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OCULOMOTOR RESPONSE TO IMAGES IN PRIMARY SCHOOL CHILDREN WITH 
MILD INTELLECTUAL DISABILITY

Oculomotor activity (eye movements) is an essential component of visual data acquisition, analysis and use. The aim of this study was to determine the characteristics 

of oculomotor response to static images in primary school children with mild intellectual disability (ID). Our sample included a total of 49 schoolers (23 children 

with mild ID and 26 typically developing children). Oculomotor activity was evaluated using a GP3 Gazepoint eye tracker. The participants were presented with 

15 visual stimuli: 10 pictorial and 5 mixed (pictures + text) static color images. Children with mild ID generated significantly fewer fixations (р = 0.038) than typically 

developing children. So, learning materials containing both pictorial and textual images are ineffective because textual elements are completely ignored by children 

with mild ID. The total duration of gaze fixations was significantly longer (р = 0.029) in typically developing children than in children with mild ID. However, the average 

duration of a single gaze fixation was longer in children with mild ID. The identified features of oculomotor response can help to optimize the format of instructional 

materials for primary school children with mild ID.
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В. Б. Никишина1, О. Ф. Природова1, Е. А. Петраш1       , И. А. Севрюкова2

ГЛАЗОДВИГАТЕЛЬНЫЕ РЕАКЦИИ ПРИ ВОСПРИЯТИИ ИЗОБРАЖЕНИЙ МЛАДШИМИ 
ШКОЛЬНИКАМИ С ЛЕГКОЙ СТЕПЕНЬЮ УМСТВЕННОЙ ОТСТАЛОСТИ 

Окуломоторная активность (глазодвигательные реакции) может быть необходимым компонентом психических процессов, связанных с получением, 

преобразованием и использованием зрительной информации. Целью работы было определить, каковы особенности глазодвигательных реакций при 

восприятии статичных изображений у младших школьников с легкой степенью умственной отсталости (УО). Объем выборки составил 49 человек: 

23 человека с легкой степенью УО, 26 человек с нормативным типом психического развития. Оценку глазодвигательных реакций осуществляли с 

использованием программно-аппаратного комплекса GP3 Gazepoint. Стимульный материал представлял собой 15 статичных цветных изображений: 

картинки, содержащие только изображения (10 картинок); картинки, содержащие одновременно изображения и текст (5 картинок). В ходе исследования 

установлено, что число фиксаций у детей с легкой степенью УО значимо меньше (р = 0,038) по сравнению с детьми с нормативным развитием. 

Одновременное размещение картинки и текстовой информации неэффективно, поскольку текстовая часть остается проигнорированной в полном 

объеме. Общая длительность фиксаций значимо выше (р = 0,029) у детей с нормативным развитием по сравнению с детьми с легкой степенью УО. При 

этом средняя длительность единичной фиксации при УО выше. В практическом аспекте выявленные особенности глазодвигательных реакций у детей 

младшего школьного возраста с легкой степенью УО позволяют оптимизировать форму предъявления информации в процессе обучения.

Ключевые слова: глазодвигательные реакции, умственная отсталость, зрительные фиксации, латентное время фиксации, длительность фиксации
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In 2019, 0 to 14-year-old Russians with first-time diagnosed 
intellectual disability (ID) amounted to 4.8% of all pediatric 
patients with mental disorders [1]. This number has been 
showing a positive curvilinear trend over the past 10 years.

At primary school, intentional learning is the leading type 
of activity, i.e. the main driver of a child’s mental development. 
Visual perception forms the basis for intellectual activity. Children 
with perceptual differentiation deficiency cannot recognize an 

object from its parts and are unable to discriminate between 
similar-looking objects [2].

In order to address educational challenges faced by the 
teachers and parents of children with developmental disorders, 
visual perception should be viewed as a function involving the 
encoding and analysis of object features, their multisensory 
convergence, object identification, and the assessment of 
object importance [3]. 
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Intellectual disability coded as F70 by ICD-10 is a type of 
developmental disorder. It is characterized by incomplete brain 
development, increased exhaustibility of mental activity, slow 
cortical activity, and compromised anatomy and physiology of 
the visual system underlying cognitive impairments, including 
sensory and perceptual dysfunction [4–10]. 

Visual perception is the sum of processes involved in 
creating a visual impression of the environment based on visual 
input [3].

In primary school children with cognitive disorders the 
generality of perception is compromised. Minor details and 
small objects go unnoticed; only salient features are perceived. 
The structural elements of an object are not recognized [4]. 
Children with ID have a narrow scope of visual perception. 
Typically developing primary school children are capable of 
simultaneously perceiving 8 to 12 small objects, whereas their 
peers with ID can only perceive 4-6 objects at a time [10].

Size constancy (perception of distant objects) is much worse 
in children with ID than in their typically developing peers [8].

Children with ID cannot establish connections or identify 
a relationship between animate or inanimate objects in a 
genre scene [5]. This may be due to slow mental activity and 
sequential picture processing. The analysis of eye trajectory 
during picture viewing reveals that the glance is often drawn to 
the same, probably more informative elements of the picture; 
other elements receive much less attention [7].

Summing up, the following aspects of visual perception are 
compromised in primary school children with mild ID: integrity, 
concreteness, fidelity, wholeness, constancy, scope, generality, 
selectivity, rate, and differentiation. Ocular motor responses 
(oculomotor activity) are the critical components of mental 
processes implicated in visual data acquisition, processing 
and use.  

Dyslexic children are reported to generate more saccades 
when reading a static text than their typically developing peers. 
Dyslexic children also generate more than 3 saccades during 
gaze fixation tasks. This might be explained by the immaturity of 
their cortical structures responsible for saccadic inhibition [11].

A study of oculomotor reactions revealed that children 
with autism spectrum disorders were fast to fixate on human 
faces when presented with a socially relevant stimulus; after 
that, however, their attention slackened. The more pronounced 
was developmental delay, the more the participants fixated 
on the central elements of the presented picture. This might 
be explained by the low average saccade velocity in autistic 
children [12].

It is reported that lower IQ is associated with slower 
response and less stable gaze fixations in children with various 
grades of ID [13].

A Russian study investigated oculomotor responses to texts 
in different age groups [14]. None of the studied eye movement 
parameters differed between older and younger dyslexic 
children. The immaturity of some brain structures might disrupt 
the formation of basic components of reading skills required 
for the successful analysis and understanding of written texts. 

In contrast to typically developing children, their peers 
with mild ID need more time to read a text and make more 
fixations; fixation duration is longer, and the amplitude of 
saccades is reduced. This may be due to the impaired ability 
to perform phonemic analysis and understand letter/sound 
correspondences [15]. 

Preschoolers with mild ID make fewer and longer fixations 
when viewing static images due to limited visual perception [10] 
and its slow rate [4]. Incomplete or arrested development of 
brain structures can affect oculomotor response to images.

The aim of the study was to investigate the characteristics 
of oculomotor response to static images in primary school 
children with mild ID. The obtained data might be used to 
optimize the format of teaching materials for such children.

METHODS

Study participants

The study was carried out in 49 children aged 7–9 years who 
were in their first year at school (non-repeaters). The following 
inclusion criteria were applied: any sex; no visual impairment 
confirmed by an ophthalmologist. Exclusion criteria: chronic 
diseases. 

The children were grouped by the type of mental 
development. The main group comprised 12 boys and 11 girls 
with mild ID (F70.0, MCI-10) and the average IQ of 63.57 ± 3.24, 
attending specialized schools for emotional and behavioral 
disorders (type VIII schools). The mean age of the children was 
8.63 ± 0.57 years. The control group consisted of 26 typically 
developing children (11 boys and 15 girls; mean age: 8.12 ± 
0.81 years) pronounced healthy by the expert panel.

Equipment: technical specifications, setup, calibration

Oculomotor response studied using a GP3 Gazepoint eye-
tracking system (Gazepoint Research Inc.; Canada) that 
exploits a 60 Hz machine-vision camera to collect and analyze 
visual data. This eye tracker comes with Gazepoint Control 
and Gazepoint Analysis software for calibration, running 
experiments and data analysis. 

Both eyes were tracked simultaneously

Technical specifications of the eye tracker: accuracy 0.5–1 
degree of visual angle; 60 Hz update rate; 5- and 9-point 
calibration; open-standard API; 25 × 11 cm horizontal x vertical 
movement; ±15 cm range of depth movement; USB-powered. 

Computer requirements: modern processor (i5-i7); 
memory: 2 Gb; OS: Windows XP / Vista / 7/8, 32/64 bit; 15.6-
inch monitor; 1920 × 1080 screen resolution.

The following instructions were applied to create a project 
for each study participant: start Gazepoint Analysis → create 
a New project → select a folder to save the project → add a 
stimulus (a static image).

1. Areas of interest (AOI; images of individual objects 
simultaneously presented on the computer screen) were 
selected in the Analyze data mode. It is possible to select areas 
of interest on each presented image. The software collects 
statistics on the number of viewers who view the selected 
AOI; the average time to the first view (latency); the average 
time spent on viewing the selected AOI (fixation duration); the 
average percentage of the total time spent on AOI; the number 
of revisitors.

2. The Gazepoint Control window shows 4 types of 
settings: Calibrate, Gaze pointer, Select screen, and Switch 
Tracker Type. 

The camera view in the middle of the screen helps to 
adjust the distance between the camera and the subject and 
right/left eye capture. Feedback information is provided in the 
bottom status bar, which shows frame time (16.6 ms; 60 Hz), 
the number of participants connected to the server and the 
ongoing data transmission.

The eye tracker must be placed directly below the computer 
screen. Direct and indirect light casting on the subject’s face 
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must be avoided because it interferes with the recording of 
corneal reflexes. In our experiment, the distance between the 
camera and the subject’s eyes was 65 cm. 

For better accuracy, a calibration step must be performed. 
Calibration reveals possible differences between the eyes 
of the participant and the eye model. During calibration, the 
eye tracker analyzes light reflections from the subject’s eyes. 
A bright marker will appear on the dark calibration screen, 
moving between 5 or 9 different positions. The participant is 
requested to look at each marker position. Then, a white point-
of-gaze dot appears on the screen and the participant is again 
requested to look at each calibration point.

The following instruction was given during the calibration 
step: You will see white dots on the screen. You will need to 
look only at these dots. 

3. During the data collection step, the following instruction 
was given to the participants: You will see images on the 
screen. You will need to look at the images very attentively 
without changing your posture. 

Data collected during the experiment can be exported 
in various formats including static images, videos of gaze 
trajectories, heat maps and numerical *.csv data.

Visual stimuli

Visual stimuli were shortlisted by the panel of experts: 
teachers of primary schools for typically developing children 
and specialized type VIII schools for children with intellectual 
disabilities. Image selection criteria: image type (photos, 
diagrams, genre scenes, pictures of individual objects); image 

Fig. 1. Example of a visual stimulus

Interfering background image
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quality, sharpness and contrast. Criteria for final choice: bitmap 
images and static 2D color images (children with ID recognize 
basic colors but have difficulty differentiating between poorly 
saturated colors).

A total of 15 static color images were selected (Fig.1). Each 
presented image was followed by the gray background image. 

The selected visual stimuli were divided into 3 groups: 
images depicting 6 objects (2 images showing individual 
objects and 3 genre scenes); images depicting 12 objects 
(2 images showing individual objects and 3 genre scenes); 
5 images containing both pictorial and textual (task description 
or a legend) elements. In each experiment, images were 
presented in the same sequence: 1) images depicting 
6 objects, 2) images depicting 12 objects, 3) images containing 

both pictorial and textual elements. 
Resolution of the presented images: 1200 × 1373 for 

vertical images, 1920 × 1080 for horizontal images (consistent 
with the resolution of the computer screen; the aspect ratio was 
preserved). File format: jpg (JPEG). The children were presented 
with pictures from traditional school textbooks and textbooks 
for children with ID. Presentation time: 20 s. Background image 
presentation time: 3 s. Total presentation time: 7 min.

The following parameters of oculomotor response to AOI 
were analyzed: latency (average time to the first view); mean 
fixation duration (time spent looking at AOI); the average 
percentage of the total time spent on viewing AOI; the total 
number of fixations per image (the sum of gaze fixations on 
each AOI per image). Each parameter was evaluated for each 
presented images (a picture or a combination of a picture 
and text).

Statistical analysis was carried out using descriptive 
(mean values, standard deviations) and comparative statistics 
(nonparametric Mann–Whitney U test, Wilcoxon T test).  Absolute 
values were compared between the groups.

RESULTS

The total number of fixations and total latency varied within 
both groups (children with ID and typically developing children 
(Fig. 2A, B). 

The total number of fixations was significantly higher in the 
group of typically developing children than in their peers with 
mild ID (p = 0.038). At the same time, the overlap in the range 
of mean values for this parameter between the groups was 
minimal. The average number of fixations was 15.68 (17.27; 
32.95) in the main group and 15.25 (30.88; 46.13) in the control 
group. Total latency was significantly higher (р = 0.044) in the 
group of children with mild ID than in the group of typically 
developing children. Average latency was 0.33 (0.18; 0,.51) in 
the main group and 0.2 (0.09; 0.29) in the control group.   

These results reveal the following trend: children with mild 
ID fixate their gaze at fewer objects (points on the image) 
because they need significantly more time for fixation than 
typically developing children (Fig. 3). 

In both groups, the number of fixations increased for 
pictures containing more objects (12 vs 6 objects depicted in 
the picture) (Table). 

In both groups, the highest number of fixations was 
registered when children were presented with images 
containing 12 objects. For images containing 6 objects and 

Fig. 2. The schematic representation of the overlap in the range of mean total number of fixations (А) and total latency (B) in children with ID and their typically 
developing peers
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Fig. 3. A histogram showing mean values for the total number of fixations in children with mild ID and their typically developing peers
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images containing both pictorial and textual elements, the 
average number of fixations did not differ significantly between 
the groups (Fig. 4).

The spatial distribution of gaze fixations on the image 
differed significantly between typically developing children and 
their peers with ID. 

Fig. 5 shows heat maps revealing the distribution of the 
number of fixations over the presented stimuli. Fig. 5А shows 
heat maps for a child with mild ID (age: 8 years 7 months). Fig. 
5B shows heat maps for a typically developing child (age: 
8 years 1 month).

In the main group, the total number of fixations on images 
containing 6 unrelated individual objects and on genre scenes 
containing 6 objects was almost the same (р = 0.75). Similarly, 
the total number of fixations on images containing 12 unrelated 
individual objects and on genre scenes containing 12 objects 
did not differ significantly in the group of children with mild ID 
(р = 0.73). Typically developing children made more fixations 
(р = 0.027) on genre scenes containing 6 objects than on 
images containing 6 unrelated individual objects. In this group 
of children, the number of fixations increased significantly 
(р = 0.029) for genre scenes containing 12 objects, as compared 
with images containing 12 unrelated individual objects.   

Children with mild ID ignored textual elements in mixed 
images and fixated on pictorial elements. Typically developing 
children tended to fixate their gaze predominantly on textual 
elements. 

The fact that children with mild ID did not fixate their gaze on 
written text means that texts do not facilitate visual perception 
and are excluded from it.

Images containing 6 or 12 objects were divided into 2 groups: 
images of unrelated individual objects and genre scenes. 

Children with mild ID tended to make fixations on the central 
elements of images containing unrelated individual objects 
(6 objects). Typically developing children made gaze fixations 
on the objects contained in the pictures and the space between 
the objects. This facilitates spatial perception, allowing the 
child to perceive the size of the viewed object relative to other 

objects. In children with mild ID, spatial perception is impaired, 
which might be associated with some aspects of volitional 
visual perception.

When viewing genre scenes, children with mild ID tended to 
fixate their gaze on the heads of the depicted objects (animals 
and birds) and on the faces of the depicted people (teachers 
and children), and made only single fixations on secondary 
objects. In typically developing children, fixations were distributed 
equally between primary and secondary objects. 

The ratio of gaze fixations on the peripheral elements to the 
fixations on the central part of the presented image (6 objects) 
was uniform in both groups.

When viewing images containing 12 objects, children 
with mild ID made more fixations on primary objects depicted 
in the presented images, whereas secondary objects were 
almost completely ignored. The maximal number of fixations 
was observed for the central part of the presented image vs 
its peripheral elements. Peripheral elements were ignored 
regardless of their number and importance (primary and 
secondary objects). In typically developing children, the number 
of fixations was distributed equally between the central and 
peripheral elements of the image. 

In both groups, fixations were concentrated on human 
faces in cases when humans were depicted in the presented 
pictures. Children with mild ID tended to make fixations on 
adult faces, whereas their normally developing peers fixated on 
children’s faces. 

Total latency was calculated as the sum of latencies for all 
AOI per image.  Total latency shows time from the presentation 
of the first stimulus to the first registered fixation. Average total 
latency was higher in children with mild ID than in typically 
developing children (р = 0.024), i.e. children with mild ID needed 
more time to fixate the gaze when viewing static images (Fig. 6А).

Regardless of the number of objects in the picture (12 
or 6), children with mild ID exhibited longer latency for both 
central and peripheral elements than their typically developing 
peers. Typically developing children were faster to fixate on the 
peripheral elements of the presented pictures. This suggests 

Table. Differences in the total number of fixations between the groups presented with images containing 6 and 12 objects (Wilcoxon sign-ranked test; р < 0.05)

Note: * — differences are statistically significant.

Number of objects: 6
(х ± σ)

Number of objects: 12
(х ± σ)

p

Children with mild ID 25.15 ± 4.49 30.22 ± 6.24 0.029*

Typically developing children 36.18 ± 9.12 41.39 ± 8.42 0.027*

Fig. 4. Cumulative histograms showing average values for the total number of fixations in the groups presented with different types of visual stimulus    
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Fig. 5. Heat maps of gaze fixations on the elements of mixed images in the main and control groups
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Genre scene (12 objects)
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that faster fixations may be associated with faster attentional 
shifts in healthy children. In children with mild ID, the minimal 
time to a fixation on a central or peripheral element was 
observed for pictures containing 6 objects; so, it could be 
hypothesized that it is easier for such children to control their 
attention in the presence of fewer depicted objects. 

The total duration of fixations was significantly longer in the 
control group (р = 0.029) than in the main group. The average 
duration of one fixation was 0.29 ± 0.08 ms for typically 
developing children and 0.33 ± 0.11 ms for children with 
mild ID. Thus, children with mild ID need more time to visually 
perceive a static image. Fewer and longer fixations made by 
children with mild ID are exhausting for active perception and 
reduce the scope of perception.

The analysis of the total duration of fixations following the 
presentation of different stimulus types (6 or 12 objects, text) 
suggests that the mean total duration of fixations is significantly 
longer (р = 0.027) in typically developing children than in 
children with mild ID (Fig. 6B). Children with mild ID spent 
62.37 ± 8.31% of the total fixation time on viewing AOI, 
whereas for their typically developing peers this parameter 
equaled 68.42 ± 9.14%.  

For children with mild ID, the total number of fixations was 
lower and total latency was longer. 

DISCUSSION

While perceiving a static image containing multiple objects, the 
attention of children with mild ID is drawn to the central part of 
the image. This finding is consistent with the results of previous 
studies [10, 12]. When presented with images containing fewer 
objects, the attention of children with mild ID is distributed more 
uniformly. Such children make fewer fixations when presented 
with images containing both textual and pictorial elements; 
those fixations are concentrated on pictorial elements, whereas 
the text is completely ignored. This is associated with the 
informative value of pictorial elements [7].

On the whole, typically developing children make more 
fixations during the experiment. The number of gaze fixations 
on each object (AOI) is relatively stable regardless of the total 

number of objects depicted in the image (6 or 12). Fixations 
are uniformly distributed between the central and peripheral 
elements of images containing only pictorial elements. For mixed 
images, most fixations are concentrated on textual elements; 
only single fixations are registered for pictorial elements. 

Children with mild ID exhibit longer latency than their 
typically developing peers. Children with ID need more time to 
perceive an image. The detected trend is consistent with the 
findings of other researchers who reported increased duration 
of gaze fixations in such children [15]. The total duration of 
gaze fixations in typically developing primary school students 
is longer than in children with mild ID. Considering that the 
number of fixations is greater in healthy children, the duration 
of a single fixation is shorter. So, the lower total number of 
fixations and shorter duration of fixations in children with mild 
ID might be explained by the fact that they need more time to 
perceive a static image. 

CONCLUSION

The structural and dynamic characteristics of oculomotor 
response (the number of fixations, total fixation duration and 
latency) described in the study show that children with mild ID 
ignore textual elements on textbook pages containing a pictorial 
element and a task; their attention is focused on the periphery 
of an image if the image contains more than 6 objects. 

These characteristics of oculomotor response of children 
with mild ID may help to optimize the form in which learning 
materials are presented. Attention is distributed uniformly 
between simultaneously presented objects if their number 
does not exceed 6. If more than 6 objects are simultaneously 
presented on a textbook page, some of them located on the 
periphery escape from the field of active perception. Learning 
materials containing both pictorial and textual elements are 
ineffective because the textual elements are completely 
ignored. Texts and pictures should be presented in sequence. 
This will help to optimize the process of active perception in 
children with mild ID. Increased latency and increased duration 
of a single fixation mean that image presentation should be 
extended in time. 

Fig. 6. Cumulative histograms showing average values for total latency (A) and fixation duration (B) in the groups presented with different types of visual stimulus
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