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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.
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AHHOTAaIUsI. FpUIBIMU 3epTTEY JKYMBICHI ayTH3M CHEKTPiHIH OY3bLIBICTAPBIH
(ACB) nmarHocTukanay YIIiH €Ki TepPeH OKBITY MOJCNIH — Y3aK-KbICKa Mep3iM/Ii
JKaJ TIeH CBEPTKA HeHpOoHIBIK xkemiciH OipikTipred (LSTM+CNN) jkoHe aBTOAHKOED

Heri3iHaeri y3ak-Kpicka Mep3iMai xkanaTel (LSTM+AE) Kypy jkoHE ChIHAY HOTHDKEIEp
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-iH yCchIHAABL. 3epTTey OapbIChIHAAa AaWTPEKMHI TEXHOJOTHSICHI KOJIIAHBUIBIII,
KATBICYIITBIIAP/IbIH AaHUMAIIUSIIBIK OOBEKTIIEPMEH ©3apa OpeKeTTecyi Ke3iHJeri Ke3
KO3FaJpIcTaphl Tipkenai. MoniMeTTep KeHiHri Tanaaynasl xKeHunaery yiniH NumPy
KiTalXaHaCBhIHBIH .Npy (opMaThiHAa CaKTaIAbl. AJITOPUTMACP ASJIT, JKaIIbLIay
KaOineTi >KoHe OKBITY YaKbIThl TYPFBICBIHAH OarajaHblll, HOTWXKENIEp MaMaHIap
TaparblHaH pacTanabl. 3epTTeyAiH OacThl MaKcaThl — ayTH3M JWAarHOCTUKACHIHBIH
HAKTBUIBIFBIH  JKOHE THiMAUTTiH  apTtreipy. LSTM+CNN xone LSTM+AE
apXHUTEKTypanapbl OYJ1 MaKcaTKa KeTy e KOFapbl dJIeyeT KOPCETTI, all aBTORHKOJIEP
MOJIeNli  IEPeKTep  KUBIHTHIKTAPBIHBIH JKACBIPBIH  OaliJIaHBICTApBIH  aHBIKTAY
KabineTiMeH epekmie Ke3re TycTi. Makanaga anropuTMAEpIiH KIMHUKAJIBIK
KOJIJAHBICTApBl MEH OOJIalaK 3epTTey OaFbITTaphl Aa TAJKbUIAHA/IbI.

Tyiiin ce3aep: ayTu3M CIIEKTPiHIH OY3bUTBICTaphl, aBTOPHKOJIEP, CBEPTKA
HEHPOHJIBIK XKelicl, AW TPEKHUHT, TEPEH OKBITY

Hoiiekco3nep ymiin: A. MyxanoBa, A. Amwup6aii, . AOGmaukepumona, A.
[exepOek, K. PaxumoB. ©3 KO3FaJbICTapbhlH Taljay HETI3iHAE ayTH3M Oenrijiepin
epTe aHbIKTay MaKCaTBIH/A TEPEH OKBITY MOJIENbIACPiH KougaHy // XalblKapasbIK
AKMapaTTHIK KOHE KOMMYHHMKAIUSIIBIK TEXHOJOTHsUIap *KypHanbl. 2025. Tom. 6. Ne
24.239-250 Get. (Arbin). https://doi.org/10.54309/1J1CT.2025.24.4.014.
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© A. Myxanosa, A. AmMupb6aii, I'. A6aukepumona, A. [llekepOek, K. Paxumon

AHHoTtanus. llpencraBieHHoe uHcCCIeIOBAaHUE OTPAXKAeT Pe3yJIbTaThl
pa3pabOTKW M TECTHPOBAHUS JBYX MOJENEH TIyOOKOro OOydeHHs] — JOJITOM
KpPaTKOCPOUYHOI MaMsATU ¢ cBepTOYHOM HelpoHHOi ceThio (LSTM+CNN) u nonroi
KpaTKOCpouHOil mnamsTh ¢ aBTodHkojepoM (LSTM+AE) — ang nuarHocTuku
paccTpoOiiCTB ayTHCTUYECKOro crekrpa. Pabora HampaBieHa Ha MCIOJIb30BaHUE
TEXHOJIOTMM alTPEKUHIa JUIsl pErUCTPAllui JAHHBIX O JBMKEHUU TJ1a3 YYaCTHUKOB
Ipy B3aUMOJICHCTBUU C aHMMUPOBAHHBIMH OOBEKTaMH. J[aHHBIE COXPaHSIIUCH B
dbopmare .npy maccuBoB NumPy 111 y100CTBa MOCIEAYIOMIET0 aHAIH3a. AITOPUTMBI
OLIEHUBAJIUCH TIO TOYHOCTH, CIIOCOOHOCTH K 00OOIIEHUIO U BpEMEHN 00yUeHUs, UTO
ObUIO TIOATBEpKJIeHO dKcrepTaMu. OCHOBHAS 1I€7b UCCIIEIOBAHMS — TOBBIIICHHE
TOYHOCTH U d(PPEKTUBHOCTH AMATHOCTUKH ayTu3Mma. Apxutekrypbl LSTM+CNN u
LSTM+AE noxka3anu BbICOKYIO NEPCHEKTUBHOCTD AJIsi TOCTHKEHUSI JAHHOU LeH,
IpU 3TOM MOJIETb C ABTOIHKOJEPOM OCOOECHHO BBIJEINSAETCS CBOEH CIOCOOHOCTBIO
BBISIBJISITH CKPBITHIE B3aWMOCBSI3M MeEXAy HaOOopaMu JaHHBIX. B cTaThe Takke
paccMaTpuBalOTCS BO3MOXKHBIE KJIMHHYECKHE TMPUMEHEHUS alroOpuTMOB U
HaNpaBJIeHUS JaTbHEHIINX UCCIeA0BaHUM.

KuroueBble cj10Ba: paccTpoiicTBa ayTHCTHYECKOTO CIEKTpa, aBTORHKOJED,
CBEpTOYHAsI HEUPOHHAs CETh, AUTPEKUHT, TITyOOKOe 00yUYeHHeE.

Jasi nuTupoBanmsi: A. MyxanoBa, A. Amup6aii, I'. AOGaukepumona, A.
[lexepbek, K. Paxumos. [IpumeHenne mMoseneit riryobokoro o0ydeHust sl paHHETO
BBISIBJICHUS [TPU3HAKOBAYTH3MaHAOCHOBE aHAIN3a IBI)KEeHU I r1a3// MexayHapoJHbIH
KypHaJ MH(OPMALMOHHBIX M KOMMYHUKAalUMOHHBIX TexHojoruil. 2025. T. 6. No.
24. Crp. 239-250. (Ha anr.). https://doi.org/10.54309/1J1CT.2025.24.4.014.

Konduaukr uHTepecoB: aBTOphl 3asBISAIOT 00 OTCYTCTBUM KOH(QIIMKTA
UHTEPECOB.

Hannoe uccneoosanue unancupyemesa Komumemom nayku Munucmepcmea
Hayku u evicuieco oopazosanus Pecnyonuxu Kazaxcman (I panm Ne AP26105045
«Pazpabomra moodeneu u aneopummos UcKyCCmEeHH020 unmeniekma Oas aHaiu3a
COYUANILHBIX CUCHATI08 Y Oemeli C AyMU3MOM).

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.

@,(I This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
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1 Time Type Distance

2 | 0,135204 Fixation 1
3 | 0,201022 Saccade 12,16552506
4 0,2637 Saccade 5
5 | 0,333925 Saccade 5
6 | 0,407285 Saccade 24,0208243
7 | 0,464845 Saccade 6
8 | 0,535155 Saccade 29,01723626
9 | 0,601356 Saccade 8,062257748
10 | 0,676652 Saccade 9,055385138
11 | 0,740531 Saccade 30,01666204
12 | 0,802902 Saccade 6,08276253
13  0,864424 Saccade 4
14 | 0,912248 Fixation 1,414213562
15 | 0,965789 Fixation 1
16 | 1,031916 Fixation 2
17 | 1,102685 Fixation 1
18 | 1,17047 Saccade 9
19 | 1,232872 Saccade 4
20 | 1,302409 Saccade 3,605551275
21| 1,356559 Saccade 22,56102835
22 1,43087 Saccade 5,099019514
23 | 1,499512 Saccade 3,16227766
24 | 1,574805 Saccade 14,86606875
25 | 1,659765 Saccade 4,123105626
26 | 1,731125 Saccade 10,44030651
27 | 1,790107 Fixation 2
28 | 1,865616 Saccade 4,472135955
29 | 1,932846 Fixation 1,414213562

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.

x1
—  CNNwithReLU LST™M

LSTM 3
E‘ LSTM —

Pooling
LSTM Flattened

Fig. 3. LSTM + CNN model architecture

Input data

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 nonhnear 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.

x_1 — — LSTM
% 2 LSTM
— — | LSTM —>
X 3
X n — —
- LSTM
Input data Autoencoder QOutput

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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Training History of LSTM+CNN Model
Model Accuracy Model Loss

—— Train Loss

-- Validation Loss

Accuracy

0.60 —— Train Accuracy
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Epoch Epoch

Model AUC-ROC Model Recall
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=
2
z

065 —— Train AUC 060 —— Train Recall
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0 6 2 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Fpoch Epoch

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).
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raining History of LSTM+AE Model
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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 P, = (x,y,) denote a point on the gaze trajectory, and Q,
= (a, b)) denote the closest point on the ball’s trajectory. Then the Euclidean distance
between P, and Q, is calculated by (1):

d(P,Q)= \/(xi —a)y+ (y, by

(D
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.
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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.

REFERENCES

Ahmed, Z.A.T., Albalawi, E., Aldhyani, T.H.H., et al. (2023). Applying eye tracking with deep learning tech-
niques for early-stage detection of autism spectrum disorders. Data. — 8(11). — 168.

Carette, R., Elbattah, M., Cilia, F., Dequen, G., Guérin, J.L., & Bosche, J. (2019). Learning to predict autism
spectrum disorder based on the visual patterns of eye-tracking scanpaths. Proceedings of the 12th International
Joint Conference on Biomedical Engineering Systems and Technologies. — 103—112.

Hirota, T. & King, B.H. (2023). Autism spectrum disorder: a review. JAMA. — 329(2). — 157-168.

Jiang, X., Hu, Z., Wang, S. & Zhang, Y. (2023). Deep learning for medical image-based cancer diagnosis.
Cancers. — 15(14). — 3608.

Morton, J.T., Rahnavard, G., Marotz, C., et al. (2023). Multi-level analysis of the gut—brain axis shows autism
spectrum disorder-associated molecular and microbial profiles. Nature Neuroscience. — 26(7). — 1208-1217.

Oliveira, J.S., Siqueira, H.L., Barros, A.K., et al. (2021). Computer-aided autism diagnosis based on visual
attention models using eye tracking. Scientific Reports. — 11(1). — 89023.

Rahal, R.M., & Fiedler, S. (2019). Understanding cognitive and affective mechanisms in social psychology
through eye-tracking. Journal of Experimental Social Psychology. — 85. — 103842.

Sohl, K., Mazurek, M.O., Brown, R., et al. (2023). ECHO Autism STAT: a diagnostic accuracy study of
community-based primary care diagnosis of autism spectrum disorder. Journal of Developmental and Behavioral
Pediatrics. — 44(3). —177-184.

Spering, M. (2022). Eye movements as a window into decision-making. Annual Review of Vision Science. —
8(1). — 427-448.

Wang, L., Wang, B., Wu, C., Wang, J. & Sun, M. (2023). Autism spectrum disorder: neurodevelopmental risk
factors, biological mechanism, and precision therapy. International Journal of Molecular Sciences. — 24(3). —
1819.

Wei, Q., Cao, H., Shi, Y., Xu, X. & Li, T. (2023). Machine learning based on eye-tracking data to identify
autism spectrum disorder: a systematic review and meta-analysis. Journal of Biomedical Informatics. — 137. —
104254,

Zhao, Y., Wang, X., Che, T., Bao, G. & Li, S. (2023). Multi-task deep learning for medical image computing
and analysis: a review. Computers in Biology and Medicine. — 153. — 106496.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 0
International License @,‘-1

250



XAJIBIKAPAJIBIK AKITAPATTBIK KOHE
KOMMYHUKALIMSJIBIK TEXHOJIOTHSIJIAP KYPHAJIBI

MEXKJIYHAPOJHBIN ’KYPHAJ HH®OPMAILIMOHHBIX U
KOMMYHUKAIIMOHHBIX TEXHOJIOTI' A

INTERNATIONAL JOURNAL OF INFORMATION AND
COMMUNICATION TECHNOLOGIES

[IpaBuna opopmiieHHs cTaTbU Ui MyOJIMKALlUK B )KypHaJIe Ha caifre:
https://journal.iitu.edu.kz
ISSN 2708-2032 (print)
ISSN 2708-2040 (online)
CobctBennuk: AO «MexyHapOIHbII YHUBEPCUTET
MHPOPMALMOHHBIX TexHoJorui» (Kazaxcran, Anmarsn)

OTBETCTBEHHBIN PEJJAKTOP
Mp3a6aeBa Payman Kaaukbi3bl

HAVYYHBII PEJAKTOP

EpmakoBa Bepa AsiekcanapoBHa

TEXHUYECKUI PEJAKTOP

Pamupunos Jamup PamugunoBuy

KOMIIBIOTEPHA I BEPCTKA

Acanosa Kanbipa

Tloamucano B nevats 15.12.2025.
®dopmar 60x881/8. Bymara ocernas. [Teuars - pusorpad. 9,0 .. Tupax 100
050040 r. Anmatsl, yi. Manaca 34/1, ka6. 709, ten: +7 (727) 244-51-09).

W3nanue Mex/1yHapOIHOTO YHUBEPCUTETa HH(DOPMAIIMOHHBIX TEXHOJIOTHI
W3znarensckuii nentp KBTY, Anmarsl, yi. Tone 6u, 59





