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Abstract. The presented scientific study reports the results of the creation and 
testing of two deep learning models, long short-term memory with a convolutional 
neural network LSTM+CNN and long short-term memory with an autoencoder LST-
M+AE, for autism spectrum disorder diagnosis. The study is directed towards the use 
of eye tracking technology for recording participants eye movement data in interac-
tion with animated objects. The data were saved in the.npy format of NumPy arrays 
for convenient subsequent analysis. The algorithms were evaluated in terms of their 
accuracy, generalization capability, and training time, as confirmed by experts. The 
primary aim of this study is to enhance the accuracy and efficiency of autism diagno-
sis. The long short-term memory convolutional neural network and autoencoder-long 
short-term memory architectures have shown great promise as tools for achieving 
this goal, with the autoencoder model being especially distinguished by its ability 
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to identify inherent relationships between datasets. Additionally, the paper discusses 
potential clinical uses of the algorithms and future directions for research.

Keywords: autism spectrum disorders, autoencoder, convolutional neural 
network, eye tracking, deep learmning
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Аннотация. Ғылыми зерттеу жұмысы аутизм спектрінің бұзылыстарын 
(АСБ) диагностикалау үшін екі терең оқыту моделін — ұзақ-қысқа мерзімді 
жад пен свёртка нейрондық желісін біріктірген (LSTM+CNN) және автоэнкодер 
негізіндегі ұзақ-қысқа мерзімді жадты (LSTM+AE) құру жəне сынау нəтижелер
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-ін ұсынады. Зерттеу барысында айтрекинг технологиясы қолданылып, 
қатысушылардың анимациялық объектілермен өзара әрекеттесуі кезіндегі көз 
қозғалыстары тіркелді. Мәліметтер кейінгі талдауды жеңілдету үшін NumPy 
кітапханасының .npy форматында сақталды. Алгоритмдер дәлдігі, жалпылау 
қабілеті және оқыту уақыты тұрғысынан бағаланып, нәтижелер мамандар 
тарапынан расталды. Зерттеудің басты мақсаты – аутизм диагностикасының 
нақтылығын және тиімділігін арттыру. LSTM+CNN және LSTM+AE 
архитектуралары бұл мақсатқа жетуде жоғары әлеует көрсетті, ал автоэнкодер 
моделі деректер жиынтықтарының жасырын байланыстарын анықтау 
қабілетімен ерекше көзге түсті. Мақалада алгоритмдердің клиникалық 
қолданыстары мен болашақ зерттеу бағыттары да талқыланады.

Түйін сөздер: аутизм спектрінің бұзылыстары, автоэнкодер, свёртка 
нейрондық желісі, айтрекинг, терең оқыту
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Аннотация. Представленное исследование отражает результаты 
разработки и тестирования двух моделей глубокого обучения — долгой 
краткосрочной памяти с сверточной нейронной сетью (LSTM+CNN) и долгой 
краткосрочной памяти с автоэнкодером (LSTM+AE) — для диагностики 
расстройств аутистического спектра. Работа направлена на использование 
технологии айтрекинга для регистрации данных о движении глаз участников 
при взаимодействии с анимированными объектами. Данные сохранялись в 
формате .npy массивов NumPy для удобства последующего анализа. Алгоритмы 
оценивались по точности, способности к обобщению и времени обучения, что 
было подтверждено экспертами. Основная цель исследования — повышение 
точности и эффективности диагностики аутизма. Архитектуры LSTM+CNN и 
LSTM+AE показали высокую перспективность для достижения данной цели, 
при этом модель с автоэнкодером особенно выделяется своей способностью 
выявлять скрытые взаимосвязи между наборами данных. В статье также 
рассматриваются возможные клинические применения алгоритмов и 
направления дальнейших исследований.

Ключевые слова: расстройства аутистического спектра, автоэнкодер, 
сверточная нейронная сеть, айтрекинг, глубокое обучение.
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Конфликт интересов: авторы заявляют об отсутствии конфликта 
интересов.

Данное исследование финансируется Комитетом науки Министерства 
науки и высшего образования Республики Казахстан (Грант № AP26105045 
«Разработка моделей и алгоритмов искусственного интеллекта для анализа 
социальных сигналов у детей с аутизмом»).

Introduction
Autism spectrum disorders (ASD) represent complex neurodevelopmental 

conditions that impair communication, social interaction, and behavior (Hirota et all., 
2023:157–168; Wang et al., 2023:1819). Early diagnosis is crucial for timely inter-
ventions and improved quality of life. However, conventional diagnostic methods 
remain subjective and time-consuming (Sohl et al., 2023:177–184).

Recent advances in deep learning have enabled the development of algorithms 
capable of analyzing behavioral and physiological markers of ASD with higher accu-
racy (Jiang et al., 2023; Zhao et al., 2023). Eye-tracking technology, which captures 
visual attention and oculomotor patterns, is increasingly recognized as a promising 
biomarker of autism (Wei et al., 2023; Rahal, et all., 2019:103842). Fixations and sac-
cades provide insights into cognitive and affective processes and can be transformed 
into features for computational models (Carette et al., 2019:103–112; Oliveira et al., 
2021).
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Importantly, several studies have demonstrated that computational methods 
applied to eye-tracking data can achieve competitive diagnostic performance. For 
instance, Oliveira et al. (2021) reported classification accuracy above 90 %, while 
Carette et al. (2018) achieved an AUC of 81.9 % using logistic regression on scanpath 
patterns. More recent work by Ahmed et al. (2023) explored deep learning classifiers, 
reaching AUC values up to 92 %. These results underline the feasibility of integrating 
eye-tracking biomarkers with advanced machine learning for ASD detection.

Building on this foundation, the present study investigates hybrid deep learn-
ing approaches—CNN–LSTM and LSTM–autoencoder—for the classification of 
ASD based on eye-tracking data. The models were evaluated in terms of accuracy, 
generalization, and training efficiency, and validated by clinical experts. Both frame-
works demonstrated promising diagnostic potential, with LSTM–autoencoder show-
ing particular strength in capturing complex temporal dependencies.

The findings highlight the value of combining eye-tracking biomarkers with 
hybrid deep learning techniques for enhancing ASD diagnostics and support their 
potential integration into medical practice.

Materials and methods
A unique application was developed during the study to collect eye-tracking 

data. This application features an animation of a ball that moves randomly across the 
screen (Figure. 1). This approach provides standardized conditions for data collection 
and allows for reliable information about the eye movements of the study participants.

Fig.1. Eye tracking application
The use of eye-tracking technology in our study makes it possible to record the 

eye movement trajectories of the subjects while observing a dynamic visual stimulus, 
implemented as an animation of a moving ball. The pupil movement is recorded in 
real-time using cameras installed on the user’s computer. The ball’s movements on 
the screen do not follow a specific pattern, creating conditions for complex testing of 
the participants’ visual attention. 

Figure 2 shows an example of data obtained from the developed eye-tracking 
application during the observation of a dynamic visual stimulus. The table presents 
three key parameters: time, indicating the moment of fixation or saccade in seconds; 
the type of movement, including fixations (Fixation) and saccades (Saccade); and the 
distance reflecting the movement of the gaze between fixation points. Analysis of these 
parameters allows us to identify the features of the visual attention of the participants, 
as well as to detect potential anomalies characteristic of various cognitive conditions, 
including autism spectrum disorders.
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Fig. 2. Collection of eye-tracking data while observing a dynamic stimulu

The study recruited participants previously diagnosed with ASD and a control 
group, whose data were used to classify the subjects into the appropriate categories. 
Using deep learning algorithms, including convolutional neural networks CNN for 
spatial data analysis and recurrent neural networks RNN for temporal sequence 
analysis, the study aims to identify eye movements characteristic of ASD. The main 
goal is to classify eye movements that are either normal or may indicate the presence 
of ASD.

Figure 3 shows the architecture of the deep learning model, which combines 
convolutional neural networks CNN and recurrent neural networks with long short-
term memory LSTM. The input layer accepts high-dimensional data.

Fig. 3. LSTM + CNN model architecture

This diagram shows the architecture of a hybrid CNN–LSTM network. 
High-dimensional input data x_1, x_2, …, x_n ​ are first processed by CNN layers 
with ReLU activation, which extract nonlinear spatial features and reduce dimension-
ality through pooling. The resulting feature maps are then passed to LSTM layers, 
which capture both short- and long-term temporal dependencies. Finally, the multi-
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variate output of the LSTM is flattened and directed to a fully connected classification 
layer, enabling prediction of the final class labels. 

Figure 4 illustrates the LSTM–Autoencoder model. The autoencoder first 
compresses the input sequence x_1, x_2, …, x_n into a lower-dimensional represen-
tation, preserving essential features, and then reconstructs the data. The compressed 
sequence is processed by LSTM layers, which capture temporal dependencies over 
short and long intervals. The final output is flattened into a one-dimensional vector 
and fed to the classification or regression layer. This architecture effectively combines 
the autoencoder’s ability to reduce dimensionality with the LSTM’s strength in mod-
eling sequential patterns, enhancing performance in biomedical and other data-driven 
domains.

Fig. 4. LSTM + Autoencoder model architecture

The advantages of integrating LSTM with an autoencoder include learning la-
tent representations, optimizing the training process, and extracting detailed temporal 
features. Autoencoders effectively extract key features from the data, which are then 
used by LSTM layers to improve the accuracy of data processing, resulting in more 
accurate pattern recognition and prediction. Data compression by an autoencoder sig-
nificantly reduces the amount of information required to process, speeds up model 
training, improves its generalization ability, and reduces the risk of overfitting. The 
models were evaluated using AUC, Recall, and Precision metrics, which are import-
ant for medical diagnostics. AUC demonstrates the ability of a model to distinguish 
between classes, Recall evaluates the accuracy of identifying cases of autism, and 
Precision reflects the probability that an autism diagnosis will be correct. The perfor-
mance of LSTM with an autoencoder in these metrics shows significant promise for 
accurately identifying autism disorders, offering new directions for clinical research 
in machine learning.

Results and discussion
In the study, two deep learning-based models, LSTM+CNN and LSTM+Au-

toencoder, were developed and evaluated. According to the presented results, both 
models demonstrate high accuracy, sensitivity, specificity, and AUC significance. 
The LSTM+CNN model, as shown in Figure 5, showed promising results. Such data 
indicate significant potential for these approaches for further application in clinical 
practice and research related to autism spectrum disorders.
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Fig.5. Accuracy of the considered LSTM+CNN models

Figure 5 shows the training history of the LSTM+CNN model. Training and 
validation accuracies quickly reach high levels, with only minor fluctuations, indicat-
ing good generalization. The loss steadily decreases for both training and validation 
sets, confirming stable learning. The AUC-ROC curve approaches 1, reflecting strong 
discriminative power, while recall remains consistently high across both training and 
validation data, demonstrating the model’s robustness in detecting true positives. The 
LSTM+Autoencoder model in Figure 6 shows good performance, stable accuracy, 
and sensitivity throughout the training process and its potential for identifying autism 
behavioral features. The area under the ROC curve is close to 1, indicating the mod-
el’s high diagnostic ability. The accuracy plot of the model shows that both training 
and validation accuracies quickly reach high levels in the initial epochs of training. 
Good model generalization is shown by the validation accuracy, which varies some-
what but stays at a level that is comparable to the training accuracy. As the number of 
epochs increases, the loss plot shows a notable drop in both training and validation 
losses, indicating the effectiveness of the training procedure and preserving a low 
validation loss during training, so validating the model’s stability. The model’s strong 
discriminatory capacity to differentiate between classes is demonstrated by the area 
under the receiver AUC-ROC being near to one, which is essential for diagnosing 
autism spectrum disorders. The model’s robustness in detecting real positive cases is 
demonstrated by its strong recall on the training set and nearly identical performance 
on the validation set.

In the process of comparative analysis of two deep learning algorithms for 
classifying data related to ASD, we examined LSTM+CNN and LSTM+AE models, 
evaluating them according to such criteria as accuracy (Accuracy), AUC-ROC, com-
pleteness (Recall) and losses (Loss). 



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6. Іs.4.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License

247

 Fig.6. Accuracy of the considered LSTM+AE models

The degree of agreement between model predictions and actual data labels 
was higher for the LSTM+AE model, which demonstrated up to 95 % accuracy on 
the training set and up to 93 % on the validation set, than for the LSTM+CNN mod-
el, which demonstrated up to 90 % accuracy on the training set and up to 85% ac-
curacy on the validation set. Standing out for its high accuracy in class distinction, 
LSTM+CNN achieved AUC-ROC values of up to 0.90 in training and up to 0.85 in 
validation, while LSTM+AE achieved AUC-ROC values of up to 1.00 in training and 
up to 0.98 in validation. 

The recall rate for LSTM+CNN was up to 90 % on the training set and up to 
85 % on the validation set, and for LSTM+AE the recall reached up to 95 % on the 
training set and up to 92 % on the validation set, indicating a higher ability of the 
model to identify ASD cases correctly. The LSTM+CNN model showed a loss of 0.2 
in training and 0.3 in validation, while the LSTM+AE model showed a lower level of 
loss: 0.1 in training and 0.2 in validation, indicating a more stable and accurate pre-
diction of the model. To summarize, the LSTM+AE model demonstrated superiority 
over LSTM+CNN in all metrics considered, which makes it preferable for SAD di-
agnostic tasks. High accuracy and recall, as well as lower loss and higher AUC-ROC, 
indicate that LSTM+AE is better at identifying complex patterns and nuances inher-
ent in time sequences of SAR data, making the model especially valuable for clinical 
use where both high accuracy and the ability to avoid false positives.

As a result, the resulting images provide data that can be used for analysis in 
autism spectrum diagnosis using eye tracking technologies. To analyze this data, we 
can develop a mathematical model that will calculate the distance between the eye 
path (represented by dotted lines) and the ball path (represented by straight lines). 
The norm condition is defined as finding the gaze trajectory within a given range from 
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the ball’s trajectory. Euclidean distance was used to calculate the distance be-
tween two trajectories. Let 𝑃𝑖 = (𝑥𝑖, 𝑦𝑖) denote a point on the gaze trajectory, and 𝑄𝑖 
= (𝑎𝑖, 𝑏𝑖) denote the closest point on the ball’s trajectory. Then the Euclidean distance 
between 𝑃𝑖 and 𝑄𝑖 is calculated by (1):

𝑑(𝑃𝑖, 𝑄𝑖
) = √(𝑥𝑖 − 𝑎𝑖)2 + (𝑦𝑖 − 𝑏𝑖)2	

(1)
For every point on the gaze trajectory, the distance to the closest point on the 

ball’s trajectory is computed. If all distances 𝑑(𝑃𝑖, 𝑄𝑖) are within the defined range of 
0 to 50 pixels, the gaze trajectory is deemed normative. If any distance exceeds these 
restrictions, the gaze trajectory is categorized as indicative of the autistic spectrum. 
The distance calculated between the gaze and ball trajectories is a critical parameter 
in determining the possible presence of autism. This approach allows not only to 
quantification of deviations in visual attention but also to identification of unique eye 
movement patterns that may be associated with ASD. A thorough diagnosis system 
with a variety of biomarkers and behavioral traits can incorporate this paradigm. It 
should be noted, therefore, that accurate classification necessitates a comprehensive 
strategy. Gaze trajectory analysis by itself might not be enough; other clinical infor-
mation and the specifics of each case should be taken into account. This technique 
is an extra tool in the hands of doctors for early diagnosis and the development of 
customized interventions. Various eye movement trajectories are shown in Figure 7 
as alternating dots and lines that form intricate overlapping patterns. The paths ex-
tend throughout the image, covering a wide range of motion. Due to the organized 
nature of these pathways, it can be assumed that they exhibit gaze behavior typical of 
healthy individuals, where the gaze follows an object with a certain consistency and 
concentration. The pathways likely represent normative eye movement trajectories 
in individuals without autism spectrum disorder, who are typically able to focus and 
follow visual stimuli in a more orderly and coherent manner.

Fig.7. Eye movement trajectories in individuals without ASD

In Figure 8, a complex of eye movement trajectories is observed, character-
ized by sharp angles and unpredictable changes. Dots connected by jagged lines cre-
ate an image of complex patterns that are distributed throughout the image without 
a clear sequence or direction. These trajectories may indicate that the individuals 
whose visual perception they represent have difficulty concentrating on a single ob-
ject, which is common in individuals with autism spectrum disorders. The patterns 
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express differences in visual tracking and may reflect problems in maintaining focus 
and following objects of visual stimulation.

Fig. 8. Eye movement trajectories in individuals with ASD

The analysis of the obtained results allows us to conclude that the model is 
highly effective in classifying eye movement trajectories, representing a significant 
potential for improving ASD diagnostics. The presented data confirm the ability of 
the model to accurately distinguish between normative and abnormal gaze trajecto-
ries, which can significantly reduce the time and effort spent on diagnostics. How-
ever, despite progress, potential areas for improving the model are discussed. In par-
ticular, the possibility of integrating additional behavioral parameters, such as speed 
and response to stimuli, is considered for a more complete visual perception analysis. 
Optimization of learning algorithms is also discussed to improve performance and 
increase classification accuracy.

Conclusion
Extensive analysis of eye trajectories using deep learning models long short-

term memory with a convolutional neural network and long short-term memory with 
an autoencoder confirmed their significant effectiveness in diagnosing ASD. Accura-
cy, AUC-ROC, and recall scores reflect the high ability of both models to distinguish 
between normative and anomalous gaze patterns. The LSTM+Autoencoder model 
demonstrates superior performance with consistent levels of accuracy and less vola-
tility during the validation process, indicating its robustness and potential for clinical 
application.

The observed results highlight the value of integrating complex eye-tracking 
data into comprehensive diagnostic systems. Given the high generalizability of the 
LSTM+Autoencoder model, future studies may include additional behavioral mea-
sures to understand ASD further. Improvements in learning algorithms and integra-
tion of different data modalities will strengthen diagnostic capabilities and pave the 
way for the development of personalized therapeutic interventions. 

Data collected using specialized eye- tracking software provides a meaningful 
basis for achieving these goals. Visualizations of model training results confirm their 
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adequacy and provide a basis for optimizing classification problems. Overall, the 
results achieved are a promising step towards improving the diagnosis of ASD and 
confirm the potential of machine learning to improve medical practice.
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