
Volume	 (10) 

Issue	 (2)  

November	 2025 

Jumada- 
Al-Awal	 1447H

p- ISSN: 1658 - 7022 
e- ISSN: 1658 - 7014



IN THE NAME OF ALLAH
THE MOST GRACIOUS, THE MOST MERCIFUL



Kingdom of Saudi Arabia



Journal of the North
for Basic and Applied Sciences

 

Peer-Reviewed Scientific Journal

Published byPublished by
Scientific Publishing Center
Northern Border University

Vol. (9), Issue (1)

May 2024 - Shawwal 1445 H

Website & Email

www.nbu.edu.sa
s.journal@nbu.edu.sa 

p-ISSN: 1658- 7022 / e-ISSN: 1658- 7014 

( JNBAS )

Volume (10) - Issue (2)  

November 2025 - Jumada-Al-Awal 1447H

p- ISSN: 1658 - 7022 e- ISSN: 1658 - 7014

Translation, Authorship, and Publishing Center



Journal of the North
for Basic and Applied Sciences

 

Peer-Reviewed Scientific Journal

Published byPublished by
Scientific Publishing Center
Northern Border University

Vol. (9), Issue (1)

May 2024 - Shawwal 1445 H

Website & Email

www.nbu.edu.sa
s.journal@nbu.edu.sa 

p-ISSN: 1658- 7022 / e-ISSN: 1658- 7014 

( JNBAS )

Journal of the North
for Basic and Applied Sciences

 

Peer-Reviewed Scientific Journal

Published byPublished by
Scientific Publishing Center
Northern Border University

Vol. (9), Issue (1)

May 2024 - Shawwal 1445 H

Website & Email

www.nbu.edu.sa
s.journal@nbu.edu.sa 

p-ISSN: 1658- 7022 / e-ISSN: 1658- 7014 

( JNBAS )

Editor-in-Chief

Prof. Mohammed Abdulaziz Tashkandi
Professor, Mechanical Engineering

Editorial Board Members

Dr. Muflih Battah Alhazmi
Associate professor, Mathematics

Dr. Fahdah Ayed Alshammari
Associate professor, Biology

Dr.  Munirah Mutlaq Aljuaid
Associate professor, Mathematics

Dr. Ali El-Said El- Rayyes
Associate professor, Chemistry

Dr. Tarek Ibrahim Alanazi
Assistant professor, Physics
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The Journal of the North is concerned with the publication of original, genuine scholarly studies and researches 
in Basic and Applied Sciences in Arabic and English. It publishes original papers, review papers, book reviews 
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The journal seeks to achieve leadership in the publication of refereed scientific papers and rank among the 
world’s most renowned scientific periodicals.
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according to well-defined international standards.
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extracted from a thesis/dissertation.

Serve as a scholarly academic reference for researchers in the field of Basic & Applied Sciences. 
Meet the needs of researchers, publish their scientific contributions and highlight their efforts at the local, 
regional and international levels. 
Participate in building a knowledge community through the publication of research that contributes to the 
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Body: The manuscript body includes all necessary and basic details of research approach, tools and methods. All 
stated information should be arranged according to priority.

       Findings and Discussion: Research findings should be clear and brief, and the significance of these findings should 
be elucidated without repetition.

        Conclusion: It is a brief summary of the research topic, findings, recommendations and suggestions.
8. Figures, diagrams and illustrations should be included in the main text and consecutively numbered and given titles, 

with explanatory notes beneath them. 
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Optimizing Autism Spectrum Disorder Screening with Machine 
Learning: Identifying Key Behavioral Predictors and Model Performance
Gamal Saad Mohamed Khamis 
Department of Computer Science, College of Science, Northern Border University, Arar, Saudi Arabia

(Received: 29th June 2025 Accepted: 9th October 2025)

Abstract
Autism Spectrum Disorders (ASD) are becoming increasingly common worldwide, highlighting the need for accurate and reliable early 
detection methods. Utilizing machine learning for early detection is crucial for enhancing screening processes. This study investigates 
how behavioral traits can help identify ASD through machine learning algorithms. The performance of several techniques, including 
Gradient Boosting, Support Vector Machines, and Naïve Bayes, is compared. The analysis reveals that A9, A6, A7, and A5 are the most 
significant predictors of ASD, while A10, A8, A4, A3, A2, and A1 exhibit some predictive value but are less substantial. The results 
demonstrate excellent performance across various machine learning classifiers for ASD detection. Gradient Boosting achieved perfect 
classification (Accuracy = 0.98%, F1-Score = 0.98%), indicating powerful predictive ability. Support Vector Machine (SVM) produced 
nearly perfect results (Accuracy = 0.97%, F1-Score = 0.97), while Naïve Bayes also performed well (Accuracy = 0.96%, F1-Score = 
0.96), despite its simpler design. These findings highlight the effectiveness of ensemble methods (Gradient Boosting) and kernel-based 
models (SVM) in ASD screening, with potential for clinical application in early diagnosis. Policymakers are encouraged to adopt 
machine learning-based screening tools to support early and accurate ASD diagnosis, which can lead to better patient outcomes. 

Keywords: Autism Spectrum Disorder (ASD), Disease Screening, Machine learning, Gradient boosting, Support Vector Machine 
(SVM), Naïve Bayes
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1.	 Introduction
1.	 Autism Spectrum Disorder (ASD) is a 

complex neurodevelopmental condition that affects 
communication, social interaction, and behavior. Early 
and accurate diagnosis is crucial, as timely interventions 
can significantly enhance developmental outcomes and 
overall quality of life. Traditional diagnostic approaches 
rely on behavioral assessments conducted by specialists, 
which can be time-consuming, subjective, and resource-
intensive. As a result, there is a growing need for objective, 
data-driven, and accessible tools that can assist in early 
ASD screening.

2.	 Machine learning (ML) has emerged as a 
transformative technology in healthcare analytics, 
enabling the discovery of hidden patterns in complex 
behavioral data. Recent studies have demonstrated 
its effectiveness in detecting ASD traits using datasets 
such as Q-Chat-10 and similar screening instruments 
[1]–[9]. Techniques such as Decision Trees, Support 
Vector Machines (SVM), and Naïve Bayes have shown 
encouraging results in identifying behavioral and 
developmental markers of ASD. Furthermore, feature 
selection methods—such as Principal Component 
Analysis (PCA) and chi-square tests—have improved 
diagnostic accuracy and model interpretability [2], [7]. 
The integration of machine learning into autism research, 
as highlighted by Thabtah [6], represents a significant 
advancement in technology-assisted diagnosis, leading 
to the development of tools such as the ASDTests mobile 
app [3], [4], which enable large-scale, early behavioral 
screening.

3.	 However, many prior studies have emphasized 
deep learning or image-based modalities that require 
high computational resources and extensive datasets. 
While powerful, such models often lack interpretability 
and are not always practical for clinical or low-resource 
settings. Moreover, studies that leverage behavioral 
questionnaires have usually limited their analyses to 
basic classification without comprehensive feature 
ranking or interpretability assessment.

4.	 This study introduces an interpretable, resource-
efficient, and high-performing ASD screening framework 
that objectively identifies the most influential behavioral 
predictors using classical machine learning models. By 
combining ensemble (Gradient Boosting) and kernel-
based (SVM) classifiers with rigorous feature-ranking 
techniques (Information Gain, Gain Ratio, Chi-Square, 
and Gradient Boosting Feature Importance), this 
research provides a balanced trade-off between predictive 
accuracy and model transparency. Unlike prior studies 
that relied on image-based datasets [22], IoT-based 

emotion recognition [23], or explainable deep learning 
models [24], our work focuses on behavioral screening 
using the Q-Chat-10 questionnaire.

5.	 The main objectives and contributions of this 
study are as follows:

•	 Novel integration of classical ML algorithms 
with multi-criteria feature selection, enhancing 
interpretability and robustness in behavior-based 
ASD detection.

•	 Comprehensive feature importance analysis, 
objectively identifying key behavioral traits (A9, 
A7, A5, and A6) that significantly influence ASD 
prediction.

•	 Comparative evaluation of three complementary 
classifiers—Gradient Boosting, SVM, and 
Naïve Bayes—demonstrating that lightweight 
ensemble and kernel-based methods can achieve 
accuracy comparable to deep learning while 
maintaining interpretability.

•	 Clinical and practical relevance, offering a 
transparent and computationally efficient 
screening framework that can be adapted to 
assist clinicians and policymakers in early 
ASD detection, especially in resource-limited 
environments.

•	 By addressing gaps in interpretability, 
accessibility, and behavioral focus, this research 
contributes a methodologically sound and 
practically viable solution for enhancing ASD 
screening and early diagnosis.

2.	 METHOD
2.1	 Dataset
1.	 The dataset used in this paper results from an 

autism screening of toddlers, which includes influential 
features for further analysis, particularly in determining 
autistic traits and improving the classification of ASD 
cases. This dataset contains 1,054 instances and 18 
attributes, including the target variable. The dataset 
comprises 1,054 instances, with a balanced distribution 
between ASD and non-ASD cases (approximately 50.3% 
and 49.7%, respectively). Data preprocessing included 
binary encoding, handling of missing values, and 
stratified 10-fold cross-validation to mitigate imbalance.
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Table 1. Feature descriptions. 

Feature Type Description 
A1 Binary (0, 1) Does your child respond by looking at you when you call their name?
A2 Binary (0, 1) How easily can you establish eye contact with your child?

A3 Binary (0, 1) Does your child use pointing gestures to express a desire for something? (e.g., a toy that is 
out of reach) 

A4 Binary (0, 1) Does your child want to share something they find interesting with you? 
A5 Binary (0, 1) Does your child engage in pretend play? (e.g., care for dolls, talk on a toy phone) 
A6 Binary (0, 1) Have you noticed if your child pays attention to what you’re looking at?

A7 Binary (0, 1) If someone in your family feels down, does your child try to comfort them? (e.g., stroking 
hair, hugging them)

A8 Binary (0, 1) Would you describe your child’s first words as: 
A9 Binary (0, 1) Does your child make use of basic gestures? (e.g., wave goodbye) 
A10 Binary (0, 1) Does your child gaze into space without any apparent purpose? 

Target variable Binary (Yes, No) Yes (ASD traits) or No (no ASD traits)

2.	  Attributes A1- A10: These items are part of 
the Q-Chat-10, where possible answers to questions 
are “Always,” “Usually,” “Sometimes,” “Rarely,” and 
“Never.” These responses are mapped to binary values 
(“1” or “0”) in the dataset. For questions 1-9 (A1- A9), 
if the response is “Sometimes,” “Rarely,” or “Never,” 
a value of “1” is assigned. For question 10 (A10), a 
response of “Always,” “Usually,” or “Sometimes” results 
in a “1” being assigned. A cumulative score of more than 
3 across all 10 questions indicates potential ASD traits; 
otherwise, no ASD characteristics are observed.

3.	 The remaining Features are collected from 
the ASDTests application [12]. The target variable is 
assigned automatically based on the score obtained by 
the user during the screening process using the ASDTests 
application.

2.2	 Feature Importance Analysis
1.	 This section details the methodology employed 

to identify the most influential behavioral features in 
predicting ASD traits within the Q-Chat-10 dataset. 
Feature selection is crucial for building parsimonious 
and interpretable models while mitigating the risk of 
overfitting.

2.	 Several feature ranking methods were utilized to 
evaluate the importance of each feature:

•	 Information Gain: This metric quantifies the 
reduction in uncertainty about the target variable 
(ASD traits) achieved by knowing the value 
of a particular feature. Features with higher 
Information Gain are deemed more informative 
[14].

•	 Gain Ratio: A normalized version of Information 
Gain that addresses the bias toward features with 
many values [14].

•	 Gini Index: Measures the impurity of a node in 
a decision tree, with higher values indicating 
greater impurity. Features that effectively reduce 
Gini impurity are considered more critical [15].

•	 Chi-Square Test (χ²): Evaluates the statistical 
dependence between a feature and the target 
variable. Higher χ² values suggest stronger 
associations.

•	 Gradient Boosting Feature Importance: Derived 
from the Gradient Boosting algorithm, this 
metric reflects the contribution of each feature to 
the model’s predictive performance [16]. 

Table 3. Features Ranks

Features Information gain Gain ratio Gini Index χ² Gradient Boosting
 A9 0.278 0.278 0.142 179.324 14.666
 A7 0.229 0.245 0.136 117.035 11.546
 A5 0.252 0.252 0.136 158.969 11.228
 A2 0.174 0.175 0.092 124.8 10.858
 A6 0.246 0.25 0.139 144.613 10.5
 A1 0.191 0.193 0.108 116.759 9.714
 A8 0.144 0.144 0.078 104.003 9.467
 A4 0.199 0.199 0.109 131.189 9.284
 A10 0.023 0.024 0.014 14.1 6.437
 A3 0.137 0.141 0.072 105.916 5.699
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Table 3 and Figure 2 provide a summary of the feature 
ranking results. While A9, A6, A7, and A5 emerged as the 
most prominent predictors, the remaining features (A10, 
A8, A4, A3, A2, and A1) also exhibited varying predictive 
power. Although lower than the top four, their rankings 
suggest potential contributions to ASD prediction.  
Features such as Jaundice, Sex, family_mem_with_ASD, 
and Ethnicity demonstrated minimal predictive power. 
The observed rankings provide valuable insights into the 
relative importance of different behavioral features in 
predicting ASD traits.

3.	

Figure 2. Information Gain Feature Importance Ranking

4.	

Figure 3: Gradient Boosting Feature Importance Ranking

The feature importance analysis summarized in Table 
2, Figure 2, and Figure 3 highlights key predictors of ASD 
traits within the Q-Chat-10 dataset. Features A9, A7, 
A5, and A6 consistently emerged as the most influential 
predictors across multiple ranking methods, indicating 
their strong relevance to ASD prediction. Features A2, 
A1, A8, and A4 showed moderate predictive power, 
while A10 and A3 ranked lowest, contributing minimal 
influence. Figure 2 emphasizes the dominance of A9, A7, 
and A5 in the Information Gain ranking, while Figure 
3 further confirms their significance through Gradient 
Boosting Feature Importance scores. These findings 
highlight the importance of communication gestures and 
social responses in accurately predicting ASD traits.

2.3	 ML-based Toddler ASD predictive models
Machine learning (ML) techniques have shown 

promising results in the early detection of several diseases 
and disorders, including autism spectrum disorder (ASD) 
in young children. In this research, we applied many 
machine learning methods, including:

• Gradient Boosting is a machine learning technique 
used for regression and classification tasks. It creates a 
strong predictive model by combining multiple weak 
learners, usually decision trees, into an ensemble. The 
algorithm works iteratively, adding one tree at a time and 
adjusting subsequent trees to correct the errors of earlier 
ones [18]. Key features of this classifier include:

Maximum Number of Trees: This hyperparameter 
is used to determine the number of trees; the more trees 
there are, the better the performance of the classifier.  
Learning Rate: This hyperparameter minimizes the 
contribution of each tree.Replicable Training: Fix the 
random seed to enable the replicability of the results.

• Support Vector Machines (SVM): Support 
Vector Machine (SVM) is a supervised learning method 
employed for classification and regression tasks, though 
it is primarily utilized in classification scenarios. The 
primary objective of SVM is to determine the optimal 
boundary, known as the hyperplane, that effectively 
separates the classes within the feature space. This 
hyperplane is positioned to maximize the gap between 
it and the nearest data points from each category. These 
nearest points are referred to as support vectors. SVM 
was chosen due to its strong performance on small-to-
medium datasets with high-dimensional features, while 
Naïve Bayes provides a probabilistic baseline. LSTM 
and attention-based models, though powerful, were not 
selected as the dataset is relatively small and sequential 
dependencies are limited in Q-Chat-10 responses.

In two-dimensional space, a hyperplane functions as 
a line that divides data into two categories, while in three 
dimensions, it appears as a plane. As the dimensionality 
increases, it assumes a more abstract form. The goal 
is to identify the hyperplane that most effectively 
separates the classes, maximizing the distance between 
this boundary and the closest data points, referred to as 
support vectors, which play a crucial role in defining the 
decision boundary. The margin, defined as the distance 
between the hyperplane and these support vectors, is also 
maximized to enhance classification accuracy. When 
the data is not linearly separable, the kernel trick can be 
utilized to shift the original feature space into a higher 
dimension. This transformation permits linear separation 
using kernel functions such as linear, polynomial, radial 
basis function, and sigmoid, each offering distinct data 
mappings [18].
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• Naive Bayes: The Naïve Bayes algorithm is a 
well-established probabilistic classifier that leverages the 
concept of probability to solve classification problems 
straightforwardly and efficiently. By applying the 
principles of Bayes’ theorem, this method learns the 
likelihood of individual items, their attributes, and the 
categories to which those attributes correspond. It operates 
within a supervised learning framework, categorizing new 
instances by assigning them to the class with the highest 
probability of membership. The classification process 
involves two key stages: A) Training phase: During this 
stage, the algorithm calculates the probability distribution 
based on the training data. B) Prediction phase: For a test 
instance, it assesses the posterior probability for that 
unknown sample, determining its most likely class based 
on the highest posterior probability, known as Maximum 
A Posterior (MAP) [19].

2.4	 Hyperparameter Tuning 
A hyperparameter-tuning process optimized the 

performance of each machine learning model. Due to 
computational limitations, manual tuning was conducted. 
The key hyperparameters and their tuning strategies are 
described below:

Gradient Boosting: Maximum Number of 
Trees: This hyperparameter was manually adjusted to 
determine the number of trees in the ensemble. Higher 
values generally improve performance but can also lead 
to overfitting. Values ranging from 100 to 200 were 
tested, with a focus on identifying a balance between 
performance and computational efficiency.

Support Vector Machines (SVM): Kernel: Given 
the nature of the data, the radial basis function (RBF) 
was evaluated. gamma constant in kernel function(g): 
was auto tuned. The recommended value is 1/k, where 
k is the number of attributes. SVM was chosen due to 
its strong performance on small-to-medium datasets with 
high-dimensional features, while Naïve Bayes provides a 
probabilistic baseline. LSTM and attention-based models, 
though powerful, were not selected as the dataset is 
relatively small and sequential dependencies are limited 
in Q-Chat-10 responses.

Naive Bayes: The provided text doesn’t mention any 
specific hyperparameter tuning for Naive Bayes. 

To ensure robust and generalizable results, we 
evaluated the performance of each machine learning 
model using a 10-fold cross-validation approach. This 
technique helps mitigate overfitting and provides a more 
reliable estimate of model performance on unseen data. 
In 10-fold cross-validation, the dataset is divided into 
10 folds. The model is trained on 9 folds and tested on 
the remaining fold, repeating this process 10 times, each 
serving as the test set once. The reported performance 

metrics (AUC, Accuracy, F1 Score, Precision, Recall, and 
MCC) represent the average performance across these 
10 folds. This approach provides a more comprehensive 
assessment of the models’ ability to generalize to new 
data compared to a single train-test split.

3.	 RESULTS AND DISCUSSION
3.1	 Predictive Performance Analysis
The predictive performance of the three machine 

learning models—Gradient Boosting, Support Vector 
Machine (SVM), and Naïve Bayes—was rigorously 
evaluated using stratified 10-fold cross-validation to 
ensure robustness and generalization. Evaluation metrics 
included the Area Under the Curve (AUC), Accuracy, F1-
Score, Precision, Recall, and the Matthews Correlation 
Coefficient (MCC). Table 4 summarizes the results.

Table 4: Model’s performance Metrics

Classifier AUC Accuracy F1-
Score Precision Recall MCC

Gradient 
Boosting 0.999 0.980 0.980 0.980 0.980 0.953

SVM 0.998 0.976 0.976 0.976 0.976 0.944
Naïve 
Bayes 0.997 0.961 0.962 0.964 0.961 0.914

The results indicate that all three classifiers achieved 
robust predictive performance, with Gradient Boosting 
exhibiting the highest accuracy (98.0%) and AUC (0.999). 
The SVM model followed closely (accuracy = 97.6%, 
AUC = 0.998), while Naïve Bayes also demonstrated 
competitive results (accuracy = 96.1%, AUC = 0.997) 
despite its relatively simple probabilistic framework. 
These findings highlight the effectiveness of ensemble 
and kernel-based learning approaches in modeling 
behavioral data for ASD prediction.

When compared with previously published 
studies using similar datasets, the proposed approach 
demonstrates advancements in predictive accuracy. For 
instance, Rashed et al. [1] reported accuracies ranging 
from 96 to 98% using Random Forest and Logistic 
Regression. In contrast, Alzakari et al. [2] achieved 97.3% 
accuracy with explainable AI models based on optimized 
decision trees. In contrast, the proposed Gradient 
Boosting model achieved 98.0% accuracy with an AUC 
of 0.999, reflecting improvement in generalization 
performance while preserving model interpretability. This 
enhanced outcome is primarily attributed to the model’s 
optimized hyperparameter configuration and ensemble 
learning architecture. The near-comparable performance 
of the SVM further reinforces its robustness in capturing 
complex, high-dimensional behavioral interactions 
characteristic of ASD screening datasets [19].
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Table 5 presents a comparative summary of the proposed models’ performance relative to prior machine learning 
approaches from the literature.

Table 5. Comparative summary of the proposed models

Study / Model Dataset Technique Accuracy (%) Remarks

Tabtah (2017) [3] Q-Chat-10 Decision Tree 92.0 Early behavioral model; limited 
feature selection

Thabtah et al. (2018) [7] Q-Chat-10 Random Forest 96.8 Strong baseline; moderate 
interpretability

Heinsfeld et al. (2018) 
[5] ABIDE Deep Neural Network 97.0 High accuracy; requires 

neuroimaging data
Alzakari et al. (2024) 

[2] Hybrid dataset Explainable AI (XAI) 97.3 Interpretable; higher computational 
cost

Proposed (2025) Q-Chat-10 Gradient Boosting + 
Feature Ranking 98 Highest accuracy; interpretable and 

lightweight

The comparative findings indicate that the proposed 
Gradient Boosting model, when integrated with feature-
ranking techniques, demonstrates strong and consistent 
predictive performance, maintaining a high level of 
interpretability compared to existing ASD screening 
approaches. Unlike previous studies that depend on large 
or multimodal datasets (e.g., ABIDE MRI data), the 
present framework relies solely on behavioral indicators 
derived from the Q-Chat-10, making it more feasible and 
scalable for use in both clinical and community-based 
screening environments. The promising performance 
of the proposed framework can be attributed to the 
following factors. First, a rigorous feature selection 
process combining Information Gain, Gain Ratio, Chi-
Square, and Gradient Boosting importance was employed 

to retain only the most informative behavioral indicators. 
Second, the use of a balanced dataset (50.3% ASD vs. 
49.7% non-ASD) and 10-fold stratified cross-validation 
enhanced generalizability and minimized class imbalance 
bias. Third, the ensemble learning structure of Gradient 
Boosting effectively modeled complex, non-linear 
relationships among key behavioral traits—particularly 
A9 (gestures), A7 (empathy behaviors), and A5 
(pretend play)—which are established markers of ASD-
related social interaction [7], [9]. Finally, the model’s 
interpretability aligns with prior behavioral psychology 
findings [3], [9], reinforcing its empirical soundness and 
clinical relevance.
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Figures 3–8. Visualization of feature importance and class separation across Gradient Boosting,
 SVM, and Naïve Bayes models.
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3.2	 Discussion of Potential Biases and Limitations
Although the proposed framework demonstrated 

high predictive accuracy (96%, 97% and  98%) and 
strong generalization, several limitations warrant 
acknowledgment. The dataset, obtained from a single 
online source (ASDTests), may introduce cultural and 
demographic bias, as behavioral interpretations such as 
“pretend play” or “comforting behavior” can vary across 
populations. Moreover, the binary encoding of Q-Chat-10 
responses, while computationally efficient, may reduce 
behavioral nuance.

To mitigate potential overfitting, the study 
employed stratified 10-fold cross-validation and multi-
criteria feature selection (Information Gain, Gain 
Ratio, Chi-Square, and Gradient Boosting importance), 
which enhanced model stability and interpretability. 
Nevertheless, validation using independent and more 
diverse datasets is necessary to confirm the robustness of 
these findings.

Although Gradient Boosting and SVM achieved 
high accuracy, their decision-making processes remain 
partially opaque, highlighting the need for future 
integration of explainable AI (XAI) frameworks to 
enhance clinical interpretability and trust. Additionally, 
the absence of direct collaboration with clinicians in 
this phase limits immediate clinical applicability; such a 
partnership will be prioritized in future work to ensure 
practical validation and usability.

4.	 CONCLUSION 
This study demonstrates the effectiveness of 

machine learning techniques, particularly Gradient 
Boosting, Support Vector Machines, and Naïve Bayes, 
in accurately predicting Autism Spectrum Disorder 
(ASD) using behavioral data from the Q-Chat-10 dataset. 
Through comprehensive feature selection and ranking, 
the analysis identified key behavioral predictors A9 
(gestures), A7 (empathy), and A5 (pretend play) that 
consistently influenced ASD classification, highlighting 
their diagnostic relevance.

The proposed models achieved high accuracy and 
interpretability, offering a computationally efficient and 
clinically practical framework for early ASD screening. 
While results are promising, the study acknowledges 
limitations related to dataset representativeness and 
binary encoding, which may affect generalizability. These 
challenges were mitigated through cross-validation and 
rigorous feature selection, ensuring robust performance.

Future work should extend model validation across 
diverse and longitudinal datasets, incorporate multimodal 
behavioral and physiological data, and integrate 
explainable AI (XAI) techniques to enhance transparency 
and clinical adoption. Overall, the findings emphasize 
the potential of interpretable ML models to support 
early, data-driven, and accessible ASD diagnosis in both 
research and healthcare settings.
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Abstract
Introduction: Employees’ health plays a crucial role in promoting an organization’s productivity and achieving its goals. In universities, 
the impact of employees’ health extends beyond personal outcomes, influencing the lives of students, and potentially compromising 
their quality of education. 
Aim: To describe the health indicators and health satisfaction of XX University employees.
Methods: A cross-sectional survey was conducted among 393 employees from September to December 2023. Data were collected 
through an online survey  and analyzed using IBM SPSS Statistics (V25.0). 
Results: More than half of the participants (53.4%) reported having at least one chronic condition, and 72.5%  were overweight, obese, 
or extremely obese, and 48.1% reported never engaging in exercise behaviors. On average, participants were moderately satisfied with 
their health (M = 3.64). Non-academicians were more likely to be satisfied with their health (M=3.73, range 1-5) (p=.009), more likely 
to be smokers (80%) (p<.001), and less likely to engage in routine physical exercise (0%) (p= .049) compared to academicians. 
Conclusion: In alignment with Saudi Vision 2030, it is imperative that concerted efforts be made to promote and enhance the quality of 
employees’ health. Universities must implement comprehensive wellness programs that effectively address the biopsychosocial health 
of their workforce.
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1.	 Introduction
According to the World Health Organization 

(WHO), health is more than just the absence of illness; 
it is a state of complete physical, mental, and social 
well-being (World Health Organization (WHO), 2021). 
Because the health of human capital is fundamental to the 
growth and sustainability of organizations, economies, 
and societies, it is increasingly being recognized as a 
strategic priority—not just a medical concern. A healthy 
workforce drives productivity, innovation, and resilience, 
making employee well-being a cornerstone of national 
development. In alignment with this understanding, Saudi 
Arabia’s Vision 2030—the Kingdom’s comprehensive 
roadmap for economic diversification and societal 
advancement—places significant emphasis on improving 
population health as a key pillar of national progress 
(Suleiman & Ming, 2025).

As part of Vision 2030, the Saudi government 
has launched a variety of transformative health sector 
reforms designed to enhance both preventive and 
therapeutic healthcare services. These initiatives include 
the expansion of primary healthcare centers, increased 
investment in digital health technologies, the promotion 
of health awareness campaigns, and efforts to shift the 
national healthcare model from treatment-based care 
to preventive, proactive care. The goal is not only to 
improve the quality of life for individuals but also to 
reduce the burden of chronic diseases, improve life 
expectancy, and enhance workforce productivity across 
all sectors. By prioritizing health in Vision 2030, Saudi 
Arabia acknowledges that human capital—comprising 
the knowledge, skills, and well-being of its people—is a 
vital driver of long-term development. This vision aligns 
with global trends that emphasize well-being economics, 
where the success of a country is increasingly measured 
not only by Gross Domestic Product, but also by the 
physical and mental health of its citizens. In this context, 
improving employee health—especially in critical 
sectors like higher education—is essential to ensuring 
that institutions are equipped to deliver high-quality 
education, conduct impactful research, and contribute 
effectively to national goals. Despite these efforts, there 
remains a pressing need to extend these health initiatives 
more directly to workplaces, including universities, 
where stress-related illnesses and occupational health 
risks are often overlooked. Integrating health promotion 
into institutional policies, fostering a culture of wellness, 
and supporting mental health services within academia 
will be crucial steps toward aligning the goals of Vision 
2030 with the real needs of the country’s workforce.

Health indicators such as smoking, physical 
activity, and the prevalence of chronic conditions are 
among the key priorities identified in Saudi Arabia’s 
Vision 2030. These factors are recognized as critical 

determinants of individual and population health, with 
far-reaching implications for workforce productivity, 
healthcare costs, and the Kingdom’s broader social 
and economic development(Chowdhury et al., 2021) 
. As Vision 2030 seeks to transform Saudi Arabia into 
a thriving, knowledge-based economy, promoting 
healthier lifestyles and addressing preventable health 
risks have become essential components of national 
strategy. Improving these health indicators through 
targeted public health interventions, workplace wellness 
programs, and supportive policy frameworks is not only 
vital for enhancing the well-being of the population but 
also for ensuring that the workforce—including those in 
higher education—is equipped to support the Kingdom’s 
ambitious goals. In this context, universities play a 
pivotal role, both as institutions of learning and as large 
employers. Their contributions to Vision 2030 go beyond 
education and research; they must also serve as models 
for healthy, productive work environments.

Employee health and well-being in the university 
sector directly influence organizational performance, 
academic excellence, and the ability to attract and retain 
talent(Riza et al., 2025). Addressing health-related 
challenges among university staff—through preventive 
health measures, mental health support, and wellness 
promotion—has been identified as a key strategy for 
boosting both individual performance and institutional 
outcomes (Taweel, 2020; Biman et al., 2021; Rahman & 
Al-Borie, 2020). When universities prioritize staff well-
being, they create conditions that support higher levels of 
engagement, creativity, and job satisfaction, all of which 
are crucial to fulfilling their educational missions.

Furthermore, a growing body of research supports 
the strong link between employee health and productivity. 
Studies have consistently shown that healthy employees 
are more likely to be productive, resilient, and actively 
contribute to both organizational goals and broader societal 
development (Centers for Disease Control and Prevention 
[CDC], 2022; HBR Analytic Services, 2013; Institute for 
Health and Productivity Studies, 2015). In contrast, poor 
health among employees—particularly in cognitively and 
emotionally demanding sectors like academia—can lead 
to reduced job performance, absenteeism, and long-term 
burnout(Lee, 2019). In today’s rapidly evolving academic 
landscape, university employees face increasing demands, 
including continuous professional development, 
innovative teaching practices, interdisciplinary research, 
community outreach, and administrative responsibilities. 
These expectations, while essential for institutional 
advancement, can exert significant negative impact 
on employees’ physical, psychological, and social 
well-being (Sanchez et al., 2019). Without adequate 
institutional support, these pressures may undermine the 
very goals that Vision 2030 seeks to achieve. Universities 
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that invest in employee health are not only contributing 
to national development objectives but are also building a 
more sustainable, high-performing, and human-centered 
academic environment(McDonald et al., 2021)

Literature Review

The available literature consistently highlights the 
profound impact of high work pressure on both academic 
and non-academic staff within tertiary institutions. 
Mounting workloads, administrative demands, 
performance expectations, and insufficient support 
systems contribute to a work environment that often places 
employees at significant risk for deteriorating health. 
Empirical studies show a strong statistical association (p 
< .001) between high occupational stress and a range of 
adverse physical health outcomes, including persistent 
headaches, obesity, hypertension, and even more serious 
conditions such as cardiovascular diseases (Isamail 
et al., 2013; Khalilzadeh et al., 2020; Liu et al., 2015). 
These physical health challenges can lead to increased 
absenteeism, reduced work efficiency, and a decline in 
overall institutional productivity.

In addition to physical health concerns, psychological 
consequences of prolonged work-related stress are equally 
alarming. Faculty and administrative staff exposed to 
sustained pressure are more prone to mental health 
disorders such as anxiety, chronic stress, depression, 
and burnout (p < .001). These conditions not only 
impair personal well-being but also erode professional 
effectiveness, interpersonal relationships at work, and 
the ability to mentor or support students effectively. 
Psychological distress in academic environments 
can create a ripple effect that hampers collaboration, 
reduces innovation, and diminishes the overall quality of 
academic output.

On a global scale, the economic and societal 
implications of these mental health issues are staggering. 
According to the World Health Organization (WHO, 
2024), anxiety and depression lead to the loss of 
approximately 12 billion working days each year, 
amounting to a financial loss of around US$1 trillion in 
global productivity. This data emphasizes the urgent need 
for institutions—particularly in the education sector—
to prioritize mental health and implement preventive 
measures. Fostering a healthier work environment not 
only benefits individual employees but also strengthens 
institutional resilience and academic excellence.

The impact of the health status of university 
employees extends well beyond individual consequences, 
influencing broader institutional and societal outcomes. 
In academic environments, university employees—
particularly faculty members and administrative staff—

are integral to delivering quality education, maintaining 
operational efficiency, and fostering a positive learning 
atmosphere. When their physical or mental health 
deteriorates, these essential functions are inevitably 
affected. For instance, poor health among university 
employees has been shown to negatively influence student 
performance, academic engagement, and the overall 
university environment. A study by Abdul Manaf et al. 
(2021) found that the compromised health of Malaysian 
university employees significantly disrupted their ability 
to fulfill academic responsibilities, which in turn adversely 
impacted students and their academic experiences. This 
cascade effect underscores how staff well-being directly 
correlates with the quality of education delivered and the 
success of educational institutions.

Despite the critical role universities play in shaping 
the intellectual, social, and economic landscape of a 
country, there is a notable lack of research focused on the 
health and well-being of university employees in Saudi 
Arabia. While Saudi universities are rapidly evolving in 
response to national development goals—such as those 
outlined in Vision 2030—employee well-being remains an 
underexplored area. The scarcity of studies in this domain 
poses a challenge for evidence-based policy-making 
and the implementation of health-supportive workplace 
practices. Without a comprehensive understanding of the 
health challenges faced by university staff in the Saudi 
context, it becomes difficult to design interventions 
that ensure their well-being, which ultimately affects 
the sustainability and quality of higher education in the 
region.

Considering that employees at academic institutions 
are the cornerstone of these organizations, exploring their 
health and well-being becomes imperative. In light of the 
paucity of literature in the context of an academic setting, 
the current study seeks to describe the health indicators 
and health satisfaction of XX University employees. 
It aims to: (1) describe the prevalence of health 
indicators and health satisfaction among employees 
of XX University and compare the results between 
academicians and non-academicians, (2) investigate the 
association between health indicators, health satisfaction, 
and sociodemographic factors among employees of 
XX University, and (3) investigate the impact of health 
indicators and sociodemographic factors on health 
satisfaction among employees of XX University.

2.	 Methods
This study employed a cross-sectional descriptive-

analytical methodology. A cross-sectional approach 
seizes information from a heterogeneous sample at one 
point, thereby allowing for the assessment of associations 
between health indicators and health satisfaction among 
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employees of XX University. This kind of design helps 
detect patterns and relations without the connotation of 
causation. It is particularly appropriate for public health 
research targeting the identification of risk factors and 
disparities. The study was carried out between September 
and December 2023, utilizing the convenience sampling 
method among employees of XX University. 

2.1	 Sample
The sample size for this study was determined based 

on the total population of university employees, using 
a standard formula for calculating sample size from a 
finite population. The calculation was performed at a 
95% confidence level, with a margin of error (α) set at 
0.05, and assuming a population proportion (p) of 50%, 
a commonly used estimate when prior data on variability 
is unavailable. This conservative assumption maximizes 
the required sample size and ensures that the sample is 
sufficiently representative of the target population. The 
formula applied was:

Finite population correction formula: n’= (z^2 ₓ p ̂̂(1-
p ̂̂)/ɛ²)/(1+ (z^2 ₓ p ̂̂(1-p ̂̂))/ɛ²N)

Where (z ) is the z score (1.96), ε is the margin of 
error (5%), (p̂̂) is the population proportion (50%), and 
(N) is the population size (3846).

Based on this formula, the final calculated sample size 
required for the study was 393 participants, comprising 
both academic and non-academic university employees. 
The survey was distributed to all university employees, 
including academic faculty and administrative/support 
staff. Participation invitations were sent via official 
university email addresses, and further promoted through 
institution-affiliated social networking platforms, 
such as university-managed WhatsApp groups. This 
multi-channel dissemination strategy enhanced the 
survey’s visibility and reach, while helping to maintain 
inclusiveness of the sampling process.

The voluntary and anonymous nature of the survey 
was clearly communicated to participants to encourage 
honest and accurate responses, thereby improving data 
reliability. Recruitment was concluded once the targeted 
sample size of 393 was achieved. 

2.2	 Ethical considerations
Approval was obtained from XX University’s Ethical 

Committee (Approved no. REC-45/02/738). The goal and 
purpose of the study were outlined in the survey’s cover 
letter. Participants were informed that their participation 
in the study was optional and anonymous, and their 
privacy was protected throughout the research.

2.3	 Inclusion and exclusion criteria
Academic and non-academic employees 18 years 

old or older were invited to participate in the study. 
Employees on scholarship, maternity leave, sabbatical 
leave, or exceptional leave of more than two months were 
excluded.

2.4	 Study materials
A self-administered anonymous survey comprising 

two sections was prepared and administered to the 
participants. Before the main study, a pilot test was 
conducted on a small subset of participants to obtain 
feedback regarding the questions’ logical flow and 
clarity. After refining the questions, the survey was made 
available through official university email addresses 
and social networking to reach a maximum number of 
participants, and the response rates were tracked. After 
data collection was complete, the researchers cleaned 
the data and analyzed the responses. This systematic 
approach ensured that the survey was effective and 
reliable in gathering the appropriate information.

The first section of the survey contained the 
sociodemographic information of the participants, 
including sex, age, marital status, occupation type, and 
service duration. Occupation type was classified as either 
academic or non-academic. Academic employees are 
defined as individuals engaged primarily in teaching, 
research, or academic administrative roles, such as 
professors, lecturers, and demonstrators. Non-academic 
employees include those in supportive, clinical, 
technical, or administrative roles, such as clinicians (e.g., 
medical doctors working in university health services), 
lab technicians, IT staff, and administrative personnel. 
The job titles and functions were classified based on 
institutional employment categories provided by the 
university, while recognizing that there may be diverse 
educational backgrounds (e.g., IT or engineering degrees) 
within both groups.

The second section of the survey comprised variables 
pertaining to health indicators and health satisfaction. 
Health indicators included body mass index (BMI), 
smoking status, presence of chronic conditions, and 
physical activity. BMI was calculated by dividing each 
participant’s body weight by the square of his or her height 
(kg/m2). BMI was then categorized based on the WHO 
BMI guideline (2000) (<1 8.5 kg/m2 is underweight, 
18.5–24.9 kg/m2 is normal weight, 25.0 to 29.9 kg/m2 
is overweight, 30.0 to 34.9 kg/m2 is obese, and ≥ 35 kg/
m2 is extremely obese) (Ismail et al., 2013). Smoking 
status was measured using a single item indicating 
current smoking behavior. Current smoking was defined 
as Smoking at least 100 cigarettes or equivalent at the 
current time (WHO, 2013). This variable was measured 
using a dichotomous response (yes/no). Assessment of 
chronic conditions—such as diabetes, hypertension, or 
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hypercholesterolemia—was assessed based on a single, 
self-report item.  Participants were asked “Have you 
received a medical diagnosis of diabetes, hypertension, 
or hypercholesterolemia, or are you currently taking 
medication for any of these conditions?” Responses were 
recorded as yes or no.

To evaluate the physical activity levels, the physical 
activity subscale of the Health Promoting Lifestyle 
Profile II (HPLP-II) was used (Walker et al., 1987) . This 
subscale consists of eight positively stated items, and the 
total score is calculated by considering the mean of these 
eight items. Total scores range from 1–4 (1 = never, 2 = 
sometimes, 3 = often, and 4 = routinely exercise), with 
higher scores indicating greater participation in physical 
activity. The validity and reliability of the physical 
activity subscale have been established in prior research 
for both English and Arabic versions (Al-Khawaldeh, 
2014; Walker et al., 1987). 

Health satisfaction was defined as the degree to 
which individuals feel satisfied with the state of their  
health (Ashgar, 2022). This variable was assessed based 
on a single question: “How satisfied are you with your 
health?” Participants were required to indicate their 
level of satisfaction on a 5‐point scale ranging from 1 
(completely dissatisfied) to 5 (completely satisfied).

Statistical analysis

Data were analyzed using IBM SPSS Statistics 
(V25.0). An independent sample t-test was used to 
compare mean differences between academicians and 
non-academicians for interval variables, and a chi-
square test was used to examine associations between 
categorical variables. A two-tailed Pearson’s correlation 
test was used at an α of .05 to assess the magnitude and 
direction of the associations between interval variables. 
Multiple regression analysis was conducted to measure 
the impact of health indicators and sociodemographic 
factors on health satisfaction among the employees of XX 
University. Statistical significance was set at p < 0.05.

3.	 Results
3.1	 Sample characteristics
The mean age of the participants in this study was 

42.42 years (SD = 6.19). Most were women (64.1%), 
married (81.7%), and academicians (61.1%). Table 1 
presents the detailed demographic characteristics.

3.2	 Health indicators and health satisfaction
More than half of the participants (53.4%) reported 

having at least one chronic condition, with hypertension 
(20.6%), high cholesterol (13.7%), and diabetes (13.0%) 
being the most commonly reported conditions. Most of 
the participants were non-smokers (96.2%), however, 

a significant proportion were overweight, obese, or 
extremely obese (72.5%), and nearly half had never 
engaged in exercise behaviors (48.1%). The mean (SD) 
for BMI of the participants was 29.14 (12.42), the mean 
(SD) for exercise participation was 2.05 (0.80), the mean 
(SD) for health satisfaction was 3.64 (0.93). Table 2 
provides further details on health indicators and exercise 
behaviors.

3.3	 Comparison of health indicators and 
health satisfaction between academicians and non-
academicians

Health indicators and health satisfaction were 
compared between academicians and non-academicians. 
Non-academicians were more likely to be satisfied with 
their health (M=3.73, range 1-5) (p=.009), more likely 
to be smokers (80%) (p<.001), and less likely to engage 
in routine physical exercise (0%) (p= .049) compared to 
academicians. However, no significant differences were 
observed in chronic conditions (p = .436), BMI (p = 
.514), and exercise behaviors (p = .711). 

3.4	 Correlation between health indicators and 
health satisfaction

Pearson’s r correlation coefficient was used to 
examine the relationships among intervale variables, and 
chi-square test was used for nominal variables. BMI was 
found to be significantly associated with age (r = .23, p < 
.001), sex (Eta= .02, p < .001), social status (Eta= .08, p 
< .001), job type (Eta= .03, p < .001), years of experience 
(r = .17, p < .001), presence of chronic conditions (Eta = 
.16, p < .001), and smoking status (Eta = .30, p <.001). 
Having chronic conditions was significantly associated 
with age (Eta= .06, p < .001),  sex (phi = -.20, p < .001), 
years of experience (Eta= .03, p < .001), and BMI (Eta 
= .16, p < .001). Exercise behavior was found to be 
significantly associated with sex (Eta= .11, p < .001), 
social status (Eta= .25, p < .001), job type (Eta= .02, p < 
.001), and having chronic conditions (Eta= .09, p < .001). 

Smoking status was significantly associated with age, 
(Eta= .05, p= .002) sex (phi = .27, p < .001), social status 
(phi= .16, p= .037), job type (phi =.17, p < .001), years 
of experience (Eta= .017, p < .001), BMI (Eta= .30, p < 
.001), having chronic conditions (phi =.19, p < .001), and 
physical exercise (Eta= .03, p < .001). Health satisfaction 
was significantly associated with sex (Eta= .23, p < .001), 
social status (Eta= .13, p= .009), job type (Eta= .19, p=  
.006), and having chronic conditions (Eta= .21, p= .003) 
(Table 3).

3.5	 Effect of health indicators on health 
satisfaction

Multiple regression analyses was conducted to 
evaluate the effect of health indicators and demographic 
factors (age, sex, social status, job type, years of 
experience, BMI, having chronic conditions, exercise 
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behaviors, and smoking status) on health satisfaction. 
However, the model revealed a non-significant effect 
on health satisfaction (F = 1.00, p = .438). In addition, 
years of experience was the only variable that revealed a 
significant partial effect on health satisfaction (t = -2.05, 
p = .041).

4.	 Discussion
This study investigated key health indicators and 

overall health satisfaction among university employees, 
revealing a concerning pattern of poor health outcomes 
within the sample. Notably, 53.4% of respondents reported 
having at least one chronic disease, while 72.5% were 
classified as overweight or obese, and 48.1% engaged 
in insufficient physical activity. Despite these alarming 
statistics, overall health satisfaction was reported at a 
moderate level (M = 3.65 on a 5-point scale), indicating 
a possible disconnect between individuals’ perceptions 
of their health and actual health status. These findings 
align with prior research conducted in a Malaysian 
public university, where similar patterns of physical 
inactivity and high prevalence of overweight and obesity 
were observed among academic and non-academic staff 
(Abdul Manaf et al., 2021). This consistency suggests that 
university employees, regardless of national context, may 
be particularly vulnerable to health risks due to sedentary 
job demands, high work-related stress, and limited 
opportunities for physical activity during the workday. 

Furthermore, the current study found that chronic 
health conditions were significantly associated with sex, 
a trend consistent with national-level data. According to 
the Household Health Survey conducted by the General 
Authority for Statistics (2018), women in Saudi Arabia are 
1.4% more likely than men to develop chronic conditions, 
pointing to possible gender-based disparities in lifestyle, 
healthcare access, or biological risk factors.

The health issues identified in this study reflect 
broader national and global public health challenges. 
Chronic non-communicable diseases (NCDs)—such 
as cardiovascular disease, diabetes, chronic respiratory 
conditions, and cancer—are the leading causes of 
mortality and healthcare expenditure worldwide. In 
Saudi Arabia, the burden of these diseases is particularly 
significant. According to the World Health Organization 
(WHO, 2021), chronic conditions accounted for 41 billion 
SAR, or 35.0% of total government health expenditure, in 
2019. The mortality statistics are equally concerning: in 
2020, nearly 20,000 deaths in the Kingdom were attributed 
to the four main chronic conditions—cardiovascular 
diseases (47.0%), diabetes (41.0%), chronic respiratory 
diseases (8.0%), and cancer (4.0%) (WHO, The Kingdom 
of Saudi Arabia, 2021).

These findings underscore the urgent need for 
targeted health interventions and workplace wellness 
strategies within the university setting. As universities 
are both knowledge hubs and major employers, they have 
a critical role to play in promoting healthier lifestyles, 
supporting disease prevention, and reducing the overall 
burden of chronic illnesses among their employees. 
Addressing these issues is not only a matter of individual 
health but also a strategic imperative for enhancing 
workforce productivity and achieving broader national 
development goals, such as those outlined in Saudi Vision 
2030.

In the current sample, the prevalence of overweight 
and obesity was alarmingly high, reaching 72.5%. 
This is significantly higher than the national weighted 
prevalence of obesity (BMI ≥ 30) in Saudi Arabia, which 
stood at 24.7% in 2020, according to Althumiri et al. 
(2021). Within the study sample, 34.3% of participants 
met the criteria for obesity, indicating a substantially 
elevated health risk compared to the general population. 
This discrepancy may be attributed to the specific 
characteristics of university employees, who often engage 
in sedentary work, experience high levels of stress, and 
may lack time or access to regular physical activity, all of 
which are known contributors to weight gain.

Further analysis revealed that certain subgroups 
within the sample were at greater risk for elevated body 
mass index (BMI). Specifically, older adults, male, 
academicians, individuals with longer years of work 
experience, those diagnosed with one or more chronic 
diseases, and smokers were more likely to have higher 
BMIs compared to their counterparts. These findings 
align with existing literature, which identifies age, 
smoking, chronic illness, and occupational factors as 
significant predictors of overweight and obesity (Bonde 
& Viikari-Juntura, 2013). The accumulation of risk over 
time—whether through age-related metabolic changes, 
chronic disease comorbidity, or prolonged exposure 
to occupational stress—may partly explain these 
associations.

Previous studies have consistently shown that being 
overweight or obese, particularly when combined with 
other risk factors such as chronic disease, smoking, and 
physical inactivity, can significantly contribute to the 
decline of both physical and psychological health (Jia 
& Liu, 2021; Lavallee et al., 2021). The consequences 
include a higher risk for cardiovascular disease, type 2 
diabetes, musculoskeletal problems, depression, and 
reduced quality of life. Moreover, these health conditions 
can lead to decreased work productivity, increased 
absenteeism, and greater healthcare costs, all of which 
have implications for both individual well-being and 
institutional efficiency (Alsalem & Alhaiz, 2021).
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These findings underscore the urgent need for 
targeted health promotion programs within university 
settings, particularly those aimed at weight management, 
smoking cessation, chronic disease prevention, and 
lifestyle modification. By addressing these interconnected 
risk factors, institutions can play a proactive role in 
safeguarding employee health and supporting national 
efforts—such as those outlined in Saudi Vision 2030—
to reduce the prevalence of lifestyle-related diseases and 
promote a healthier, more productive workforce.

On average, participants in the current study reported 
moderate satisfaction with their health, with a mean score 
of M = 3.64 (SD = 0.93) on a five-point scale. This level 
of self-reported health satisfaction suggests that, despite 
the presence of concerning health indicators such as 
overweight, chronic diseases, and physical inactivity, 
many individuals still perceive their overall health in a 
relatively positive light. This finding is consistent with 
data from the General Authority for Statistics (2018), 
which reported that 95.0% of Saudi adults rated their 
health as good, highlighting a widespread trend of 
favorable self-perceived health among the population, 
even when objective health indicators may suggest 
otherwise.

Prior research has demonstrated a strong correlation 
between self-rated health and various domains of well-
being, including physical health status, mental health 
conditions, and cognitive functioning (Caramenti & 
Castiglioni, 2022). Self-perceived health is often used 
as a proxy for broader quality-of-life measures and is 
known to predict health outcomes such as morbidity and 
mortality. However, it remains a subjective measure, 
heavily influenced by individual expectations, personal 
experiences, cultural norms, and social comparisons.

Interestingly, the current study found that objective 
health indicators—such as BMI, presence of chronic 
disease, physical inactivity, and smoking status—did 
not significantly predict health satisfaction among 
participants. This suggests that health satisfaction is 
not always directly aligned with clinical or behavioral 
health measures, supporting the notion that it is a 
highly subjective and multidimensional construct. This 
disconnect may be due to psychological adaptation, 
differing personal thresholds for what constitutes “good 
health,” or social influences that shape how individuals 
assess their own health relative to others.

While academicians are traditionally associated 
with core academic functions such as teaching, research, 
and publishing, recent evidence highlights a growing 
expansion in their professional responsibilities. As 
noted by Awang et al. (2021), the role of academicians 
increasingly includes administrative duties, participation 
in student development initiatives, engagement in 

community outreach, and continuous professional 
development activities. These additional obligations 
significantly extend their workload and may contribute to 
heightened levels of stress, time pressure, and work-life 
imbalance.

In the current study, academicians reported 
lower levels of health satisfaction compared to non-
academicians, a finding that may be linked to the 
cumulative burden of their diverse responsibilities. The 
pressure to meet teaching targets, publish in reputable 
journals, secure research funding, fulfill committee 
obligations, and contribute to institutional governance 
may leave academicians with limited time or energy 
to attend to their personal well-being. However, when 
multiple regression analysis was conducted to evaluate 
the effects of various health indicators and demographic 
factors—including age, sex, social status, job type, years 
of experience, BMI, presence of chronic conditions, 
exercise behaviors, and smoking status—the model did 
not significantly predict health satisfaction. This suggests 
that while some individual factors may correlate with 
lower health satisfaction, their combined impact may not 
be sufficient to explain variation in health satisfaction 
when considered together. These findings are consistent 
with previous research indicating that role overload and 
work intensification are common stressors in academic 
environments, often contributing to mental fatigue and 
physical health deterioration (Halat et al., 2023).

Interestingly, despite their lower health satisfaction, 
academicians in this study were less likely to be smokers 
and more likely to engage in regular physical activity 
compared to their non-academic counterparts. This could 
be attributed to their higher levels of education and health 
literacy, which may positively influence health-related 
attitudes and behaviors. Academicians may be more aware 
of the long-term health risks associated with smoking and 
the benefits of physical exercise, prompting them to adopt 
healthier lifestyle practices even in the face of demanding 
schedules. However, the study found no significant 
differences between academicians and non-academicians 
across other key health indicators, such as the prevalence 
of chronic disease, BMI, or overall physical inactivity. 
This suggests that while some behavioral differences 
exist—particularly in smoking and exercise habits—the 
broader health status of both groups is similarly affected 
by shared workplace conditions and systemic challenges, 
such as sedentary work environments, limited institutional 
support for wellness, and cultural norms surrounding 
health practices.
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4.1	 Limitations and strengths 
The limitations of this study need to be acknowledged. 

First, the cross-sectional nature of the research design 
and the absence of specific measures, such as assessing 
employees’ responsibilities and social and psychological 
health measures, were not taken into consideration. 
Second, the sample was not nationally representative, 
as it only included participants from a single public 
university; thus, the generalization of the study’s findings 
is limited. Third, given the voluntary nature of survey 
participation, there is a potential for responder bias, 
whereby individuals with a heightened interest in health 
and wellbeing—or those experiencing related concerns—
may have been more inclined to participate. This may 
limit the generalizability of the findings to the broader 
university employee population. Lastly, the use of a 
single item to measure health satisfaction restricted the 
ability to explore its specific attributes. Nevertheless, the 
single item has been used to measure health satisfaction 
in numerous prior studies and has proven to have strong 
psychometric properties (Ashgar, 2022). 

Despite these limitations, the study followed the 
guidelines for reporting observational studies (Von Elm 
et al., 2008) to strengthen the validity of the findings. To 
our knowledge, ours is the first study to describe health 
indicators and health satisfaction among university 
employees in Saudi Arabia. Our findings indicate that 
several health risks are prevalent among university 
employees. The data from this study may guide 
university management to develop preventive programs 
and initiatives to promote the health of their employees. 
These findings can also assist nursing researchers and 
healthcare professionals promote the quality of life in the 
workplace. 

Future research should include an interventional 
and longitudinal approaches and consider a more 
robust research design with comparative groups, which 
would offer a more explanation and wider view of the 
phenomenon. Incorporating explicit measures of social 
and psychological health in future research is needed 
to provide a more comprehensive assessment of overall 
wellbeing. Universities’ ability to operate effectively, 
grow sustainably, and achieve their intended goals require 
them to prioritize promoting employees’ health.

4.2	 Implications for Occupational Health 
Pract ice

Employees play a crucial role in the functioning 
of universities. As universities compete for excellence, 
their employees are facing increased pressure to meet 
stakeholders’ demands. This study highlights several 
key implications for promoting the health of university 
employees. Interventions aimed at reducing risk factors 
and promoting health are needed. Universities could 
launch inclusive wellness programs that cater to various 

aspects of employee well-being, encompassing physical, 
mental, and social health. According to Lloyd et al. 
(2017), wellness programs  to support long-term healthy 
behaviors that are  grounded  in theory are the most 
effective at producing positive results for employees. 
They outlined how a large university made use of its 
current resources to design, create, and carried out an 
extensive program for employee well-being that was 
grounded in theory (Lloyd et al., 2017). Such programs 
promise to support employees’ health, thereby improving 
organizational productivity. These initiatives and 
interventions have the potential to appeal to investors 
who place importance on environmental, social, and 
governance factors (Organization for Economic Co-
operation and Development, 2022). 

Job type and responsibilities should be taken into 
consideration in designing interventions to improve 
health among university employees. Academicians who 
are overburdened with both academic and extracurricular 
responsibilities may experience stress related to their 
jobs, potentially resulting in unsatisfactory work which 
could harm the university’s reputation. Awang et al. 
(2022) found that 9.3% of the variation in job-related 
stress among academicians is explained by non-academic 
responsibilities. Non-academicians may face different 
stressors that could compromise the quality of their work. 
Given that the prevalence of some health indicators 
differs between academicians and non-academicians 
(e.g., smoking status [p < .001], exercise habits [p = .049], 
and health satisfaction [p = .009]), health promotion 
initiatives should be targeted to specific groups. 

Additionally, developing comprehensive physical, 
psychological, and social health services for university 
employees is crucial for improving their quality of life. 
Of the several health risk factors identified in the current 
study, some were social or demographic in nature: for 
example, having at least one chronic condition (53.4%), 
being overweight or obese or extremely obese (72.5%), 
and never exercising (48.1%). Thus, universities should 
provide holistic healthcare services, which adopt an 
interdisciplinary approach that emphasizes lifestyle 
changes, to promote employees’ quality of life. 

Given the observed differences in health indicators 
between academicians and non-academicians , 
establishing a campus climate that is favorable to 
health is essential. Healthy campus environments foster 
diverse perspectives on living, studying, and working on 
campus, offering opportunities for personal development 
and upholding democratic ideals (Northeastern Illinois 
University, n.d.). In such a climate, employees’ workload 
and duties could be negotiable, improving their work 
satisfaction and quality of life (Faria et al., 2021). 
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5.	 Conclusions
Based on the results, it can be concluded that several 

health risk factors are prevalent among the sample, 
underscoring the potential associations between health 
indicators, health satisfaction, and demographic factors. 
To support the objectives of  Saudi Vision 2030 and the 
university goals, attention needs to be paid to addressing 
employees’ health and promoting the quality of health. 
The study findings have several implications, including 
developing health initiatives considering employees’ job 
type and demographic factors; providing comprehensive 
physical, psychological, and social health services for 
university employees; and establishing a healthy campus 
environment. Replicating this study with a larger sample 
using a more robust study design would provide more 
understanding of the impact of health indicators and 
demographic factors on health satisfaction.
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Table 1: Comparing Demographic Characteristics of Participants by Job Type (n = 393)

Characteristics Total number 
(n [%])

Academicians 
(n [%])

Non-Academicians
(n [%])

p

Total participants 393 (100) 240 (61.1) 153 (38.9)
Age Mean (SD) 42.42 (6.19) 43 (5.87) 41.51 (6.57) .020
Sex Male 

Female
141 (35.9)
252 (64.1)

51 (13.0)
189 (48.1)

90 (22.9)
63 (16)

< .001

Years of 
experience

Mean (SD) 12.66 (5.49) 11.89 (5.71) 13.86 (4.91) < .001

Social status Single
Married 
Divorced
Separated
Widower

42 (10.6)
321 (81.7)
18 (4.6)
9 (2.3)
3 (0.8)

21 (5.3)
192 (48.9)
18 (4.6)
6 (1.5)
3 (0.8)

21 (5.3)
129 (32.8)

0 (0)
3 (0.8)
0 (0)

.003

Have at least one 
chronic condition

Yes
No

210 (53.4)
183 (46.6)

132 (33.6)
108 (27.5)

78 (19.8)
75 (19.1)

.436

Smoking status Yes
No 

15 (3.8)
378 (96.2)

3 (0.8)
237 (60.3)

12 (3.0)
141 (35.9)

< .001

BMI Under weight
< 18.5
Normal weight
18.5–24.9
Over weight
25.0–29.9
Obese
30.0–34.9
Extremely obese
≥ 35
Mean (SD)

6 (1.5)

102 (26.0)

150 (38.2)

85 (21.6)

50 (12.7)

29.14 (12.42)

3 (0.8)

57 (14.5)

98 (25.0)

52 (13.2)

33 (8.4)

28.81 (6.85)

3 (0.8)

45 (11.5)

52 (13.2)

33 (8.4)

17 (4.3)

29.65 (17.99)

.580

.210

.230

.940

.440

.514
Exercise habits Never 

(1–1.9)
Sometimes 
(2–2.9)
Often 
(3–3.9)
Routinely
(4)

189 (48.1)

135 (34.4)

63 (16.0)

6 (1.5)

114 (29.0)

87 (22.2)

33 (8.4)

6 (1.5)

57 (19.1)

48 (12.2)

30 (7.6)

0 (0)

.770

.320

.120

.049

Total exercise 
habits

Mean (SD) 2.05 (0.80) 2.06 (0.78) 2.03 (0.82) .711

Health satisfaction Mean (SD) 3.64 (0.93) 3.59 (0.98) 3.73 (0.85) .009
Note. SD = standard deviation, BMI = body mass index.
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Table 2: Health Indicators and Exercise Behaviors (n = 393)

Mean (SD)Variable
29.14 (12.42)BMI

Total number (n [%])Variable
15 (3.8)

81 (20.6)
51 (13)

54 (13.7)
9 (2.3)
21 (5.3)
36 (9.2)
15 (3.8)
39 (9.9)
15 (3.8)
36 (9.2)
3 (0.8)

Smoking
Chronic conditions:
1. Blood pressure
2. Diabetes
3. High cholesterol
4. Heart disease
5. Sickle cell anemia, Mediterranean anemia, or any blood disease
6. Thyroid gland disorders
7. Liver or kidney disease
8. Asthma or chronic lung disease
9. Arthritis 
10. Depression or anxiety
11. Cancer

Mean (on a scale 1–4)Exercise Behaviors:
2
2

2

2

2
3

2
2

1. Follow a planned exercise program
2. Exercise vigorously for 20 or more minutes at least three times a week 
(such as brisk walking, bicycling, aerobic dancing, using a stair climber).
3. Participate in light-to-moderate physical activity (such as sustained 
walking 30–40 minutes 5 or more times a week).
4. Participate in leisure-time (recreational) physical activities (such as 
swimming, dancing, bicycling).
5. Perform stretching exercises at least 3 times per week.
6. Engage in exercise during usual daily activities (such as walking 
during lunch, using stairs instead of elevators, parking car away from 
destination and walking).
7. Check pulse rate when exercising.
8. Reach target heart rate when exercising

Note. SD = standard deviation, BMI = body mass index
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Table 3: Correlations Between Health Indicators and Health Satisfaction Among Employees of XX University  
(n = 393)

Age Sex Social 
status

Job 
type

Years of 
experience

BMI Chronic 
disease

Exercise 
behaviors

Smoking 
status

Health 
satisfaction

Age Value 
p

1

Sex Value 
p

.10
< .001

1

Social 
status

Value 
p

.16
< .001

.21
.001

1

Job type Value 
p

.12
< .001

.38
< .001

.20
.003

1

Years of 
experience

Value 
p

.47
< .001

.009
< .001

.22
< .001

.17
< .001

1

BMI Value 
p

.23
< .001

.02
< .001

.08
< .001

.03
< .001

.17
.001

1

Chronic 
disease

Value 
p

.06
< .001

-.20
< .001

.12
.258

-.04
.436

.03
< .001

.16
< 

.001

1

Exercise 
behaviors

Value 
p

.07
.196

.11
< .001

.25
< .001

.02
< .001

.05
.343

-.05
.312

.09
< .001

1

Smoking 
status

Value 
p

.05
.002

.27
< .001

.16
.037

.17
< .001

.017
< .001

.30
< 

.001

.19
< .001

.03
< .001

1

Health 
satisfaction

Value 
p

.03
.060

.23
< .001

.13
.009

.19
.006

-.05
.32

.01

.85
.21
.003

-.04
.46

.14

.10

Note. BMI = body mass index.



23

Journal of the North for Basic and Applied Sciences (JNBAS), Vol. (10) - Issue (2), November 2025 - Jumada-Al-Awal 1447H	 23-39

Cysteine-rich receptor-like kinases in Arabidopsis thaliana: Properties 
and Functions in Stress Responses and Development
Fatima Omari Alzahrani  
Department of Biology, Faculty of Sciences, Al-Baha University, Saudi Arabia

(Received: 15th July 2025; Accepted: 7th October 2025)

Abstract
Cysteine-rich receptor-like kinases (CRKs) constitute a significant subfamily of receptor-like kinases (RLKs) that are essential elements 
in numerous signal transduction pathways. This review synthesizes current knowledge on the evolutionary background, structural 
characteristics, and functional diversity of the CRKs in Arabidopsis thaliana. The whole genome and tandem duplications have resulted 
in the emergence of 44 members of the CRKs subfamily in Arabidopsis, predominantly located on chromosome 4. Recent research 
increasingly demonstrates that CRK has a role in various physiological processes, including activation of immunological responses to 
biotic stimuli, and regulation of reactive oxygen species (ROS), abiotic stress responses, plant growth and development. The concept 
of functional redundancy within the CRK family is explored, proposing that closely related genes may compensate for one another’s 
responsibilities. This work develops a fundamental understanding of CRKs, offering a baseline for subsequent research on the CRK 
family, including other species of agricultural significance.

Keywords: Cysteine-rich receptor-like kinases, Pathogen defense, Stress responses, Reactive oxygen species (ROS), Immunological 
responses.
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1.	 Introduction
Plants must navigate various challenges throughout 

their lives, including adapting to a dynamic environment 
and less-than-ideal growth conditions. Stress has a 
significant impact on reproduction. Typically, the 
onset of early flowering is commonly associated with 
environmental pressures, leading to accelerated seed 
maturation and successful reproduction [1,2]. Grain 
yield and biomass are key factors influenced by stress, 
making them the primary focus of plant research aimed 
at enhancing stress tolerance. Plants have developed 
various strategies to enhance growth in response to 
fluctuating environmental conditions. For instance, 
plants have the capacity to maintain reproductive fitness 
and buffer water/nutrient deficits by employing vacuolar 
storage and osmotic adjustment. Additionally, they are 
capable of adjusting to variations in light intensity and 
temperature. Programmed cell death (PCD) is employed 
as a defense mechanism against diseases, effectively 
inhibiting the entry and proliferation of pathogens. The 
process of leaf abscission is utilized as a means to remove 
infected leaves in order to protect the overall health of the 
plant [3-6].. In order to react to both biotic and abiotic 
challenges, the first and most crucial step is to perceive 
environmental signals. Various environmental factors 
trigger the activation or deactivation of distinct signal 
transduction pathways. Protein kinases play a crucial 
role in the perception of environmental signals and 
subsequent response at different stages. Plants possess 
a significantly higher number of kinases in comparison 
to other organisms. As an example, when comparing 
the human genome to that of Arabidopsis and rice, it is 
observed that the latter two have a significantly higher 
number of protein kinases. Arabidopsis has over 1000 
protein kinases, while rice has over 1400 protein kinases, 
highlighting the significance of kinases in plants for 
sophisticated environmental sensing, stress response, and 
other developmental processes via distributed signaling 
networks essential for survival in the absence of mobility 
[7,8]. Plants have receptor-like protein kinases (RLKs) 
that are similar to the receptor protein kinases found in 
animal genomes, and function as part of signaling systems 
between cells and their surrounding microenvironment 
[9-11]. Studies have shown that Arabidopsis has over 
600 members of RLK, while rice has approximately 1100 
[12]. 

Recent studies have initiated the functional 
characterization of subclass-specific receptor-like 
kinases (RLKs) in other crops such as wheat and 
maize. For example, a comprehensive phylogenomic 
investigation revealed over 3,400 RLK genes in wheat. 
A number of genes were confirmed via qRT-PCR to 
be responsive to drought or Fusarium graminearum 
infection [13]. TaCrRLK1L16 has been demonstrated to 
be transcriptionally activated after Puccinia striiformis 

infection, and overexpression improves wheat resistance, 
supporting the subclass’s mechanistic function in 
immunity [14]. Furthermore, 248 L-type lectin receptor-
like kinases (LecRLKs) were identified in wheat, with 
subclass members such as TaL-LecRLK35-3D and 
TaL-LecRLK67-6B/A exhibiting stress-responsive 
expression patterns [15]. A comprehensive genome-wide 
investigation of maize found 205 LRR-RLKs, several of 
which were upregulated during Fusarium verticillioides 
infection [16]. Functional validation of the RLCK subclass 
member ZmBLK1 verified its role in pathogen defence 
by restoring immunological deficits in Arabidopsis bik1 
mutants and increasing maize resistance to Clavibacter 
michiganensis [17].  Despite these advances, the 
subclass-specific signalling roles of RLKs in essential 
agricultural crops remain poorly understood. Numerous 
RLK subclasses remain poorly characterised in terms of 
essential mechanistic characteristics such as co-receptor 
interactions, ligand recognition, and downstream 
signalling cascades [9].

In recent years, there has been significant research 
dedicated to understanding their physiological and 
mechanistic roles in various aspects of plant biology. 
These include plant development, responses to abiotic 
stress, plant immunity, and symbiosis. Recent advances 
highlight the practical importance of RLK research in 
enhancing crop resilience and yield. The overexpression 
of Oryza sativa Large Spike S-domain Receptor-Like 
Kinase 1 (OsLSK1), enhanced rice panicle architecture 
and yield [18]. Similarly,the overexpression of Triticum 
aestivum Brassinosteroid-Insensitive 1 (TaBRI1) 
in wheat correlated with accelerated flowering and 
enhanced seed production [19]. Research has shown 
that genes like Oryza sativa Salt Tolerance Receptor-like 
Cytoplasmic Kinase 1(OsSTRK1), which regulates salt 
tolerance through ROS and Glycine soja Leucine-Rich 
Repeat Receptor-Like Protein Kinase (GsLRPK), which 
confers cold tolerance in soybean can be overexpressed 
or modified to improve resilience without significant 
yield losses [18,20] . Certain RLKs function as negative 
regulators; for instance, Oryza sativa Salt Intolerance 1 
(OsSIT1) enhances salt sensitivity in rice, however, the 
natural haplotype Hap2 exhibits significantly reduced 
kinase activity compared to the standard haplotype 
(Hap1). Therefore, It was reported that the overexpression 
of Hap2-SIT1 in rice facilitated normal development and 
mitigated ROS accumulation under salt stress, while 
overexpression of Hap1-SIT1 detrimentally affected 
both growth and stress tolerance [21]. These findings 
emphasize the potential application of elite RLK alleles 
in marker-assisted breeding or transgenic approaches in 
crops improvement.

The majority of RLKs are located in the plasma 
membrane and act as sensors to detect environmental 
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signals such as hormones or Pathogen-Associated 
Molecular Patterns (PAMPs) [22,23]. Wall-Associated 
RLK (WAKs) are located in the cell wall, where their 
extracellular domains interact directly with pectin or 
oligogalacturonides. This allows them to monitor the 
cell wall’s integrity while also controlling its growth 
and stress response [24,25]. A specific group comprises 
Receptor-Like Cytoplasmic Kinases (RLCKs), which are 
exclusively localised in the cytoplasm and function as 
signal carriers downstream of plasma membrane receptors, 
lacking of extracellular or transmembrane domains [26]. 
Furthermore, many RLKs are subjected to proteolytic 
cleavage, leading to the release of their intracellular 
kinase domains. This facilitates the translocation and 
regulation of alternative signalling pathways, potentially 
involving nuclear processes [27]. 

The three primary components of an RLK are a 
protein kinase catalytic domain (PKC), a transmembrane 
domain (TM), and an extracellular ligand-binding 
domain (ECLB) [28,29]. The PKC domain is located 
within the intracellular domain and plays a central role 
in the signaling cascade [30]. It contains the serine/
threonine kinase domain that is responsible for its kinase 
activity. The TM domain, which usually consists of 22-
28 amino acids, facilitates signal transduction between 
the extracellular and intracellular domains [30]. It is 
responsible for transferring signals to the intracellular 
realm. The ECLB domain of RLKs greatly contributes 
to their functional diversity, making them one of the 
most functionally versatile gene families in plants [30]. 
It exhibits significant variation between RLKs and 
commonly incorporates distinct motifs that facilitate 
the binding of ligands. The majority of RLKs possess 
the N-terminal signal peptide (SP) located in the ECLB 
domain, with the exception of those containing epidermal 
growth factor-like repeats (EGFs). SP is important for 
attaching the protein in the endoplasmic reticulum and 
detecting extracellular signals during protein synthesis 
[30]. SP variation categorizes RLKs into over 44 subclasses 
[31]. The Cysteine-Rich Receptor-Like (CRKs) are a 
significant subgroup of RLKs in higher plants. It is worth 
mentioning that the abbreviation CRK has also been 
used for a different group of protein kinases, namely the 
CALCIUM-DEPENDENT PROTEIN KINASE (CDPK/
CPK)-RELATED KINASEs [32].

RLKs identify a variety of ligands with significant 
biochemical specificity; yet, their signalling outcomes 
may differ based on stress conditions. Examples of ligands 
include pathogen-associated molecular patterns (PAMPs) 
such as the 22–amino acid peptide epitope derived from 
bacterial flagellin (flg22) and the 18–amino acid peptide 
epitope derived from the N-terminal region of bacterial 
elongation factor (elf18). [25,33,34]. In Arabidopsis, 

under normal conditions, FLAGELLIN-SENSING 2 
(FLS2) recognises the bacterial flagellin peptide flg22, 
while ELONGATION FACTOR Tu RECEPTOR (EFR) 
identifies the elongation factor elf18. In Arapidopsis, it 
was shown that while the specificity of ligand-receptor 
interactions is maintained, abiotic stresses can alter 
apoplastic pH, reactive oxygen species (ROS) levels, 
receptor concentrations, or membrane dynamics, thereby 
affecting the magnitude and outcomes of FLS2-flg22 and 
EFR-elf18 signalling without changing their specificity 
[33,35,36]. Further examples of ligand include peptide 
hormonessuch as Rapid Alkalinization Factors (RALF) 
peptides. FERONIA (FER) is part of the Catharanthus 
roseus receptor-like kinase 1-like (CrRLK1L ) protein 
subfamily, which plays a role in plant reproduction, 
abiotic stress, biotic stress, and various molecular 
mechanisms. It mainly interacts with demethylesterified 
pectin. However, under stress conditions like salinity or 
heat, RALF peptides and pectin engage in dynamic protein 
interactions and phase separation. This process recruits 
FER along with the small co-receptor LRE-like GPI-
anchored protein 1 (LLG1i) and the Leucine-Rich Repeat 
extensins (LRXs) [37]. This triggers various signaling 
pathways such as calcium influx, ROS production, and 
Rho-of-Plant (ROP) signaling [37].

A number of studies have addressed the roles of 
CRKs in various plant species; however, the majority 
have focused on individual members or particular stress 
pathways. A detailed synthesis of the evolutionary 
history, structural characteristics, and several functions 
of CRKs in Arabidopsis is currently lacking. This review 
will provide a detailed overview of CRKs in Arabidopsis, 
including their evolutionary diversification, domain 
organisation, and signalling roles in ROS regulation, 
pathogen defence, abiotic stress responses, and plant 
growth.

2.	 The evolutionary history of CRKs in 
Arabidopsis thaliana

CRKs are found in a wide range of vascular plants, 
but interestingly, they are not present in bryophytes and 
algae [38]. In Arabidopsis, a study revealed that a total 
of 38 members of the CRKs subfamily are located on 
chromosome 4, with 34 of them being found in tandem 
repeats [39]. Based on the phylogenetic relationships 
among CRKs genes in the tandem repeats, it was inferred 
that there was at least one intrachromosomal duplication 
event in the region containing the tandem repeats. 
Throughout evolution, CRKs have greatly increased 
their lineage, particularly through more recent tandem 
duplication and the selective preservation of duplicates 
after whole-genome duplication [38]. Several CRKs 
exhibit a significant degree of sequence similarity and are 
arranged in consecutive arrays on the chromosome, as 
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observed in Arabidopsis. The CRK tandem duplications 
primarily arose from unequal crossover or homologous 
recombination events. The development of CRK primarily 
occurred through unequal crossover or homologous 
recombination events [38]. These tandem repeats of 
CRKs have been proposed to be correlated with stress 
responses in order to facilitate stress-adaptive evolution. 
This is due to the fact that the majority of clustered CRKs 
are involved in the adaptation to environmental stimuli 
and pathogen infection. 

The protein’s extracellular domain consists of 
two copies of the DUF26 domain (the DOMAIN OF 
UNKNOWN FUNCTION 26) (Fig. 1). This domain 
contains four conserved cysteines, three of which form the 
C-8X-C-2X-C motif [36]. Two DUF26s are present in 41 
of the 44 CRKS in Arabidopsis, while the remaining three 
(CRK43, CRK44, CRK45) lack either a DUF26 or a TMD 
and their cytoplasmic location allows them to interact 
with plasma membrane (PM)-localized CRKs [40]. 
There are two genes in the present Arabidopsis genome. 
The first gene, At4g11500 (CRK35), is a pseudogene. 
The second gene, At4g23170 (CRK9), does not have 
any identifiable extracellular domain, signal peptide, or 
full kinase domain. The DUF26 domain is present also 
in cysteine-rich receptor-like secreted proteins (CRRSPs) 
and plasmodesmata-localized proteins (PDLPs), which 
are grouped together with CRKs in the DUF26-containing 
protein family under RLKs [38]. It is highly probable that 
the CRKs emerged as a result of the fusion between a 
CRRSP containing DUF26 and LRR_clade_3 RLKs, 
which possess only a TM domain and a kinase domain 
[38]. It is widely accepted that this fusion event occurred 
in a shared ancestor of vascular plants [38].

Figure 1: Typical domain structure of Cysteine-rich 
Receptor-like Kinases (CRKs), illustrating the extracellular 

DUF26 cysteine-rich motifs for redox sensing and ligand 
recognition, a transmembrane helix for membrane 

anchoring, and a serine/threonine kinase domain for signal 
transduction.

In various analyses, including multi-omics and 
molecular genetic approaches, a total of 1074 CRKs have 
been found in 14 different crops such as 50 CRKs have 
been identified in rice, while Zea mays has been found to 
have 30. However, a total of 63 CRKs have been identified 
as key players in the regulation of plant immunity, abiotic 
stress responses (such as salinity, osmosis, oxidation, and 
heat), and growth and development ([40-46]. 

The CRK subfamily of RLKs is often highlighted 

for its significant size, but this aspect has not been 
thoroughly explored in research. CRKs are essential 
for regulating a wide range of cellular processes. These 
include controlling the influx of Ca2+, maintaining 
ROS homeostasis, activating the MAPK cascade, and 
facilitating the deposition of callose. These processes 
play a crucial role in various physiological functions, 
including stomatal closure, expression of pathogenesis-
related (PR) genes, and PCD. Based on the amino acid 
sequences of the coding region, the 44 Arabidopsis 
CRKs are categorised into five separate groups (Fig 2). 
Comparable groupings are recognized in evolutionary 
trees according to the intracellular kinase domain and the 
extracellular area. It is proposed that the extracellular and 
intracellular domains of Arabidopsis CRKs co-evolved.

Figure. 2: Maximum-likelihood phylogenetic tree of the 
Arabidopsis thaliana CRK gene family. Clades are color-

coded and bootstrap support values are shown at the 
nodes. Amino acid sequences for all A. thaliana CRKs were 
obtained from TAIR10 (https://www.arabidopsis.org). The 

tree was inferred in MEGA11 [47] using the maximum-
likelihood method.

3.	 Structure of CRKs in Arabidopsis
3.1	 Gnk2-like domain (DUF26)
In Arabidopsis, the extracellular region of CRKs is 

found to contain the Gnk2-like domain. 

The Gnk2-like superfamily is a significant protein 
superfamily with a wide range of domain homology 
(28–31%) to the domain initially discovered in the 
Ginkbilobin2 (Gnk2) protein [48]. This antifungal 
protein is present in the endosperm of Ginkgo seeds. It 
specifically hinders the growth of fungus like Fusarium 
oxysporum [49]. Gnk2 exhibits a substantial degree of 
similarity, around 85%, to embryo-abundant proteins 
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(EAP) found in the gymnosperms Picea abies and Picea 
glauca [49]. Plant EAPs have a role in seed defense 
against stresses from the environment including drought 
and are expressed during the last stages of seed maturity 
[50]. The Gnk2-like domain is composed of two α-helices 
and a five-stranded β-sheet [48]. This configuration leads 
to a highly structured single-domain structure with an 
α+β-fold. The domain contains C-X (8)-C-X (2)-C motif. 
Cysteine residues create three intramolecular disulphide 
bridges: C1-C5, C2-C3, and C4-C6 [48]. DUF26 Cys 
residues are commonly found in the C-X8-C-X2-C motif, 
where they play a crucial role in the formation of inter/
intramolecular disulphide bonds that contribute to the 
stability of protein structure [38,51]. Additionally, these 
residues can function as switches, effectively regulating 
the functions of certain CRKs [52,53]. It was suggested 
that Cysteine residues might have a vital function in 
detecting ROS and controlling redox activities [54]. 
Arabidopsis plants with increased CRK36 expression 
show enhanced hypersensitive cell death lesions and ROS 
production when exposed to the necrotrophic pathogen 
Alternaria brassicicola or the avirulent Pseudomonas 
syringae pv. tomato DC3000 (Pst DC3000) AvrRpm1. 
In a different scenario, if specific cysteine residues in 
CRK36 undergo mutations (CRK36C76/85/88/100/119A 
or CRK36C200/209/212/237A), the plants exhibit a 
different level of cell death or production of ROS [54]. 

3.2	 Serine/threonine kinase domain
The serine/threonine kinase domain is the catalytic 

area of enzymes that phosphorylate serine or threonine 
residues in proteins. The phosphorylation process is 
considered essential for the control of cellular, with 
ATP being utilized as a phosphate donor [55]. The 
protein kinase domain is characterized by 11 conserved 
subdomains, labelled I through XI, which intricately fold 
into distinct N-terminal and C-terminal lobes [56]. The 
N-terminal lobe comprises the I-IV subdomains, serving 
to anchor and orient ATP effectively and the linker region 
connecting the two lobes is represented by Subdomain 
V [56]. The C-terminal lobe encompasses VI-XI 
subdomains, facilitating substrate binding and positioning 
them in proximity to ATP for the phosphorylation process 
[56]. In subdomain II, there is a conserved Lys residue 
that plays a crucial role in ATP binding. On the other 
hand, subdomain VII contains an Asp residue that is 
essential for catalysis. It was revealed that mutations 
in specific amino acids, converting Lys to Glu and Asp 
to Asn, impact the kinase activity of CRK2 [45,57]. 
Interestingly, these mutations do not seem to have any 
effect on the stability and subcellular localization of 
CRK2. This suggests that these two subdomains play a 
crucial role in the kinase activities of CRKs. Similarly, 
when Lys is replaced with glutamic acid in CRK36 or 
lysine is replaced with asparagine in CRK28, it impacts 
their function related to stomatal closure, cell death, and 

development [54,58]. However, the impact of mutations 
in the subdomains of the kinase domain has yet to be 
investigated.

The transmembrane domain (TM) and the N-terminal 
signal peptide (SP). The localization of CRK proteins in 
the cell is determined by both the TM domain and the 
N-terminal SP. TM domain plays a crucial function in 
attaching CRKs to the plasma membrane. On the other 
hand, SP plays a crucial role in directing CRKs to a 
specific compartment within the cell. Prior research 
has demonstrated that certain CRKs are situated on the 
plasma membrane, whereas others are situated in the 
endoplasmic reticulum.

A single nucleotide mutation in the TM domain 
can result in the relocation of proteins from the plasma 
membrane to the endoplasmic reticulum [59]. There is 
speculation that this disparity may result in a variation 
in hydrophobicity, which subsequently impacts the 
subcellular localization of proteins. The TM domain 
of CRK6 in Arabidopsis is composed of 23 amino acid 
residues. The hydrophobicity score of these residues is 
3.148, and they are located in the plasma membrane, 
as revealed by subcellular localization studies. The key 
differentiating characteristic between Arabidopsis CRK6, 
positioned on the plasma membrane, and barley HvCRK1, 
situated on the endoplasmic reticulum, was the occurrence 
of leucine-valine-glycine (LVG) in Arabidopsis CRK6, 
while barley HvCRK1 consisted of a repetition of three 
alanine(s) (alanine-alanine-alanine, AAA) [59]. Research 
has demonstrated that Arabidopsis CRK4, CRK6, and 
CRK36 are proteins that are specifically located in the 
plasma membrane [51].

4.	 Functionals Analysis of Arabidopsis CRKs
CRKs in Arabidopsis are essential for numerous 

physiological functions, especially in the plant’s defense 
against both abiotic and biotic stress as well as in plant 
growth and development (Table 1).

4.1	 Reactive Oxygen Species (ROS) Regulation 
and Pathogen Defense

Numerous CRKs have been demonstrated to 
participate in plant defence systems, frequently by 
regulating ROS generation and related immunological 
responses. Their preserved role in defence can be ascribed 
to structural characteristics, including extracellular 
DUF26 domains with redox-sensing C-X8-C-X2-C 
motifs and intracellular kinase activity, which together 
enhance pathogen detection and immune signalling 
(Vaattovaara et al., 2019; Bourdais et al., 2015). For 
instance, several CRKs (CRK4, CRK7, CRK11, CRK12, 
CRK13, CRK14, CRK18, CRK24, CRK36, CRK37, and 
CRK45) are transcriptionally induced in Arabidopsis 
following oviposition by Pieris brassicae butterflies, 
indicating a function in detecting egg-derived elicitors 
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(Little et al., 2007).

CRK2 as a central regulator: CRK2 is a crucial 
regulator of ROS and calcium signalling in pathogen 
defence among the CRKs. Phosphorylation of certain 
residues (Ser703 and Ser862) in CRK2 facilitates its 
interaction with the NADPH oxidase RBOHD, thereby 
enhancing ROS generation [57]. The crk2 mutant 
exhibits diminished cytoplasmic calcium levels during 
pathogen invasion and compromised stomatal closure, 
hence affirming its function as a positive regulator of Ca²⁺ 
inflow and immunological signalling. Moreover, CRK2 
engages with BIK1 and additional CRKs, establishing 
it as a central node in PTI-related signalling. CRK2 
precisely regulates defence mechanisms by altering 
MAPK cascades, maintaining equilibrium between 
immunity and growth [57].

CRKs in PTI responses: Numerous CRKs enhance 
pattern-triggered immunity (PTI) responses downstream 
of pattern recognition receptors (PRRs) like FLS2 and 
BAK1. Proteomic investigations demonstrated that flg22 
induces the upregulation of CRK11, CRK13, CRK14, 
CRK18, and CRK22 [58]. The overexpression of CRK4, 
CRK6, and CRK36 amplifies early PTI by elevating the 
oxidative burst in reaction to flg22 [51].  

CRKs play a role in stomatal immunity: CRK4 and 
CRK36 inhibit pathogen-induced stomatal reopening, 
but CRK6 sustains stomatal closure [51]. CRK36 
significantly facilitates delayed PTI by increased callose 
deposition, while CRK4 and CRK6 exert a minimal 
influence on this process [51]. Moreover, CRK4 has been 
recognised as a marker gene in defence priming during 
encounters with Pseudomonas cannabina pv. alisalensis, 
with its expression in systemic leaves correlating with 
increased immunological preparedness [60].

CRKs in immunological receptor complexes: CRK28, 
CRK29, and CRK36 engage with BIK1 subsequent to 
flg22 detection, hence affirming their function in immune 
signalling complexes [54,58]. Redundancy is apparent, 
as the individual knockouts of CRK28 or CRK29 exhibit 
no significant immunological deficiencies, whereas 
overexpression increases resistance and may trigger cell 
death [58]. 

CRKs in pathogen resistance and hypersensitive 
response mechanisms: In addition to PTI, several CRKs 
play a role in the defence against Pseudomonas syringae 
pv. tomato (Pst DC3000) and fungal infections. The 
overexpression of CRK5 enhances resistance to Pst 
DC3000 by triggering (Hypersensitive Response) HR-
like cell death, irrespective of EDS1, NDR1, NPR1, or 
salicylic acid (SA) signalling [61]. CRK13 is activated 
by avirulent strains of Pst DC3000, providing resistance 
upon overexpression, and simultaneously experiences 

alternative splicing in response to PAMPs, together with 
CRK29 [62,63]. CRK20 facilitates diminished bacterial 
proliferation in mutant contexts [64]. CRK45 increases 
resistance through the activation of WRKY transcription 
factors and salicylic acid-related genes [65]. In fungal 
immunity, CRK5 and CRK22 modulate defence against 
Verticillium dahliae toxins through the salicylic acid 
pathway, functioning upstream of MPK3 and MPK6, and 
engaging with WRKY70 to promote the expression of 
salicylic acid-responsive defence genes [44].

Although the roles of individual CRKs have been 
elucidated, it is increasingly evident that they operate 
as components of integrated networks rather than as 
isolated entities. Besides modulating MAPK signalling 
and regulating calcium influx, CRK2 serves as a a 
central regulator by directly phosphorylating RBOHD to 
begin ROS generation [57]. Additional CRKs, including 
as CRK4, CRK6, and CRK36, appear to function 
collaboratively downstream of PRRs like FLS2 and 
BAK1, with their overexpression enhancing ROS burst, 
promoting stomatal immunity, and facilitating callose 
deposition [51]. It was suggestd that CRK28, CRK29, 
and CRK36 interact with BIK1 and may contribute to 
the sequential amplification of signals from PRRs to 
downstream MAPK and ROS modules [54,58]. As has 
been mentioned earlier, functional redundancy have been 
observed, particularly between CRK28 and CRK29, 
where overexpression enhances PTI, although individual 
knockouts display only slight immunological anomalies 
[58]. Additional CRKs, including CRK20, CRK22, and 
CRK45, offer supplementary defensive mechanisms by 
regulating SA signalling and WRKY transcription factors 
through parallel pathways that intersect at common 
nodes [40,44,65]. These findings collectively support a 
model in which CRKs function at multiple PTI nodes: 
(i) as modulators of calcium signalling and MAPK 
cascades (CRK2, CRK19, CRK45); (ii) as positive 
regulators of ROS homeostasis (CRK2, CRK4, CRK6, 
CRK36); and (iii) as enhancers of HR-like responses and 
(Salicylic Acid) SA-mediated defence (CRK5, CRK20, 
CRK22, CRK45). Due to the flexible and multi-layered 
nature of plant immunological signalling, certain CRKs 
operate redundantly, others synergistically, and only a 
few function sequentially within receptor-co-receptor 
complexes. This integration of ROS, Ca²⁺, MAPK, and 
hormone pathways contributes to a robust, context-
dependent defense mechanism.

4.2	 Abiotic Stress Responses
Recent studies demonstrate the essential functions 

of CRKs in Arabidopsis, especially regarding their 
responses to environmental stresses including ozone 
exposure, salinity, drought, and oxidative stress, thereby 
indicating their essential role in plant resilience and 
signaling mechanisms (Fig. 3).
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Ozone and oxidative stress: The impact of ozone 
(O3), bright light, and pathogen/elicitor therapy on the 
transcriptional regulation of all Arabidopsis CRKs was 
demonstrated to induce the production Zhao of ROS in 
several cellular compartments, suggesting that CRKs 
play a crucial role in this process [36]. The ozone-induced 
response of Arabidopsis CRKs showed a similarity to the 
pathogen-induced response, suggesting that these CRKs 
play a crucial role in both biotic and abiotic responses 
[36]. Ozone (O3) exposure was determined to induce 
transcriptional regulation of many CRKs. Among the 
44 CRKs analyzed, 25 exhibited mRNA abundances 
above twofold after one hour of O3 exposure, while a 
similar rise was noted in 26 CRKs after six hours of O3 
exposure followed by a recovery period [36]. However, 
mutant plants without functional CRKs showed only 
minor alterations when exposed to ozone, in contrast to 
wild-type plants, despite the pronounced transcriptional 
response of CRK genes to ozone. This finding implies 
that the plant’s response to ozone is partially determined 
by CRKs, even though it is influenced by them [40]. 
Additionally, CRK6 has been identified as a crucial 
component of the signaling pathways in plants responsible 
for ROS [42]. It aids in regulating cellular responses to 
extracellular ROS, particularly during oxidative stress 
[42]. It was demonstrated that CRK6 is a protein kinase 
capable of phosphorylating substrates in in vitro, showing 
a preference for manganese (Mn²⁺) as a divalent cation, 
which plays a crucial role in its enzymatic activity [42]. 

In contrast to CRK6, CRK7 demonstrates a 
preference for magnesium (Mg²⁺) as a divalent cation 
in its phosphorylation activities [42]. CRK7 expression 
was concentrated in regions commonly impacted by 
O₃ damage, suggesting its role in the plant’s reaction to 
oxidative stress, specifically in relation to extracellular 
ROS, rather than chloroplastic ROS [42]. Furthermore, 
CRK20 has been identified as a regulator of plant responses 
to ozone stress ([64]. Although CRK20 is upregulated by 
ozone, the loss-of-function mutants (crk20-1 and crk20-
2) do not exhibit significant differences in physiological 
responses to ozone treatment when compared to the wild-
type, suggesting that alternative mechanisms or pathways 
may compensate for the absence of CRK20 in mitigating 
ozone stress [64].

Salt and osmotic stress: Further investigations have 
revealed the particular contributions of several CRK 
mutants in improving plant resilience to salt stress. 
CRK2 stimulates callose deposition at plasmodesmata to 
enhance plant resilience to salt stress during germination. 
The phosphorylation of callose synthase CALS1 regulates 
plasmodesmata permeability in response to osmotic 
stress [45]. In response to several stimuli, a reduction 
in stomatal closure was observed in the crk2 mutant 
plants [40]. The crk2 mutant plants exhibit salt tolerance, 

evidenced by reduced root growth and germination 
efficiency under saline conditions [40,45]. Plants 
deficient in CRK5, CRK8, CRK11, CRK28, CRK29, 
CRK37, and CRK45 exhibit delayed germination on 
salt-enriched medium, suggesting additional function 
in salt stress responses alongside CRK2 [40]. CRK2 
and CRK3 were recognized as essential in the response 
to salt stress. It was shown that CRK2 and CRK3 
interact with the cytoplasmic kinase PBL27, which is an 
essential part of the signaling cascade that starts defense 
responses [66]. CRK2 interacts strongly with PBL27, but 
CRK3 has a weaker connection, suggesting that CRK2 
contributes more to the signaling network than CRK3. 
Additionally, CRK18 and CRK36 were identified within 
the downstream stress-responsive networks and as ABA-
responsive genes that exhibited down-regulation in the 
sahy9/apum23 Arabidopsis mutant under conditions of 
salt stress [67]. The role of the nucleolar protein SAHY9/
APUM23 in ribosome production and the abscisic acid 
(ABA) signaling pathway is essential for Arabidopsis’s 
response to salt stress [67].

Drought and ABA signaling: Alongside the functions 
of CRKs in salt stress responses, various other CRKs 
contribute importantly to the regulation of stomatal 
functions and responses to environmental stimuli such 
as drought, emphasizing the intricate nature of these 
signaling pathways. The loss of function of CRK33 
has been shown to influence the stomatal density in 
Arabidopsis plants. This alteration subsequently impacts 
transpiration and water-use efficiency, thereby enhancing 
the potential of the plants’ drought tolerance [68]. The 
role of CRK5 in drought tolerance was determined by 
the observation of ABA-hypersensitive phenotypes, such 
as increased stomatal closure and inhibition of stomatal 
opening, upon CRK5 overexpression [69]. A study 
demonstrated that CRK22, CRK24, CRK37, and CRK46 
mutants exhibit greater ABA-induced stomatal closure 
than the wild type, potentially enhancing the plant’s 
ability to respond to environmental stimuli, including 
drought stress and other conditions necessitating stomatal 
regulation [40]. The greater stomatal closure noted in 
these mutants is believed to be linked to the signaling 
pathways that regulate the effects of ABA [40]. This 
reaction ensures the maintenance of water balance in 
plants during water shortages. The exact mechanisms by 
which CRK22, CRK24, CRK37, and CRK46 enhance this 
response are not fully elucidated, yet their involvement in 
ABA signaling pathways is recognized as crucial for the 
regulation of stomatal functions. 

CRK24 was recognized as a downregulated gene 
and a potential ethylene-response factor in transgenic 
Arabidopsis plants that overexpress the XERICO 
gene: encodes a small protein (162 amino acids) with 
an N-terminal trans-membrane domain and a specific 
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zinc-finger motif [70]. The proposed mechanism by 
which these plants enhance drought tolerance involves 
an elevation in the biosynthesis of ABA. The observed 
downregulation suggests that CRK24 could play a role in 
the regulatory network associated with ethylene signaling 
pathways, potentially influenced by elevated levels of 
ABA [70]. In related context, the expression of CRK36 
is predominantly activated in Arabidopsis leaves when 
subjected to drought and high-salinity stress conditions 
[41]. The suppression of CRK36 expression via RNA 
interference (RNAi) leads to an enhanced response 
to ABA and osmotic stress, indicating that CRK36 
functions as a negative regulator within these signaling 
pathways [41]. The reduction of CRK36 leads to elevated 
transcription levels of ABA-responsive genes, suggesting 
its involvement in the regulation of stress responses at the 
transcriptional level.

During the post-germinative development phase of 
Arabidopsis, CRK36 engages with the Receptor-Like 
Cytosolic Kinase (RLCK) ARCK1, leading to the creation 
of a complex that inhibits ABA and osmotic stress signal 
transduction [41]. 

Nutrient and ammonium stress: CRK34 has been 
recognized as a regulatory gene involved in phosphate 
homeostasis, with a potential role in sequestering the 
shoot-to-root mobile miRNA miR-399 through “target 
mimicry” [71]. Consequently, CRK34 may establish 
a depletion gradient that facilitates the regulation of 
phosphorus transport from roots to shoots and maintains 
phosphorus homeostasis. This suggests that plants 
have the ability to adjust their responses to nutrient 
availability and stress conditions through the utilization 
of mobile RNAs, which regulate the activity of miRNAs, 
subsequently affecting gene expression and physiological 
processes. 

In the initial two hours of ammonium stress, CRK39 
was elevated, indicating that CRKs might be involved in 
modulating the plant’s reaction to ammonium-induced 
oxidative stress [72]. The expression CRK.39 exhibits 
sensitivity to variations in the redox state within plant 
cells, which are intricately linked to the redox conditions 
induced by ammonium treatment [72]. This shows that 
CRK39 could act as a sensor or mediator in signaling 
networks that respond to oxidative stress. 

Cold and UV stress: Regarding cold stress, transgenic 
Arabidopsis plants that overexpress glycine-rich RNA-
binding protein 2 (GRP2) and are exposed to cold stress 
exhibit increased expression of CRK40 [73]. This could 
imply that CRK40 is involved in signaling pathways that 
aid plants respond to environmental stress. In addition, 
CRK5 is involved in the response to ultraviolet (UV) 
radiation, the crk5 mutant exhibits considerable oxidative 
damage and cell death upon exposure to UV-A and UV-B 

radiation [40,43]. Hence, the several roles that CRKs 
play in Arabidopsis highlight their critical function in 
mediating responses to abiotic stresses, highlighting their 
significance in the resilience and adaptability mechanisms 
of plants.

4.3	 Plant Growth and Development
The CRK gene family plays a crucial role in 

multiple developmental processes in Arabidopsis, such 
as flowering, root development, stress responses, and 
cell wall dynamics (Fig. 3). Pollen exhibits a distinct 
expression of CRK1, and it is identified as a member of a 
gene cluster that is abundant in pollen and may play a role 
in the signaling pathways related to pollen germination 
and tube elongation [74]. 

It is suggested that a complex regulatory mechanism 
involving CRK2 controls the flowering process [75]. The 
expression and mRNA alternative splicing of flowering-
related genes, including FLOWERING LOCUS C 
(FLC) and its homologs (MAFs), are modulated by the 
FERONIA (FER) receptor-like kinase, encoded by CRK2. 
This kinase also regulates the transition from vegetative 
to reproductive growth. The timing of flowering in 
Arabidopsis is regulated by Rapid Alkalinisation Factor 
1, a peptide that interacts with CRK2 and suppresses 
flowering more significantly than FER. In addition, the 
features of crk2 mutant phenotype involve decreased 
rosette size, delayed flowering, and early senescence, 
suggesting a role of CRK2 in growth regulation [40]. 
Moreover, CRK45 has been suggested to regulate bolting 
and early seedling development, playing a crucial role in 
flowering timing and overall plant growth [65].

Besides regulating seedling growth, CRK2 may 
also influence root formation [45]. In addition, CRK5 
regulates auxin transport in plants by phosphorylating 
auxin efflux carriers like PIN2 and stabilizing PIN2 in 
the plasma membrane, which is important for appropriate 
gravitropic responses [76,77]. Mutant plants lacking 
CRK5 had abnormal PIN2 localization, which affected 
root gravitropic response and root development[76]. 
Root development and gravitropic responses depend on 
ROS homeostasis, which is maintained by CRK5. [78]. 
Mutant plants lacking CRK5 also exhibit a reduced 
number of stomata, decreased stomatal conductance, 
and accelerated senescence, increased basal ROS levels, 
elevated ethylene and SA levels in the leaves, along 
with a greater number of transcripts responsive to these 
compounds, are also observed [40,43]Furthermore, 
CRK5 influences the stability and localization of other 
PIN proteins, which are involved in the transport of 
auxin and the development of the embryo [77]. CRK5 
expression has been reported to be controlled by many 
WRKY transcription factors, including WRKY18, 
WRKY40, and WRKY60, suggesting an interaction 
between CRK5 and ABA signaling pathways [43,69]. 
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Additionally, CRK5 inhibits the signaling of both ethylene 
and salicylic acid (SA), which are crucial for growth and 
senescence [44]. Hence, root hair elongation, rosette leaf 
formation, and seedling height have been demonstrated 
to be influenced [44]. Previously, when AtCRK5 was 
overexpressed, an increase in plant biomass is observed, 
suggesting a potential role in growth promotion in 
general [61]. CRK28-deficient plants exhibit elongated, 
more branching roots compared to wild-type plants, 
while those with CRK28 overexpression display a 
contrasting phenotype, marked by restricted root growth 
and diminished lateral root development, highlighting the 
role of CRK28 in root organogenesis [46]. Additionally, 
crk28 mutants have shorter root hairs and an increased 
number of trichomes, whereas overexpressing lines show 
longer root hairs and a reduced number of trichomes. 
Moreover, it was found that CRK28 acts as a regulator 
of lateral root formation, affecting the regulation of cell 
division, primary root elongation, and ABA responses 
during seedling development and germination [46]. As a 
result, a positive effect on rosette diameters, inflorescence 
branching, and the regulation of root hair development is 
observed [46]. 

CRK25 was detected in proteins isolated from 
the cell wall of 5-day-old, not 11-day-old, etiolated 
hypocotyls of Arabidopsis plants, indicating that it is only 
involved in the early stages of growth in the elongating 
cells of Arabidopsis [79]. The expression of CRK25 can 
be influenced by plant factors such as salicylic acid (SA), 
jasmonic acid (JA), and ethylene (ET)[36].

CRK25was shown to have a role cell wall dynamics 
in Arabidopsis, specifically in the elongation of 
hypocotyls by rearranging and modifying components 
of the cell wall [79]. Global proliferative arrest (GPA) in 
Arabidopsis was shown to be regulated by CRK14 via 
a unique CRK14-dependent signaling mechanism [80]. 
The gain-of-function mutation in CRK10 results in a 
dwarf phenotype and collapsed xylem vessels in the roots 
and hypocotyls of Arabidopsis plants, accompanied by 
increased resistance to the vascular pathogen Fusarium 
oxysporum [81]. Transcriptomic analysis indicates that 
the crk10 mutant exhibits a constitutive up-regulation of 
genes responsive to both biotic and abiotic stress [81].

The transcriptional dynamics observed during seed 
germination across different seed compartments, including 
the testa, endosperm, and embryo, in Arabidopsis suggest 
that CRK11 and several other genes are involved in the 
germination process [82]. In CRK36 knockdown plants, 
cotyledon greening was reduced in response to ABA 
treatment, which could be associated to senescence [41]. 
Indeed, CRK36 overexpression causes early senescence 
characteristics, while a loss of function leads to delayed 
senescence [54].

 These findings highlight the promise of CRK proteins 
as targets for genetic engineering and breeding strategies 
focused on improving plant growth, development, stress 
resilience, and productivity in agricultural systems.

5.	 Functional redundancy
The analysis of the CRKs genes reveals a 

complicated network of functional redundancy and 
regulatory relationships that are crucial for plant defense 
and stress responses that is most clearly documented 
in Arabidopsis. Research indicates that after mutating 
certain CRKs genes in Arabidopsis, there were no 
noticeable changes in the plant’s defense process. This 
indicates the presence of afunctional redundancy, where 
the mutation of one gene is compensated for by closely 
related genes in the CRK family [83]. In Arabidopsis, 
CRK4 and CRK19 have the ability to compensate for 
the role of CRK5 in the signaling pathway of ABA [69]. 
The overexpression of CRK4 and CRK19 elicits identical 
ABA responses to those observed with CRK5, indicating 
a potential overlap in their functions within this signaling 
pathway [69]. Similar to CRK5, both CRK4 and CRK19 
contribute to the enhanced drought resilience observed in 
plants. WRKY transcription factors, including WRKY18, 
WRKY40, and WRKY60, regulate the expression of 
CRK5, and they are also likely involved in the regulation 
of CRK4 and CRK19, indicating that these kinases are 
components of a complex regulatory system [69].

CRK6 and CRK7 were identified to have similar 
functions and redundancies in Arabidopsis plant defense 
and ROS regulation. They have significant sequence 
similarity, indicating that these two kinases perform similar 
functions [42]. This complicates the task of describing 
their specific roles, since the loss of one position might 
be seamlessly covered by the other. Indeed, there were no 
discernible changes in Arabidopsis plant growth or disease 
resistance when CRK6 was constitutively expressed [61]. 
It is possible that the absence of evident phenotypes in 
transgenic Arabidopsis plants that overexpress CRK6 is 
an indication that it is functionally redundant with other 
members of the CRK family, including CRK7. CRK31 
and CRK32 collectively form a low diversified duplicate 
gene pair [84]. The individual suppression of each gene 
did not markedly affect the phenotype; nevertheless, 
the simultaneous suppression of both low-diversity 
duplicates resulted in Arabidopsis transgenic plants 
exhibiting abnormal phenotypes [84]. It is suggested that 
functional redundancy, a characteristic of low diversified 
duplicates, is implicated in CRK31 and its copy. Thereby, 
diversified duplicates, such as CRK31 and CRK23, 
play a significant role in preserving essential functions 
within the plant genome due to their conservation under 
purifying selection and their frequent association with 
critical signaling pathways.

The identification of functional redundancy within 
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the CRK gene family carries significant implications for 
genetic engineering and plant biology. Initially, due to the 
compensatory functions of other closely related genes, 
altering a single CRK gene may not yield the desired 
phenotypic alterations. This emphasizes the need for a 
more comprehensive methodology in the development of 
genetic modifications, 

Moreover, as certain CRKs have overlapping 
functions, altering one gene may need concurrent 
modifications of others to substantially change plant 
responses to environmental stimuli. This interplay may 
complicate the engineering of plants for resilience, 
demanding a systems biology approach to understand the 
entire regulatory network involved.

Figure 3: Functional Analysis of Cysteine-Rich Receptor-Like Kinases (CRKs) in Arabidopsis thaliana. This figure 
summarizes the experimentally characterized roles of CRKs in Arabidopsis, in regulating root development, seed 

germination, plant growth and development, and various biotic stress responses and abiotic stress.

6.	 Future directions
To fully understand how plants grow and develop, 

as well as to navigate challenges, it is essential to expand 
our understanding of the complete signaling pathway of 
CRKs in plants. Future studies should concentrate on 
several important areas to enhance our understanding 
of the significance of CRKs in plant biology. The 
conservation and divergence of CRKs functions in 
response to biotic and abiotic stresses will be determined 
by extending research beyond Arabidopsis to include 

other plant species. Investigating the complex molecular 
mechanisms by which CRKs affect signaling pathways, 
particularly regarding the interactions of each subdomain 
in signal transduction, can be improved through 
techniques such as site-directed mutagenesis, domain 
deletion, region exchange, and other methodologies. The 
manipulation of specific CRK genes, whether through 
overexpression or knockout, has been advanced by 
creating transgenic plants that exhibit modified CRK 
expression levels. Utilizing multi-omics approaches, 
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including genomics, transcriptomics, and proteomics, 
will enhance our understanding of CRK functions and 
their regulatory networks in relation to environmental 
stimuli, as well as evaluating their contributions to plant 
growth, development, and stress resilience.

7.	 Conclusions
The Arabidopsis CRK subfamily shows gene 

family evolution, expanding mainly through tandem and 
intrachromosomal duplications that enabled functional 
diversification. This evolutionary path has established a 
network of receptors that play both common and distinct 
roles in plant stress adaptation. Functional studies 
demonstrate that CRKs are essential regulators of ROS 

homeostasis, immune activation, and stress signalling, 
directly interacting with components like RBOHD, 
MAPKs, Ca²⁺ channels, and hormone pathways. These 
interactions show how CRKs fit into complex signalling 
networks, where redundancy, synergy, and sequential 
activation form a strong defence against biotic and abiotic 
stressors. CRKs are vital targets for crop engineering, 
ipmroving resilience, optimising growth, and stabilising 
yield under environmental stress. Future research 
requires assessing the functional divergence of individual 
CRKs, their coordination within receptor complexes, and 
their contributions across species to facilitate targeted 
applications in agriculture and biotechnology.

Table 1. Functionals Analysis of Arabidopsis CRKs. The table summarizes the reported biological roles  
of individual CRK family members in Arabidopsis.

No. TAIR Name Role References
1 AT1g19090 CRK1 Pollen development role

Plant’s immune response
[58,74]

2 AT1g70520 CRK2 Modulation of ROS
Regulation of calcium signaling

Promotion of callose accumulation
Immune responses

Influence on flowering and growth regulation
Salt tolerance 

[40,45,57,75]

3 AT3g45860 CRK4 Activation in response to pathogen infection and 
salicylic acid

Role in defense priming
Enhancement of ROS generation

Stomatal closure in response to pathogen invasion.

 [66,85]

4 AT4g23130 CRK5 Enhancement of resistance to pseudomonas 
syringae.

Regulation of drought tolerance.
Influence on auxin transport.

Impact on root growth and gravitropic responses.
Response to ultraviolet radiation

Regulation of stomatal conductance and 
senescence

[51,60,61]

5 AT4g23140 CRK6 ROS regulation
Response to oxidative stress induced by ozone

[40,43,61,69,76]

6 AT4g23150 CRK7 ROS regulation
Response to oxidative stress induced by ozone

[42,61] 

7 AT4g23180 CRK10 Plant growth regulation
Defense mechanisms against fusarium oxysporum
Up-regulation of genes associated with both biotic 

and abiotic stress

[42]

8 AT4g23190 CRK11 Seed germination. [82]
9 AT4g23210 CRK13 Initial defense signaling.

Alternative splicing in response to PAMPs.
[62,63]

10 AT4g23220 CRK14 Regulation of global proliferative arrest (GPA) [80]
11 AT4g23260 CRK18 ABA signaling under salt stress conditions [67]
12 AT4g23270 CRK19 Activation in response to pathogen infection and 

salicylic acid
Drought tolerance

[26,61,83]
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No. TAIR Name Role References
13 AT4g23280 CRK20 Regulator of plant responses to pseudomonas 

syringae pv. Tomato dc3000 
Response to ozone stress

[40,64]

14 AT4g23300 CRK22 Defense against toxins produced by the pathogen 
verticillium dahliae

Involved in the signaling pathways that modify the 
salicylic acid 

[44]

15 AT4g23320 CRK24 Involvement in ethylene signaling pathways
Potential role in drought tolerance

[70]

16 AT4g05200 CRK25 Involvement in early growth phases
Influence on cell wall dynamics

[79]

17 AT4g21400 CRK28 Germination and root development
Involved in trichomes numbers. 

Involve in plant resistance to pseudomonas 
syringae

Involved in salt stress.

[40,46,58]

18 AT4g21410 CRK29 Involvement in plant defense mechanism against 
pseudomonas syringae

Alternative splicing in response to PAMPs.

[58]

19 AT4g11490 CRK33 Stomatal density regulation. [68]
20 AT4g11530 CRK34 Phosphate homeostasis. [71]
21 AT4g04490 CRK36 Drought and high-salinity stress response 

regulation.
Influence on senescence

[41,54]

22 AT4g04500 CRK37 Modulation of pattern-triggered immunity (PTI) [54,58]
23 AT4g04540 CRK39 Ammonium stress response. [72]
24 AT4g04570 CRK40 Cold stress response [73]
25 AT4g11890 CRK45 Resistance to pseudomonas syringae

Modulation of bolting and early seedling 
development

[65]
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8.	 Abbreviations
The following abbreviations are used in this manuscript:

CRK	 Cysteine-rich receptor-like kinases

PCD	 Programmed cell death

RLKs	 receptor-like protein kinases

ROS	 reactive oxygen species

TM	 transmembrane domain

ECLB	 extracellular ligand-binding domain

SP	 signal peptide

EGFs	 epidermal growth factor-like repeats

DUF26 domain	 the DOMAIN OF UNKNOWN 
FUNCTION 26

PM	 plasma membrane

PDLPs	 plasmodesmata-localized proteins
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Abstract
Background: Dengue fever is a viral disease posing a major public health threat. Nurses are crucial in-patient education and prevention.
Aim: This study assessed the knowledge and preventive practices of nursing staff regarding dengue fever at Prince Mohammed bin 
Nasser Hospital, Saudi Arabia, in 2022.
Methodology: A descriptive cross-sectional design was employed, with (89) nurses randomly selected. Participants were categorized 
by age, educational level, work experience, and department. A structured self-administered questionnaire was used to assess knowledge 
and preventive practices. Data were analyzed using SPSS version (26) with descriptive and inferential statistics.
Results: The nurses demonstrated good knowledge (Mean = 2.855) and moderate preventive practices (Mean = 1.5854). A moderate 
positive correlation was observed between knowledge and practice (r = 0.33, P = 0.001). Knowledge was also positively correlated with 
qualifications and work experience (r = 0.33, P < 0.001), whereas the correlation between preventive practices and work experience 
was not significant (r ≈ 0.03, P = 0.735).
Conclusion: Nurses possess good knowledge about dengue fever; however, preventive practices require improvement. Continuous 
professional training and targeted educational interventions are essential to enhance preventive measures.
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1.	 Introduction
Dengue virus (DENV) is transmitted to humans 

through the bite of an infected Aedes mosquito, chiefly 
Aedes aegypti and Aedes albopictus (Näslund et al., 
2021). Southeast Asia, Africa, and Latin America are just 
a few examples of tropical and subtropical regions where 
it is found most frequently (Quesada-Román et al., 2022).

Dengue fever, a virus carried by mosquitoes, is 
characterized by intense muscular and joint stiffness, 
headache, nausea, weakness, lymph node swelling 
(lymphadenopathy), and rashes on the skin (Trivedi & 
Chakravarty, 2022). Dengue fever is highly characterized 
by gingivitis, excruciating pain in the eyes, and palms and 
soles. (Gerlicki, 2024)

Dengue is not harmful to everyone, but people with 
compromised immune systems are more susceptible 
(Soiza et al., 2023). Acquisition of dengue fever can 
occur repeatedly as it is caused by five dengue contagion 
stereotypes (Verma et al., 2024). Acquisition of a dengue 
attack, however, would grant lifetime immunity to that 
serotype to which an individual has been previously 
exposed. This disease is also known as breakbone fever 
and dandy fever (B. Halstead, 2023).

The aggravated form of dengue fever can be called 
dengue hemorrhagic fever or dengue shock syndrome. 
The severe form of dengue hemorrhagic fever leads to 
hemorrhages within the body (Trivedi & Chakravarty, 
2022). It is a life-threatening disease that may progress 
to dengue shock syndrome, the most dangerous type 
(Singh et al., 2023).  It is considered as being among 
the most contagious diseases worldwide. The virus 
belongs to Flavivirus genus which is a genus under the 
family Flaviviridae [single-strand, non-segmented RNA 
viruses](Varsha, 2023). Dengue is transmitted by two 
species of Aedes mosquitoes: Aedes aegyptian and Aedes 
albopictus. Cross-immunity evidence: None exists; only 
protection against re-infection with its own serotype is 
lifetime (Tsheten, 2023). 

As over half the world resides in a region where 
dengue can be transmitted, dengue ranks among the most 
serious harming infections transmitted by arthropods in 
terms of morbidity and mortality (Sarker et al., 2024). 
Humans are susceptible to any of the various serotypes 
of dengue viruses through being bitten by an infected 
Aedes mosquito, most commonly Ae. Aegypti (Sarker et 
al., 2024).

The mosquito has a global distribution and is 
primarily found in tropical and subtropical regions. 
Dengue fever is a systemic disorder that produces acute 
and moderate symptoms, appears suddenly, and occurs in 
three phases: febrile, critical, and recovery. It may either 
lead to asymptomatic infection or symptomatic infection 
(Biswas et al., 2021).

In 2009 the Tropical Disease Research [TDR] 
and World Health Organization [WHO] developed the 
classification of dengue by severity based on the indicators 
under the sub category dengue to assist clinicians to 
treat and closely monitor the disease (Yang et al., 2023). 
Symptoms include fluid accumulation, stomach pain, 
and vomiting. Associated with platelet count plummeted 
sharply, mucosal bleeding, fatigue, liver enlargement, 
and the rising hematocrit (Held-Warmkessel, 2023).

Vector control is one of the paramount preventive 
measures of dengue fever without a vaccine or special 
antiviral medication. Prevention of dengue disease is 
possible in many ways (Côrtes et al., 2023). One method 
of controlling the vectors is environmental management 
which involves modifying the environment in a manner 
that prevents or minimizes the propagation and human 
contact with the pathogen by destroying, altering, 
removing or recycling unnecessary containers which 
serve as larval habitats (Ababa, 2021). The Enhancement 
of water storages and delivery systems to handle Aedes 
vectors, especially Ae. aegypti, is another applicable 
prevention approach. Rooftop catchments, communal 
standpipes, wells, and other water-storage structures 
cannot provide the same quality of water as piping 
directly in-home. Mosquitoes can be kept off ovipositors 
by mosquito proofing of water storage containers (Ligsay 
et al., 2021).

In Saudi Arabia, dengue fever is a growing 
public health concern, particularly in the western 
and southwestern regions such as Jeddah, Jazan, 
Makkah, Madinah, and Najran(Alalawi, 2023). Recent 
seroprevalence studies reported rates up to 33.6% in 
Jazan, while a large outbreak in Jeddah during 2022–2023 
recorded nearly 10,000 confirmed cases within 31 weeks. 
Incidence rates in Jazan increased sharply from 7.6 per 
100,000 in 2016 to about 100 per 100,000 in 2019(Zrieq 
et al., 2023). These figures highlight the significant health 
burden of dengue in the Kingdom, reflecting recurrent 
outbreaks, rising incidence, and persistent challenges in 
vector control.

Rainwater can be collected from rooftops, and 
mosquitoes can be prevented from entering it by using 
tightly sealed containers or well-fitted mesh screens 
(Ngugi, 2023). Removable covers should be replaced each 
time water is removed, and covers should be maintained 
clean to prevent damage that permits entries and exited 
by mosquitoes. Solid waste management should be well 
managed through collecting, storing, and disposing of so 
that it does not pose a threat to the health of the people 
with dengue (Oluwagbayide et al., 2024). 

Several studies from different countries have 
highlighted gaps in knowledge, attitudes, and practices 
(KAP) regarding dengue fever among healthcare workers 
and the community. For example, a study in the Philippines 
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found that while nurses had adequate knowledge of 
dengue, preventive practices were inconsistent(Guad 
et al., 2021).Similarly, a study in Malaysia revealed 
significant associations between knowledge levels and 
preventive practices, suggesting that education directly 
influences behavior(Lim et al., 2021). Findings from 
Ethiopia also indicated that healthcare workers had 
knowledge gaps, particularly in identifying breeding 
sites, which affected their ability to implement control 
strategies effectively(Zerfu et al., 2023). These studies 
emphasize the importance of continuous training and 
capacity building for healthcare providers in diverse 
settings. 

2.	 Significance of the Study
Dengue fever is a major public health concern in 

arid regions like Saudi Arabia, with recurrent outbreaks 
in Jeddah, Jazan, and Makkah. Nurses, as the first line 
of defense, play a vital role in education and prevention. 
However, previous studies show variable knowledge 
levels (60–80%) and relatively weak preventive practices 
(<50%). This study is significant as it identifies strengths 
and gaps, guiding training and preventive strategies to 
reduce the burden of dengue fever.

3.	 Aim of the Study
The study aimed to assess the knowledge and 

preventive practices of nurses regarding dengue fever at 
Prince Mohammed Bin Nasser Hospital, Saudi Arabia, in 
2022.

4.	 Research Questions
1.	 What is the level of nurses’ knowledge about 

dengue fever?
2.	 What are their preventive practices regarding 

dengue fever?
3.	 Is there a relationship between demographic 

characteristics and knowledge?
4.	 Is there a relationship between demographic 

characteristics and practices?
5.	 Is there a correlation between knowledge and 

preventive practices?
Materials and Methods
Study Design: 

A descriptive cross-sectional study was conducted to 
assess the knowledge and preventive practices of nurses 
regarding dengue fever. The study was carried out over 
one month, in December 2022, at Prince Mohammed Bin 
Nasser Hospital, Saudi Arabia.

Setting of the Study: 
Prince Mohammed Bin Nasser Hospital is a tertiary 

care hospital located in Jazan, southwestern Saudi Arabia, 
serving a large population in both urban and rural areas. 
The hospital provides comprehensive medical services, 
including emergency care, intensive care, surgical, and 

outpatient departments. This hospital was chosen because 
it has a high patient turnover, diverse nursing staff, and is 
located in a region endemic for dengue fever, making it 
an ideal site to assess nurses’ knowledge and preventive 
practices.

5.	 Study Population and Sample: 
The study population included all nurse specialist 

working at the hospital during the study period. The 
required sample size was calculated using Slovin’s 
formula with a 95% confidence level and a 5% margin of 
error, based on a total nurse population of approximately 
115. The minimum required sample was 89 nurses. A 
total of 89 nurses were randomly selected from different 
departments using simple random sampling, ensuring 
that every nurse had an equal chance of selection. The 
response rate was 100%.

6.	 Inclusion and Exclusion Criteria: 
Inclusion criteria were: 

•	 Nurse specialist employed at the hospital during 
the study period.

•	 Willingness to participate in the study.
•	 Exclusion criteria included:
•	 Student nurses, interns, and administrative staff.
•	 Nurses who were on leave or unavailable during 

data collection.
7.	 Sample Size Calculation:

 The sample size was calculated using Slovin’s 
formula with a 95% confidence level and a 5% margin of 
error, based on the total nurse population at the hospital 
(N ≈ 115). The minimum required sample was 89 nurses; 
however, 89 participants were ultimately recruited, which 
was sufficient to achieve the study objectives.

8.	 Data Collection Tool: 
A structured, self-administered questionnaire was 

developed by the current study researcher based on 
relevant literature and guidelines from the World Health 
Organization (WHO, 2021)(Organization, 2021) and the 
Saudi Ministry of Health (MOH, 2022)(Siddiq et al., 
2022). The questionnaire included three sections:

•	 Demographic characteristics (5 questions: 
age, gender, qualification, years of experience, 
department)

•	 Knowledge about dengue fever (10 multiple-
choice questions on causes, symptoms, 
transmission)

•	 Preventive practices (8 Likert-scale questions on 
personal protection and environmental control 
measures)
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9.	 Reliability and Validity:
•	 The questionnaire was reviewed by three experts 

in nursing and public health for content validity.
•	 A pilot study was conducted with 10 nurses 

(excluded from the main study) to assess clarity 
and reliability.

•	 Cronbach’s alpha coefficient was calculated 
for internal consistency and found to be 0.82, 
indicating good reliability.

10.	Research Procedure:
The data collection was conducted in three main 

stages. First, the researchers obtained permission from 
the hospital administration and ethical approval from 
the Research Ethics Committee. Second, the structured 
questionnaires were distributed in paper form to all 
selected participants in their respective departments. 
Nurses were briefed on the purpose of the study and 
provided verbal informed consent before participation. 
Third, completed questionnaires were collected on the 
same day to ensure completeness and data integrity. Data 
collection took place over one month, from December 1 to 
December 31, 2022, and all 89 selected nurses completed 
the questionnaires, resulting in a 100% response rate.

11.	Ethical Considerations:
Ethical approval was obtained from the Research 

and Ethics Committee of Prince Mohammed Bin Nasser 
Hospital (Approval No.: PMBNH/REC/2022/024, Date: 
November 27, 2022). Participation was voluntary, and 
verbal informed consent was obtained after explaining 
the study objectives, confidentiality measures, and the 
purpose of using data solely for academic research. No 
physical, psychological, or social harm was anticipated.

12.	Data Analysis:
Data were coded and analyzed using SPSS version 26. 

Descriptive statistics, including frequencies, percentages, 
means, and standard deviations, were used to summarize 
participants’ socio-demographic characteristics, 
knowledge, and preventive practices regarding dengue 
fever.

Associations between demographic variables 
(categorical variables such as age, gender, qualification, 
and work area) and knowledge or practice levels were 
tested using chi-square tests, with significance set at p 
< 0.05.

The relationship between continuous knowledge and 
practice scores was assessed using Pearson correlation 
coefficient, with significance set at p < 0.05. A positive 
correlation indicates that higher knowledge is associated 
with better preventive practices.

13.	Results
The study involved the participation of 89 nurses. 

Table (1) shows that most of the respondents are aged 
between 20 and 25 (39, 43.8%), with about half of the 
respondents being males and half being female. They are 
qualified as indicated in table (1) where most of them 
have a BSc 39 (43.9%) degree, diploma 21 (23.6%) and a 
master’s degree approximations 29 (32.5%).

Table (1): Socio-demographic data

variable frequency %
Age

20-25 years 39 43.8
More than 25-30 

years
21 23.6

More than301-40 
years

29 32.6

Qualification level
diploma 21 23.6

BSC Nursing 39 43.9
master degree 29 32.5

Sources of information regarding dengue fever
Television 19 21.3

Newspapers/
Magazines 

21 23.6

Radio 2 2.2
Leaflets/

Pamphlets 
0 0

Internet 47 52.8
Work experience

1-3 years 38 42.7%
> 3 years 51 57.3%

Figure (1): - Percentage distribution of nurses according to 
gender
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Table (2) Shows their knowledge of the mosquito Aedes aegypti, which is the mosquito that causes dengue illness.

Table 2: Knowledge of nurses regarding dengue fever  No (89)

variable True False Correct %
Dengue fever is caused by the mosquito; Aedes aegypti 80(89.9%) 9(10.1%) 89.9%
The life cycle of the Aedes mosquito is one week 73(82%) 16(17%) 82%
Dengue fever affects all age groups 89(100%) 0 100%
Dengue epidemics start during hot weather 80(89%) 9(10.1%) 89%
Dengue is a flu-like illness. 67(75.3%) 22(24.7%) 75.3%
Chills and high fever, intense headache, muscle, and joint pains are the most common 
presentation of dengue fever

84(94.3%) 5(5.7%) 94.3%

Dengue can be transmitted by direct blood contact 77(86.6%) 12(13.4%) 86.6%
The transmission cycle is “Man-Mosquito-Man” 56(62.9%) 33(37.1%) 62.9%
Mosquitoes transmitting dengue infection bite only early in the morning 89(100%) 0 100%
Control of dengue is by combating the breeding of mosquitoes 88(98.9%) 1(1.1%) 98.9%
Abate can be beneficial in killing mosquito larvae 80(89%) 9(10.1%) 89%
There is a vaccine for dengue 56(62.9%) 33(37.1%) 62.9%
Paracetamol is the drug of choice for dengue treatment 89(100%) 0 100%
Do I have to worry if one of my family members was diagnosed with dengue a year 
ago

85(95.5%) 4(4.6%) 95.5%

Mean knowledge score frequency %
Good knowledge (≥65%) 82 92.1
Fair knowledge (65-50%) 5 5.7
Poor knowledge (≤50%) 2 2.2

Table (3) shows that there is a fair mean of 50 (56.2%) of the respondents in the awareness of protecting dengue fever by covering 
the water tanks. Inspecting the refrigerator pans for water accumulation and checking with a mosquito coil or net the trays left 
anywhere in the house in which water collects, participating in the community-wide campaign to clean our own environments.

Table 3: Practice of Nurses regarding dengue fever No (89)

Variable True False Correct %
Cover water tanks 87(97.8%) 2(2.2%) 97.8%
Inspect refrigerator tray 56(62.9%) 33(37.1%) 62.9%
Examine mosquito larvae in both indoor and outdoor pots 53(59.5%) 36(40.4. %) 59.5%
Drain water from the flower pot 45(50.5%) 44(49.4%) 50.5%)
Examine any discarded material that holds water around your house 40(44.9%) 49(55%) 44.9%
Use mosquito net or mosquito coil at night 58(56.1. %) 31(34.8%) 56.1. %
Participate in community ‘clean our surroundings’ activities 57(64%) 32(35.9%) 64%
Mean practice score frequency % frequency %
Good practice (≥65%) 35 39.3
Fair practice (65-50%) 50 56.2
Poor practice (≤50%) 4 4.4

The mean knowledge of dengue fever of the respondents is considered good, M+SD (2.855+.892), and their P-value 
is 0001, r value 0.33 . The results indicate a moderate positive correlation (r = 0.33, P = 0.001), suggesting that higher 
knowledge is associated with better preventive practices, as shown in Table (4).
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Table (4) Correlation between respondents’ 
knowledge and practice

Variable Mean SD P value r value 
knowledge 2.855 .892

0.001 0.33
practice 1.5854 1.0569

Table 5 shows the differences in knowledge and 
practice scores based on nurses’ sociodemographic 
characteristics were examined using T-tests for 
dichotomous variables (Gender and Work experience) 

and ANOVA for variables with more than two categories 
(Age and Qualification). 

Age, gender, qualification, and work experience were 
significantly associated with knowledge scores (P < 0.05). 
In contrast, associations between these demographic 
variables and practice scores were weaker and mostly 
non-significant, suggesting that sociodemographic 
factors influenced knowledge more than actual preventive 
practices.

Table 5: Difference of nurses’ knowledge and preventive practices of dengue fever based on their 
sociodemographic characteristics

Demographic 
Variable

Knowledge P value Practice P value
Good (%) Fair (%) Poor (%) Good (%) Fair (%) Poor (%)

Age 66 31.9 2.1 0.001 56 39 5 0.004
Gender 67.1 30.6 2.3 0.001 45 40 15 0.735
Qualification 57 43 0 0.001 57 43 0 0.023
Work 
experience 

78 22 0 0.001 42 54 4 0.152

14.	Discussion:
According to the results of our study, most 

participants demonstrated good knowledge about dengue 
fever (DF), considering it a serious illness and correctly 
identifying its symptoms and signs, indicating awareness 
that DF is caused by the mosquito Aedes aegypti. This 
finding is more favorable than those reported in previous 
studies conducted in Thanh Tri District, Hanoi, Vietnam 
(Khan et al., 2024). 

The respondents’ knowledge was largely obtained 
from online resources and other educational materials, 
reflecting awareness of the cause and mode of transmission 
of DF. These results align with a study conducted in 
Pakse, Laos, where participants were able to identify 
headache, joint pain, and high fever as the main clinical 
features of DF  (Nikookar et al., 2023). Socioeconomic 
status, education level, and workplace location were 
positively associated with better knowledge, consistent 
with findings from Jazan, Saudi Arabia (Mahfouz et al., 
2023), and other studies (Pajic et al., 2021). Individuals 
with higher education or employed in certain health 
settings are more likely to participate in health programs, 
which may explain their higher level of knowledge.

Regarding preventive practices, participants showed 
moderate adherence to DF prevention measures, such as 
eliminating mosquito larvae from indoor and outdoor 
containers and using insect repellents, bed nets, and 
mosquito coils, particularly at night. This observation 
confirms previous research indicating that knowledge 
does not always translate into practice  (Elliott, 2021). 

The majority of participants correctly identified 
mosquito bites as the primary mode of transmission and 
recognized the importance of avoiding stagnant water, 
consistent with WHO guidelines stating that Aedes 
mosquitoes are predominantly active during daylight 
hours (Paz-Bailey et al., 2024). Although piped water is 
available, residents often store water in containers due to 
supply interruptions, creating potential breeding sites for 
mosquitoes. In our study, 49% of participants reported 
regularly cleaning stored water to prevent larval growth. 
Overall, 82 nurses (92.1%) had good knowledge of DF, 
while 50 (56.2%) demonstrated fair preventive practices. 

Importantly, our study found that knowledge scores 
were significantly associated with demographic variables, 
including age, gender, education, and work experience. 
For example, nurses with higher education levels and 
more years of experience had better knowledge, which 
is consistent with previous studies conducted in Thailand 
and Malaysia showing that educational attainment 
and clinical experience are strong predictors of DF 
knowledge(Chan et al., 2022; Jianvitayakij et al., 2024) 

Female nurses in our study also had slightly higher 
knowledge scores compared with males, aligning with 
findings in Vietnam where female healthcare workers 
tended to be more proactive in acquiring health-related 
knowledge(Vollman et al., 2024) .Age was another 
important factor, as older nurses with more exposure 
to clinical practice demonstrated better knowledge 
than younger nurses, which may reflect accumulated 
professional experience and participation in training 
programs over time.
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These findings highlight the importance of targeted 
training programs that consider demographic factors to 
maximize knowledge acquisition. Tailored interventions 
can focus on younger nurses, those with lower educational 
levels, or nurses with less clinical experience to improve 
their understanding of DF and encourage the translation 
of knowledge into effective preventive practices. This 
approach is consistent with prior recommendations 
emphasizing the role of continuous professional 
development and behavior-focused interventions 
to reduce the risk and spread of dengue fever in the 
community (Mbewe, 2021).

15.	 Conclusion 
The findings of this study indicate that the majority of 

nurses possessed a good level of knowledge about dengue 
fever, encompassing its causes, symptoms, and preventive 
measures, and generally demonstrated satisfactory 
preventive practices. Demographic characteristics such 
as age, qualifications, and work area were moderately 
associated with both knowledge and practices, while 
gender showed minimal or non-significant effects. 
Moreover, a significant positive correlation was observed 
between knowledge and preventive practices (r = 0.33, P 
= 0.001), suggesting that higher knowledge levels were 
linked to better implementation of preventive measures. 
These results highlight the crucial role of nurses’ 
education, experience, and workplace environment in 
enhancing both knowledge and practice regarding dengue 
fever, emphasizing the need for continuous professional 
training and targeted educational programs to further 
strengthen preventive practices.

16.	Recommendations
Based on the study findings, it is recommended to 

enhance nurses’ knowledge and preventive practices 
regarding dengue fever through regular training aligned 
with WHO and Saudi Ministry of Health guidelines, 
hospital-wide awareness campaigns, and periodic 
monitoring of practices. Targeted interventions should 
address identified gaps, and further research with larger 
nursing populations is encouraged to support evidence-
based dengue prevention strategies.

17.	Limitations of the Study
This study was conducted in a single hospital with 

a relatively small sample, limiting generalizability. Data 
were self-reported, which may introduce bias, and the 
cross-sectional design prevents causal inferences. Long-
term adherence to preventive practices and effectiveness 
of prior training were not assessed.
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Abstract
The explosive growth of online content has exposed limits in traditional keyword-based search engines, which frequently yield results 
that are irrelevant or incomplete. This study investigates how Semantic Web methods—specifically ontologies, the Resource Description 
Framework (RDF), and Continuous Bag-of-Words (CBOW) embeddings—can improve search accuracy. We built a custom system that 
fuses structured representations with semantic similarity to more accurately capture user intent. Using a mixed-methods evaluation, 
we assessed performance with quantitative metrics (precision, recall, F1-score) and qualitative analysis. Compared with baseline 
keyword search, our model achieved gains of 14% in precision, 46% in recall, and 35% in F1, substantially increasing relevance and 
accuracy. Qualitative case studies further demonstrate effective disambiguation and context-appropriate retrieval. The results highlight 
the practical value of Semantic Web techniques for domains such as healthcare and e-commerce. Future work will address scalability 
and integration with more advanced machine-learning models to enable increasingly intelligent, context-aware search systems. 
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1.	 Introduction
In today’s digital ecosystem, information is generated 

at an unprecedented rate, continually expanding the 
volume of web data [1]. Conventional search engines, 
which depend largely on keyword matching, often struggle 
to deliver precise results because they lack contextual 
understanding [2]. Consequently, users frequently receive 
irrelevant or incomplete outputs, as these systems fail to 
capture semantics—the underlying meaning of terms in 
a query [3]. The problem is especially acute in domains 
where precision and relevance are critical, such as 
healthcare, academia, and e-commerce, where users need 
highly specific, context-aware results [4].

The Semantic Web, proposed by Tim Berners-Lee 
[5], offers a paradigm shift in information retrieval by 
structuring data so it is interpretable by both humans 
and machines. In contrast to predominantly unstructured 
web content, the Semantic Web enables data to be 
linked and annotated with explicit meaning [6]. Through 
technologies such as ontologies [7], taxonomies, and the 
Resource Description Framework (RDF) [8], machines 
can model and reason about relationships among entities. 
This structured representation allows search engines to 
infer user intent more accurately, align results with user 
context, and improve the relevance and precision of 
retrieval [5].

This paper investigates several Semantic Web 
techniques with strong potential to enhance search 
accuracy. First, ontologies and taxonomies provide a 
principled framework for organizing and interlinking 
concepts in ways that mirror real-world knowledge 
structures [9]. Second, RDF triples make entity relations 
explicit, yielding a machine-readable graph of conceptual 
connections [8]. Complementing these, word-embedding 
methods—specifically the Continuous Bag-of-Words 
(CBOW) model [10]. capture semantic similarity to better 
interpret query context and intent. In this study, CBOW 
was implemented via Word2Vec in Python with vector 
size = 300, window = 5, and epochs = 20, hyperparameters 
chosen to balance representational capacity, contextual 
scope, and training stability.

The objective of this study is to analyze and 
demonstrate how these techniques can be integrated into 
a search engine to deliver more accurate and contextually 
relevant results. By moving beyond surface-level 
keyword matching to semantic matching, the proposed 
approach aims to align outputs more closely with user 
intent and thereby improve user experience. The paper 
outlines the technical implementation strategy, evaluates 
effectiveness in terms of search accuracy, and discusses 
the broader implications and challenges of adopting these 
advancements.

2.	 Methodology 
This study employs Semantic Web techniques 

to improve search accuracy through a combination 
of ontology-based data organization, RDF-based 
relationship mapping, and contextual representation via 
word embedding. The following subsections present the 
dataset, techniques, tools, and evaluation processes in 
detail.

2.1	 Semantic Web Applied Techniques
2.1.1	 Ontology and Taxonomy Creation

Ontologies and taxonomies are critical for structuring 
domain knowledge by creating hierarchies of concepts 
and defining relationships between them. For this study, 
domain-specific ontologies were constructed using 
Protégé.

•	 Dataset link: The ontology was built to reflect 
entities and relationships in a healthcare dataset 
of 50,000 clinical abstracts collected from 
PubMed Central (open-access subset) [13]. 

•	 Ontology content: The classes included Disease, 
Symptom, and Treatment, with relationships 
such as causes, indicates, and treatedBy.

•	 Example fragment:
Class: Disease
SubClassOf: hasSymptom some Symptom
Class: Symptom
 SubClassOf: indicates some Disease
Class: Treatment
 SubClassOf: treats some Disease
This structured framework enabled the search engine 

to interpret queries such as “treatment for hypertension” 
by linking terms semantically rather than depending 
solely on exact keyword matches.

Recent research has further shown the usefulness of 
integrating graph neural networks (GNNs) to dynamically 
update ontology relations, improving contextual accuracy 
and adaptability [11].

2.1.2	 Resource Description Framework 
(RDF)

The dataset was transformed into RDF triples of 
the form (subject-predicate-object) to build a domain 
knowledge graph.

•	 Scale: Approximately 1.2 million RDF triples 
were generated.

•	 Example triple:
(Hypertension – treatedBy – BetaBlockers)
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SPARQL queries were executed using Apache Jena 
to retrieve entities and relationships. This approach 
provided context-aware results by enabling queries over 
structured knowledge graphs.

Studies combining RDF with Apache Spark 
demonstrate significant scalability for large datasets [12]. 
In this study, the same distributed querying approach was 
used to maintain performance efficiency.

2.1.3	 Continuous Bag of Words (CBOW) 
for Semantic Similarity

To capture semantic similarity in unstructured text, 
the CBOW algorithm was applied using the Word2Vec 
model implemented in Python.

•	 Corpus: The same 50,000 PubMed abstracts 
(healthcare domain).

•	 Hyperparameters: vector size = 300, window = 
5, epochs = 20, negative sampling = 10.

•	 Functionality: The model successfully grouped 
semantically related words, e.g., recognizing 
“physician” and “doctor” as contextually 
equivalent.

This embedding layer complemented the RDF 
structure by enabling the retrieval of synonyms and 
contextually related terms. Recent advances also highlight 
CBOW’s robustness when integrated with contextual 
flexibility, improving results across domains such as 
cybersecurity and medical text mining [13].

2.2	 System Architecture and Implementation 
Hybrid architecture: SPARQL results fused with 

CBOW similarity using weighted score: Final = 
0.6*SPARQL + 0.4*CBOW.

 Figure 1: Hybrid Semantic Search Architecture: SPARQL–CBOW Fusion Workflow

2.2.1	 Data Collection and Pre-processing 
Dataset: 50,000 PubMed Central abstracts (healthcare 

domain); 30 benchmark queries designed by domain 
experts; baseline model = TF-IDF with inverted index; 
relevance judged by human evaluators using TREC-style 
pooling.

Dataset source: 50,000 open-access healthcare 
abstracts from PubMed Central. 

Pre-processing steps:

•	 Text cleaning (removal of stopwords, 
p u n c t u a t i o n ) .

•	 Tokenization and lemmatization using NLTK.
•	 Conversion of unstructured text into RDF triples 

for ontology integration.
2.2.2	

2.2.3	 Integration of Components
The custom search engine integrated three 

c o m p o n e n t s :

1.	 Ontology framework for concept hierarchy.
2.	 RDF knowledge graph for semantic linking.
3.	 CBOW embeddings for contextual similarity.
This hybrid model processed queries by matching 

them against both the knowledge graph (structured) and 
CBOW embeddings (semantic), ensuring contextually 
relevant results.

Recent research confirms the advantage of such 
hybrid models in balancing precision and recall, 
particularly in noisy datasets [13].

2.2.4	 Evaluation and Testing
Benchmark queries: 30 queries designed by 

healthcare domain experts to represent real-world 
ambiguity (e.g., “treatment for viral pneumonia” vs. 
“therapy for flu”).
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•	 Baseline model: Traditional keyword-matching 
search engine using inverted index (TF-IDF 
retrieval).

•	 Evaluation: Each query was executed on both 
models (baseline and Semantic Web-enhanced). 
Results were measured with standard information 
retrieval metrics.

This ensured reproducibility and clear comparison 
between traditional and semantic-enhanced search.

2.3	 Tools and Frameworks
•	 Protégé: ontology design and management.
•	 Apache Jena: RDF triple store and SPARQL 

query execution.
•	 Word2Vec (Python Gensim): implementation 

of CBOW embeddings.
•	 NLTK & SpaCy: pre-processing (tokenization, 

lemmatization).
Together, these tools supported a multi-layered 

search architecture that integrates structured ontologies, 
RDF relationships, and vector-based semantic similarity.

2.4	 Evaluation Metrics 
Three key metrics, precision, recall, and F1 score 

were used to evaluate the model’s performance. The 
following is a brief description of each metric.

Precision: The percentage of relevant documents 
retrieved out of all the documents retrieved by the model. 
High precision means that the model retrieves fewer 
irrelevant documents.

Recall is the percentage of relevant documents 
retrieved out of all the relevant documents in the dataset. 
High recall means the model successfully retrieves most 
of the relevant documents.

F1 Score: The harmonic mean of precision and 
recall. It balances the two, especially when one metric is 
significantly lower than the other [14].

3.	 RESULTS
The Semantic Web-enhanced model demonstrated 

significant improvements compared to the baseline 
keyword-based model. Results were obtained from 30 
benchmark queries executed over a dataset of 50,000 
PubMed abstracts.

3.1	 Improvement Analysis
Precision improved from 82% to 96 (+14%). Recall 

improved from 45% to 91% (+46%). F1 Score improved 
from 58% to 93% (+35%). These results confirm the 
model’s ability to improve both accuracy and coverage.

3.2	 Results Table 
Table 1: Comparative Performance Metrics of 
Baseline and Semantic Web Models

Metric Baseline 
Model

Semantic 
Web Model

Improvement

Precision 82% 96% +14%
Recall 45% 91% +46%

F1 Score 58% 93% +35%

 Figure 2: Comparative Performance of Baseline and 
Semantic Web Models

4.	 DISCUSSION 
4.1	 Overview of Results
The study’s findings showed that integrating Semantic 

Web techniques into search systems led to significant 
improvements. Compared to baseline approaches, the 
Semantic Web-based 

model demonstrated higher precision, recall, and 
F1 score. These enhancements reflected the ability of 
semantic techniques to 

capture context and relationships within data, which 
in turn resulted in more accurate retrieval of relevant 
information.
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4.2	 Precision and Recall Trade-Off
The results revealed a substantial improvement in 

both precision and recall for the Semantic Web model. 
This dual improvement 

was particularly significant because traditional 
search models often.

faced a trade-off between these metrics. The 
semantic approach addressed this challenge by leveraging 
structured data (e.g., RDF 

triples) and ontologies to improve the model’s 
understanding of query intent and document content. This 
comprehensive 

understanding enabled the system to retrieve highly 
relevant documents while minimizing irrelevant ones.

4.3	 Impact of Semantic Techniques
The improvement in search accuracy was attributed 

to three key Semantic Web techniques:

- Ontologies and Knowledge Representation: 
These provided a formal framework for representing 
domain knowledge, enabling 

the model to interpret complex query structures and 
relationships between entities.

- CBOW Algorithm: This study applied the 
Continuous Bag of Words (CBOW) algorithm, 
implemented in Word2Vec with hyperparameters (vector 
size = 300, window = 5, epochs = 20). 

This enhanced the model’s semantic understanding 
by embedding contextually relevant features.

- RDF and Linked Data: RDF triples facilitated 
the connection of disparate datasets, enriching the search 
space with semantically linked information.

Collectively, these techniques addressed the 
limitations of keyword-based search by prioritizing 
meaning and context over lexical matches.

4.4	 Real-World Implications
The implications of this research remain highly 

relevant to several domains where search precision and 
recall are critical:

- Healthcare: Semantic search can improve clinical 
decision-making by accurately retrieving relevant 
medical literature, 

patient records, and treatment guidelines, all based 
on a semantic understanding of medical terminologies.

- E-commerce: Improved search accuracy can lead 
to better product recommendations, enhanced customer 

satisfaction, and increased sales by aligning search results 
with user intent.

4.5	 Limitations and Challenges 
While the Semantic Web model produced promising 

results, several challenges persist:

- Scalability: Semantic techniques often involve 
computationally intensive processes, which may hinder 
their application to large-scale datasets.

 Protégé/Jena may slow with billions of triples; 
consider distributed SPARQL with Apache Spark.

Cold-start: CBOW requires large domain-specific 
corpora; performance drops with small data. Quality: 
Ontology completeness crucial for effectiveness.

- Data Quality and Completeness: The effectiveness 
of Semantic Web techniques depends heavily on the 
quality and completeness 

of ontologies and linked data sources. Incomplete or 
inconsistent data can reduce performance.

- Complexity in Implementation: Incorporating 
Semantic Web frameworks into existing search systems 
requires expertise and resources, which limits widespread 
adoption.

4.6	 Future Work
To further enhance applicability and robustness, 

future research should focus on:

- Optimization Techniques: Developing more 
efficient algorithms to process large-scale datasets 
without compromising performance.

- Integration with Machine Learning: Combining 
Semantic Web techniques with advanced machine 
learning models (e.g., transformers) for better context 
understanding and prediction accuracy.

- Domain-Specific Applications: Tailoring semantic 
frameworks to address challenges in specialized fields 
such as finance, law, and education.

5.	 CONCLUSION
This study shows that Semantic Web methods can 

markedly improve search accuracy in information-
retrieval systems. By combining ontologies, RDF-based 
representations, and Continuous Bag-of-Words (CBOW) 
embeddings, the proposed engine moves beyond simple 
keyword matching and achieves substantial gains in both 
precision and recall.
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The CBOW component was implemented with 
Word2Vec in Python using vector size = 300, window 
= 5, and epochs = 20. These hyperparameters enabled 
the model to capture semantic relations—recognizing 
synonymy and contextual proximity (e.g., “doctor” and 
“physician”).

Integrating these techniques elevates result relevance 
and has clear implications for data-intensive sectors such 
as healthcare and e-commerce, where accurate retrieval 
strongly influences outcomes and user engagement. 
As organizations confront ever-growing data volumes, 
adopting Semantic Web principles offers a path toward 
more intelligent, adaptive search solutions.

Nonetheless, challenges remain, including the 
complexity of building and maintaining ontologies and 
the reliance on high-quality training data. Future work 
should investigate hybrid architectures that incorporate 
advanced machine-learning and natural-language-
processing techniques to further refine retrieval and 
broaden the applicability of Semantic Web approaches 
across domains.

In sum, the findings highlight the pivotal role 
of Semantic Web technologies in redefining search 
methodology, steering future advances toward deeper 
semantic understanding and stronger contextual 
relevance.
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Abstract
High-dimensional survey data, such as those from the Multiple Indicator Cluster Survey (MICS), pose challenges for traditional 
statistical analysis due to multicollinearity and correlated variables. The objective of this study is to demonstrate the application of 
penalized regression (PR), specifically the Least Absolute Shrinkage and Selection Operator (LASSO), combined with post-selection 
inference and bootstrap validation for analyzing childhood diarrhea. Data from 8,923 children were analyzed to assess predictors of 
diarrhea. LASSO and Ridge regression models were fitted, and post-selection bootstrap resampling (R = 1,000) was conducted. LASSO 
identified child age, region, unimproved water source, and child weight as the strongest predictors, while Ridge regression retained 
all variables with similar predictive performance (AUC ~0.61). The findings highlight the value of PR methods for variable selection 
and model stability in high-dimensional survey data. In conclusion, combining LASSO with post-selection inference and bootstrap 
validation provides a practical framework for statistical analysis of complex survey data, with applicability beyond diarrhea research.
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1.	 Introduction
Childhood diarrhea remains a leading cause of 

morbidity and mortality among children under five, 
particularly in low- and middle-income countries (Walker 
et al., 2013; Rego et al., 2022). Despite advancements 
in water, sanitation, and hygiene, the burden of 
diarrheal diseases persists due to a complex interplay 
of demographic, environmental, and socioeconomic 
factors (Black et al., 2010). Large-scale surveys such 
as the Multiple Indicator Cluster Surveys (MICS) 
provide valuable data on child health and household 
characteristics, offering opportunities to study these 
factors (UNICEF, 2020). However, these datasets often 
include a large number of correlated variables, posing 
challenges for traditional statistical models. Standard 
logistic regression can produce unstable estimates in the 
presence of multicollinearity or high-dimensional data, 
limiting reproducibility and interpretability (Zou and 
Hastie, 2015).

Previous studies analyzing childhood diarrhea disease 
have primarily relied on standard logistic regression or 
generalized linear models to identify risk factors (Satty 
et al., 2024; Black et al., 2010). While informative, these 
approaches often fail to efficiently handle correlated 
predictors or select the most relevant variables when the 
number of predictors is large. PR methods, such as LASSO 
and Ridge regression, have been increasingly applied in 
epidemiological and public health settings to address 
high-dimensional data, perform variable selection, and 
improve model interpretability (Tibshirani, 1996; Zou 
and Hastie, 2005; Friedman et al., 2010). Nevertheless, 
most applications focus on predictive performance rather 
than demonstrating reproducible post-selection inference 
or integrating robust bootstrap validation (Lee et al., 
2016; Kammer et al., 2022; Wong et al., 2023), leaving 
a methodological gap in epidemiological research using 
survey data.

The current study aims to demonstrate the 
methodological application of PR in high-dimensional 
survey data, using childhood diarrhea as a case study. 
LASSO regression was employed to identify the most 
informative predictors, with Ridge regression used for 
comparative performance evaluation. To ensure robust and 
unbiased inference, post-LASSO analysis with bootstrap 
resampling was conducted to estimate adjusted odds ratios 
(ORs) and confidence intervals (CIs). The significance of 
this study lies in highlighting reproducibility, interpretable 
effect estimation, and methodological transparency, 
rather than solely identifying risk factors. By combining 
PR with post-selection inference and bootstrap 
validation, this study provides a practical, reproducible, 
and interpretable framework for modern epidemiological 
research. Although applied here to childhood diarrhea, the 
methodology is broadly applicable to other public health 

outcomes with high-dimensional data, offering a roadmap 
for improving statistical rigor and interpretability. 
Overall, this approach illustrates how advanced statistical 
techniques can be leveraged for robust, reproducible, and 
interpretable analyses of large-scale survey datasets.

2.	 Methods
2.1	 Mathematical formulation of the PR analysis
Let Yi∈{0,1} denote the binary outcome for child i 

(1 = diarrhea, 0 = no diarrhea), and let Xi=(Xi1,Xi2,…,Xip) 
represent the p explanatory variables including child, 
maternal, household, and environmental characteristics. 
The PR model is defined as:

where β0 is the intercept and βj are the regression 
coefficients. The LASSO estimator is obtained by 
maximizing the penalized log-likelihood:

where ι(β) is the log-likelihood function for the 
logistic model, λ>0 is the tuning parameter controlling the 
penalty, and ∑p

1=1|βj| is the L1-norm penalty that shrinks 
some coefficients exactly to zero. Similarly, the Ridge 
estimator minimizes the L2-penalized log-likelihood:

where the L2-norm penalty shrinks coefficients 
toward zero without eliminating any variable. For post-
selecting inference, for variables selected by LASSO 
(βj

LASSO ≠ 0), adjusted ORs were estimated using standard 
logistic regression on the selected subset:

where S={j:βj
LASSO ≠ 0} and βj

post-LASSO) are coefficients 
from the refitted logistic model. Bootstrap resampling 
(R=1,000) was used to obtain 95% CIs for these ORs.
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2.2	 Study data and variable description
The study analyzed data from the 2018–2019 MICS 

conducted in the Central African Republic (CAR) 
(ICASEES, 2021). The binary outcome variable was 
childhood diarrhea (1 = yes, 0 = no), based on a sample 
of 8,923 children. Explanatory variables covered child, 
maternal, and household/environmental characteristics. 
Child-level factors included sex, current breastfeeding 
status, weight, and age grouped into five categories (0–
11, 12–23, 24–35, 36–47, and 48–59 months). Maternal 
education was classified as none/preschool, primary, 
or secondary and above. Household and environmental 
variables included area of residence (urban/rural), region 
(1–7), wealth index (poorest to richest quintiles), source 
of drinking water (improved/unimproved), sanitation 
facility (improved/unimproved), and handwashing 
facilities (observed/unobserved). 

2.3	 The PR analysis and post-selection inference
Data analysis was conducted using R (version 4.5.1). 

Predictor variables were preprocessed by dummy coding 
categorical variables, and continuous variables were 
standardized where appropriate. LASSO and Ridge 
regression models were fitted using the glmnet package. 
The optimal penalty parameters (λ) for LASSO and Ridge 
were selected via 10-fold cross-validation, minimizing 
the binomial deviance. The final LASSO and Ridge 
models were fitted using the λ values corresponding to 
the minimum cross-validated deviance (λ_LASSO = 
0.0046, λ_Ridge = 0.0028). Variables retained by LASSO 
(non-zero coefficients) were used for post-selection 
inference. Specifically, a standard logistic regression was 
refitted on the LASSO-selected predictors, and bootstrap 
resampling (R = 1,000, set.seed = 123) was performed 
to obtain 95% CIs for adjusted ORs. Model performance 

was evaluated using area under the receiver operating 
characteristic curve (AUC), accuracy, sensitivity, and 
specificity. Sensitivity was particularly emphasized due to 
the imbalance in diarrhea prevalence, with fewer positive 
cases relative to non-cases. This combined approach 
allowed robust identification of key predictors while 
ensuring reproducible and interpretable effect estimates 
in a high-dimensional survey dataset.

3.	 Results:
3.1	 Population characteristics and diarrhea 

prevalence
The analysis included 8,923 children under five 

(4,379 boys and 4,544 girls), with diarrhea slightly 
more common among boys (25.1%) than girls (23.4%). 
Prevalence peaked at ages 6–23 months (33.6%) and 
was lowest at 48–59 months (15.1%). Children ever 
breastfed showed higher prevalence (25.4%) than those 
never breastfed (20.0%). By maternal education, the 
highest prevalence was among children of mothers with 
fundamental 1 education (26.7%), compared to 21.6% 
with no education. Wealth differences were modest 
(22.6%–25.2%). Prevalence was slightly higher in rural 
(24.5%) than urban (23.5%) areas, and across regions 
ranged from 21.3% in Region 2 to 29.7% in Region 
6. Children from households with unimproved water 
sources (25.8%) and unimproved sanitation (24.4%) had 
higher prevalence than those with improved facilities, 
and diarrhea was also more common in households with 
observed handwashing places (25.7%) than unobserved 
(23.6%). Figure 1 shows childhood diarrhea prevalence 
in the CAR by region, highlighting notable regional 
disparities.
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Table 1: Variables retained in the LASSO model:

Factor Coefficient (β) Selected (LASSO)

Sex: male 0.089 Yes

Age:12-23 0.755 Yes

Age: 24-35 0.530 Yes

Age: 36-47 0.135 Yes

Age: 48-59 0.147 Yes

Breastfeeding: yes 0.170 Yes

Maternal education: preschool or none -0.286 Yes

Maternal education: secondary or higher 0.000 No

Area of residence: urban 0.080 Yes

Region: region 2 -0.111 Yes

Region: region 3 0.019 Yes

Region: region 4 0.180 Yes

Region: region 5 0.269 Yes

Region: region 6 0.406 Yes

Region: region 7 0.000 No

Wealth index: poor -0.042 Yes

Wealth index: poorest 0.034 Yes

Wealth index: rich -0.117 Yes

Wealth index: richest -0.044 Yes

Source of drinking water: unimproved 0.177 Yes

Sanitation status: unimproved 0.031 Yes

Handwashing facilities: unobserved -0.222 Yes

Child weight 0.172 Yes

3.2	 Factors retained in the LASSO model
The LASSO-PR analysis (Table 1) identified 

several factors associated with childhood diarrhea, while 
other variables were not selected by the model, with 
their coefficients shrunk to zero. In Table 2, variables 
marked as “No” under the LASSO selection column 
indicate that their coefficients were shrunk exactly to 
zero by the LASSO penalty and thus excluded from 
the post-selection model. Variables marked as “Yes” 
were retained with non-zero coefficients and included 
in the post-LASSO inference. Age showed the strongest 
associations, with children aged 12–23 months (β = 0.76) 
and 24–35 months (β = 0.53) having the highest positive 
coefficients compared to the reference group, and smaller 
effects observed for children aged 36–47 months (β = 
0.14) and 48–59 months (β = 0.15). Male sex (β = 0.09), 
current breastfeeding (β = 0.17), urban residence (β = 
0.08), unimproved water source (β = 0.18), and higher 

child weight (β = 0.17) were also positively associated 
with diarrhea. In contrast, maternal education of 
preschool or none (β = -0.29), unobserved handwashing 
facilities (β = -0.22), and certain wealth index categories 
showed negative associations, suggesting reduced risk. 
Regional differences were evident, with progressively 
larger coefficients in regions 4 (β = 0.18), 5 (β = 0.27), 
and 6 (β = 0.41), indicating region 6 as the area with 
the strongest effect. Some variables, such as maternal 
education at secondary or higher (β = 0.00) and region 
7 (β = 0.00), were not selected by LASSO, suggesting 
minimal contribution to predicting diarrhea. Overall, 
Table 2 highlights child age, geographic region, and 
water source as the most influential predictors, with other 
factors contributing more moderately.
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3.3	 Model performance metrics: LASSO vs. 
Ridge

The 10-fold cross-validation results (Table 2) 
indicate that LASSO and Ridge regression models 
performed similarly in terms of discrimination and 
overall accuracy. LASSO achieved a slightly higher AUC 
(0.612) compared to Ridge (0.609), while both models 
had comparable accuracy (~76%). However, both models 
exhibited extremely high specificity (close to 1.0) and 

very low sensitivity, suggesting that while non-cases were 
correctly classified, true cases of diarrhea were poorly 
identified. Despite comparable predictive performance, 
LASSO was preferred because it performs both shrinkage 
and variable selection, shrinking some coefficients 
exactly to zero. This property improves interpretability 
by highlighting the most relevant predictors of childhood 
diarrhea and simplifying the model.

3.4	 Adjusted ORs from post-LASSO model
Post-LASSO analysis was conducted to estimate the 

adjusted ORs for the variables retained in the LASSO 
model (Table 3). Male children (OR = 1.093; 95% CI: 
1.000-1.211) and those aged 12–23 months (OR = 2.128; 
95% CI: 1.797-2.605) or 24–35 months (OR = 1.699; 95% 
CI: 1.416-2.077) had significantly higher odds of diarrhea. 
Breastfeeding was also associated with increased odds 
(OR = 1.186; 95% CI: 1.038-1.362). Maternal education 
had a protective effect, with children of mothers with no 
or preschool education less likely to experience diarrhea 
(OR = 0.751; 95% CI: 0.674-0.842). Regional disparities 

were evident, with children in Regions 4, 5, and 6 facing 
significantly higher odds, while no differences were 
observed by urban–rural residence or wealth quintiles. 
Environmental risk factors included unimproved water 
sources (OR = 1.193; 95% CI: 1.077-1.340), whereas 
unimproved sanitation was not significant. Interestingly, 
lack of observed handwashing facilities was protective 
(OR = 0.801; 95% CI: 0.715-0.884). Higher child weight 
was also associated with greater odds of diarrhea (OR 
= 1.188; 95% CI: 1.066-1.305). Overall, age, region, 
unimproved water, and child weight emerged as the most 
important predictors of childhood diarrhea.

Table 2: Performance metrics of Ridge and LASSO models

Model λ AUC Accuracy Sensitivity Specificity
Ridge 0.0028 0.609 0.764 0.0001 1.000

LASSO 0.0046 0.612 0.764 0.0001 0.999

Table 3: Post-LASSO results for childhood diarrhea

Variable Adjusted odds ratios (ORs) CI Lower CI Upper
Sex: male 1.093 1.000 1.211
Age:12-23 2.128 1.797 2.605
Age: 24-35 1.699 1.416 2.077
Age: 36-47 1.145 0.985 1.409
Age: 48-59 1.158 1.000 1.389

Breastfeeding: yes 1.186 1.038 1.362
Maternal education: preschool or none 0.751 0.674 0.842

Area of residence: urban 1.084 0.974 1.258
Region: region 2 0.895 0.757 1.033
Region: region 3 1.019 0.878 1.238
Region: region 4 1.197 1.013 1.422
Region: region 5 1.309 1.076 1.578
Region: region 6 1.501 1.263 1.847

Wealth index: poor 0.959 0.825 1.091
Wealth index: poorest 1.035 0.908 1.196

Wealth index: rich 0.889 0.754 1.001
Wealth index: richest 0.956 0.764 1.095

Source of drinking water: unimproved 1.193 1.077 1.340
Sanitation status: unimproved 1.032 0.920 1.177

Handwashing facilities: unobserved 0.801 0.715 0.884
Child weight 1.188 1.066 1.305
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4.	 Discussion
In this study, penalized regression (PR) techniques, 

including LASSO and Ridge models, were applied to 
high-dimensional survey data to provide a reproducible 
and interpretable framework for variable selection. By 
simultaneously performing shrinkage and selection, 
LASSO identifies a concise set of predictors while 
controlling model complexity, whereas Ridge regression 
retains all variables but provides comparable predictive 
performance, illustrating the trade-off between sparsity 
and variance reduction (Zou and Hastie, 2005; Friedman 
et al., 2010). In the present analysis of childhood 
diarrhea, both LASSO and Ridge regression effectively 
accommodated correlated predictors through shrinkage 
(Pavlou and Ambler, 2015; Kipruto and Wang, 2025). 
LASSO highlighted child age, region, unimproved 
drinking water, and greater child weight as primary 
risk factors, while factors such as maternal education, 
urban residence, and unobserved handwashing facilities 
showed weaker or protective associations. Post-selection 
inference with 1,000 bootstrap resamples confirmed these 
findings, and Ridge regression results mirrored LASSO’s 
patterns, demonstrating the reliability and stability of the 
selected predictors (Bainter and Binns, 2023).

The study incorporated extensive internal validation 
to enhance reproducibility and assess model reliability. 
Ten-fold cross-validation selected λ = 0.0006376 for 
LASSO and λ = 0.0028 for Ridge, and both penalties 
produced similar predictive performance, indicating 
comparable discrimination but very low sensitivity, likely 
due to severe class imbalance (Saito and Rehmsmeier, 
2015). To mitigate bias in penalized coefficient estimates, 
we refitted the LASSO-selected predictors and applied 
bootstrap resampling, which provided less-biased effect 
estimates and valid 95% CIs. This procedure confirmed 
the stability of variable selection and the consistency of 
effect magnitudes across resamples (Robert, 1996).

Although LASSO and Ridge produced nearly 
identical AUC metrics (~0.61), LASSO was preferred 
for its interpretability, setting unimportant coefficients to 
zero. However, these coefficients are shrinkage estimates 
optimized for prediction; their magnitudes should not 
be interpreted as unbiased causal effects. For formal 
inference on effect sizes, post-selection procedures, such 
as refitting an unpenalized model on LASSO-selected 
variables or using post-selection inference frameworks, 
are recommended to reduce bias and obtain valid CIs 
(Taylor & Tibshirani, 2016; Meinshausen and Bühlmann, 
2010; Lee et al., 2016; Chernozhukov et al., 2015).

The observed extremely low sensitivity combined 
with very high specificity underscores practical challenges 
in class-imbalanced data. Decision thresholds tuned 
for overall accuracy/AUC may fail to detect positive 
cases. In such settings, precision–recall analysis (PR-

AUC), threshold optimization, cost-sensitive learning, 
resampling strategies (e.g., oversampling, SMOTE), or 
class-weighted penalties can provide more informative 
evaluation metrics and improve positive-case detection 
(Saito and Rehmsmeier, 2015).

In summary, this study illustrates that PR provides 
a robust, reproducible, and flexible framework for 
modeling complex disease outcomes. By combining 
variable selection, shrinkage, bootstrap validation, 
and post-selection inference, researchers can identify 
key predictors, quantify uncertainty, and account for 
overfitting and multicollinearity. While the application 
here focused on childhood diarrhea, these methods are 
broadly applicable across epidemiological and public 
health research where high-dimensional, correlated 
predictors are common.

5.	 Conclusion
This study demonstrates that application of penalized 

regression analysis, particularly LASSO combined with 
post-selection inference and bootstrap validation, provides 
a robust and reproducible framework for analyzing high-
dimensional survey data. This application effectively 
identified child age, region, unimproved water sources, 
and child weight as the strongest predictors of childhood 
diarrhea, while accounting for multicollinearity and class 
imbalance.

Strengths of this study include the use of advanced 
variable selection methods, internal validation through 
cross-validation and bootstrap resampling, and the 
generation of interpretable effect estimates via post-
LASSO inference. These methods improve reproducibility 
and allow for a compact, stable model, which is 
particularly valuable when working with complex survey 
data. Limitations include the low sensitivity observed 
in the predictive models due to class imbalance, and the 
inherent bias in penalized coefficients that requires post-
selection adjustment. Additionally, the analysis is cross-
sectional and observational, limiting causal interpretation 
of the associations.

Future directions include refining methods for 
handling imbalanced outcomes, applying PR techniques 
to other public health datasets, incorporating external 
validation to assess model generalizability, and combining 
these approaches with causal inference methods to 
strengthen policy-relevant recommendations.

6.	 Ethical considerations
This study used de-identified, secondary data 

obtained from MICS. The data are publicly available 
upon request through the UNICEF MICS website (https://
mics.unicef.org/). Ethical approval for the original data 
collection was obtained by the implementing agencies, 
and informed consent was provided by all participants. 
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Abstract
Background: Preoperative anxiety is common among surgical patients and may negatively affect recovery. 
Objective: To assess preoperative and postoperative anxiety levels in adult elective surgery patients in Khartoum State and examine 
associated socio-demographic factors.
Methods: A descriptive comparative study of 230 adult elective surgery patients at three public teaching hospitals. Anxiety was 
assessed pre- and postoperatively using the Hamilton Anxiety Rating Scale (HAM-A). Associations with socio-demographic factors 
were analyzed with Chi-square tests, and predictors identified via regression analysis.
Results: Participants were 49% male and 51% female, mostly aged 18–29 years (39%) and 48% married. Preoperative anxiety was 
highest for intellectual disturbances (37.4%), fears (28.3%), and depressed mood (21.3%), and decreased significantly postoperatively 
across all HAM-A subscales (p < 0.001). Main sources of anxiety were concern for family (80.4%), fear of complications (79.1%), and 
postoperative pain (71.7%). Anxiety was significantly associated with gender (p = 0.001) and educational level (p < 0.001); females 
and patients with lower education were more affected. Regression analysis confirmed female gender and lower education as significant 
predictors.
Conclusion: Preoperative anxiety is prevalent but declines after surgery. Targeted education, reassurance, and psychological support 
are recommended, especially for females and less-educated patients, to improve surgical outcomes.
Keywords: Preoperative anxiety, elective surgery, Hamilton Anxiety Rating Scale, socio-demographic factors, perioperative care
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1.	 Introduction
Anxiety is a natural emotional response to stress, 

particularly when uncertainty or perceived threat 
exists. For patients undergoing elective surgery, 
preoperative anxiety is a significant concern affecting 
both psychological well-being and physical recovery 
(Geoffrion et al., 2021; Gümüs, 2021).It may manifest as 
fear, apprehension, and physiological responses such as 
increased heart rate, blood pressure, and gastrointestinal 
discomfort, resulting from sympathetic nervous system 
activation (Bjurström et al., 2025). Preoperative anxiety 
typically intensifies as the surgery date approaches 
and can negatively influence postoperative outcomes, 
including prolonged recovery, increased pain, and higher 
complication rates (Baagil et al., 2023; Wang et al., 2022).

Several sociodemographic and clinical factors 
contribute to preoperative anxiety. Younger patients, 
females, those undergoing major surgeries, and 
individuals with limited prior surgical experience are 
more likely to report higher anxiety (Farhane-Medina 
et al., 2022; Kassahun et al., 2022; Varma et al., 2021). 
Additional factors include educational level, marital 
status, fear of complications, postoperative pain, and 
family concerns (Bedaso et al., 2022; Ferede et al., 2022; 
Nicolini et al., 2021).In Sudan, cultural beliefs, limited 
preoperative counseling, and resource constraints in 
public hospitals may further influence patients’ anxiety 
levels before surgery.

Preoperative anxiety is often under-identified 
and inadequately managed, particularly in developing 
countries where psychological assessment is not routinely 
integrated into pre-surgical care (Ali, 2023; Pal et al., 
2022). Most previous studies on preoperative anxiety 
have been conducted in high-income or middle-income 
countries, with limited data from Sudanese healthcare 
settings. This lack of local evidence represents a major 
knowledge gap that hinders the development of effective, 
culturally appropriate interventions to address patients’ 
emotional needs before surgery (Spagnolello et al., 2022; 
Tadesse et al., 2022).

Assessment tools for preoperative anxiety include the 
Hamilton Anxiety Rating Scale (HAM-A), the State-Trait 
Anxiety Inventory (STAI), and the Visual Analog Scale 
(VAS). Among these, the HAM-A is particularly suitable 
for adult populations, as it measures both psychic and 
somatic anxiety and enables the comparison of anxiety 
levels before and after surgery(Abd Allah et al., 2023).

Global studies consistently report high prevalence 
of preoperative anxiety. In India, major contributors 
included fear of anesthesia, postoperative pain, and 
surgical complications (Adhikari et al., 2023). In Turkey, 
abdominal surgery patients reported elevated anxiety, 
with women showing higher levels than men (Saeed et 

al., 2022). Similar findings have been noted in several 
African and Middle Eastern contexts, where fear of 
the unknown and inadequate preoperative information 
were key anxiety triggers (Ho et al., 2022; Patil et al., 
2022).These findings highlight the need for locally 
grounded research to better understand the determinants 
of preoperative anxiety within specific cultural and 
healthcare contexts.

This study addresses the knowledge gap in Sudan 
by examining preoperative anxiety among adult elective 
general surgery patients in teaching hospitals in Khartoum 
State. It evaluates sociodemographic predictors—such as 
gender, age, and educational level—and identifies key 
contributing factors including family concerns, fear of 
complications, and anticipated postoperative pain. The 
findings aim to guide culturally appropriate interventions 
for reducing anxiety, enhancing recovery, and improving 
overall surgical outcomes.

2.	 Methodology: 
Research Design: 

A descriptive comparative design was employed to 
assess preoperative and postoperative anxiety among 
adult elective general surgery patients. This design 
enabled the measurement of baseline anxiety before 
surgery and the evaluation of changes following surgery.

Study Area:

The study was conducted in three major public 
teaching hospitals in Khartoum State, Sudan: Ibrahim 
Malik Hospital, Bahri Hospital, and Omdurman Hospital. 
These hospitals provide general and specialized surgical 
services to a diverse adult population representing various 
socio-cultural and educational backgrounds.

Population and Sample Size

Study Population and Sampling:

The target population included all adult patients 
scheduled for elective general surgery in the selected 
teaching hospitals of Khartoum State during the study 
period (December 2019 to January 2020). Participants 
were recruited using a convenience sampling method 
based on daily operative lists.
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Sample Size Justification:

The sample size was estimated using the standard 
formula for cross-sectional studies:

where:

n = required sample size

Z = Z-value for 95% confidence level (1.96)

p = estimated proportion of patients with preoperative 
anxiety (assumed 50% to maximize sample size)

d= margin of error (0.065)

The total target population during the study period 
was approximately 500 elective surgery patients across 
the three hospitals. A sample of 230 participants provided 
sufficient statistical power to detect differences in 
preoperative and postoperative anxiety levels and to 
examine associations with socio-demographic variables.

3.	 Inclusion Criteria
•	 Adults aged 18 years and above.
•	 Scheduled for elective general surgery in the 

selected hospitals.
•	 Medically fit and cleared for anesthesia and 

surgery.
•	 Provided written informed consent.
Exclusion Criteria
•	 Patients undergoing emergency surgery.
•	 Individuals with severe cognitive impairment or 

diagnosed psychiatric disorders that could affect 
anxiety assessment.

•	 Patients who refused or withdrew consent.
•	 Critically ill patients, operationally defined 

as those with hemodynamic instability (e.g., 
requiring vasopressor support), respiratory 
distress needing mechanical ventilation, or multi-
organ dysfunction that precluded participation in 
interviews or psychological assessments.

Data Collection Procedures: Data were collected 
from December 2019 to January 2020 using a 
structured, interviewer-administered questionnaire. The 
questionnaire was piloted on 15 patients (not included 
in the final sample) to ensure clarity, feasibility, and 
reliability. Adjustments were made based on the pilot 
feedback.

The questionnaire included:

1.	 Socio-demographic and clinical data: Age, 
gender, marital status, educational level, 
employment status, type of surgery, previous 
surgical experience, and presence of chronic 
illnesses.

2.	 Anxiety assessment: Anxiety levels were 
measured using the Hamilton Anxiety Rating 
Scale (HAM-A), developed by Max Hamilton 
in 1959 as one of the first standardized tools 
for assessing both psychic (mental) and somatic 
(physical) symptoms of anxiety (Hamilton, 
1959).The HAM-A consists of 14 items, each 
rated on a 5-point Likert scale from 0 (not 
present) to 4 (very severe), yielding a total score 
ranging from 0 to 56. Interpretation of scores is 
as follows:

•	 0–17: Mild anxiety
•	 18–24: Moderate anxiety
•	 25–30: Severe anxiety
•	 30: Very severe anxiety
The HAM-A was administered twice for each 

participant: once during the preoperative assessment 
(within 24 hours before surgery) and again 24–48 hours 
postoperatively. 

Validity and Reliability: The HAM-A has been 
widely validated in diverse populations and clinical 
settings. Its reliability has been established in multiple 
studies, demonstrating good internal consistency 
(Cronbach’s alpha ranging from 0.77 to 0.92) and strong 
inter-rater reliability. In this study, the pilot testing 
confirmed the questionnaire’s clarity, appropriateness, 
and reliability for assessing anxiety among adult surgical 
patients.

Data Analysis: 

Data were analyzed using SPSS Version 25. 
Descriptive statistics (mean, standard deviation, 
frequencies, percentages) summarized demographic 
characteristics and anxiety scores.

•	 Comparison of preoperative and postoperative 
anxiety: Conducted using the paired-samples 
t-test to assess significant differences in HAM-A 
scores before and after surgery.

•	 Associations with socio-demographic variables: 
Examined using the Chi-square test.

•	 Significance level: p-value < 0.05 was considered 
statistically significant.
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Ethical Considerations: 

Ethical approval was obtained from the Research 
Ethics Committee, Ministry of Health, Khartoum State 
(Approval No: EK/2019/115-MH, granted on 4 November 
2019). The study was conducted in accordance with the 
Declaration of Helsinki. Participation was voluntary, 
informed consent was obtained, and confidentiality, 
anonymity, and the right to withdraw at any stage were 
fully ensured.

4.	 Results
The study included 230 adult patients undergoing 

elective general surgery at three public teaching 
hospitals in Khartoum State: Bahri Hospital (n=115, 
50%), Omdurman Hospital (n=74, 32%), and Ibrahim 

Malik Hospital (n=41, 18%). Socio-demographic 
variables examined included gender, age, marital status, 
educational level, previous surgical history, and health 
insurance coverage.

The study population had a nearly equal gender 
distribution (49% males, 51% females). The majority 
were aged 18–29 years (39%), followed by 30–49 years 
(33%), and ≥50 years (28%). Most patients were married 
(48%), while 36% were single, and a small proportion 
were separated, widowed, or divorced. Educationally, 
nearly half had low education levels (illiterate or primary 
education, 47%). About 41% had previous surgical 
experience, and 55% were insured. Most patients (69%) 
had a hospital stay of less than one week, shown in table 

Table 1: Socio-Demographic Characteristics of Study Participants 

Item Frequency Percent

Gender

Male 113 49%

Female 117 51%

Age

18–29 years 89 39%

30–49 years 76 33%

≥50 years 65 28%

Marital Status

Single 82 36%

Married 110 48%

Separated 16 7%

Widowed 17 7%

Divorced 5 2%

Educational Level

Illiterate 44 19%

Primary school 65 28%

Secondary school 52 23%

Undergraduate 55 24%

Postgraduate 14 6%

Previous Surgery

Yes 95 41%

No 135 59%

Health Insurance

Yes 127 55%

No 103 45%
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Table 2 presents the preoperative and postoperative anxiety levels among adult elective surgery patients, assessed 
using the Hamilton Anxiety Rating Scale (HAM-A). Overall, anxiety decreased postoperatively across most domains, 
including anxious mood, tension, fears, insomnia, depressed mood, somatic (muscular and sensory), respiratory, and 
gastrointestinal symptoms. 

Table 2: Comparison Between Preoperative and Postoperative Anxiety Levels

N
NP Mi M S VS

Pre Post Pre Post Pre Post Pre Post Pre Post

1 Anxious mood
F 41 170 36 54 66 4 50 1 37 1
% 17.8% 73.9% 15.7% 23.5% 28.7% 1.7% 21.7% 0.4% 16.1% 0.4%

2 Tension
F 19 153 49 71 55 4 53 2 54 0
% 8.3% 66.5% 21.3% 30.9% 23.9% 1.7% 23.0% 0.9% 23.5% 0.0%

3 Fears
F 65 158 56 69 39 3 29 0 41 0
% 28.3% 68.7% 24.3% 30.0% 17.0% 1.3% 12.6% 0.0% 17.8% 0.0%

4 Insomnia
F 24 143 50 77 56 8 45 2 55 0
% 10.4% 62.2% 21.7% 33.5% 24.3% 3.5% 19.6% 0.9% 23.9% 0.0%

5 Intellectual
F 86 181 65 46 41 3 21 0 17 0
% 37.4% 78.7% 28.3% 20.0% 17.8% 1.3% 9.1% 0.0% 7.4% 0.0%

6 Depressed
mood

F 49 184 64 40 64 4 27 1 26 1
% 21.3% 80.0% 27.8% 17.4% 27.8% 1.7% 11.7% 0.4% 11.3% 0.4%

7 Somatic
(muscular)

F 40 173 63 50 56 7 29 0 42 0
% 17.4% 75.2% 27.4% 21.7% 24.3% 3.0% 12.6% 0.0% 18.3% 0.0%

8 Somatic
(sensory)

F 51 185 72 40 62 5 19 0 26 0
% 22.2% 80.4% 31.3% 17.4% 27.0% 2.2% 8.3% 0.0% 11.3% 0.0%

9 Respiratory
symptoms

F 67 173 37 55 35 2 32 0 59 0
% 29.1% 75.2% 16.1% 23.9% 15.2% 0.9% 13.9% 0.0% 25.7% 0.0%

10 Gastrointestinal
F 37 167 42 56 46 5 47 2 58 0
% 16.1% 72.6% 18.3% 24.3% 20% 2.2% 20.4% 0.9% 25.2% 0.0%

NP – Not Present, Mi – Mild, M – Moderate, S – Severe, VS – Very Severe

Table 3 presents the mean anxiety scores for each HAM-A subscale before and after elective surgery. Overall, there 
was a marked decrease in anxiety levels postoperatively across all subscales. The largest reductions were observed in 
Intellectual disturbances (↓ 2.5), Fears (↓ 2.2), and Anxious mood (↓ 2.1). These findings indicate that elective surgery was 
associated with substantial improvement in patient-reported anxiety, emphasizing the need for perioperative psychological 
support to optimize patient outcomes.

Table 3: Mean Anxiety Scores Pre- and Postoperatively

Subscale Preoperative Mean ± SD Postoperative Mean ± SD Change  
(Pre – Post)

Anxious mood 3.2 ± 1.1 1.1 ± 0.8 ↓ 2.1
Tension 2.8 ± 1.0 1.0 ± 0.7 ↓ 1.8
Fears 3.5 ± 1.2 1.3 ± 0.9 ↓ 2.2

Insomnia 2.1 ± 0.9 0.8 ± 0.6 ↓ 1.3
Intellectual 3.7 ± 1.3 1.2 ± 0.8 ↓ 2.5

Depressed mood 3.0 ± 1.1 1.1 ± 0.7 ↓ 1.9
Somatic (muscular) 2.9 ± 1.0 1.0 ± 0.7 ↓ 1.9
Somatic (sensory) 3.2 ± 1.1 1.2 ± 0.8 ↓ 2.0

Respiratory 2.5 ± 0.9 1.0 ± 0.7 ↓ 1.5
Gastrointestinal 2.7 ± 1.0 1.1 ± 0.7 ↓ 1.6
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Legend: ↓ indicates a decrease in mean anxiety 
scores postoperatively.

Family concerns, fear of complications, and 
postoperative pain were the primary sources of anxiety 

(>70%). Less common sources included nil per mouth, 
body image concerns, and negative prior hospital 
experiences. Anxiety is multifactorial, involving 
psychological, physical, and social aspects, shown in 
table 4.

Table 4: Associated Factors with Preoperative Anxiety

Factor Frequency Percent
Concern about family 185 80.4%
Fear of complications 182 79.1%

Postoperative pain 165 71.7%
Fear of physical disability 148 64.3%

Waiting for operation 156 67.8%
Not awakening from anesthesia 145 63.0%

Financial loss 132 57.4%
Familiarity with facilities 131 57.0%
Harm from medical error 122 53.0%

Postoperative nausea and vomiting 127 55.2%
Alteration in body image 113 49.1%

Absence from work 114 49.6%
Negative prior hospital experiences 108 47.0%

Nil per mouth 103 44.8%

Significant associations were found between 
preoperative anxiety and both gender (p < 0.01) and 
educational level (p < 0.001), indicating that females and 
patients with lower education levels were more likely to 
experience elevated preoperative anxiety. No significant 
associations were found for age, marital status, previous 

surgery, or health insurance shown in table 5.

Data were analyzed using Chi-Square tests to explore 
associations between preoperative anxiety and socio-
demographic variables.

Table 5: Association Between Preoperative Anxiety and Socio-Demographic Characteristics of Participants (n = 
230)

Variable χ² df p-value Significance
Gender 10.89 2 0.001 Significant

Educational level 14.76 3 0.000 Significant
Age 2.45 2 0.294 Not significant

Marital status 1.73 3 0.421 Not significant
Previous surgery 0.87 1 0.352 Not significant
Health insurance 0.61 1 0.436 Not significant

A regression analysis identified female gender 
and lower educational level as significant predictors of 
higher preoperative anxiety (p < 0.05). Other variables, 
including age, marital status, previous surgery, and health 
insurance, were not significant predictors.

5.	 Discussion
The findings of this study regarding preoperative 

anxiety are consistent with research worldwide, 
highlighting the common psychological challenges 
patients face when undergoing surgery. Key factors 

contributing to preoperative anxiety include concern 
for family, fear of complications, and worry about 
postoperative pain. In this study, the most frequently 
reported concerns were worry about family (80%), fear 
of complications (79.1%), and worry about pain after 
surgery (71.7%), consistent with findings from previous 
studies (Grocott et al., 2023; Kefelegn et al., 2023).These 
studies similarly reported that uncertainty about surgical 
outcomes, family well-being, and fear of discomfort were 
major sources of anxiety.
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Studies from India, Turkey, and Nigeria similarly 
identified fear of complications, family-related concerns, 
and uncertainty regarding surgical outcomes as significant 
predictors of preoperative anxiety (Lami et al., 2025). 
Additionally, in this study, patients reported anxiety 
related to potential physical disability and financial 
loss, which aligns with prior research indicating these as 
notable stressors for surgical patients (Van Beek et al., 
2021).These cross-cultural similarities suggest that the 
emotional experiences of surgical patients are influenced 
by universal psychological and social factors, irrespective 
of geographic or cultural context (Sikakulya et al., 2024).

A notable finding of this study is the substantial 
reduction in anxiety following surgery. Before surgery, 
30.4% of patients reported very severe anxiety, whereas 
after surgery, 97% reported only mild anxiety, with no 
patients experiencing severe or very severe anxiety. 
This pattern aligns with previous studies showing that 
successful surgery alleviates the fear of uncertainty 
and provides psychological relief (Jenkins et al., 2024; 
Lanini et al., 2022; Obuchowska & Konopinska, 2021). 
Postoperative reduction in anxiety is supported by 
effective postoperative care, including pain management, 
complication monitoring, and psychological support 
(Niyonkuru et al., 2025).Nonetheless, not all patients 
experience the same degree of relief, and some may 
continue to worry about recovery or complications, 
highlighting the need for ongoing postoperative support 
and education (Newman, 2022; Saludes & Sardan, 2025).

Regarding demographic factors, this study found that 
preoperative anxiety was significantly associated with 
gender and educational level. Female patients reported 
higher anxiety, which aligns with prior research suggesting 
that women are generally more prone to anxiety due to 
psychological, biological, and social factors (Yang et 
al., 2024). Patients with lower educational levels also 
experienced greater preoperative anxiety, likely due to 
less understanding of surgical procedures and associated 
risks. Higher educational attainment may provide 
patients with better health literacy and the ability to seek 
information, which can reduce uncertainty and anxiety. 
These findings emphasize the importance of tailoring 
preoperative education and interventions to patients’ 
educational backgrounds to effectively reduce anxiety.

No significant associations were observed between 
anxiety and age, marital status, or previous surgical 
experience. Although some literature suggests younger 
patients may experience higher anxiety, this study 
indicates that factors such as gender and educational level 
may have a stronger influence (Civilotti et al., 2021).

Overall, the findings highlight the importance of 
comprehensive preoperative assessment, individualized 
patient education, and supportive interventions to address 

anxiety, considering both psychological and socio-
demographic factors.

6.	 Conclusion
The current study demonstrates that preoperative 

anxiety is a significant issue among patients undergoing 
elective general surgery in public teaching hospitals in 
Khartoum State. Anxiety levels were substantially higher 
before surgery compared to after surgery, with a marked 
reduction following the procedure. Female patients and 
those with lower educational levels were more likely 
to experience higher preoperative anxiety. The most 
common sources of anxiety included concern for family, 
fear of complications, and worry about postoperative 
pain.

These findings underscore the importance of 
implementing preoperative interventions to reduce 
anxiety. Addressing patients’ psychological concerns 
before surgery can not only improve mental well-being 
but also enhance surgical outcomes, such as faster 
recovery and reduced postoperative discomfort. Targeted 
strategies, including patient education, psychological 
support, and clear communication about surgical 
procedures, are essential, particularly for vulnerable 
groups with lower education levels.

Overall, effective management of preoperative 
anxiety is crucial for improving patient care, optimizing 
surgical outcomes, and increasing overall patient 
satisfaction.

7.	 Limitations
This study has several limitations that should be 

considered when interpreting the findings. First, the 
sample was selected using convenience sampling, which 
may introduce selection bias, as it does not represent 
the entire population of patients undergoing elective 
surgery. The study was limited to three public teaching 
hospitals in Khartoum State, so the findings may not 
be generalizable to other regions or private hospitals. 
Additionally, although the sample included 230 patients, 
a larger sample size in future studies could provide more 
statistical power and a more representative understanding 
of preoperative anxiety across diverse patient populations.

Second, data were collected through self-reported 
measures using a structured questionnaire and the 
Hamilton Anxiety Rating Scale (HAM-A). Self-
reported data may be subject to response bias, such as 
underreporting or overreporting of anxiety, which could 
affect the accuracy of the findings.

Third, certain patient categories were not included, 
such as individuals with severe cognitive impairments 
or psychiatric conditions, who might experience anxiety 
differently. Inclusion of these groups in future studies 
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could provide a more comprehensive understanding of 
preoperative anxiety.

Overall, these limitations suggest that future research 
should include a larger and more diverse sample and 
consider objective or complementary measures of anxiety 
to improve the validity and generalizability of findings.

8.	 Future Recommendations
The most effective way to reduce preoperative 

anxiety is to evaluate the effectiveness of interventions 
(preoperative education, relaxation methods, 
psychological counselling) that should be implemented 
in future research. These interventions can be conducted 
in other hospitals to establish their effect on the level 
of patient anxiety and postoperative outcomes. The 
studies may be conducted to study the timing, format, 
and content of educational programs to determine what 
methods are the most effective in reducing anxiety. Also, 
longer follow-up measures after the surgery would be 
beneficial to understand the long-term outcomes of such 
interventions on anxiety measures and general healing. 

Medical staff should be taught to identify the symptoms 
of preoperative anxiety early during the surgery. Specific 
interventions, including clear and detailed information 
on the surgery, clarifying key fears and anxieties, and 
psychological support, can go a long way in relieving 
anxiety. The collaboration between the nurses, surgeons, 
and anesthesiologists can be used to provide assurance 
and engage the patients in conversations that reduce 
uncertainty. Moreover, healthcare professionals need 
to think about incorporating some relaxation activities, 
including guided imagery or breathing exercises, into 
the preoperative process to help diminish anxiety. These 
methods can increase patient comfort, better surgical 
results and results in an overall more positive surgical 
experience.
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ملخــص البحــث: يتنــاول هــذا البحــث تأثيــر النظــم الإنشــائية علــى الأداءيــن الوظيفــي والجمالــي للفراغــات المعماريــة الداخليــة، مــن خلال تطويــر نمــوذج 
تقييمــي يتكــوّّن مــن 288 نقطــة قيــاس موزعــة علــى عناصــر وظيفيــة وجماليــة. تــم تطبيــق النمــوذج علــى ثلاث مبــانٍٍ مختلفــة مــن حيــث نــوع النظــام الإنشــائي 
ــوك،  ــة تب ــة، مســجد جامع ــد الله للدراســات والبحــوث البترولي ــك عب ــة الســعودية، وهــي: مركــز المل ــة العربي ــي داخــل المملك ــع الجغراف والاســتخدام والموق
ًـا فــي درجــات التفاعــل بيــن النظــام الإنشــائي ومتطلبــات الفراغــات  ومبنــى كليــة الهندســة وعلــوم الحاســب بجامعــة جــازان. أظهــرت النتائــج تفاوت�ًـا ملحو�ظ
الداخليــة، حيــث حقــق مركــز الملــك عبــد الله للدراســات والبحــوث البتروليــه أعلــى تقييــم )254 نقطــة(، يليــه مســجد جامعــة تبــوك )230 نقطــة(، ثــم مبنــى كليــة 
الهندســة )199 نقطــة(. يُعُــد النمــوذج أداة تحليليــة يمكــن اســتخدامها لتقييــم المشــروعات المعماريــة أثنــاء التصميــم أو بعــد التنفيــذ، كمــا يوف�ّـر مــدخًلاً علمي�ًـا 
لدعــم القــرارات التصميميــة وتوجيــه اختيــار الأنظمــة الإنشــائية بمــا يحقــق التــوازن بيــن الوظيفــة والجمــال. يقــدّّم البحــث مســاهمة نوعيــة فــي مجــال التصميــم 

ا ـقـابًلاً للتطوـيـر والتطبـيـق ـفـي ـسـياقات معمارـيـة متنوـعـة التكامـلـي، ويقـتـرح إـطـاًرً
الكلمات المفتاحية: ) المنظومة الانشائية، الجوانب الوظيفية، الجوانب الجماليه، الفراغات الداخلية الرئيسية، الفراغ المعماري(

Abstract: This study examines the impact of structural systems on the functional and aesthetic performance of interior architectural 
spaces by developing an evaluation model comprising 288 measurement points distributed across functional and aesthetic elements. 
The model was applied to three buildings in Saudi Arabia, differing in structural system type, function, and geographic location: The 
King Abdullah Petroleum Studies and Research Center, the University of Tabuk Mosque, and the College of Engineering and Computer 
Science building at Jazan University. The results revealed significant variations in the interaction scores between structural systems and 
interior spatial requirements. The King Abdullah Petroleum Studies and Research Center achieved the highest evaluation score (254 
points), followed by the University of Tabuk Mosque (230 points), and the College of Engineering building (199 points). The model 
serves as an analytical tool for assessing architectural projects during the design phase or post-implementation. It provides a scientific 
foundation to support design decisions and guide the selection of structural systems to achieve a balance between functionality and 
aesthetics. The research contributes qualitatively to the field of integrative design and proposes a scalable framework applicable to 
diverse architectural contexts.
Keywords: (Structural systems, Functional aspects, Aesthetic aspects, Main internal spaces, Architectural space)
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 أ. د. جمال أحمد عبد الحميد سعد| د. خالد على محمد على زيد: تطوير نموذج تقييمي لقياس تأثير النظم الإنشائية على الأداء الوظيفي والجمالي 
86-72 للفراغات المعمارية الداخلية – دراسة تطبيقية  	

1 المقدمة 	.
ــي تشــكيل الفراغــات  ًـا ف ا جوهري� يلعــب النظــام الإنشــائي دوًرً
المعماريــة الداخليــة، ليــس فقــط مــن ناحيــة تحقيــق الاســتقرار 
البنيــوي، بــل ومــن حيــث التأثيــر المباشــرعلى أداء الفــراغ ووظيفتــه 
ــة  ــة صامت ــل كخلفي ــد تُعُام ــم تع ــائية ل ــر الإنش ــه، فالعناص وجماليات
للتصميــم الداخلــي، بــل أصبحــت أدوات تصميميــة تُسُــهم فــي خلــق 
ــوم  ــة الي ــزداد الحاج ــتخدم، وت ــة المس ــز تجرب ــكان وتعزي ــة الم هوي
إلــى أدوات تقييــم موضوعيــة تســاعد المعمارييــن علــى فهــم العلاقــة 
المعقــدة بيــن النظــام الإنشــائي ومتطلبــات التصميــم الداخلــي، خاصــة 
ــي  ــه المبان ــي تواج ــة الت ــة والتقني ــات البيئي ــم التحدي ــل تعاظ ــي ظ ف
ــا  الحديثــة، فــي هــذا الســياق، يأتــي هــذا البحــث ليقتــرح نموذًجً
ــم  ــل النظ ــاس تفاع ــى قي ــدف إل ــة، يه ــن 288 نقط ًـا م ًـا مكون� تقييمي�
ــي بشــكل  ــراغ الداخل ــة للف ــة والجمالي الإنشــائية مــع الأبعــاد الوظيفي

يـق بـل للتطبـ يـق وقاـ دقـ

تتمثــل أهميــة البحــث فــي قدرتــه علــى دعــم اتخــاذ القــرار 
ــي  ــم المبان ــد تقيي ــي أو عن ــط الأول ــل التخطي ــي مراح ــي ف التصميم
ــى ثلاث  ــوذج عل ــار النم ــم اختب ــد ت ــا. وق ــرض تطويره ــة بغ القائم
ــة  ــة مختلف ــة ووظيفي ــات مناخي ــن بيئ ــية متنوعــة ضم حــالات دراس
داخــل المملكــة العربيــة الســعودية، بمــا يعــزز مــن موثوقيــة النتائــج 

هـا يـة تعميمـ وإمكانـ

اشكالية البحث:1-1	
علــى امتــداد تاريــخ العمــارة، ظــل تأثيــر النظــام الإنشــائي 
ا  ا مباشــًرً علــى الفــراغ المعمــاري محــل جــدل بيــن مــن يــراه محــدًدً
خلــف  إخفــاء حضــوره  إلــى  يســعى  ومــن  والجمــال،  للوظيفــة 
عناصــر التصميــم الأخــرى. تبــرز الإشــكالية فــي مــدى قــدرة النظــام 
الإنشــائي علــى دعــم كفــاءة اســتخدام الفــراغ الداخلــي دون أن يطغــى 
ــكلة  ــل مش ــة. وتتمث ــه الوظيفي ــد مرونت ــة أو يُقُي ــه الجمالي ــى هويت عل
ــدّّره  ــة دقيقــة ترصــد هــذا التأثيــر وتق ــاب أداة منهجي البحــث فــي غي

صـرة يـة المعاـ سـياقات التصميمـ فـي الـ عـي ـ شـكل موضوـ بـ

الدراسات السابقة والفجوة البحثية:2-1	
أشــارت الدراســات الســابقة إلى غياب أداة منهجية شــاملة وقابلة 
للتطبيــق الكمــي لقيــاس التفاعــل بيــن الأنظمــة الإنشــائية ومتطلبــات 
الفراغــات المعماريــة الداخليــة مــن الناحيتين الوظيفية )كالكفــاءة، 
المرونــة، الراحــة البيئيــة( والجمالية )كالاتــزان البصــري، التفاعــل 
ــى  ــابقة عل ــاث الس ــزت الأبح ــزي(. رك ــر الرم ــراث، التعبي ــع الت م
جوانــب محــددة مثــل المتانــة أو الكفــاءة الاقتصاديــة، لكنهــا لــم تقــدم 
ًـا تكاملي�ًـا يُقُ�يِـم العلاقــة التبادليــة بيــن النظــام الإنشــائي والفراغ  نموذج�

الداخلــي بشــكل دقيــق وقابــل للتعميــم )1( 

خلال  مــن  البحثيــة  الفجــوة  لهــذه  دراســة  البحــث  ويقــدم 
تطوير نمــوذج تقييمــي، يربــط بيــن تأثيــر الأنظمــة الإنشــائية والأداء 
الوظيفــي والجمالــي للفراغــات الداخليــة بشــكل منهجــي. اعتمــد 
ــاءة  ــددة )كالكف ــر مح ــى معايي ــط قياس موزعــة عل ــوذج على نق النم
الوظيفيــة، الاتــزان البصــري، التفاعــل مــع الإضــاءة(، ممــا و�فَـر أداة 

شـاريع لـف المـ لـى مختـ يـق عـ لـة للتطبـ يـة قابـ موضوعـ

فرضية البحث :3-1	
ّـال لقيــاس  يفتــرض البحــث إمكانيــة تطويــر نمــوذج تقييمــي فع�
ــات  ــاءة الفراغ ــودة وكف ــى ج ــره عل ــائي وعناص ــام الإنش ــر النظ أث
المعماريــة الداخليــة مــن النواحــي الوظيفيــة والجماليــة. ويُتُوقــع 

ــار النظــم  ــي اختي ــتخدم هــذا النمــوذج كأداة دعــم تصميمــي ف أن يُسُ
ــم وتحديــث المبانــي  ــدة، أو لتقيي الإنشــائية الملائمــة للمشــاريع الجدي
ــا  ــة. كم ــة والبيئي ــة والتقني ــرات الوظيفي ــب المتغي ــا يواك ــة بم القائم
ــي  ــاط المبان ــوع أنم ــع تن ــف م ــي التكي ــوذج ف ــة النم ــرض مرون تُفُت

سـياقات والـ

اهداف البحث :4-1	
الهــدف الرئيــس للبحــث هــو تصميــم وتطبيــق نمــوذج تقييمــي 
ــي  ــراغ الداخل ــن العناصــر الإنشــائية والف ــة بي ــة التبادلي ــدّّد العلاق يُحُ
علــى المســتويين الوظيفــي والجمالــي. وتنــدرج تحتــه الأهــداف 

ــة: ــة التالي الفرعي

•	 بالمنظومــة  وعلاقتهــا  الفراغيــة  المنظومــة  مكونــات  فهــم 
الإنشــائية.

•	 تحليــل تأثيــر العناصــر الإنشــائية علــى تشــكيل واســتخدام 
الداخلــي. الفــراغ 

•	 ــات  ــائي ومتطلب ــام الإنش ــص النظ ــن خصائ ــة بي ــق العلاق توثي
الراحــة والأداء البصــري والنفســي للمســتخدم.

منهجية البحث:5-1	
ــة  ــة التحليلي ــي الدراس ــتخدم ف ــي المس ــج العلم ــس المنه ــو نف ه

لـي. فـي التحليـ هـج الوصـ هـو المنـ وـ

حيــث ســيتم رصــد وتوثيــق عينــات الدراســة مــن الطبيعــة 
باســتخدام التصويــر الفوتوغرافــي وبواســطة الرســومات المعماريــة 
لــكل مشــروع، وباســتخدام التحليــل الاحصائــي ســيتم اســتخراج 

بـة ئـج المطلوـ النتاـ

ــة  ــم بدراس ــذي يهت ــي ال ــي التحليل ــج الوصف ــتخدام المنه ــم اس ت
ووصــف خصائــص وأبعــاد تأثيــر النظــام الانشــائي علــي الاداء 
الوظيفــي وجماليــات الفــراغ مــن خلال نمــوذج تقييمــي يرصــد هــذه 
ــدة  ــده لع ــي ح ــه كل عل ــة والجمالي ــات الوظيفي ــع المكون ــة م العلاق
ــة  ــي كلي ــل مبن ــا، مث ــائها ووظائفه ــة انش ــي طبيع ــف ف ــي تختل مبان
ــة  ــي مســجد جامع ــازان ومبن ــة ج ــوم الحاســب بجامع ــة وعل الهندس
ــه،  ــوث البترولي ــات والبح ــه للدراس ــد الل ــك عب ــز المل ــوك ومرك تب
ــه  ــه وقيم ــه تفصيلي ــد قيم ــه ترص ــج قيمي ــتخلاص نتائ ــي اس وبالتال
نهائيــه واضحــه ومحــددة، ويمكــن تطبيــق هــذا النمــوزج لرصــد هــذه 
ــي  ــي مبان ــم أو حت ــة التصمي ــي مرحل ــة ف ــي مختلف ــي مبان ــة ف العلاق
ــي  ــة ف ــرارات التصميمي ــاذ الق ــي اتخ ــم ف ــد المصم ــا يفي ــه، مم قائم
الحالــه الاولــي أو فــي تطويــرالاداء الجمالــي والوظيفــي فــي الحالــه 

يـه الثانـ

2 الفراغ المعماري الداخلي	.
ــة  ــانية المختلف ــطة الإنس ــوي الانش ــذي يح ــاء ال ــو ذاك الوع ه
وشــكل المبنــي الخارجــي مــا هــو إلا غلاف للانشــطة المتنوعــة 
بداخلــه، )2( وكل نشــاط يحتــاج إلــي متطلبــات فراغيــة وبيئيــة 
خاصــة بالاضافــة الــي الابعــاد الجماليــة التــي تميــز الفــراغ وتحفــز 
ــي  ــدأ ف ــل أن يب ــاري قب ــي المعم ــذا يجــب عل ــي أداء الانشــطه، ل عل
العمليــة التصميميــة أن يكــون ملمــا بمتطلبــات الراحــة الفســيولوجية 
ــن الفراغــات  ــراغ أو بي ــة داخــل الف والنفســية والاحتياجــات الوظيفي
ــة  ــات الفراغي ــة العلاق ــا دراســة منظوم ــدف هن ــا )3(، واله وبعضه
الداخلـيـة والتأثـيـر المتـبـادل بـيـن العناـصـر الانـشـائية وـهـذه المنظومة
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 العناصر المادية للفراغ الداخلي1-2	
تعتبــر هــذه العناصــر أدوات المصمــم للوصــول بــأي فــراغ إلــي 

شــخصية مســتقلة بذاتهــا، وهــذه العناصــر هــي )4( :

العناصر المعمارية 1-1-2	
ــي  ــي وه ــكيله النهائ ــن تش ــؤلة ع ــراغ المس ــر الف ــي عناص وه

عبــارة عــن ) الأرضيــات – الحوائــط - الأســقف( .

 العناصر الإنشائية2-1-2	
وهــي عناصــر النظــام الانشــائي والتــي تؤثــر بشــكل كبيــر 
علــي تشــكيل الفــراغ، حيــث يلعــب الإنشــاء دورا أساســيا فــي تحقيــق 
المتطلبــات الفراغيــة المعماريــة بكفــاءة، وتتمثــل هــذه العناصــر 
ــطح  ــرات والاس ــة كالكم ــدة والافقي ــية كالاعم ــر الرأس ــي العناص ف
كبلاطــات الاســقف بالاضافــة الــي العناصــر المائلــة والتــي قــد تكــون 
ــة  ــدادات الفولاذي ــي الش ــة ال ــقف بالاضاف ــرات أو أس ــدة أو كم أعم

هـا وغيرـ

عناصر الانتقال الفراغي3-1-2	
هــي العناصــر الناقلــة فــي التصميــم الداخلــي )ممــرات – سلالــم 
– شــبابيك - ابــواب( حيــث تنقــل بصريــا وماديــا العلاقــة بيــن فــراغ 
وآخــر وبيــن الفــراغ الداخلــي والخــارج، ويؤثــر حجــم الفتحــات 

والإحســاس  الحائــط  لســطح  البصــري  التكامــل  علــي  وشــكلها 
يـه. لـذي يغطـ تـوي اـ بالمحـ

عناصر التأثيث4-1-2	
ــراغ مــن  ــي كل ف ــب عناصــر الفــرش ف ــار وترتي ــر اختي ويعتب
فراغــات المبنــي هــو مــن أهــم عناصــر التصميــم الداخلــي، والطريقة 
الـتـي يوـضـع بـهـا الـفـرش تؤـثـر عـلـي كيفـيـة إدراك واـسـتخدام الفراغ

الأنظمة الفنية   5-1-2	
بالمبنــي  والكهربيــة  الميكانيكيــة  الانظمــة  عناصــر  هــي 
كالمصاعــد والسلالــم المتحركــة وأنظمــة التكييــف والحريــق وغــرف 
التحكــم وهــي مــن عناصــر الفراغــات الداخليــة والتــي تأثــر بشــكل 

هـا. غـات ووظيفتـ شـكل الفراـ لـى ـ يـر عـ كبـ

3 منظومة الفراغ المعماري الداخلي 	.
تعــرف المنظومــة بأنهــا تفاعــل أجــزاء مرتبطــة ببعضهــا 
البعــض لتحقيــق أهــداف معينــة، والمنظومــة الفراغيــة هــي مجموعــة 
المتطلبــات المطلوبــة لتكويــن الفــراغ الداخلــي مــن اجــل راحــة 
ــي حــد  ــة تتكــون ف ــة،)5( وهــذه المنظوم ــة والمعنوي الإنســان المادي
ذاتهــا مــن عــدد مــن المنظومــات كمــا يعبــر عنهــا شــكل )1( وهــي:
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	1-3: Human System المنظومة الإنسانية
المقصــود بالمنظومــة الإنســانية هــي تلــك المنظومــة التــي 
تشــكل الفكــر العــام للإنســان فــي المجتمــع، وتتشــكل تلــك المنظومــة 

ــي : مــن الات

	1-1-3 Human البيئة الإنسانية
:Environment

وهــي البيئــة التــي تشــكل فكــر وشــخصية الفــرد حتــي تكوينــه 
الفســيولوجي والعقلــي والاجتماعــي، وهــي بدورهــا تنقســم إلــي 

بيئتــين الايكولوجــية والحضارــية 

	2-1-3:Human Anatomy البنية الإنسانية
ــة  ــة )الأنظمــة والأجهــزة الداخلي ــة المادي ــي البني وهــي تنقســم إل
للجســم التــي تتكامــل مــع بعضهــا فــي اتــزان وظيفــي( والنفســية 
)الظواهــر النفســية والغريزيــة فــي الإنســان( والعقليــة ) الفكــر الــذي 
يفــرق الإنســان عــن باقــي المخلوقــات( وكيفيــة تعاملهــا مــع الظــروف 
البيئيــة، وذلــك لتحديــد دور الــغلاف والفــراغ المعمــاري الداخلــي 

ــا يناســب الإنســان )6( ــذه الظــروف بم ــة ه ــي تهيئ والخارجــي ف

	2-3: Functional System المنظومة الوظيفية
المعيــار الأول للحكــم علــي نجــاح الفــراغ الداخلــي هــو وظيفته، 
ــات  ــل متطلب ــب تحلي ــراغ يج ــل الف ــي داخ ــة المثل ــق الوظيف ولتحقي

ــه وهــي )7( : المســتخدمين والأنشــطة التــي ســتمارس داخل

 Users Requirement أ- متطلبات المستعملين

 Activity Requirements ب- متطلبات الأنشطة

 Dimensions Requirement ج- متطلبات الأبعاد

 furnishing requirement د- متطلبات التأثيث

Safety Requirements هـ- متطلبات الأمن

	3-3 Environment Comfort منظومــة الراحــة البيئيــة
: System

يحتــاج الإنســان إلــي التحكــم فــي المحيــط الداخلــي للفــراغ 
ــة  ــه المادي ــي راحت ــك للوصــول إل ــة وذل ــة أو صناعي بوســائل طبيعي

مــن خلال:

 Climatic Comfort أ- راحة مناخية

Lighting Comfort ب- راحة ضوئية

Acoustical Comfort ج- راحة صوتية

	4-3:Aesthetic System المنظومة الجمالية
بقــدر مــا كان الغــرض مــن الفــراغ المعمــاري الداخلــي الحمايــة 
مــن الظــروف الطبيعيــة وأداء وظيفــة معينــة فانــه بنفــس القــدر فــي 
حاجــة إلــي تحقيــق متعــة بصريــة ونفســية، وهــذه المنظومــة الجماليــة 
ــل  ــي عم ــاء ال ــرد بن ــن مج ــاري م ــل المعم ــي بالعم ــي ترق ــي الت ه
ــم  ــه وتنقس ــة والجمالي ــات الوظيفي ــق الاحتياج ــوازن يحق ــل مت متكام
منظومــة الجمــال إلــي ثلاثــة أنــواع وهــي )8( : )الجمــال الحســي - 

الجـمـال العاـطفـي - الجـمـال الفـكـري(

ومــن الأمثلــة التــي توضــح أنــواع الجمــال الثلاثــة تغطيــة 
صحــن المســجد النبــوي فيظهــر الجمــال الحســي فــي اســتخدام مــواد 
معروفــة لهــذه البيئــة مــع اســتخدام لــون محايــد وهــو الأبيــض، 
ــائي  ــلوب انش ــتخدام أس ــي اس ــي ف ــي التراث ــال العاطف ــر الجم ويظه
وهــو الخيــام ومــا لــه مــن مــوروث ثقافــي تاريخــي بيئي،كمــا يظهــر 
الجمــال الفكــري فــي تأديتهــا الناجحــة لوظيفتهــا مــن عناصر إنشــائية 
ــاق الغشــاء وفتحــه  ــي انطب ــا متطــورة وتظهــر ف بســيطه وتكنولوجي
مــع اســتخدام مفــردات تشــكيل نابعــة مــن مفــردات تشــكيل المســجد 
كالتيجــان ووحــدات الاضــاءة وقواعــد الاعمــدة كمــا فــي شــكل )2(

	5-3:Structural System المنظومة الإنشائية
الإنشــاء مكــون أساســي مــن مكونــات الفــراغ المعمــاري، حيــث 
ــة  ــوي الفراغــي لأداء الوظيف ــه المســؤول الأول عــن حمــل المحت ان
المطلوبــة بمــا يحقــق المتانــة والاقتصــاد، وتتكــون العناصــر الماديــة 

للمنظومــة الإنشــائية مــن )9(

مــواد البنــاء : تعتبــر مــواد البنــاء هــي المكــون المــادي للإنشــاء 
وخواصهــا هــي المســؤولة عــن التكوينــات الإنشــائية الناتجــة، وكلمــا 
ــات  ــا وتطــورت الإمكاني ــاء تحســنت خصائصه ــواد البن تطــورت م
الإنشــائية لهــا وبالتالــي ظهــور تشــكيلات فراغيــة جديــدة أكثــر 

مـاًلاً وأفـضـل أداءًاً  جـ

النظــم الإنشــائية: هــي الأســاليب الإنشــائية المختلفــة التــي تــم 
إبداعهــا حتــي الآن كنظــم لتغطيــة الفراغــات المختلفــة، ولــكل نظــام 
ــا  ــة تبع ــذه الأنظم ــم ه ــر، وتقس ــن الآخ ــزه ع ــي تمي ــه الت خصائص

هـا  جـة منـ هـادات الناتـ للاجـ

ــذ  ــرق التنفي ــاء وط ــا البن ــط تكنولوجي ــاء: ترتب ــا البن تكنولوجي
المســتخدمة فــي انتــاج المبانــي ارتباطــا وثيقــا بنظــم الانشــاء والمــواد 
المســتخدمة، فهــي تعتبــر الوســيلة التــي يتــم بهــا تشــكيل الهيــكل العــام 

للمبـنـي 
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4 مكونات المنظومة الإنشائية:	.
 يمــر التصميــم الإنشــائي بمرحلتــان، مرحلــة الكيــف التــي 
يتــم فيهــا تحديــد نــوع الإنشــاء المتوقــع اســتخدامه ومادتــه وشــكله، 
ــم  ــة الكــم التــي يت ــة خاصــة بالمعمــاري، )10( و مرحل وهــي مرحل

فيهــا عمــل الحســابات اللازمــة للنظــام الإنشــائي الســابق اقتراحــه، 
وهــي مرحلــة خاصــة بالمصممالإنشــائي، ولكــي يســتطيع المعمــاري 
القيــام بــدوره يجــب ان يعــرف علــي متطلبــات المنظومــة الانشــائية 

شــكل)3( :

المتطلبات الوظيفية والجمالية:1-4	
علــي كل نظــام إنشــائي تحقيــق نقطتــان اساســيتان وهمــا الجمــال 
“متطلبــات معنويــة” مــع تحقيــق التكنولوجيــا والوظيفــة “متطلبــات 

مادـيـة “ 

المتطلبات المادية :1-1-4	
المقصــود بالمتطلبــات الماديــة هــو توافــق الإنشــاء مــع وظائــف 
المبنــي أو مواصفــات الفراغــات كمــا وكيفــا مــن خلال تحقيــق الاتي:

أ- المتانــة: وهــي تعبــر عــن قــدرة المبنــي علــي تحمــل متطلبات 
وظيفتــه وعــدم تعــرض أي جــذء منــه للانهيــار ســواءا فــي الحــالات 
العاديــة أو حــالات الطــوارئ، ومتانــة المبنــي قــد تكــون فــي مرونتــه 
ــك  ــة، وذل ــة والمرون ــن الصلاب ــارض بي ــد تع ــه، ولا يوج أو صلابت

مثــل القــوس فهــو قــوي ومــرن فــي نفــس الوقــت

ب- الوظيفــة: الوظيفــة هــي العامــل الأساســي الــذي يحــدد شــكل 
ــة  ــة البحت ــي الوظيفي ــن المبان ــة م ــاك نوعي ــظ أن هن ــي، ويلاح المبن
ــل  ــر مث ــكان يذك ــة م ــس للوظيف ــي الجراجــات وأخــري لي ــل مبان مث
ــجار  ــاق الأش ــي س ــات ف ــك القطاع ــال لذل ــذكاري، ومث ــب الت النص
ــب  ــا أن اغل ــاح، كم ــي لمقاومــة الري ــا لأعل ــا اتجهن ــل ســمكها كلم يق
الأشــجار تســقط أوراقهــا فــي الشــتاء حتــي تقلــل المســاحة المعرضــة 
للريــاح وتخفيــف الحمــل كمــا يســمح للشــمس بالوصــول إلي الشــجرة 

ــا )11(  ــها لأداء وظيفته نفس

ج- الكفــاءة الاقتصاديــة: تعتبــر الكفــاءة الاقتصاديــة مــن أهــم 
العوامــل المؤثــرة فــي تصميــم المنشــأ واختيــار مــادة البنــاء، والنظــام 
الإنشــائي المثالــي اقتصاديــا هــو الــذي يحقــق الفــراغ المطلــوب مــع 

مراعــاة الاتــي )12(

•	 الكفاءة في استعمال المادة 
•	 توافــق متطلبــات التنفيــذ مــع العمالــة والمــواد والتكنولوجيــا 

المتوفــرة
•	 اختصار وقت تنفيذ المشروع 
•	 عمر المنشأ
•	 الوزن الذاتي

المتطلبات الجمالية:2-1-4	
ــة  ــة البصري ــة المتع ــي تنمي ــل عل ــي تعم ــات الت ــي المتطلب وه

والنفســية لــدي المتلقــي وهــي كالأتــي:)13(

الجماليات الحسية:3-1-4	
الاتــزان الإســتاتيكي والديناميكــي: الإحســاس بالاتــزان هــو 
ــه،  ــا حول ــي نفســه وفيم ــه ف ــي الإنســان يشــعر ب إحســاس فطــري ف
ــة  ــا للعام ــون واضح ــب أن يك ــائيا يج ــي إنش ــزان المبن ــة ات وخاص

صـور: عـدة ـ لـه ـ مـان وـ شـعور بالأـ طـاء الـ صـة لإعـ والخاـ

الاتــزان الاســتاتيكي بالتراكــم: وفيــه ينتقــل الــوزن عــن طريــق 
التراـكـم المباـشـر بفـعـل اـلـوزن الناـتـج ـمـن الجاذبـيـة الأرضـيـة 

أو  التماســك  أيضــا  عليهــا  ويطلــق  بالجســاءة:  الاتــزان 
الاســتمرارية الماديــة، بمعنــي أن المبنــي بمكوناتــه مــن كمــرات 
وأعمــدة متماســكة تقــاوم الأحمــال الواقعــة علــي إحداهــا وتنقلهــا إلــي 

القواــعد ــثم إــلي الأرض)مــثل الإنــشاء الهيكــلي( 

الاتــزان مــن خلال الوحــدة المســتمرة هندســيا: حيــث تتحــول 
الأحمــال إلــي اجهــادات محوريــة تنســاب داخــل قطــاع المنشــأ 

قـود شـاء المعـ ثـل الإنـ لـي الأرض مـ تـزن إـ المـ
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الاتــزان بالليونــة وانعــدام الجســاءة: حيــث تكون المــادة المغلفة 
لينــة بحيــث تأخــذ الوضــع المناســب والملائــم لهــا لنقــل الاجهــادات 
المحوريــة بالضغــط أو بالشــد إلــي الأرض مثــل الــكابلات المشــدودة 

أو الأغـشـية المـشـدودة 

الاتــزان التكنولوجــي: مثــل المصدات الميكانيكيــة أو الزنبركات 
ــوة رافعــة أو ضاغطــة  ــي تكتســب ق ــة أو الاســطوانية الت المخروطي

نتيجــة الشــد أو الضغــط الســابق فــي اتجــاه التحميــل

الإحســاس بالأمــان : النظــام الإنشــائي للمنشــأ المعمــاري هــو 
المســؤول الأول فــي إعطــاء الإحســاس بالأمــان للمتلقــي عنــد رؤيــة 

أو اـسـتخدام المنـشـأ 

المرونــة : مــن أهــم متطلبــات الفراغــات الحديثــة هــي المرونــة 
فــي اســتعمالها كمــا وكيفــا لــذا يفضــل فــي النظــام الإنشــائي أن يحقــق 

إمكانـيـة الـفـك والتركـيـب والنـقـل والـحـذف والإضاـفـة .

ــاء الاساســي  ــاري الإنش ــتخدم المعم ــة : اس  الإضــاءة والتهوي
ــن خلال  ــة م ــاءة والتهوي ــق الاض ــي تحقي ــاعد ف ــاء مس ــًاً إنش واحيان
ــي  ــة ســواء ف ــة وفتحــات التهوي ــة والجانبي وحــدات الاضــاءة العلوي

نـي تـي لكاـمـل المبـ نـي أو حـ ـجـزء ـمـن المبـ

الجماليات الفكرية:4-1-4	
ــات  ــة والعلام ــي ذات الرمزي ــي المبان وتتضــح بصــورة أكبرف
والأبــراج،  التــذكاري  النصــب  مثــل   (Land Mark( المميــزة 
ــة داخــل  ــاج الوظيف ــل اندم ــدة طــرق مث ــال بع ــق الجم ــن تحقي ويمك

الإنــشاء او اندــماج الإنــشاء داــخل الوظيــفة

الجماليات العاطفية:5-1-4	
ليــس كل مــا ينتجــه الإنشــاء مقبــول جماليــا إلا بإضافــة الحــس 
الفنــي المعمــاري إليــه، كمــا انــه ليــس كل مــا هو غير مناســب إنشــائيا 
يكــون غيــر مقبــول جماليــا مثــل العمــارة الفرعونيــة فهــي ذات قيمــة 
ــن  ــة بي ــة التعبيري ــائيا، والعلاق ــبة إنش ــر مناس ــا غي ــة لكنه ــة عالي فني

الهـيـكل الإنـشـائي والمنـشـأ متأرجـحـة عـلـي ـمـر العـصـور

 النظم الإنشائية6-1-4	
)14( :Structural Systems

تصنــف النظــم الانشــائية تبعــا لنــوع الإجهــاد المتولد فــي النظام: 
عنــد تعــرض اي هيــكل إنشــائي إلــي أحمال معينــة فأنه يقــوم بتحويلها 
الــي اجهــادات معينــة )شــد - ضغــط – انحنــاء( ويتــم تصنيــف النظــم 
الإنشــائية تبعــا لنــوع الاجهــادات التــي تنتجهــا ويعتبــر هــذا الأســلوب 
هــو أدق التصنيفــات والتــي ســتتناولها الدراســة، وبالتالــي فــأن أنــواع 

النظــم الإنشــائية هــي  )15(:

وهــو   )16(  :Single Stress الواحــد   الإجهــاد  نظــام   .1
ــادة،  ــن” تشــكيل الم ــن خلال تكوي ــية م ــة أساس ــل بطريق ــاء يعم إنش
وفكــرة هــذا النظــام هــو تفــادي كل الاجهــادات فــي العنصر الانشــائي 
ــق  ــق تحقي ــاء عــن طري ــل اجهــاد الشــد واجهــاد الضغــط والانحن مث
اجهــادات مــن النــوع الفــردي، وذلــك بتصميــم الهيــكل الانشــائي علي 
ــام والمنشــأت  ــود والخي ــل العق شــكل خطــوط القــوي أو عكســها، مث

ــة شــكل)4( ــة المنفوخــة والمنشــأت المعلق الهوائي

 Victor النظــام   مســتوي  علــي  الاجهــاد  ثنائــي  نظــام   .2
Active Structural:  " وهــو إنشــاء يعمــل بطريقــة أساســية مــن 
ــاء  ــي الغ ــوم عل ــه تق ــرة عمل ــط "، وفك ــد والضغ خلال أعضــاء الش
ــط داخــل  ــادات شــد وضغ ــي اجه ــوي ال ــل الق ــزوم وتحوي ــوي الع ق
العناصــر الانشــائية وذلــك عــن طريــق تكويــن الهيــكل الانشــائي مــن 

أجــزاء خطيــة لهــا قطــاع صغيــر بالمقارنــة بطولهــا لــذا تنقــل القــوي 
ــع الاعضــاء  ــم تجمي ــط،  )17( ويت ــد أو ضغ ــا ش ــا إم ــاه طوله باتج
ــتوية  ــات المس ــك الجمالون ــي ذل ــه عل ــات، والامثل ــكل مثلث ــي ش عل

ــكل)5( ــة ش ــات الفراغي والجمالون
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ــر  ــت تأثي ــد )تح ــر الواح ــي العنص ــاد ف ــي الاجه ــام ثنائ 3. نظ
ــن  ــام م ــذا النظ ــون ه ــزوم( Bulk Active Structural: ويتك الع
عناصــر انشــائية مســتقيمة كالاعمــدة والكمــرات وهــي تقــاوم القــوي 
ــل  ــة لقطاعهــا الانشــائي، وتحوي ــق مقاومــة المــادة المكون عــن طري
هــذه القــوي الــي اجهــادات ضغــط علــي أطرافهــا العلويــة واجهــادات 
شــد علــي أطرافهــا الســفلية، وتتــدرج هــذه الاجهــادات حتــي تنعــدم 

عنــد المحــور المحايــد وهــو منتصــف الكمــرة، مــع تولــد عــزم انحناء 
ــي  ــام عل ــذا النظ ــق ه ــوي، )18( وينطب ــزوم الق ــاوم لع ــي، مق داخل
نظــم الكمــرات والاطــارات، الاطــارات المتقاطعــة، ونظــم الكمــرات 
المتقاطعــة، بلاطــات الوافل،البلاطــات المجوفــة او الطــوب المفــرغ، 

والكمــرات المتقاطعــة، شــكل)6(

 "  :Service Active Structure الســطحي   النظــام   .4
ــام  ــذا النظ ــي ه ــطح "، وف ــتمرارية الس ــن خلال اس ــر م ــاء يؤث إنش
تكــون البلاطــه هــي الســطح والإنشــاء معــًاً، )19( وميكانيكيــة عمــل 
ــي تتشــارك  ــة والت ــا مجموعــة مــن الكمــرات المتلاصق البلاطــه أنه
فــي مقاومــة القــوي المؤثــرة عليهــا كجســم واحــد متجانــس مــن خلال 

ــادات الشــد والضغــط والعــزوم  ــال واجه ــع المتســاوي للاحم التوزي
ــا  ــكاز زادت قدرته ــاط الارت ــا زادت نق ــه، وكلم ــل البلاط ــي كام عل
وكفائتهــا، وتتميــز هــذه الاســطح بقدرتهــا علــي تغطيــة بحــور واســعه 
جــدا، وتــزداد قــوة مــادة الإنشــاء بتغيــر شــكل الســطح، ســواءًاً كان 

ــًاً  كالقشــريات أو منكســرًاً شــكل )7( منحني

"إنشــاء   :  Vertical Structure Systemالرأســي النظــام 
ــد  ــه تعتم ــرة عمل ــية " وفك ــال الرأس ــال الأحم ــن خلال انتق ــر م يؤث
علــي تحميــل المنشــآت المتعــددة الطوابــق، )20( حيــث أنهــا تعمــل 
ــذه  ــل ه ــة، وتمي ــدات كابولي ــة كوح ــال العرضي ــر الأحم ــت تأثي تح

الأحمــال إلــي توليــد عــزم انحنــاء دورانــي مــع عــزم انحنــاء مقــاوم 
ــئة  ــة جاس ــائي كحلق ــكل الانش ــم الهي ــه، ويصم ــاء ذات ــده الإنش يوج
ــة فــي  ــل الاحمــال العرضي ــي نق ــدرة عل ــة لهــا الق ــة او داخلي خارجي
أي اتجــاه بالاضافــة الــي الاحمــال الرأســية كمــا يوضــح شــكل)8(

5 العلاقة بين المنظومة الفراغية والإنشائية في 	.
العمارة

وتتكون هذه الدراسة بمرحلتين: 

الأولي: رصد وتوثيق العلاقة بين المنظومتين. 

ــال  ــن خ ــا م ــن نظري ــن المنظومتي ــة بي ــل العلاق ــة: تحلي الثاني

الدراســة التحليليــة للخــروج بالعناصــر ذات الارتبــاط بيــن المنظومــة 
الفراغيــة والمنظومــة الإنشــائية، والتــي ســيتكون منهــا النمــوذج 

ــرح. ــي المقت التقييم

العلاقة التاريخية بين الإنشاء والفراغ المعماري1-5	
مــرت العلاقــة بيــن الفــراغ المعمــاري الداخلــي والإنشــاء 

وهــي)21(: فكريــة  مراحــل  بــثلاث 
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مرحلة أحادية الفكر:

ــث  ــن حي ــاري م ــراغ المعم ــي للف ــر التصميم ــور الفك  كان تط
الارتفــاع والبحــور والنســب الداخليــة للعناصــر المكونــة للفــراغ 
نابعــا مــن إمكانيــات مــادة البنــاء والنظــم الإنشــائية المســتخدمة، 
ــر كان الســلوك الإنشــائي مســيطرا  ــة الفك ــب أحادي ــب حق ــي اغل وف
علــي الفــراغ الداخلــي، وقــد كان النظــام الإنشــائي المســتخدم عبــارة 
عــن مــادة لتحمــل الضغــط “ للأعمــدة “ مثــل الحجــر او الطــوب او 
الخرســانة العاديــة ومــادة لتحمــل الشــد مثل الخشــب “ للأســقف “ وقد 
تطــورت نظــم الأســقف مــن أســقف بلاطــات حجريــة ثــم جمالونــات 
ــن  ــوات م ــاب والقب ــم القب ــبية ث ــقف خش ــا أس ــل عليه ــتوية محم مس

يـة  سـانة العادـ الـطـوب أو الحـجـر أو الخرـ

مرحلة الازدواجية الفكرية:

 ظهر في هذه المرحلة اتجاهان في العمارة

الذيــن حاولــوا  التقليديــن  المعمارييــن  أ- الاتجــاه الأول هــم 
ــة  ــا هــو واســتخدام المــواد المحلي ــراث الســابق كم ــي الت ــاظ عل الحف
ــو يــدم طــويلا نتيجــة الحاجــة  الطبيعيــة فــي الإنشــاء، وهــو اتجــاه ل

فـة حـور مختلـ فـة وبـ شـطة مختلـ يـة ذات أنـ غـات وظيفـ لـي فراـ إـ

جديــدة  تكنولوجيــة  ثــورة  بعمــل  قــام  الثانــي  الاتجــاه   ب- 
باكتشــاف مــواد انشــائية حديثــة هــي الخرســانة المســلحة والحديــد لمــا 
ــة فــي مقاومــة الشــد والضغــط معــا عكــس  ــات عالي لهــا مــن إمكاني
ــدة وظهــور نظــم  ــة جدي ــاق معماري ــح أف ــا فت العصــور الســابقة، مم
انشــائية جديــدة تناســب إمكانيــات هــذه المــواد التــي أصبحــت مــواد 
ذات صبغــة عالميــة ممــا ســاعد علــي إعــادة تشــكيل الفراغــات بفكــر 

يـد أساـسـه الفـكـر الإنـشـائي  جدـ

مرحلة التعددية الفكرية: )22(

 تــم انتــزاع النظــرة الميكانيكيــة مــن المجتمــع وظهــرت التعددية 
الشــخصية فــي كافــة مجــالات الحيــاة وأصبــح لــكل جماعــة فكرهــا 
ــدة  ــات عدي ــي ظهــور توجه ــارة ف ــي العم ــك ف ــر ذل ــد اث الخــاص وق

مختلفــة الفكــر مثــل

أ- اســتمرار للتفاعــل الصريــح بيــن الفــراغ والإنشــاء مــع 
اــستخدام ــمواد البــناء والتكنولوجــيا العالمــية ــفي الإنــشاء

ب- تفاعــل غيــر صريــح مــع الفــراغ المعمــاري الداخلــي مــع 
التعبـيـر اـلـكاذب ـعـن ـمـواد البـنـاء 

ج- تأرجــح العلاقــة بيــن الفــراغ المعمــاري والإنشــاء تبعــا 
للفــكر الــشخصي للمصــمم المعــماري 

النموذج التقييمي المقترح 2-5	
مــن التحليــل النظــري الســابق أمكــن تحديــد العناصــر ذات 
ــاري  ــراغ المعم ــة الف ــائية ومنظوم ــة الإنش ــن المنظوم ــاط بي الارتب
ــذه  ــي له ــوذج تقييم ــل نم ــا عم ــن خلاله ــن م ــي يمك ــي، والت الداخل
ــم  ــي تقيي ــتخدامه ف ــن اس ــابقة يمك ــر الس ــع كل العناص ــة يجم العلاق
وقيــاس المــردود التصميمــي للإنشــاء علــي الفــراغ المعمــاري 
الداخلــي لأي منشــأ معمــاري ســواء قائمــا او فــي مرحلــة التصميــم، 
ويتكــون النمــوذج المقتــرح مــن ثلاث عناصــر أساســية محــددة 
لرصــد العلاقــة بيــن المنظومــة الانشــائية والمنظومــة الفراغيــة 

كالأتــي:

	1 البيانــات الإنشــائية: وفيهــا كافــة البيانــات للنظــام الانشــائي .
وتحــوى 8 عناصــر بــكل عنصــر 3 نقــاط وهــي نقــاط مســاعده 
ــات  ــن وهمــا المتطلب ــن التاليي ــي اســتنتاج التقييمــات للعنصري ف

ــة. ــة والجمالي الوظيفي
	2 تفاعــل الإنشــاء مــع المتطلبــات الوظيفيــة وهــي تحــوي 16 .

عنصــر قيــاس بقيمــة 48 نقطــه كل عنصــر قيــاس مــن 9 
درجــات تقســم احيانــا فــى بعــض المعاييــر بواقــع ثــاث درجات  
لــكل نقطــة قيــاس، واحيانــا توضــع مــن 7الــى 9 بالحالــه الجيــدة 
ــه  ــى 3 بالحال ــن 1 ال ــطة وم ــة المتوس ــى 6 بالحال ــن 4 ال أو م

ــم . ــا هــو موضــح باســتمارات التقيي ــه كم الضعيف
	3 تفاعــل الإنشــاء مــع المتطلبــات الجماليــة وهــي تحــوي 16 .

عنصــر قيــاس بقيمــة 48 نقطــه كل عنصــر قيــاس مــن 9 
درجــات تقســم احيانــا فــى بعــض المعاييــر بواقــع ثــاث درجات  
لــكل نقطــة قيــاس، واحيانــا توضــع مــن 7الــى 9 بالحالــه الجيــدة 
أو مــن 4الــى 6 بالحالــة المتوســطة ومــن 1الــى 3 بالحالــه 

ــم . ــاذج التقيي ــو موضــح بنم ــا ه ــه كم الضعيف
	4 اجمالى درجات التقييم للنموذج المقترح 288 درجة..
	5 والنتائج المتوقع الحصول عليها من تطبيق النموذج هي: .

•	 قيــاس مســتوي علاقــة التفاعــل بيــن الإنشــاء والفــراغ الداخلــي 
بطريقــة اجماليــة .

•	 قيــاس مــدي تفاعــل كل متطلــب مــن متطلبــات التفاعــل الوظيفية 
والجمالية.

•	 التعرف علي مستوي اداء كل عنصر من عناصر القياس 
•	 المعماريــة  المبانــي  بيــن  مقارنــة  إحصائيــة  دراســة  عمــل 

الدراســة  وتفتــرض  النمــوذج  لتطبيــق  الخاضعــة  المختلفــة 
•	 إمكانيــة تطبيــق ذلــك النمــوذج علــي المشــاريع القائمــة اوعلــي 

المشــاريع أثنــاء مراحــل التصميــم الأوليــة للوصــول الــي الحــل 
الأمثــل.

6 اختبار النموذج التقييمي 	.
تمهيد1-6	

ــة  ــم بدراس ــذي يهت ــي ال ــي التحليل ــج الوصف ــتخدام المنه ــم اس ت
ووصــف خصائــص وأبعــاد ظاهــرة مــن الظواهــر فــي اطــار معيــن 
ــه تجميــع البيانــات والمعلومــات  او فــي وضــع معيــن يتــم مــن خلال
اللازمــة عــن هــذه الظاهــرة وتنظيــم هــذه البيانــات وتحليلهــا للوصول 
الــي أســبابها ومســبباتها والعوامــل التــي تتحكــم فيهــا وبالتالــي 
اســتخلاص نتائــج يمكــن تعميمهــا مســتقبلا وتفســير هــذه النتائــج التــي 

تــم التوصــل إليهــا ســواء لتأييــد أو لنفــي اقتراحــات معينــة.

عينات الدراسة 2-6	
وقــد تــم تحديــد ملامــح ومواصفــات العينــات التــي ســيتم اختبــار 

النمــوذج بهــا كالأتــي :

المشــاريع المختــارة ذات الأنشــطة العامــة مثــل الفراغــات 
التعليميــة ودور العبــاده والمراكــز البحثيــة مــع عــدم إغفــال الجوانــب 

ــة . ــة والتراثي الثقافي

أن تكــون هــذه المشــروعات رائــدة وذات قيمــه معماريــة وتمثــل 
أقاليــم مناخيــة وثقافيــة متنوعــة داخــل المملكــة العربيــة الســعودية.
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جدول )1( تقييم مشروع مسجد جامعة تبوك على النموذج التقييمى المقترح – المملكة العربية السعودية )23 - 24(

نموذج تقييمي لقياس المردود التصميمي للمنظومة الانشائية علي الفراغ المعماري الداخلي )مسجد جامعة تبوك(

التعريف بالمبني: الانشاء 2006 وهو يمزج بين الطراز الإسلامي الكلاسيكي واللمسات العصرية ويقع بجامعة تبوك بالمملكة العربية السعودية 

وصف المبني : تبلغ المساحة الإجمالية للمسجد 7100 متر مربع، وتبلغ سعته 3450 مصلٍٍ، ويحتوي علي مئذنتين بارتفاع 50 مترًاً، أما سقفه علي شكل قبة بقطر 90 متر 
بها فتحات للاضاءة وترتكز علي كمرة دائرية )Rigid Beam( ترتكز علي 29 عامود تقع خارج صحن الصلاة مما يوفر مساحة داخلية كاملة بدون اعمدة مع واجهات 

زجاجية مزدوجة لتحقيق الاضاءة والعزل 
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 أ. د. جمال أحمد عبد الحميد سعد| د. خالد على محمد على زيد: تطوير نموذج تقييمي لقياس تأثير النظم الإنشائية على الأداء الوظيفي والجمالي 
86-72 للفراغات المعمارية الداخلية – دراسة تطبيقية  	

جدول)2( تقييم مشروع مركز الملك عبد الله للدراسات والبحوث البترولية على النموذج التقييمى المقترح )25 - 26(

نموذج تقييمي لقياس المردود التصميمي للمنظومة الانشائية علي الفراغ المعماري الداخلي )مركز الملك عبد الله للدراسات والبحوث البترولية (
التعريف بالمبني : يقع المشروع في الرياض وانشأ عام 2017 من تصميم زها حديد، ويهدف إلي دعم الأبحاث في مجال الطاقة المستدامة. يتميز التصميم ببنية خليّةّ تشبه 

البلورات الطبيعية، مما يعكس فلسفة الاستدامة والكفاءة

وصــف المبنــي : المشــروع بمســاحة 70000 متــر ويتكــون مــن خمســة مبــانٍٍ: مركــز فــي مجــال الطاقة؛ ومركــز حاســوب الطاقة؛ ومركــز مؤتمرات 
ّـم كل مبنــي إلــي وظائفــه المختلفــة، ويمكــن  مــع قاعــة عــرض وقاعــة تتســع لـــ 300 مقعــد؛ ومكتبــة أبحــاث تحتــوي 100 ألــف مجلــد؛ والمصلــي ، يُقُس�

تعديلــه لتلبيــة متطلبــات وأســاليب العمــل المتغيــرة، وحاصــل علــي شــهادة LEED البلاتينيــة مــن مجلس المبانــي الخضــراء الأمريكي
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الوظيفية
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امان نفسيامان وظيفيالاستدامةوالاستقرار
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الجمال الفكريالجمال العاطفيالجمال الحسيالتفاعل بين الشكل الانشائي والمعماري
التفاعل مع الاضاءةالمقياسالاتزان البصريالتفاعل الشكليالتفاعل الثقافي
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الملمسالالوانعناصر الجذبالنسبالاتزان الكتلىالإيقاعالسلوك الإنشائيعناصر التفاعل
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)■( رمز تحديد منظومة الإنشاء،  والرقم يعبر عن التقييم بواقع 9 درجات لكل عنصر مجتمعه أو مقسمه   
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86-72 مجلة الشمال للعلوم الأساسية والتطبيقية ) JNBAS(، المجلد )10( - العدد )2( - )نوفمبر 2025م / جماد الأول 1447هـ(

جدول)3( تقييم مشروع مبني كلية الهندسة وعلوم الحاسب – جامعة جازان على النموذج التقييمى المقترح )27(

نموذج تقييمي لقياس المردود التصميمي للمنظومة الانشائية علي الفراغ المعماري الداخلي ) مبني كلية الهندسة وعلوم الحاسب (
التعريف بالمبني: يقع المبني بالحرم الجامعي لجامعة جازان وقد انشا علم 2016 تقريبا ويجمع في تصميميه بين الحداثة والهوية المحلية، وكسوات الواجهات بالجرانيت 

لتقليل امتصاص الحرارة. 

وصف المبني: المبني مكون من ثلاث ادور يحتوي علي قاعة مؤتمرات تتسح لحدود 150 شخص وقاعات دراسية ومعامل ومكاتب اعضاء هئية التدريس والمبني منشأ 
بنظام Waffle slap لتحقيق فراغات ببحور متوسطه،  ويتميز المبني ببهو المدخل وممر بارتفاع الثلاث بشكل مميز  واضاءة مباشرة جانبية وعلوية وتستعمل في مناقشة 

مشروعات التخرج والاحتفالات بالمناسبات الوطنية والفاعليات والانشطة المختلفة .
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العلاقات الراحة البيئيةالتوزيع الحركيالمرونة الوظيفية
الوظيفية

الاتصال الفراغيالمرونة الفراغيةالحذف والاضافة

مدة
لاع

ع ا
يقا

ا

ف
سق

 ال
كل

 ش
ير

تغ

ت 
عا

تفا
ار

ر 
تغي

ف
سق

ال

راحة ضوئيةراحة حراريةراحة صوتية

حه
ض

 وا
ير

غ

انا
حي

ه ا
ضح

وا

حة
ض

وا

ف
ضعي

سط
تو

م

فجيد
ضعي

سط
تو

م

فجيد
ضعي

سط
تو

م

فجيد
ضعي

سط
تو

م

فجيد
ضعي

سط
تو

م

فجيد
ضعي

سط
تو

م

جيد

7672225365
التفاعلالامن والسلامةطبيعة وظيفة الفراغ

الحركة اتجاه التأثيرالعزلالشبكة المعمارية
امان نفسيامان وظيفيالاستدامةوالاستقرار

ف
ضعي

سط
تو

م

وي
ق

ير
صغ

سط
تو

م

ير
كب

ي 
وت

ص

ري
را

ح

ئي
ما

ي 
اس

ر

قي
اف

خل
تدا

م

كي
اتي

ست
ا

كي
امي

دين

خل
تدا

م

ققة
تح

ر م
غي

 ما
حد

ي 
ال

ققة
تح

م

ف
ضعي

سط
تو

م

فجيد
ضعي

سط
تو

م

جيد

3332123333335757

لية
جما

 ال
ت

لبا
تط

الم
ع 

ء م
شا

لإن
ل ا

اع
تف

لية
اخ

الد
ت 

غا
را

للف
 

الجمال الفكريالجمال العاطفيالجمال الحسيالتفاعل بين الشكل الانشائي والمعماري
التفاعل مع الاضاءةالمقياسالاتزان البصريالتفاعل الشكليالتفاعل الثقافي
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الملمسالالوانعناصر الجذبالنسبالاتزان الكتلىالإيقاعالسلوك الإنشائيعناصر التفاعل
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)■( رمز تحديد منظومة الإنشاء،  والرقم يعبر عن التقييم بواقع 9 درجات لكل عنصر مجتمعه أو مقسمه   
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نتائج اختبار النموذج التقييمي3-6	
ــي  ــًيًا ف ا رئيس ــوًرً ــي مح ــوذج التقييم ــار النم ــج اختب ّـل نتائ تُمُث�
تقييــم فرضيــة البحــث، حيــث تــم تطبيــق النمــوذج علــى ثلاث عيّنّــات 
معماريــة متنوعــة الوظائــف والأنظمــة الإنشــائية. تهــدف هــذه 
ــات  ــة الإنشــائية مــع متطلب ــاس مــدى تفاعــل الأنظم ــى قي ــج إل النتائ
ّـي يعكــس أداء  الفراغــات الداخليــة وظيفي�ًـا وجمالي�ًـا، عبــر تحليــل كم�
كل مبنــى وفــق معاييــر مُُحــددة. تعكــس هــذه المرحلــة التحليليــة ربــط 
مــًةً رؤيــًةً واضحــًةً حــول  الجوانــب النظريــة بالتطبيــق العملــي، مُُقِدِّ
ــة أو  ــرارات التصميمي ــاذ الق ــة اتخ ــم عملي ــي دع ــوذج ف ــاءة النم كف

نـي القائـمـة يـر المباـ تطوـ

متوسطات المتطلبات الوظيفية التفصيلية1-3-6	
الإنشــاء  تفاعــل  عناصــر  قيــم  متوســطات  تحليــل  عنــد 

ــًةً  ــارة مقارن ــة المخت ــات الدراس ــراغ لعيّنّ ــة للف ــات الوظيفي والمتطلب
يلــي: مــا  النتائــج  تُظُ�هـِر  القياســي، شــكل )9(،  بالنمــوذج 

تتصــدر عناصــر التوزيــع الحركــي، واتجــاه التأثيــر، والحركة، 
والاســتقرار قائمــةََ العناصــر الأكثــر تفاعليــًةً، فــي حيــن تُعُــد عمليتــا 

الـحـذف والإضاـفـة إـلـى جاـنـب المروـنـة الفراغـيـة أقـَلَّهـا تفاعلـًةًي

	1 ســجّل مركــز الملــك عبــد الله قيمًــا متوســطةً أعلــى في مؤشــرات .
التفاعــل، بينمــا احتــل مبنــى كليــة الهندســة المرتبــةَ الدنيــا وفقًــا 

ــطات المُقاسَة. للمتوس
	2 أسفر تحليل الرسوم البيانية عن النتائج الآتية:.

•	 تقييم الكفاءة الفردية لعناصر التفاعل.
•	 مقارنة الأداء النسبي لعناصر العينّات المختارة.
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مسجد جامعة تبوك مركز الملك عبد الله كلية الهندسھ وعلوم الحاسب

شكل )9( يوضح تأثير الإنشاء على العناصر الوظيفية للفراغات الداخليه الرئيسية للمبانى المقيمة.
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86-72 مجلة الشمال للعلوم الأساسية والتطبيقية ) JNBAS(، المجلد )10( - العدد )2( - )نوفمبر 2025م / جماد الأول 1447هـ(

متوسطات المتطلبات الجمالية التفصيلية:2-3-6	
ــل  ــر تفاع ــم عناص ــطات قي ــي لمتوس ــل الإحصائ ــد التحلي وعن
الإنشــاء والمتطلبــات الجماليــة للفــراغ فــي العينــات المُُختــارة مقارنــًةً 

ِـر النتائــج مــا يلــي: بالنمــوذج القياســي، شــكل )10(، تُظُ�ه

	4 تصــدَّرَت عناصر المقياس والتفاعــل مــع الإضاءة والســلوك .
الانســانى  قائمــة العناصــر الأكثــر تفاعليــةً، بينمــا احتلــت 

الفكري والكفــاءة  العاطفي والجمــال  عناصر الجمــال 
الكمّــي. للتحليــل  وفقـًـا  تأثيــرًا  الأقــل  الوظيفية المراتــب 

	5 مكَّن التمثيل البصري للبيانات من:.
•	 تقييم كفاءة كل عنصر تفاعلي على حدة.
•	 إجراء مقارنة إحصائية بين أداء عناصر العينات المختلفة.
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مسجد جامعة تبوك مركز الملك عبد الله كلية الهندسة وعلوم الحاسب

شكل )10( يوضح تأثير الإنشاء على العناصر الجمالية  للفراغات الداخليه الرئيسية للمبانى المقيمة.

متوسطات إجمالية:3-3-6	
بعــد تحليــل مــدى تأثيــر النظــام الإنشــائي علــى تحقيــق الجوانــب 
ــداول )1، 2، 3(  ــي الج ــح ف ــو موض ــا ه ــة، كم ــة والجمالي الوظيفي

والأشــكال )9، 10(، توضــح النتائــج مــا يلــي:

مــن حيــث إجمالــي النقاط: تصــَدَّر مبنــى مركــز الملــك عبــد الله 
ــة بأعلــى مجمــوع نقــاط )254 نقطــة  للدراســات والبحــوث البترولي
مــن أصــل 288(، يليــه مبنــى مســجد جامعــة تبــوك )230 نقطــة(، 
ــازان )199  ــة ج ــب بجامع ــوم الحاس ــة وعل ــة الهندس ــى كلي ــم مبن ث

بـالأول نـة ـ نقطــة( بنســبة تراجــع قدرهــا %21.5 مقارـ

ــد الله  ــك عب ــز المل ــى مرك ــل مبن ــب الوظيفية: حص ــي الجوان ف
للدراســات والبحــوث البتروليــة علــى المرتبــة الأولــى )120 نقطــة 
مــن أصــل 144(، فيمــا حــَلَّ مبنــى مســجد جامعــة تبــوك فــي المرتبــة 
الثانيــة )116 نقطــة(، ثــم مبنــى كليــة الهندســة وعلــوم الحاســب 

ــة )100 نقـطـة( ــة الثالث بجامعــة جــازان بالمرتب

ل مبنــى مركــز الملــك عبــد الله  فــي الجوانــب الجمالية: ســَجَّ
للدراســات والبحــوث البتروليــة تفوقــًاً واضحــًاً )134 نقطــة مــن 

أصــل 144(، بينمــا حقــق مبنــى مســجد جامعــة تبــوك )114 نقطــة(، 
فــي حيــن جــاء مبنــى كليــة الهندســة وعلــوم الحاســب بجامعــة جــازان 

فــي المرتبــة الأخيــرة )99 نقـطـة(

7 النتائج والتوصيات: 	.
النتائج:  1-7	

	1 ــة . ــي إمكاني ــة ف ــة الفرضي ــي صح ــة عل ــة البحثي ــدت الدراس أك
عمــل نمــوذج تقييمــي لقيــاس العلاقــة التبادليــة بيــن المنظومــة 
الفراغيــة والإنشــائية ســواء علــي المبانــي القائمــة أو أثنــاء 

ــرح. ــم المقت ــل أو تقيي ــة البدائ ــة لمقارن ــة التصميمي العملي
	2  المكونــات الماديــة للمنظومــة الفراغيــة الداخليــة هــي )العناصر .

المعماريــة - العناصــر الانشــائية -عناصــر الانتقــال الفراغــي - 
عناصــر التأثيــث - الانظمــة الفنيــة(

	3  تتكون المنظومة الفراغية من عدة منظومات هي:.
•	 متطلبــات   – المســتعملين  متطلبــات   “ الوظيفيــة  المنظومــة 

التأثيــث “. الأبعــاد – متطلبــات  الأنشــطة – متطلبــات 
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•	 ــة –  ــة “ راحــة مناخيــة – راحــة ضوئي منظومــة الراحــة البيئي
ــة “ . راحــة صوتي

•	 المنظومــة الإنشــائية “ مــواد البنــاء – النظــم الإنشــائية – الكفاءة 
الاقتصاديــة – تكنولوجيــا البناء “ .

•	 ــري -  ــال الفك ــي - الجم ــال العاطف ــة “ الجم ــة الجمالي المنظوم
ــي “ . ــال الحس الجم

	4 ــاء - . ــواد البن ــي )م ــائية ه ــة الانش ــة للمنظوم ــات المادي المكون
ــاء(  ــا البن ــائية - تكنولوجي ــم الانش النظ

	5 تصنــف النظــم الإنشــائية إلــي خمــس نظــم أساســية تبعــا لنــوع .
الاجهــاد وهــي : ) نظــام الإجهــاد الواحــد - نظــام ثنائــي الإجهــاد 
علــي مســتوي النظــام - نظــام ثنائــي الإجهــاد فــي العنصــر 

الواحــد - النظــام الســطحي - النظــام الرأســي (
	6 ــى . ــة عل ــدرة فعال ــع بق ــوذج يتمت ــم أن النم ــج التقيي ــرت نتائ أظه

ــراغ  ــات الف ــع متطلب ــائي م ــام الإنش ــل النظ ــدى تفاع ــاس م قي
المعمــاري، مــن الجانبيــن الوظيفــي والجمالــي، عبــر مؤشــرات 
ــات  ــد اســتطاع النمــوذج الكشــف عــن تباين ــة واضحــة. وق كمي
دقيقــة بيــن المشــاريع المدروســة، ممــا يعكــس صلاحيتــه كأداة 
تقييــم موضوعيــة يمكــن الاعتمــاد عليهــا فــي تحليــل الأداء 

ــي. ــي للمبان الداخل
	7 ــع 16 . ــرًا، بواق ــي لـــ 32 مؤش ــل تفصيل ــوذج بتحلي ــز النم يتمي

ــاس  ــى مقي ــة عل ــا، موزع ــرًا جماليً ــا و16 مؤش ــرًا وظيفيً مؤش
ــا  ــا دقيقً تدرجــي مكــون مــن 9 نقــاط. هــذا التــدرج أتــاح تصنيفً
ــد مواضــع  لمســتويات الأداء داخــل كل مشــروع، وســهلّ تحدي
ــة  ــى بيئ ــي الأنظمــة الإنشــائية وتأثيرهــا عل ــوة والقصــور ف الق
الاســتخدام، ســواء مــن حيــث الراحــة أو التنظيــم أو الجماليــات 

ــة. المعماري
	8 ــا . ــا عمليً ــارًا منهجيً ــوذج إط ــذا النم ــال ه ــن خ ــث م ــدّم البح ق

يتُرجــم مفاهيــم التصميــم التكاملــي إلــى أداة قابلــة للتطبيــق فــي 
الواقــع المعمــاري. وقــد تجلــت قــوة النمــوذج فــي قدرتــه علــى 
ــة الإنشــائية،  ــن البني ــددة تتداخــل بي ــات متع ــع مكون ــل م التعام
ــن  ــزز م ــا يع ــة، م ــارات الجمالي ــتخدم، والاعتب ــات المس متطلب
ــة. ــة المهني ــب النظــري والممارس ــن الجان ــة وصــل بي دوره كحلق

	9 ــة . ــات تطبيقي ــك إمكان ــوذج يمتل ــة أن النم ــرت الدراس ــا أظه كم
مراجعــة  يخــص  فيمــا  القــرار، لاســيما  صُنـّـاع  دعــم  فــي 
ــة  ــرات كمي ــر مؤش ــة. إذ يوُف ــة المحلي ــح البنائي ــث اللوائ وتحدي
قابلــة للقيــاس يمكــن أن تسُــتخدم فــي صياغــة معاييــر تصميميــة 
تضمــن تحســين كفــاءة الأداء الوظيفــي والجمالــي للمبانــي فــي 

ــعودية. ــة الس ــة العربي المملك
التوصيات: 2-7	

	1 اســتخدام النمــوذج التقييمــي كأداة منهجيــة لمقارنــة البدائــل .
ــروعات  ــم للمش ــة التصمي ــال مرحل ــة خ ــة المُقترح التصميمي
ــل  ــد الح ــدف تحدي ــك به ــم وذل ــة التصمي ــى مرحل ــة  ف المختلف
ــر محــددة. كمــا يســاهم هــذا النمــوذج  ــى معايي ــاءً عل ــل بن الأمث
ــرح. ــكل مقت ــة ب ــود المرتبط ــوب والقي ــن العي ــف ع ــي الكش ف

	2 الراهــن . الوضــع  تحليــل  مــن  التقييمــي  النمــوذج  اســتخدام 
ــي والتصميمــي.  ــا الوظيف ــاءة أدائه ــم كف ــي القائمــة، وتقيي للمبان
ــر  ــر، ســواء عب ــرارات التطوي ــل لدعــم ق ــتخدم هــذا التحلي ويسُ
ــة  ــز المرون ــة لتعزي ــات الداخلي ــف الفراغ ــع وظائ ــادة توزي إع
الوظيفيــة، أو عبــر تحســين أداء الوظائــف الحاليــة لتتوافــق مــع 

ــتدامة. ــر المس ــة والمعايي ــات الحديث المتطلب

	3 ترســيخ مبــدأ المشــاركة الفعالــة فــي اتخــاذ القــرارات الإنشــائية .
لــدي المعمــاري مــن حيــث تناســب النظــام الإنشــائي مــع الفكــر 

المعمــاري.
	4 اختبــار النمــوذج علــى أنــواع مختلفــة مــن الفراغات )كالمنشــآت .

الصحيــة، المراكــز التجاريــة، والمبانــي الســكنية( لقيــاس مــدى 
شموليته.

	5 ــة . ــانة ذاتي ــائية المبتكرة كالخرس ــة الإنش ــر الأنظم ــة تأثي دراس
ــة. ــات المعماري ــى الفراغ ــل عل ــة للتحوي ــاكل القابل الإصــاح، الهي

	6 تحســين كفــاءة النمــوذج فــي تقييــم أداء الأنظمــة الإنشــائية فــي .
ــة،  ــية كالحرارة العالي ــة القاس ــروف المناخي ــق ذات الظ المناط

ــة. الرطوب
	7 اســتخدام تقنيات الــذكاء الاصطناعي لمحــاكاة التفاعــل بيــن .

حلــول  وتوليــد  المعماريــة  والفراغــات  الإنشــائية  الأنظمــة 
ــنة. تصميميــة مُحسَّ

	8 تطبيــق النمــوذج فــي مراجعة اللوائــح البنائيــة المحلية لضمــان .
توافقهــا مــع أهــداف البحــث )كفــاءة وظيفية-جماليــة(.

الخلاصه:

ــي  ــا عل ــائية ومكوناته ــم الانش ــر النظ ــة تأثي ــت الدراس أوضح
التأثيــر  أوضحــت  كمــا  المعماريــة،  للفراغــات  الوظيفــي  الاداء 
الفراغــات  وأنســنة  جماليــات  علــي  الانشــائية  للنظــم  الرئيســي 
الداخليــة، حتــي أن العناصــر الانشــائية كالاعمــدة قــد تكــون مــن أهــم 
ــراث  ــردات الت ــس مف ــد تعك ــي ق ــات والت ــات الفراغ ــر جمالي عناص
المعمــاري للبيئــة ومثــال علــي ذلك مشــروع مركز أبحاث ودراســات 
البتــرول بالريــاض، واقتــرح البحــث نمــوذج تقييمــي لتأثيــر العناصر 
الانشــائية علــي وظائــف وجماليــات الفراغــات الداخليــة، وتــم تطبيقــه 
علــي العديــد مــن المبانــي داخــل المملكــة العربيــة الســعوديه، وهــي 
مبانــي قائمــة، واوضحــت الدراســة انــه يمكــن تطبيــق هــذا النمــوذج 
لتقييــم المشــروعات فــي مرحلــة التصميــم للمســاعدة فــي اتخــاذ 
القــرارات التصميميــة المعماريــة والانشــائية وانتهــي البحــث بتحليــل 
النتاـئـج للاـسـتفاده بـهـا ـفـي الدراـسـات المـسـتقبلية ـفـي ـهـذا المـجـال
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شروط النشر

أولًا:   ضوابط النص المقدم للنشر
.)A4( صفحة من القطع العادي )ألا تزيد صفحاته عن )35  )1

أن يحتوي على عنوان البحث وملخصه باللغتين العربية والإنجليزية في صفحةٍ واحدةٍ، بحيث لا يزيد عن )250( كلمة   )2
للملخص، وأن يتضمن البحث كلمات مفتاحيةٍ دالةٍ على التخصص الدقيق للبحث باللغتين، بحيث لا يتجاوز عددها )6( 

كلمات، توضع بعد نهاية كل ملخص. 
أن يذكر اسم المؤلف وجهة عمله بعد عنوان البحث مباشرة باللغتين العربية والإنجليزية.   )3
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للهوامش.
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)9( للهوامش.
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أولويتها. 
        النتائج والمناقشة: يجب أن تكون واضحة موجزة، مع بيان دلالاتها دون تكرار. 

        الخاتمة: تتضمن تلخيصًا موجزًا للموضوع، وما توصل إليه الباحث من نتائج، مع ذكر التوصيات والمقترحات.
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