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ARTICLEINFO ABSTRACT

Keywords: Background and Purpose: Dyslexia is one of the most prevalent Specific Learning Disorders (SLD) and
Artificial intelligence, can adversely affect students’ academic performance and learning processes. So, the development of
dyslexia, innovative approaches based on artificial intelligence technologies may facilitate the identification of
eye-movement, distinctive eye-movement patterns for the early detection of dyslexia. Therefore, the present study aimed
students to differentiate eye-movement patterns during reading between students with dyslexia and typically
developing students using artificial intelligence.
Method: The present study employed a cross-sectional design with a descriptive-analytical, causal-
comparative method. The study population included all first to third-grade elementary school students in
Tehran, Zahedan, Mashhad, and Qom city during the 2024-2025 academic year. The sample consisted of
586 students, including students diagnosed with dyslexia and typically developing students, recruited from
comprehensive assessment, education, rehabilitation, and early developmental-educational intervention
centers and general education schools in the aforementioned areas. Participants were selected through
convenience sampling. Machine-learning models were employed to classify students based on eye-
movement indices. The research instruments included the latest validated version of the Dyslexia Checklist
(DC; Salimi Teymouri, 2007), the Intelligence Scale for Children-Fourth Edition (WISC-IV; Wechsler,
2003) in Iran, grade-appropriate reading texts for first- to third-grade students, and an eye-movement
recording system. Data were analyzed using the Kruskal-Wallis test in SPSS - 27.
Results: The result showed significant differences between the typically developing students and students
with dyslexia across all eye-movement measures (pupil movement: H = 43.09, gaze stability: H = 48.37,
gaze stability ratio: H = 35.51, and not looking at the screen: H = 57.09; P < 0.001). For the selected
models in the first, second, and third grades, accuracy was 0.90, 0.95, and 0.89, precision was 0.30, 0.80,
and 0.33, sensitivity was 0.16, 0.40, and 0.26, and specificity was 0.98, 0.99, and 0.98, respectively. The
area under the receiver operating characteristic curve was 0.95, 0.95, and 0.91, respectively. Gaze stability
and pupil movement were also identified as the most important discriminative features across all three

grades.
Received: 3 Aug 2026 Conclusion: The findings show that eye-movement patterns can distinguish students with dyslexia from
Accepted: 21 Oct 2026 their typically developing peers with satisfactory accuracy. Accordingly, the integration of artificial
Available: 22 Oct 2026 intelligence—based screening tools, as a cost-effective and non-invasive approach for the early

identification of dyslexia, is recommended as a strategic priority for educational authorities.
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Introduction

Reading is a fundamental cognitive ability; however,
individuals with 0064yslexia experience persistent and
significant difficulties in acquiring and performing this skill (1,
2). Dyslexia is a neurodevelopmental disorder and the most
prevalent disorder within the category of specific learning
disorder, characterized by substantial difficulties in decoding
letters and words, slow and effortful reading, and impaired
comprehension (3). The Prevalence of dyslexia has been
estimated at 5% to 17% across different populations (5, 6), and
the disorder may contribute to repeated academic failure,
particularly during the early school years, and ultimately to
school dropout (7). Moreover, delays in identifying dyslexia
can progressively exacerbate associated difficulties, whereas
early intervention during childhood may play a critical role in
preventing adverse long-term outcomes (8, 9). Despite the
considerable importance of early identification of dyslexia, this
process remains challenging in practice (10). Therefore, the
development of simple, rapid, and accessible screening tools is
essential for the early identification of dyslexia (13). In this
regard, objective behavioral eye measures have opened new
avenues for the identification of dyslexia. Recent studies in this
field (13, 14) have demonstrated fundamental differences
between eye-movement patterns recorded during reading in
individuals with dyslexia and typically developing (TD)
individuals. Despite variations in the specific measures
examined across studies, three characteristics—Ilonger eye
Fixation durations, rapid eye Saccades, and Regression
saccades—have consistently been identified as key indicators
of the objective reading behaviors observed in individuals with
dyslexia (15, 16). Accordingly, in recent years, the analysis of
eye movements using Machine Learning (ML), as a branch of
artificial intelligence, has assumed a central role in
contemporary research on dyslexia identification (7).

In this context, eye movements recorded using Webcams
embedded in computers (22), with the captured images serving
as raw data processed through ML algorithms, enable the
analysis of reading patterns and the differentiation of
individuals with dyslexia from typically developing individuals
(22). Given the aforementioned theoretical foundations and the
substantial advances in assistive technology, a review of the
literature indicates that a notable research gap remains in Iran
regarding the identification of eye-movement patterns using
ML algorithms for the detection of dyslexia. Accordingly, the
present study was conducted to differentiate eye movements
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during reading between students with and without dyslexia
using artificial intelligence.

Method

The present study employed a cross-sectional design with a
descriptive-analytical, causal-comparative method. The study
population comprised all first- to third-grade elementary school
students in Tehran, Zahedan, Mashhad, and Qom city during
the 2024-2025 academic year. The study sample consisted of
586 students with and without dyslexia through comprehensive
assessment, education, rehabilitation, and early developmental-
educational intervention centers and general education schools
within the aforementioned population. Participants were
selected using convenience sampling. ML models were
employed to classify students based on eye-movement metrics.
Of the 586 students included in the present study, 42 had
dyslexia, 116 had reading difficulties (to assess the sensitivity
of the model, its performance was also evaluated using data
from this group), and 428 were typically developing (TD)
students. The inclusion criteria were an age range of 7-9 years,
proficiency in Persian, normal or corrected-to-normal visual
acuity based on parental reports and students’ school health
records, and a normal intelligence quotient based on the
Wechsler Intelligence Scale for Children—Fourth Edition
(WISC-1V). The exclusion criteria were the presence of
neurological disorders that could affect eye-movement
recording, according to the students’ school health records;
unwillingness to participate in the study; and invalid or
unusable research questionnaires. The research instruments
included the latest validated version of the Dyslexia Checklist
(DC) in Iran (29, 31, 32), the Wechsler Intelligence Scale for
Children—Fourth Edition (WISC-1V) (To detect normal
intelligence in a dyslexic sample), (33, 34), reading texts for
first- to third-grade students, and Eye-movement metrics. The
demographic characteristics of the participants indicated that,
among the 586 students, the TD group comprised 87 boys and
49 girls in the first grade, 112 boys and 79 girls in the second
grade, and 34 boys and 67 girls in the third grade. The reading-
difficulty group comprised 13 boys and 9 girls in the first grade,
46 boys and 16 girls in the second grade, and 19 boys and 13
girls in the third grade. The dyslexia group comprised 13 boys
and 3 girls in the first grade, 10 boys and 3 girls in the second
grade, and 6 boys and 7 girls in the third grade.

Results
The descriptive findings of the present study are reported in
Table 1.
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Table 1: Mean and standard deviation of participants’ eye-movement metrics across the three groups

typically developing (TD)

Group group reading-difficulty group  dyslexia group
Variable M SD M SD M SD
Pupil movement 0.03 0.01 0.04 0.02 0.05 0.02
Eye-movement Gaze stability 216.13 129.74 376.43 201.17 411.23 395.81
metrics Gaze-stability ratio 0.39 0.11 0.34 0.13 0.26 0.26
Absence of gaze toward the screen 0.15 0.23 0.25 0.29 0.44 0.44

Note. M= Mean, SD=Standard Deviation

As shown in Table 1, the mean pupil movement and the
proportion of absence of gaze toward the screen were higher in
the dyslexia group than in the TD group, whereas gaze stability
was lower in the dyslexia group. The reading-difficulty group
generally exhibited values between those of the other two
groups across most of the eye-movement metrics. Furthermore,
the assumptions of normality and homogeneity of variances
were not met. Therefore, the nonparametric Kruskal-Wallis
test was used to examine differences among the three groups of
students in terms of the predictor variables. The results of the
Kruskal-Wallis  test indicated statistically significant
differences across the three groups TD group, reading-
difficulty, and dyslexia in all of the variables examined,
including pupil movement (H = 43.09), gaze stability (H =
48.37), gaze-stability ratio (H = 35.51), and absence of gaze
toward the screen (H = 57.09) (P < 0.001). Although
statistically significant between-group differences were
observed for several variables, the primary objective of the
present study extended beyond group comparisons and focused
on classifying and predicting individuals’ group membership.
Accordingly, the performance of the extracted features was
subsequently evaluated using ML models. To assess the
performance of commonly used classification algorithms and
select the most suitable algorithm for the present study, logistic
regression, random forest, support vector machine, and k-
nearest neighbors were compared using five-fold cross-
validation. For each algorithm, several performance metrics,
including accuracy, sensitivity, and specificity, were calculated
separately for each grade to evaluate the models’ ability to
discriminate students with reading disorders from TD group.
Given the differences in the performance of ML algorithms
across grade levels, the algorithm demonstrating the best
performance metrics for each grade was selected as the final
model. Accordingly, logistic regression demonstrated the best
performance for first- and third-grade students, whereas
random forest yielded the best performance for second-grade
students. It should be noted that the "better performance™ of
logistic regression for second-grade elementary students refers
to the better performance of this algorithm in classification, as
measured by model evaluation metrics. The corresponding
accuracy values were 0.88, 0.88, and 0.95, respectively, and the
corresponding areas under the receiver operating characteristic
curve (AUC-ROC) were 0.95, 0.85, and 0.95, respectively.
Furthermore, gaze stability and pupil movement were identified
as the most important discriminative features across all three
grade levels.

Conclusion

The present study aimed to differentiate eye movements during
reading between students with and without dyslexia using
artificial intelligence. The findings revealed statistically
significant differences in eye-movement patterns between the
two groups, with students with dyslexia exhibiting distinct eye-
movement patterns compared with their TD peers. This finding
is consistent with several previous international studies (21,
23-25) that have highlighted the potential of ML algorithms for
identifying dyslexia. In Iran, despite the increasing number of
studies addressing the automated detection of dyslexia, no
study to date has been reported to have simultaneously
employed ML and eye-movement data analysis for this
purpose. Most existing studies have instead focused on
computer-based rehabilitation, gamification, and specialized
equipment (8, 26-28). The findings of the present study may be
interpreted in light of the relatively high prevalence of dyslexia
(5, 6) and its persistent consequences for students’ academic
development (3). Failure to identify dyslexia promptly may
contribute to the persistence of reading difficulties (7).
Therefore, identifying students at risk for dyslexia during the
early years of formal education represents a critical prerequisite
for timely referral (10). On the other hand, reliance solely on
performance-based measures and human assessment may be
accompanied by measurement errors or potential biases. In this
regard, alternative and complementary approaches, such as
eye-movement analysis, may provide a basis for developing
objective indicators for the initial screening process (13). By
transforming eye-movement characteristics into quantitative
data and applying ML algorithms, the present study enabled the
simultaneous analysis of multiple patterns and more precise
discrimination between the groups. This approach made it
possible to identify subtle differences in the dynamics of eye
movements that may not be readily detectable through
conventional assessments and to transform them into reliable
indicators for distinguishing dyslexia status.

Another distinctive aspect of the present study was the
replacement of costly, specialized eye-tracking devices with
conventional computer webcams, thereby enhancing the
ecological validity of the assessment. Another factor
contributing to the differentiation of students with dyslexia
from their TD peers was the difference in the organization of
visual patterns during reading. Video-based recording of eye
movements using a computer webcam enabled the
identification of these behavioral differences through the
extraction of measurable variables. The present study had
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several limitations, including the potential effects of text length
and difficulty, participant fatigue, nonstandardized data-
recording conditions, and the cross-sectional nature of the
study. Future research should therefore employ appropriately
matched reading tasks, standardized recording conditions,
systematic data-quality monitoring, and longitudinal designs.
Furthermore, combining eye-movement metrics with other
cognitive and behavioral variables and validating the models in
real-world samples and settings is recommended.
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1. Machine learning
2. Artificial intelligence
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1. Dyslexia checklist
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6. Reading texts

7. Focus group

8. Eye-movement metrics
9. Resolution

10. Pixel

11. Frame
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1. Wechsler Intelligence Scale for Children-Fourth Edition (WISC-
V)

2. Verbal Comprehension Index (VCI)

3. Perceptual Reasoning Index (PRI)

4. Working Memory Index (WMI)

5. Processing Speed Index (PSI)
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9. Logistic Regression Algorithm
10. K-Nearest neighbors

11. Fold cross validation-5

12. Accuracy

13. Sensitivity

14. Specificity

15. Precision

16. ROC-AUC
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. Python

. OpenCV

. MediaPipe

Dlib

. Python

. OpenCV, mediapipe and dlib
. Support vector machine

. Random forest
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1. Python
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