To measure long-term spirituality, reflecting the extent
of individuals’ adherence to religion in their daily lives,
the Golzari religious belief commitment questionnaire
was identified. This tool was employed to stratify par-
ticipants based on their level of religious commitment.

For short-term spirituality, consistent engagement in
a specific religious act was examined. After consulting
with religious experts, and considering various traditions
regarding the effects of the Dhikr “La hawla wa la quw-
wata illa billah” on emotions (e.g. reducing worry and
anxiety, alleviating sadness and grief) [28, 29], a stan-
dardized condition was created, requiring participants to
focus on and repeatedly recite this phrase.

Test conditions and data recording

The test comprised 11 stages, as shown in Figure 1,
each lasting 4 minutes. Throughout the test, participants’
HR was recorded using the ABADIS907 digital pulse
oximeter. Participants were divided into two groups
(control and experimental) without prior notification.
Initially, basic explanations about the test conditions
were provided in an interview room. After completing
the consent forms, the test procedures commenced.

As shown in Figure 1, the first stage involved baseline
rest, during which participants sat calmly on a chair for
4 minutes. The subsequent 10 stages comprised three
types of stress conditions (physical stress, mental stress,
emotional stress 1, 2, and 3), with each stress stage fol-
lowed by a 4-minute rest period. During the rest periods,
the control group was instructed to relax in their usual
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Figure 1. Stages of the experiment and data recording

way, while the experimental group was asked to repeat
the designated Dhikr during the 4-minute interval. HR
signals were recorded throughout all these stages. Af-
ter the final 4-minute rest, participants sat quietly for an
additional 3 minutes without engaging in any activity,
during which the final HR signals were recorded. After
completing the test conditions, participants filled out the
Golzari religious belief commitment questionnaire.

The experimental group had an additional stage com-
pared to the control group: The Dhikr content stage. This
audiovisual content included a brief explanation of the
Dhikr’s meaning, accompanied by audio of a young re-
citer chanting the Dhikr and corresponding with nature
imagery. This stage was intended solely to convey the
Dhikr’s conceptual essence to participants. It was pre-
sented after the baseline rest stage, and HR signals were
recorded during this phase using the pulse oximeter.

Data analysis

This study aimed to assess how Islamic spirituality af-
fects stress management by measuring participants’
physiological reactions—particularly their HR signals—
to different stressors. Our methodology incorporated
advanced signal processing, statistical feature selection,
contemporary classification algorithms, and rigorous
validation techniques—particularly K-fold cross-valida-
tion—to produce reliable and generalizable results.

MATLAB software, version R2017b was used to ana-
lyze the participants’ HR signals, and the steps of data
analysis were performed as shown in Figure 2.

Given the data recording setup and system functional-
ity, all data were collected following the designed condi-

FinalRest Rest6 Emotional3 Rest5

Story
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tions and specified scenarios. In the preprocessing stage,
the data were appropriately segmented and labeled.

To enable quantitative data analysis, 20 static features
were extracted from all states for all participants using
wavelet analysis with the Daubechies-4 mother wavelet.

Given the distinctions between parameters relevant
for identifying the impacts of long-term and short-term
spirituality, the feature selection phase for these two con-
ditions was conducted separately using analysis of vari-
ance (ANOVA) analysis. Finally, the selected features
were utilized for classification purposes.

Preprocessing and Feature extraction

The acquired HR signals were segmented according
to the experimental protocol involving baseline rest,
different stress-inducing stimuli (physical, mental, and
emotional), and recovery periods. Each segment was
preprocessed to remove noise and outliers. We then ap-
plied a wavelet transformation using the Daubechies-4
(db4) mother wavelet to extract 20 static features from
each state. The wavelet transform was chosen because it
can efficiently extract both frequency-domain and time-
domain characteristics of non-stationary signals—a par-
ticularly valuable property for analyzing transient physi-
ological responses to stress.

Feature selection via statistical analysis

Given the large number of features, we employed a
one-way ANOVA test to identify the most statistically
significant features with participants’ levels of long-term
spirituality (i.e. their habitual religious commitment).
We retained features with P<0.05, reducing noise and
dimensionality and ensuring that only the most informa-
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Figure 2. Steps of data analysis

tive attributes were present in subsequent classification
phases.

Classification algorithms

To differentiate between the two aspects of spiritual-
ity—long-term (being spiritual) and short-term (taking
part in spiritual acts}—we created two corresponding
classification workflows:

Long-term spirituality classification: An ELM classi-
fier with a hidden layer of five neurons was used to cate-
gorize the subjects into high and low long-term spiritual-
ity groups. ELM was selected due to its fast convergence
and strong generalization properties, which are particu-
larly well suited to the processing of small samples of
data.

Short-term spirituality classification: A feed-forward
neural network of the same architecture (five hidden
units) was used to discriminate between the control (sec-
ular activity) and experimental (practicing Dhikr) condi-
tions. The classifier was tuned for the detection of the
short-term physiological effects that follow the spiritual
intervention.

K-fold cross-validation

Kfold crossvalidation was applied to evaluate the ro-
bustness and generalizability of the classifiers. Each
segment was preprocessed to remove noise and outli-
ers. We then applied a wavelet transformation using the
Daubechies-4 (db4) mother wavelet to extract 20 static
features from each state. The wavelet transform was
chosen because it can efficiently extract both frequency-
domain and time-domain characteristics of non-station-
ary signals—a critically valuable feature in the case of
transient physiological responses to stress.

Spirituality

I_I_|

Impact of

Spirituality on
Stress

I_I_I

Control
Resulting from
Spiritual
Behavior
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Results

The analysis of HR data aimed to evaluate the differ-
ential impact of long-term and short-term spirituality on
physiological stress responses. The results are presented
in two primary subsections.

Classification performance

The ELM classifier was employed to distinguish be-
tween groups based on their HR-derived features. The
model achieved a classification accuracy of 94.4% (95%
CI%, 89.1%, 99.7%) when differentiating the high long-
term spirituality group from the low long-term spirituali-
ty group across all experimental states. For the short-term
spirituality analysis, the ELM classifier differentiated
the experimental group (Dhikr) from the control group
with an accuracy of 88.8% (95% C1%, 81.5%, 96.1%).
A 10-fold cross-validation strategy was employed, and
the reported accuracies represent the mean performance
across all folds. Table 1 presents detailed performance
metrics, including precision, recall, and F1-score.

Statistical analysis of HR dynamics

To complement the ML analysis and test for significant
group differences, a series of repeated-measures ANO-
VAs were conducted on key HRV features, with group
as a between-subjects factor and experimental state as a
within-subjects factor.

Long-term spirituality

A significant main effect of Group was found for
the standard deviation of normal-to-normal intervals
(SDNN) feature (F, ,=5.82, P=0.025), indicating that
the high spirituality group exhibited overall higher HRV,
suggesting a more resilient physiological state. Further-
more, a significant Group X State interaction was ob-
served for the lowfrequency to highfrequency (LF/HF)
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Figure 3. Comparison of changes between the high and low spirituality groups relative to baseline rest

ratio during the recovery periods following mental stress
(F, ,=4.91, P=0.037). As illustrated in Figure 3, which
plots the negative log of P values for group comparisons
across states, the high spirituality group (blue line) con-
sistently showed smaller deviations from their baseline
state (i.e. larger P values) compared to the low spiritu-
ality group (orange line) across most stress conditions.

The specific features analyzed in Figure 3 were SDNN,
root mean square of successive differences (RMSSD),
and low-frequency to high-frequency (LF/HF) ratio. The
only exception was during “emotional stress 3”, where
the high spirituality group showed a more pronounced
reaction.
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Figure 4. Comparison of changes between the experimental group (with repetition of the mantra) and the control group (with-

out repetition of the mantra) relative to baseline rest
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Table 1. ELM classifier performance metrics
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Classification Task Accuracy (%) Precision Recall Fl-score
Long-term spirituality 94.4 0.95 0.94 0.94
Short-term spirituality 88.8 0.89 0.89 0.89

ELM: Extreme learning machine.

The vertical axis represents P value amounts, and the
horizontal axis represents characteristics in different
states.

Short-term spirituality

For the short-term intervention, a significant main ef-
fect of Group was identified for mean HR during recov-
ery phases (F, ,=6.45, P=0.018), with the Dhikr group
demonstrating a lower average HR. A significant Group
x State interaction was also found for the pNN50 feature
following physical stress (F, ,,=5.12, P=0.034), indicat-
ing a faster recovery of parasympathetic activity in the
experimental group. Figure 4, which visualizes the sta-
tistical contrast between the control and Dhikr groups,
shows that the control group (red line) generally ex-
hibited larger physiological changes from baseline (i.e.
smaller P values) compared to the experimental group
(green line) across most states, suggesting that the Dhikr
practice moderated the stress response.

The vertical axis represents P value amounts, and the
horizontal axis represents characteristics in different
states.

Discussion

This study utilized a computational physiology ap-
proach to investigate how Islamic spirituality, operation-
alized as both a long-term trait and a short-term practice,
modulates HR responses to laboratory-induced stress.
Our findings provide quantitative evidence that both di-
mensions of spirituality are associated with a significant-
ly attenuated physiological stress response, as captured
by HRV metrics and validated by a high-performance
ELM classifier.

Interpretation of key findings

The high classification accuracy of the ELM model
(94.4% for long-term spirituality) indicates that the
psychophysiological profile of individuals with high
religious commitment is distinct and computationally
discernible under stress. This aligns with prior research
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suggesting that deeply held beliefs can shape baseline
physiological regulation and stress reactivity [4, 13].
Specifically, our observation of higher SDNN in the high
spirituality group suggests a greater capacity for overall
autonomic adaptability, a marker of stress resilience.

The efficacy of the short-term Dhikr intervention
(88.8% classification accuracy) is consistent with studies
that have documented the calming effects of repetitive
religious practices on the autonomic nervous system [5,
30]. For instance, our finding of a lower mean HR and
faster recovery of pNN50 in the Dhikr group parallels
research on prayer and meditation, which often report
a shift toward parasympathetic dominance [7, 31]. This
suggests that the recitation of “La hawla wa la quwwata
illa billah” may function as a cognitively engaging task
that redirects attention from stressors, akin to a form of
focused-attention meditation, thereby reducing sympa-
thetic arousal.

Distinct and complementary roles of long-term and
short-term spirituality

Our results suggest that long-term and short-term spiri-
tuality may confer resilience through potentially differ-
ent, though complementary, mechanisms. Long-term
spirituality, as a stable trait, appears to be associated
with a generally higher tonic level of autonomic balance
(as evidenced by higher baseline HRV), creating a buf-
fer that minimizes the initial impact of a wide range of
stressors.

In contrast, short-term spirituality acts as a state-based
intervention, providing an immediate coping tool that
can be deployed to manage acute stress, particularly in
situations where pre-existing disposition may be less ef-
fective. This distinction is crucial, as it implies that the
benefits of spiritual practice are not exclusive to those
with a lifelong commitment; even short-term engage-
ment can yield measurable physiological benefits.
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Conclusion

In conclusion, this study demonstrates that both long-
term religious commitment and the short-term practice
of Dhikr are associated with a modulated HR response
to stress, as robustly identified by ML and statistical
models. These findings contribute to the growing body
of literature on religion and health by providing a com-
putational and physiological account of how Islamic
spirituality may enhance stress resilience. The results
hold potential implications for developing integrative
stress-management approaches that incorporate spiritual
practices.

Limitations and future research

This study has several limitations. The sample was ho-
mogeneous in terms of gender, age, and cultural back-
ground, which limits the generalizability of the findings.
Future studies should include more diverse populations
and incorporate additional physiological signals, such as
EEG, to provide a more comprehensive picture of the
stress response. Furthermore, while our computational
approach successfully differentiated groups, the psycho-
logical mechanisms—such as cognitive reappraisal or
attentional deployment—underlying these physiological
changes warrant direct investigation. Designing experi-
ments that explicitly probe how spirituality influences
the primary and secondary appraisals within Lazarus’s
model would be a valuable direction for future research.
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