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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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Аннотация. Аутизм спектрінің бұзылыстарын (АСБ) ерте анықтау үшін көз 
қозғалысы мен бет мимикасының ақпараттық белгілерін алу және мультимодальды 
талдау алгоритмі ұсынылған. Ұсынылған әдіс сегменттелген сценарийлерге (F1–F6) 
негізделген стандартталған эксперименттік хаттама шеңберінде синхрондалған мі-
нез-құлық сигналдарын тіркеу үшін көз қозғалысын бақылау (eye-tracking) және ком-
пьютерлік көру технологияларын біріктіреді. Көру зейінін, «көзқарас–объект» өзара 
әрекеттесуін және бет мимикасының динамикасын сипаттайтын уақыттық сигналдар 
мен агрегатталған белгілерден тұратын мультимодальды деректер жиынтығы қалып-
тастырылды. Алынған белгілер құрылымдалған белгілер кеңістігіне түрлендіріліп, 
машиналық оқыту әдістерін қолдану арқылы АСБ бар балалар мен қалыпты дамып 
келе жатқан (ҚД) балаларды ажыратуға арналған екілік жіктеу есебін шешуге пай-
даланылды. Эксперименттік нәтижелер мультимодальды белгілерді біріктіру жіктеу 
сапасын едәуір арттыратынын көрсетті. Логистикалық регрессия моделі ең жоғары 
нәтижелерді көрсетті (ROC-AUC = 0.976, PR-AUC = 0.978), бұл SVC_RBF және кез-
дейсоқ орман (Random Forest) модельдерінен жоғары. Алынған нәтижелер мультимо-
дальды мінез-құлық белгілерінің АСБ-ға тән үлгілерді сенімді әрі интерпретацияла-
натын түрде сипаттайтынын дәлелдейді. Ұсынылған әдіс АСБ ерте диагностикалау 
үшін интеллектуалды шешім қабылдауды қолдау жүйелерін құруға негіз бола алады.

Түйінді сөздер: аутизм спектрінің бұзылыстары, мультимодальды талдау, бел-
гілерді шығару, көз қозғалыстары, айтрекинг, бет мимикасы, машиналық оқыту, жік-
теу
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Аннотация. В данном исследовании разработан алгоритм для извлечения и 
мультимодального анализа информативных признаков из движений глаз и мимики 
для ранней диагностики РАС. Алгоритм основан на сочетании методов отслежива-
ния движений глаз и компьютерного зрения для синхронного измерения поведен-
ческих сигналов в ходе экспериментального протокола, включающего различные 
сценарии (F1-F6). Для создания мультимодального набора данных мы объединяем 
данные временных рядов и агрегируем признаки, описывающие визуальное внима-
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ние, взаимодействие взгляда с объектом и динамику мимики. Извлеченные призна-
ки проецируются в пространство признаков и используются для решения задачи 
бинарной классификации с целью различения детей с РАС и типичным развити-
ем. Наши эксперименты показывают, что сочетание мультимодальных признаков 
значительно повышает точность классификации. Модель логистической регрессии 
демонстрирует наилучшую точность классификации (ROC-AUC = 0,976, PR-AUC 
= 0,978), превосходя модель SVC с ядром RBF и модель случайного леса. Таким 
образом, мультимодальные поведенческие признаки формируют мощное представ-
ление паттернов РАС. Предложенный алгоритм может быть использован в качестве 
основы для создания интеллектуальной системы диагностики расстройств РАС.

Ключевые слова: расстройства аутистического спектра, мультимодальный 
анализ, извлечение признаков, отслеживание движений глаз, машинное обучение, 
классификация
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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 (AI) and machine learning technologies (Joudar et al., 2023; Rasool et al., 
2026). Recent advances in medical AI 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 
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to ASD (Zhang et al., 2023; Frontiers in Neuroscience, 2023). Modern AI-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 AI 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 AI 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.

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 PC5 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):

                                                                                       (1)

where  -  is a set of synchronized time series, ​  - is a feature vector, 
 - 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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                                                                                                  (2)
                                                                

where ϕ 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):

                                                                                      (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):

                                                          



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

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

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

236

                                                                   (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.

 

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.

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 AU12 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. AU6 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, F1-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_

accuracy
precision recall f1 pr_auc roc_auc

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.
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