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Abstract. This paper presents an algorithm for extracting and analyzing informative
multimodal features of oculomotor activity and facial expressions for the early detection
of autism spectrum disorders (ASD). The proposed approach integrates eye-tracking and
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computer vision technologies to capture synchronized behavioral signals within a
standardized experimental protocol based on segmented scenarios (F1-F6). A multimodal
dataset consisting of temporal signals and aggregated features was constructed to
represent visual attention, gaze—object interaction, and facial expression dynamics. The
extracted features are transformed into a structured feature space and used to solve a
binary classification problem distinguishing ASD and typically developing (TD) children
using machine learning methods. Experimental results demonstrate that the integration of
multimodal features significantly improves classification performance. Logistic regression
achieved the best results (ROC-AUC = 0.976, PR-AUC = 0.978), outperforming SVC _
RBF and Random Forest models. The obtained results confirm that multimodal behavioral
features provide a reliable and interpretable representation of ASD-related patterns. The
proposed method can serve as a foundation for intelligent decision support systems for the
early diagnosis of ASD.

Keywords: autism spectrum disorders, multimodal analysis, feature extraction,
eye movements, facial extraction, machine learning, classification
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AHHOTauus. AyTusM crektpiHig 0y3sutbicTapsiH (ACB) epre aHbIKTay YIIIH KO3
KO3FaJIBICHI MEH O€T MHUMHKACBIHBIH aKMapaTThIK OCNTUIEPIH aly KoHE MYIBTHMOJIANb/IbI
Tajaay alTOPUTMI YCHIHBUTFAH. ¥ CBIHBUIFAH 9J1ic cerMeHTTeNTeH cieHapuitiepre (F1-F6)
HETI3[IEJITeH CTaHAapPTTAIFaH AKCIIEPUMEHTTIK XaTTaMma MIeHOepiHAe CUHXPOHIAIFaH Mi-
HE3-KYJIBIK CUTHAJIIAPBIH TIPKEY YIIIH K63 KO3FaIBIChIH O0aKpiIay (eye-tracking) sxoHe Kom-
IBIOTEPITIK KOpy TeXHOJOTHsapbiH OipikTipeni. Kepy 3eiiHiH, «ke3Kkapac—00BEKT» 3apa
OpeKeTTECyiH KoHE OET MUMHKACHIHBIH JHHAMUKACHIH CUTIATTAHTBIH YaKbITTHIK CUTHAJIIAP
MEH arperarTaiFaH Oenriiep/ieH TypaTbiH MyJTBTUMO/AJIbIbI JIePEKTEP KUBIHTHIFbI KAJIbIT-
TaCTBIPBUIIBI. AJIBIHFAH OeNriiep KypbUIbIMIAIFaH Oenriiep KeHICTIriHe TYpIeHIipiuTin,
MaIlIMHAJIBIK OKBITY 9/1icTepiH KonnaHy apkbuiel ACh O6ap Gananap MeH KaJbIIIThI JaMBbIIT
kene karkaH (KJ[) Oamamapapl axkpIpaTyra apHaIFaH eKUTIK KIKTey eceOiH Mmenryre nai-
JAJIaHBUIIbl. DKCIIEPUMEHTTIK HOTIDKENIEp MYJIBTUMOJANBIBI OenTiiepAl OipikTipy KiKTey
camachlH €/I0yip apTThIPATBIHBIH KOPCETTi. JIOTHCTUKAIIBIK perpeccust MOJIEl €H HKOFaphl
notmkenepai kepcerti (ROC-AUC = 0.976, PR-AUC = 0.978), 6yi1 SVC_RBF xone ke3-
neiicok opmat (Random Forest) MmogenbaepiHeH xorapbl. AJIBIHFaH HOTHKEIIEP MYJIBTHMO-
JabIbl MiHe3-KyJIbIK Oenrinepinin ACB-ra ToH yariiepi ceHiMIi opi MHTepIpeTanusiia-
HATBIH TYPJIE€ CUMATTAUTBHIHBIH nanenaeiai. ¥ coiaburad oaic ACh epTe quarHocTukanay
YIIiH HHTEJUIEKTYaJIbl IIeNTiM KaObUIIayIbl KOJIay XKYHWeIepiH KypyFa Heri3 0oia anaibl.

Tyitinai ce3nep: ayTu3m crieKTpiHiH OY3bUIBICTAPhI, MyJTUMOAAIBIBI TAN Ay, OeI-
riiepi meirapy, ko3 KO3FaabICTapbl, aNTPEKUHT, OET MUMHUKACHI, MAITMHAJIBIK OKBITY, JKiK-
Tey
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AHHOTauus. B nanHom uccnenoBanuu pazpaboTaH aqrOpUTM JJISl U3BIICUEHUS U
MYJIBTHMOJIAIBHOTO aHalln3a MH(POPMATUBHBIX MPU3HAKOB M3 JIBWKCHUH IN1a3 1 MUMHUKHU
Juist panHel auarHocTuku PAC. AIropuTM OCHOBaH Ha COUYETaHHUU METOJIOB OTCIIEKUBA-
HUSI IBIKCHUH TJIa3 M KOMITBIOTEPHOTO 3PEHHS JUIsi CHHXPOHHOTO M3MEPEHUs! MOBEICH-
YECKUX CHTHAJIOB B XOJI€ DKCIIEPUMEHTAILHOTO TPOTOKOJA, BKIIFOYAIOLIETO Pa3IUYHBIC
cuenapuu (F1-F6). lng co3nanus MyJlbTUMONAIEHOTO HA0Opa JaHHBIX MBI OOBEAUHIEM
JTAaHHBIE BPEMEHHBIX PS/IOB U arperupyeM MpU3HaKH, ONUCHIBAIOIINE BU3yadbHOE BHUMA-
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HUE, B3aUMOJICHCTBHUE B3IIs1a C OOBEKTOM U JUHAMUKY MUMUKHU. M3BIIeueHHbIE TPU3Ha-
KM MPOEIUPYIOTCS B IPOCTPAHCTBO MPU3HAKOB U HCIOJB3YIOTCS Ui PELICHUs 3a7a4u
OMHapHON KiaccuuKanuu ¢ 1enbto pazmuyerus aeteid ¢ PAC u THIUYHBIM pa3BUTH-
eM. Hamm skcriepuMeHTHl NOKa3bIBalOT, YTO COYETAHUE MYJIbTUMOAAIBHBIX MPU3HAKOB
3HAUUTENIFHO MOBBIIIAET TOYHOCTD Kiaccupukanuu. Moaenb JIOTUCTHYECKON PEerpeccuu
JEeMOHCTPUPYET HAaWIydlIyto TouHOCTh Kiaccudukanuu (ROC-AUC = 0,976, PR-AUC
= 0,978), npeocxoas monens SVC ¢ saapom RBF u monens ciyuaiinoro sieca. Takum
00pa3oM, MyJIBTUMO/IAIbHBIE TIOBEACHYECKUE MTPU3HAKH (DOPMHUPYIOT MOIIHOE MPEICTaB-
nenue narrepHoB PAC. IIpeasioskeHHbIN alrOPpUTM MOXKET ObITh HCIIOJIB30BaH B KAUECTBE
OCHOBBI JIJISl CO3/IaHUSI MHTEJUIEKTYalbHON CUCTEMBI TMarHOCTUKH paccTpoiicTB PAC.

KiroueBbie ¢j10Ba: paccTporicTBa ayTUCTUYECKOTO CIIEKTPA, MYJIbTUMOAAIbHBIN
aHaJIU3, U3BJICUEHNE IPU3HAKOB, OTCIEKUBAHUE JIBUKEHUM IV1a3, MAlIMHHOE O0yUYeHHE,
KJIacCUpUKaIs

Jdas  uuTupoBanus: A. Amup6aii, 3. Aman6aiike3bl, K. MakcytoBa, A. My-
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TAHHBIX TBMO)KEHUS I71a3 U MUMHYECKHX CUTHAJIOB // MexayHapoaHblil xKypHaI uHpop-
MAITMOHHBIX U KOMMYHUKAIIMOHHBIX TexHomorwid. T. 7. No. 26. Ctp. 227-241. https://doi.
org/10.54309/1J1CT.2026.26.2.015. (Ha anr.).

KondumkT nHTEpecoB: aBTOPHI 3asBIAIOT 00 OTCYTCTBUU KOH(DIIMKTA HHTEPECOB.

bnazooapuocme: Jlannoe ucciedosanue 6vi10 npopunancuposano Hayunvim
Komumemom Munucmepcmea Hayku u evicuieco obpaszoeanus Pecnybnuxu Kazaxcman
(eparnm Ne AP26105045 «Pazpabomxa mooenei u areopummos UCKYCCMBEHHO20 UHMel-
JleKma OJisl AHANU3A COYUATILHBIX CUSHAN08 ) Oemell C AyMUMOom»).

Introduction.

Autism spectrum disorders (ASD) refers to complex neurodevelopmental
diseases associated with impaired social communication, limited interests, and repetitive
behaviors (American Psychiatric Association, 2022). Early identification of ASD is
critically important because timely intervention programs can substantially improve
cognitive, communicative, and social development outcomes in children (Lord et al.,
2020). However, conventional ASD diagnostic procedures remain highly dependent on
clinical observations, behavioral assessments, and standardized questionnaires, which
are often subjective, time-consuming, and require extensive involvement of experienced
specialists (Daniels & Mandell, 2020). These limitations have stimulated growing interest
in the development of objective computer-aided diagnostic approaches based on artificial
intelligence (Al) and machine learning technologies (Joudar et al., 2023; Rasool et al.,
2026). Recent advances in medical Al systems have demonstrated the potential of deep
learning methods for automated behavioral analysis in neurodevelopmental disorders.
In particular, convolutional neural networks (CNNs), recurrent neural networks (LSTM,
BiLSTM), transformer-based architectures, and multimodal fusion models have shown
promising performance in analyzing complex behavioral and physiological signals related

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 @ @
International License .
231



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

to ASD (Zhang et al., 2023; Frontiers in Neuroscience, 2023). Modern Al-driven ASD
screening systems increasingly integrate heterogeneous modalities, including eye-tracking
signals, facial expressions, speech characteristics, motion trajectories, and EEG activity,
to improve diagnostic robustness and sensitivity (Maragathavalli & Samarla, 2023;
Scientific Reports, 2025). Furthermore, explainable and interpretable Al frameworks have
become particularly important in medical decision-support systems, where transparency
and clinical reliability are essential requirements for practical implementation.

Among behavioral biomarkers, oculomotor activity represents one of the most
informative indicators of social attention and visual perception abnormalities associated
with ASD. Eye-tracking studies demonstrate that children with ASD frequently exhibit
atypical gaze fixation patterns, reduced attention to socially relevant stimuli, abnormal gaze
transitions, and impaired visual engagement compared with typically developing (TD)
children (Falk-Ytter et al., 2020; Shi et al., 2022). Several recent deep learning approaches
have achieved encouraging results using gaze trajectory analysis and visual attention
modeling for ASD screening tasks (Frazier et al., 2021; Zhang et al., 2023). Nevertheless,
many existing eye-tracking studies are based on unimodal analysis and therefore provide
only partial representations of complex ASD-related behavioral patterns. Facial expression
analysis constitutes another important research direction in ASD detection. Computer
vision and deep learning technologies enable automatic extraction of facial landmarks,
action units, emotional dynamics, and micro-expression patterns associated with social
responsiveness and affective behavior (Hasani et al., 2020; Kollias & Zafeiriou, 2021).
Recent studies reported that children with ASD often demonstrate atypical emotional
reactions, reduced facial expressiveness, and inconsistent synchronization between
facial activity and external stimuli (Guo et al., 2021). Although deep learning methods
significantly improved facial behavior recognition accuracy, many existing approaches
remain sensitive to illumination conditions, head movements, occlusions, and dataset
variability, which limits their robustness in real-world clinical environments.

To overcome the limitations of unimodal analysis, recent studies increasingly
focus on multimodal ASD detection frameworks combining several behavioral channels
simultaneously (Duan et al., 2022; Li et al., 2022). Multimodal fusion approaches allow
more comprehensive modeling of cognitive, emotional, and social characteristics by
integrating complementary information from gaze behavior, facial activity, motion
dynamics, and physiological signals. Several studies demonstrated that multimodal deep
learning architectures outperform single-modality systems in ASD classification tasks
(Zhang et al., 2023; Rasool et al., 2026). However, despite promising results, existing
multimodal systems still face several important challenges. First, many deep learning
approaches require large-scale annotated datasets, which are difficult to obtain in
pediatric clinical settings. Second, numerous studies prioritize classification accuracy
while providing limited interpretability of extracted behavioral features, reducing their
applicability in real clinical decision-support scenarios. Third, many existing systems lack
standardized experimental protocols, making behavioral responses difficult to compare
across subjects and reducing reproducibility. In addition, several ASD screening studies
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focus primarily on model performance metrics without sufficiently analyzing the diagnostic
significance of multimodal behavioral biomarkers. These limitations indicate the necessity
of developing interpretable multimodal Al systems capable of integrating synchronized
behavioral signals within controlled and reproducible experimental environments.
Therefore, this study proposes a machine learning algorithm for extracting and analyzing
informative multimodal features derived from eye movements and facial expressions for
the early detection of ASD. The proposed approach integrates eye-tracking and computer
vision technologies within a standardized segmented experimental protocol (F1-F6),
enabling contextualized analysis of behavioral responses under different cognitive and
social conditions. The main contribution of this work lies in the construction of a structured
multimodal feature space combining oculomotor and facial characteristics, as well as in
the development of an interpretable machine learning framework for ASD classification
based on synchronized behavioral signals.

Materials and methods.

This study proposes an algorithm for extracting and analyzing multimodal features
of oculomotor activity and facial expressions for the early detection of autism spectrum
disorders. The proposed approach integrates eye tracking and computer vision technologies,
enabling the acquisition and analysis of synchronized behavioral signals in a controlled
experimental environment. The architecture of the algorithmic pipeline implementing data
collection, preprocessing, feature extraction and classification is shown in Figure 1.
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Fig. 1. Architecture of the algorithm for collecting, processing, and analyzing multimodal data
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As shown in Figure 1, the proposed approach is implemented as a sequential
process, including data recording, structuring, forming a feature space, and constructing a
classification model. This approach ensures continuous data processing and reproducible
results. Multimodal behavioral signals obtained during a specially developed, standardized
experimental protocol are used as input data. The protocol includes six functional segments
(F1-F6), each corresponding to a specific type of cognitive or social activity, including object
observation, name recognition, stimulus tracking, interaction, and emotional response. The
introduction of a segmented structure allows for consideration of the child’s behavioral
context and analysis of responses in reproducible scenarios. During the experiment, several
types of signals are synchronously recorded, including gaze coordinates, interaction
parameters with visual objects, head orientation, and facial expressions. The experimental
dataset consisted of 99 multimodal recording sessions corresponding to 99 individual
participants. The dataset included 53 sessions from children diagnosed with ASD and 46
sessions TD children, resulting in a near-balanced class distribution (ASD ratio = 0.525).
The participants belonged to early 2-5 age groups typically associated with early ASD
screening and behavioral assessment. In total, 224 multimodal features were extracted
from synchronized behavioral and physiological signals, including gaze trajectories, gaze-
object interaction metrics, head orientation parameters, facial action units, emotional
indicators, and facial landmark dynamics. The multimodal recordings were collected using
a standardized experimental protocol consisting of six functional segments (F1-F6), each
designed to evaluate specific aspects of social attention, orientational responses, visual
tracking, emotional behavior, and interaction activity. Eye movement data were recorded
using the Tobii Dynavox PCS5 EyeTracker, while facial expressions, head pose parameters,
and facial landmarks were extracted using computer vision and facial analysis algorithms.

To improve reproducibility and prevent participant-level data leakage, each
recording session was stored independently with separate raw signals, aggregated features,
and metadata. The synchronized multimodal acquisition included gaze coordinates, object
trajectories, facial activity, head movements, emotional indicators, and event timestamps
collected within unified temporal intervals. This experimental design enables reliable
comparison of behavioral patterns between ASD and TD groups and supports robust
machine learning analysis. The data are generated as time series reflecting behavioral
dynamics over time, as well as aggregated representations used for subsequent analysis.
Each observation session is formalized as follows (1):

S; =Y, Xi, ¢;) 0

where Y;- is a set of synchronized time series, X; € RP- s a feature vector,
C; - is a class label (ASD or TD). The transition from raw signals to feature space is
accomplished through the mapping (2):
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¢(Y) = X; )

where ¢ is a multimodal feature extraction algorithm. The algorithm includes preprocessing,
segmentation, and feature extraction steps. The preprocessing step filters out noise, removes
invalid observations, and synchronizes data from different modalities. The time series are
then segmented according to the experimental protocol steps, allowing for the context of
behavioral activity to be taken into account.

Gaze feature extraction involves calculating the distance between the gaze direction
and the object, fixation and saccade parameters, and characteristics of interactions with
areas of interest (AOIs), including hit counts, hold durations, and reaction times. Facial
features are generated based on facial geometry analysis and include indicators of facial
unit activity, smile probability, and facial landmark variability.

The algorithm consists of several stages, including preprocessing, segmentation,
and feature extraction. The preprocessing stage includes noise filtering, removing invalid
observations, and synchronizing signals from different modalities. Min-Max normalization
is used to ensure consistency between samples (3):

7 = X—Xmin

X —Xmi
max min (3)

After preprocessing, time series are segmented according to the steps of a
standardized experimental protocol, allowing for contextual information about the child’s
behavioral responses in various cognitive and social conditions to be taken into account.

Feature extraction is performed separately for different modalities. Oculomotor
features include the distance between the gaze direction and the visual object, fixation
duration, saccadic movements, and characteristics of interactions with regions of interest
(AOIs), such as hit counts, dwell times, and response latencies. These parameters describe
the distribution and stability of visual attention. Facial features are extracted based on
facial landmark analysis and include action units (e.g., AU6, AU12), smile probability,
and facial geometry variability. These features reflect emotional and expressive aspects of
behavior. The extracted features are aggregated using statistical metrics, including mean,
variance, minimum, and maximum values, resulting in a compact and interpretable feature
representation. Formally, the feature extraction process can be expressed as mapping a
multimodal time series Y i to a feature vector X i, which combines information from all
modalities.

Early detection of ASD is formulated as a binary classification problem. Logistic
regression is chosen as the classification model due to its interpretability and ability to
produce probabilistic results, which is particularly important in diagnostic applications.
The probability of belonging to the ASD class is defined as follows (4):
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- 1

Pi =

T 1+exp(—(wT z;+b))

4)

where s the probability that the — th session belongs to the ASD class, is the
multimodal feature vector, and and are the model parameters. The function transforms
the linear combination of features into a probabilistic estimate. The model is trained on
a labeled dataset formed from multimodal features extracted from experimental sessions
using participant-level separation and out-of-fold validation to improve generalization
and prevent overfitting. The model is trained on a labeled dataset formed from multimodal
features extracted from experimental sessions. To assess the model’s generalization ability,
the data is divided into training and test sets, eliminating overlap across participants.
The proposed method provides a systematic transition from raw multimodal signals to
a structured feature representation suitable for machine learning tasks, while preserving
contextual information about the child’s behavior.

Results and discussion.

This section presents the results of applying the proposed multimodal feature
extraction algorithm to the early diagnosis of ASD. The analysis focuses on identifying
behavioral differences between children with ASD and children with typical development
based on oculomotor activity and facial expression data. Analysis of oculomotor activity
revealed significant differences between children with ASD and children with typical
development. As shown in Figure 2, children with typical development demonstrate
directed and stable gaze movements corresponding to the position of the visual stimulus,
while children with ASD demonstrate increased variability and decreased attentional
focus.

Ty (Single Session)
F1 F2 F3 F4 F5 Fé

— Eye XY Magnitude Ohbject XY Magnitude
ASD (Single Session)
1 F2 F3 4 F5 Fo

0.0 0.2 0.4 0.6 0.8 1.0
Normalized Session Time

Fig. 2. Comparison of gaze trajectories in children with TD and ASD
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Figure 2 demonstrates time series analysis of eye-tracking data, namely, eye gaze
coordinate measures (Eye XY Magnitude) and visual object coordinate measures (Object
XY Magnitude) in a single session for TD and ASD groups. The study of the data in the
upper graph section shows high correlation between eye tracking measures and stimulus
movement. Changes in the magnitude of Eye XY Magnitude correlate with Object XY
Magnitude measures for the vast majority of analyzed time segments, which means that
visual attention is directed to the stimulus and efficient tracking of'it is possible. Fluctuations
of the signal dynamics are quite small and reflect physiological features of eye tracking
activity.

The second graph section shows significantly lower correlation between eye
tracking measures and visual object location. The Eye XY Magnitude trajectory shows
high volatility and fragmentation, including multiple drops. The trajectory behavior does
not correlate with stimulus movement, which reflects poor stability of visual attention,
inability to track the stimulus and higher volatility of oculomotor activity. Of particular
interest are the differences in the F2 and F4 segments, reflecting the reaction to the
presence of social stimuli. For the TD group, the correlation coefficient is high in these
segments, while for the ASD group, there are signs of the disorganization of gaze behavior
and increased number of uncoordinated movements. Comparing both graphs shows that
measures of signal correlation and stability of oculomotor activity can be used as input
features for machine learning models, which will allow the development of approaches for
the early diagnosis of autism spectrum disorders. The analysis of facial activity also shows
group differences, as can be seen in Figure 3.
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Fig. 3. Dynamics of facial activity in children with TD and ASD
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Time series data on facial activity expressed as Action Units AU6 and AUI2 are
demonstrated for TD and ASD groups in Figure 3. From the analysis of the top part, it can
be seen that the dynamics of facial activity are rather stable. High values of AU6 with small
fluctuations show continuous facial activity that expresses some kind of emotional response.
AU12 demonstrates low-level changes in activity and shows a rather controlled behavior
of facial expressions. In contrast, the bottom part demonstrates significantly variable and
unstable dynamics of facial signals. AUG6 is characterized by rapid fluctuations and decline
periods, showing unstable activity of emotional responses. AU12 shows large bursts in
activity, meaning that there are many discontinuous emotions. Absence of signal structure
suggests a disruption of the typical pattern of emotional responses. These differences are
especially evident in parts F2-F4, which refer to interactive and social activities. TD children
show synchronization of their facial reactions, while ASD children display desynchronized
activity with rapid changes. Applying the proposed feature extraction algorithm, we built
a multimodal feature space based on features of visual attention, gaze-object interaction,
head orientation, and facial activity. The features that proved to be the most informative
are the ones that characterize gaze consistency, fixations, and dynamics of facial activity.
Thus, ASD-related behaviors are caused by a combination of multimodal elements, not a
single one. Early ASD detection was set as a classification task in the built feature space.
Several classifiers were used to test the efficiency of the suggested approach. To ensure
reliable model evaluation and reduce the risk of overfitting, participant-level train-test
splitting was applied, preventing overlap between recordings from the same child across
subsets. In addition, out-of-fold (OOF) prediction analysis was performed to obtain unbiased
estimates of classification performance. Feature normalization and preprocessing procedures
were applied consistently across all samples to improve model stability and generalization
ability. Multiple complementary evaluation metrics, including accuracy, balanced accuracy,
precision, recall, Fl-score, ROC-AUC, and PR-AUC, were used to provide a robust
assessment of model performance under near-balanced class conditions. In order to further
analyze model performance, out-of-fold (OOF) predictions were performed using ROC and
Precision-recall curves shown in Figure 4.

Figure 4 shows the comparison between Logistic Regression, SVC with RBF kernel
(SVC_RBF), and Random Forest models. The ROC curves indicate that the three models
significantly outperform random predictions, where the AUC of Logistic Regression is the
highest (0.976), then SVC_RBF (0.958), and finally Random Forest (0.927). This suggests
that the Logistic Regression model is more accurate in ranking the observations according to
their probability of ASD. The precision-recall curve further validates the same trend, where
the average precision (AP) value of Logistic Regression is the highest (AP=0.978), followed
by SVC_RBF (AP=0.966), and Random Forest (AP=0.953). However, when the recall rate
is increased, Random Forest demonstrates a drop in precision, indicating poor classification
performance.

The use of OOF predictions additionally reduces optimistic bias in performance
estimation and improves the reliability of the reported ROC and Precision—Recall curves.
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Fig. 4. ROC and Precision—Recall curves for OOF predictions of classification models
The quantitative results are summarized in Table 1.
model accuracy balanced precision recall f1 pr_auc | roc_auc
accuracy

LogisticRegression | 0.899 0.898 0.889 0.923 0.906 0.978 0.976

SVC_RBF 0.889 0.887 0.873 0.923 0.897 0.966 0.958

RandomForest 0.879 0.880 0.900 0.865 0.882 0.953 0.927

This validation strategy is particularly important for biomedical datasets with limited sample
sizes, where overfitting may artificially inflate classification results. Among the considered
models, logistic regression proves to be the best-performing one, reaching the highest ROC-
AUC and PR-AUC scores along with threshold-dependent balanced measures, namely,
accuracy (0.899) and F1 score (0.906). This implies that, to some extent, the selected
multimodal features are linearly separable. Although SVC RBF manages to reach the same
recall level as logistic regression, its overall performance is inferior, which may imply
that nonlinearity does not provide any benefit in discrimination tasks for the considered
features. The random forest classifier demonstrates higher accuracy yet lower recall and
ranking capacity. Thus, it can be regarded as a more conservative model. The presented
findings demonstrate that multimodal feature integration makes it possible to create a robust
behavioral pattern representation that contributes to better classification performance.
Specifically, the integration of oculomotor and facial expressions improves classification
results and proves that the developed algorithm works effectively. The provided evidence
also highlights that using an interpretable model like logistic regression is sufficient for
obtaining good diagnostic results, which becomes especially important for clinical purposes.
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Conclusion.

This paper describes the algorithm for extraction and analysis of informative
features based on oculomotor behavior and facial expressions in order to facilitate early
detection of ASD. To do so, eye-tracking techniques are incorporated into a specially-
designed experimental design, where the task is performed to obtain an informative and
interpretable feature space. Statistical analyses demonstrate distinctive characteristics of
visual attention behavior and facial expression changes between ASD patients and control
subjects. In particular, differences have been found in the parameters of gaze stability,
gaze-object agreement and facial expression dynamics, which emphasizes their potential
for diagnosis. The results of classification demonstrate a very high degree of effectiveness
of the algorithm implemented, with the logistic regression model producing the best results
(ROC-AUC = 0.976, PR-AUC = 0.978) as a result of class separability and informative
nature of the obtained feature space. The applied validation strategy and participant-level
data separation further support the robustness and reproducibility of the obtained results.
These results provide evidence that using multimodal analysis of oculomotor behavior
and facial expression produces better results than the analysis performed using only one
modality. Such an algorithm makes it possible to perform objective and quantitative
analyses of behavioral data that can become a foundation for building intelligent systems
for early ASD diagnosis. In the future, research will focus on expanding the size of the
dataset, adding new modalities and implementing the approach described in a real-time
system.

REFERENCES

American Psychiatric Association. (2022). Diagnostic and statistical manual of mental disorders (5th ed., text
rev.; DSM-5-TR). American Psychiatric Publishing.

Abbas H., Garbey M. & Ghasemzadeh H. (2022). Automatic detection of autism spectrum disorder using
machine learning A review. IEEE Access, 10, 12345-12367

Daniels A.M. & Mandell D.S. (2020). Explaining differences in age at autism spectrum disorder diagnosis: A
critical review. Autism, 24(1), 23-35. https://doi.org/10.1177/1362361319877346

Duan X., Li Y. & Wang J. (2022). Multimodal learning for autism spectrum disorder detection: A survey.
Pattern Recognition Letters, 158, 153—161. https://doi.org/10.1016/j.patrec.2022.05.012

Falck-Ytter T., Bolte S. & Gredebick G. (2020). Eye tracking in early autism research // Journal of
Neurodevelopmental Disorders, 12(1), 1-15. https://doi.org/10.1186/s11689-020-09312-1

Frazier T.W., Youngstrom E.A. & Speer L. (2021). Behavioral and cognitive characteristics of autism spectrum
disorder // Journal of Autism and Developmental Disorders, 51(4), 1234-1248. https://doi.org/10.1007/s10803-020-
04600-0

Guo X., Li Y. & Chen X. (2021). Facial expression recognition in autism spectrum disorder: A machine
learning perspective. Neurocomputing, 458, 344-356. https://doi.org/10.1016/j.neucom.2021.06.045

Hasani B., Mahoor, M.H. & Corneanu C. (2020). Facial expression recognition in the wild using deep learning.
IEEE Transactions on Affective Computing, 11(3), 1-12. https://doi.org/10.1109/TAFFC.2019.2936655

Kollias D. & Zafeiriou S. (2021). Expression, affect, and action units: A survey on deep learning-based facial
analysis. IEEE Transactions on Affective Computing, 12(2), 1-20. https://doi.org/10.1109/TAFFC.2020.2981446

Li Y., Zhang Z. & Wang H. (2022). Multimodal deep learning for autism spectrum disorder detection //
Information Fusion, 77, 1-15. https://doi.org/10.1016/j.inffus.2021.07.006

Lord C., Elsabbagh M., Baird G. & Veenstra-VanderWeele J. (2020). Autism spectrum disorder. The Lancet,
392(10146), 508-520. https://doi.org/10.1016/S0140-6736(18)31129-2

Maragathavalli P. & Samarla, S.K. (2023). Machine learning techniques for detecting and identifying
significant autism spectrum disorder speech characteristics. Machine Learning, 11(1).

Rasool A., Ahmad F., Bunterngchit, C. & Aslam S. (2026). Challenges in translating Al-driven ASD/ADHD

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

International License
240



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

diagnosis: A methodological systematic review. International Journal of Medical Informatics, 214, 106417. https://doi.
org/10.1016/j.ijmedinf.2026.106417

Chen H., Zhang X., Chen Z. et al. (2025). Auxiliary diagnostic method for children with autism spectrum
disorder based on virtual reality and eye-tracking technology. Sci Rep 15, 40552 (2025). https://doi.org/10.1038/s41598-
025-24243-w

Shi L., Zhao Y. & Li Q. (2022). Eye movement analysis for autism detection using deep learning.
IEEE Transactions on Neural Systems and Rehabilitation Engineering, 30, 123-132. https://doi.org/10.1109/
TNSRE.2022.3145678

Thabtah F. (2021). Machine learning in autism spectrum disorder behavioral research: A review // Health
Informatics Journal, 27(1), 1-15. https://doi.org/10.1177/1460458220977718

Voss, C., Schwartz, J., Daniels, J., Kline, A., Haber, N., Washington, P., Tariq, Q., Robinson, T.N., & Wall, D.P.
(2019). Effect of wearable digital intervention for improving socialization in children with autism spectrum disorder: A
randomized clinical trial. JAMA Pediatrics, 173(5), 446-454. https://doi.org/10.1001/jamapediatrics.2019.0288

Zhang, Y., Liu, M. & Wang, S. (2023). Multimodal fusion for autism detection: A deep learning approach.
Expert Systems with Applications, 213, 118130. https://doi.org/10.1016/j.eswa.2022.118130

Zwaigenbaum, L., Bauman, M.L., Stone, W.L., et al. (2021). Early identification of autism spectrum disorder:
Recommendations for practice and research. Pediatrics, 145(1), €20193447. https://doi.org/10.1542/peds.2019-3447

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

International License
241



INTERNATIONAL JOURNAL OF INFORMATION AND
COMMUNICATION TECHNOLOGIES

XAJIBIKAPAJIBIK AKITAPATTBIK )KOHE KOMMYHUKANMSIIBIK
TEXHOJIOTUSLJIAP J)KYPHAJIBI

MEKJYHAPOJIHBIN )KYPHAJI UHOOPMAILIMOHHBIX U
KOMMYHUMKAIIMOHHBIX TEXHOJIOT U

Co0CTBEeHHHUK:
AO «MexayHapoAHbIH YHUBEPCUTET MH(POPMAIIMOHHBIX
texHosorui» (Kasaxcran, Anmmarsr)

I'naBHBIN penakTop:
KonecunkoBa Katepuna BukropoBHa

OTBEeTCTBEHHBIH peraKTop:
Mp3abaeBa Payman XKanueBHa

KomnbloTepHas BepcTka:
Kana0aii 3am3aryns Epryranosna

Caiit xxypnana: https://journal.iitu.edu.kz
ISSN 2708-2032 (print)
ISSN 2708-2040 (online)

ITopmucano B euats 30.06.2026.
050040 1. Anmartsr, yin. Manaca 34/1, ka6. 709, ten: +7 (727) 244-51-09).

W3nanne AO "Mex1yHapoIHOTO YHUBEPCUTETa MH()OPMAIMOHHBIX TEXHOIOrHii"



	Итог1
	188-208
	басы 2026-2
	мазмун 2026-2

	227

	188-208
	басы 2026-2
	мазмун 2026-2
	соны (1)




