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Objective: This study aims to analyze the importance of mood disorders in predicting
educational outcomes of hard-of-hearing students in Tehran’s special education system
using machine learning algorithms. Methodology: This quantitative analytical study
was conducted on 210 hard-of-hearing students enrolled in special education schools
in Tehran. Data were collected using standardized measures of depression, anxiety,
mood instability, social withdrawal, teacher-reported emotional problems, and
academic performance indicators. After data preprocessing, four machine learning
algorithms—Decision Tree, Support Vector Machine, Random Forest, and Multilayer
Perceptron—were implemented and evaluated using accuracy, sensitivity, F1-score,
and AUC. Findings: The Random Forest model achieved the highest predictive
performance in identifying students at risk of mood-related academic decline
(Accuracy=0.88, AUC=0.93). Feature importance analysis indicated that depression,
anxiety, and mood instability were the strongest predictors of educational risk,
exceeding the influence of hearing loss severity.

Conclusion: Mood disorders constitute the primary determinant of educational
vulnerability in hard-of-hearing students, and machine learning models provide a
powerful framework for early risk detection and targeted educational and
psychological interventions.
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EXTENDED ABSTRACT
Introduction

Students with hearing impairment constitute a highly vulnerable population within special
education systems worldwide. Hearing loss is among the leading causes of years lived with disability
globally and its prevalence has increased substantially over recent decades, affecting millions of children
and adolescents and imposing long-term educational, psychological, and social consequences (Haile et al.,
2021). Beyond the sensory limitation itself, hearing impairment profoundly influences language
acquisition, emotional development, peer relationships, academic engagement, and overall psychological
well-being (Abayeva, 2021; Scherer et al., 2023; Tyurina & lvanov, 2023).

Accumulating evidence demonstrates that adolescents with hearing impairment experience
significantly higher rates of mood disorders—particularly depression, anxiety, and emotional instability—
compared with their hearing peers (Ariapooran et al., 2021; Hammad et al., 2024; Moraes et al., 2025). These
emotional disturbances are strongly associated with reduced academic performance, impaired classroom
participation, increased school absenteeism, and elevated risk of social withdrawal and behavioral
difficulties (Kari¢ & Kordi¢, 2023; Scherer et al., 2023). Consequently, mood disorders represent a central
mechanism through which hearing impairment translates into educational disadvantage.

Educational environments, teacher beliefs, and the availability of specialized instructional
resources further moderate these outcomes. Research indicates that when teaching strategies, learning
materials, and communication systems fail to accommodate the cognitive and emotional needs of hearing-
impaired students, psychological distress and academic disengagement intensify (Kupisiewicz, 2023;
Mostovyi, 2024; Rodrigues et al., 2022). Conversely, inclusive and supportive educational frameworks improve
emotional regulation, learning outcomes, and social integration (Memmodova, 2024; Siswono et al., 2023;
Syamsuddin et al., 2023).

Despite this growing body of evidence, most previous studies have relied on traditional statistical
methods and have examined isolated relationships between emotional variables and academic outcomes.
However, the psychological and educational profiles of hearing-impaired students are inherently
multidimensional, dynamic, and nonlinear. Advanced machine learning methods offer unprecedented
opportunities to capture these complex relationships and to develop predictive systems capable of
identifying students at high risk of academic decline due to mood disturbances (Krasilnikova et al., 2021;
Nikolaeva & Shustova, 2025).

Accordingly, this study applies machine learning techniques to analyze the importance of mood
disorders in predicting educational outcomes among hearing-impaired students in special education
settings in Tehran, Iran.

Methods and Materials

The study employed a quantitative analytical design using machine learning models. Participants
were 210 hearing-impaired students enrolled in special education schools across multiple districts of
Tehran. Multi-stage cluster sampling was used to ensure representativeness. Inclusion criteria consisted
of confirmed hearing impairment, enroliment in special education, and parental consent.

Data were collected through standardized psychological instruments assessing depression, anxiety,
mood instability, and social withdrawal; teacher reports of emotional and behavioral functioning;
academic performance indicators including standardized achievement scores, classroom participation, and



school attendance; and demographic and clinical information such as age, gender, degree of hearing loss,
type of hearing device, and duration of special education services.

After preprocessing and normalization, the dataset was split into training and testing subsets. Four
machine learning algorithms were implemented: Decision Tree, Support Vector Machine, Random Forest,
and Multilayer Perceptron Neural Network. Model performance was evaluated using accuracy, precision,
recall, F1-score, and AUC-ROC. Feature importance analysis was conducted on the best-performing
model.

Findings

Descriptive analysis revealed elevated levels of depression, anxiety, and mood instability across
the sample, with substantial variability between students. Academic performance was moderate on
average but demonstrated notable dispersion, indicating heterogeneous educational outcomes.

Among the machine learning models, the Random Forest algorithm achieved superior predictive
performance, yielding an accuracy of 0.88, recall of 0.86, F1-score of 0.86, and AUC-ROC of 0.93 in
identifying students at risk of academic decline associated with mood disorders. The Multilayer
Perceptron and Support Vector Machine models showed strong but comparatively lower performance,
while the Decision Tree produced the weakest predictive results.

Feature importance analysis within the Random Forest model identified depression, anxiety, and
mood instability as the most influential predictors of educational risk, followed by teacher-reported
emotional problems, social withdrawal, school absenteeism, and classroom participation. Variables
related to sensory severity—such as degree of hearing loss—exhibited significantly lower predictive
weight than emotional and behavioral factors.

These findings indicate that mood disorders play a dominant role in shaping educational
trajectories among hearing-impaired students, exceeding the influence of sensory impairment severity
itself.

Discussion and Conclusion

The results provide compelling evidence that emotional health constitutes the primary determinant
of educational success among hearing-impaired students. The dominance of depression, anxiety, and
mood instability within predictive models confirms that psychological vulnerability—not sensory
limitation alone—drives academic risk. These outcomes are consistent with global research demonstrating
the elevated prevalence of mood disorders in hearing-impaired populations and their strong association
with diminished educational engagement and achievement (Ariapooran et al., 2021; Hammad et al., 2024; Moraes
etal., 2025).

The prominence of teacher-reported emotional difficulties and social withdrawal further highlights
the observable classroom manifestations of internal distress. These behaviors form a self-reinforcing
cycle: emotional distress undermines participation and attendance, which in turn exacerbates academic
difficulties and psychological burden. The relatively minor predictive contribution of hearing loss severity
emphasizes that psychosocial adaptation and emotional regulation are far more decisive than the physical
degree of impairment.

The superior performance of the Random Forest model demonstrates the necessity of nonlinear,
high-capacity analytical frameworks for capturing the complexity of educational and psychological data
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in special education contexts. Traditional linear approaches would be insufficient to detect such intricate
interaction patterns.

In conclusion, this study establishes mood disorders as the central mechanism underlying
educational vulnerability in hearing-impaired students and demonstrates the practical utility of machine
learning for early risk identification. Integrating data-driven emotional screening and predictive analytics
into special education systems offers a powerful pathway toward personalized intervention, improved
academic outcomes, and enhanced psychological well-being for this highly vulnerable population.
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