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THE IMPACT OF IMAGE ORIENTATION ON DISTRIBUTION OF VISUAL FIXATIONS WHILE SOLVING 
SIMPLE COGNITIVE PROBLEMS

Optimization of the educational process, including distance learning, requires orderly arrangement of the information presented, which translates into the need to 

factor in oculomotor reactions accompanying the search for solutions to simple cognitive tasks. This need supports the relevance of the present study, which aimed 

to investigate the age-dependent parameters of the oculomotor reactions occurring in solving a simple cognitive task. The sample included 97 persons, 47 males 

and 50 females, ages 21 to 36. For the purpose of rating the oculomotor reactions, the sample was divided into age groups: 21–26 years (n = 34); 27–32 years 

(n = 29); 33–36 years (n = 34). The methodology that governed the rating procedures was developed by the authors of the study and relied on the Tobii EyeX eye 

tracking hardware and software solution (GazeControl software). The study revealed a significant correlation between orientation of the image (presentation angle) 

and distribution of the visual fixations: regardless of the image presentation angle and its properties (schematic monochrome or full color image), the fixations tend 

to fall predominantly into the top and left parts of the image (the first quadrant). Other findings include a) a significant dependence of the capability to solve simple 

cognitive tasks and recognize the contents of the image on the spatial orientation of the presented stimuli, and b) the number of errors made in image contents 

recognition increasing with age, this dependence being significant and observed for both the schematic monochrome image (p
1
 = 0.014; p

2
 = 0.016; p

3
 = 0.014) 

and the full-color image (p
1
 = 0.015; p

2
 = 0.015; p

3
 = 0.017). The researchers have also identified the significant angles of rotation of the presented face images 

that stably caused recognition errors. 
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ВЛИЯНИЕ ОРИЕНТАЦИОННЫХ ХАРАКТЕРИСТИК ИЗОБРАЖЕНИЯ НА РАСПРЕДЕЛЕНИЕ 
ЗРИТЕЛЬНЫХ ФИКСАЦИЙ ПРИ РЕШЕНИИ ПРОСТЫХ КОГНИТИВНЫХ ЗАДАЧ

Актуальность исследования обусловлена необходимостью организации предъявляемой информации с учетом параметров глазодвигательных реакций при 

решении простых когнитивных задач, что позволит оптимизировать процессы обучения, в том числе с использованием дистанционных образовательных 

технологий. Целью работы было изучить параметры глазодвигательных реакций при решении простой когнитивной задачи на узнавание по возрастной 

группе. Объем выборки составил 97 человек (47 мужчин и 50 женщин) в возрасте 21–36 лет. Нормирование показателей глазодвигательных реакций 

осуществляли по возрастным группам: 21–26 лет — 34 человека; 27–32 года — 29 человек; 33–36 лет — 34 человека, с использованием разработанной 

авторской методики и программно-аппаратного комплекса Tobii EyeX (ПО «GazeControl»). Показано, что ориентационные характеристики изображения 

(угол предъявления) статистически значимо соотносимы с показателями распределения фиксаций взгляда. Распределение фиксаций взгляда происходит 

преимущественно в верхней и в левой половинах изображения (первый квадрант) вне зависимости от угла наклона изображения и его характеристики 

(схематичное монохромное или полноцветное изображение). Выявлены значимая зависимость решения простых когнитивных задач и узнавания от 

пространственной ориентации предъявляемых стимулов и статистически значимое увеличение числа ошибок с увеличением возраста при узнавании 

как схематичного монохромного изображения (р
1
 = 0,014; р

2
 = 0,016; р

3
 = 0,014), так и полноцветного изображения (р

1
 = 0,015; р

2
 = 0,015; р

3
 = 0,017). 

Определены достоверно значимые углы поворота предъявляемых изображений лиц, приводящих к устойчивым ошибкам узнавания. 
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Tracking of oculomotor reactions is a non-invasive technique 
employed to look into a wide range of cognitive and 
regulatory processes: attention, mnemonic activities, thinking 
categorization [1–3].

The technique enabling evaluation of the characteristics of 
oculomotor reactions in the context of a search for solutions 
to simple cognitive problems facilitates optimization of the 
educational processes, including  those relying on the distance 

learning technology [4–7]. A cognitive task triggers a number 
of activities: invoking initial representations, subsequent 
clarification, expansion, concretization, systematization, 
differentiation and generalization of knowledge. For the 
purpose of this study, we selected image recognition as a 
simple cognitive task. The object to be recognized is a face 
of a person, which is a complex social stimulus of perception 
[8–14]. The complexity of this object stems from the multiplicity 



89

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ    НЕЙРОНАУКИ

ВЕСТНИК РГМУ   2, 2022   VESTNIKRGMU.RU| |

of details organized in a single symmetrical space that factors 
in the pre-determined location of each element. The social 
characteristics of the object allow identification of its species 
(human being) and gender. 

We searched the Elibrary and Web of Science databases 
(using keywords "глазодвигательные реакции" (Russian for 
"oculomotor reactions") and "eye movements", respectively) 
covering papers published from 2015 to 2020). The results of 
this bibliometric analysis show that Russian researchers are less 
interested in the subject matter than their foreign counterparts. 
Oculomotor reactions were studied as part of research efforts 
in neurosciences, psychology, medical fields (ophthalmology 
and psychiatry), computer science, engineering. Papers 
dedicated to oculomotor reactions make up 29% of the total 
amount of the relevant scientific reports. Foreign studies focus 
on the many dimensions and diverse aspects of oculomotor 
reactions, which proves the technique selected for studying 
them is highly informative and universally applicable in the 
context of investigation of the processes of cognition and 
finding solutions to practical tasks, which rely of thinking and 
visual perception as such.

The attitude to the perceived stimuli and their categorization 
affects characteristics of oculomotor reactions, which means 
that oculomotor activity enables person's interactions with the 
world. Eye movements, acquiring the status of operations and 
actions, form integral oculomotor structures. Each of the formed 
oculomotor structures is associated with certain motives and 
conditions that govern how the person perform this or that 
activity [8, 9]. Eye tracking also allows measuring variables that 
are difficult to capture with other research methods, such as 
the exact spot looked at when receiving static or dynamic visual 
stimuli and instantaneous activation of the cognitive resources 
as required by the task [14].

The rating of oculomotor reactions in the context of visual 
perception activity is considered to be a statistical procedure 
that describes distribution of the studied parameters within 
an age group, and the subjects of such a rating should have 
no somatic and mental pathologies (be generally healthy). 
Optimization of the educational process, including distance 
learning, requires orderly arrangement of the information 
presented while factoring in the oculomotor reactions that 
accompany the search for solutions to simple cognitive tasks.

A study that aimed to determine how the number of gaze 
fixations affects face image recognition found that two fixations 
make the chances of successful recognition significantly 
better compared to a single fixation, regardless of whether the 
face in the image is familiar or not. Besides, the researches 
have established that the greater number of fixations does 
not translate into better quality of recognition [15]. As a key 
takeaway, the authors concluded that two gaze fixations are 
enough to recognize a person's face in an image. The face 
scanning direction — left to right — should also be mentioned 
here as an observed general trend, same as the significant 
differences in localization of the gaze at the tutorial and actual 
identification stages of the experiment. 

Studies of oculomotor reactions conducted by the Russian 
scientists support the aforementioned conclusion: a successful 
recognition of a person's face in an image takes two visual 
fixations [16].  

The two factors affecting the parameters of oculomotor 
reactions are the task, which can alter the distribution of gaze 
fixations on the stimulus image, and the format of the image 
shown. We assessed the impact of these two factors on the 
oculomotor reactions in a set of two experiments. Both had 
the same task (recognize faces on the images) but different 

formats of the images shown and varying angle it which they 
were presented. Studying the specific features of oculomotor 
reactions associated with contemplation of a face, researchers 
mainly focus on the number of gaze fixations in the substantial 
areas of the face image, those around eyes, mouth and nose 
[11–13]. However, they disregard spatial and orientational 
characteristics, i.e., directions (right-left, top-bottom) and 
angle of inclination of the image. Researchers also point to 
the significance of age as a factor affecting visual-spatial 
functions (field of visual perception, measurement by eye, etc). 
In adulthood, as opposed to the ages preceding it, correlations 
between the coordinate axes of visual sensory field are either 
unidentifiable or selective. Functional connections between 
the boundaries of the field of view in certain directions grow 
significantly weaker with age. In the perceptual visual field, 
on the contrary, structure of the perception becomes better 
pronounced with age, the improvement pattern coinciding 
with that of the spatial-discriminative capability of a person. 
Thus, the clearly shaped structure of visual perception enables 
maturation of this visual-spatial function and its maintenance at 
the optimal level throughout life [17].

Trying to identify the dominant characteristics (related to 
content or orientation) that affect the perception of a visual 
stimulus, we assumed that a change in the angle of inclination 
will condition distribution and number of fixations on the 
image. If content-related characteristics dominate the patterns 
of perception of an image of a face, the distribution of gaze 
fixations will remain relatively constant and concentrate in the 
areas of eyes, nose and mouth. If it is orientation that governs 
the perception, visual fixations will be predominantly registered 
in one of the four quadrants of the image, regardless of the 
angle at which it is shown. 

The purpose of this study was to investigate the parameters 
of oculomotor reactions (number of fixations required to solve 
a simple cognitive task (recognition); distribution of fixations 
on specific areas of the image) associated with the process of 
solving simple cognitive tasks and assessed through the lens 
of age.

METHODS

The sample included 97 persons, 47 males and 50 females, 
ages 21 to 36 (early adulthood). For the purpose of rating the 
oculomotor reactions, the sample was divided into age groups: 
21–26 years (n = 34); 27–32 years (n = 29); 33–36 years 
(n = 34). Forty-nine percent of the participants used vision 
correction aids (glasses or lenses). 

The methodology that governed the rating procedures was 
developed by the authors of the study and relied on the Tobii 
EyeX eye tracking hardware and software solution (GazeControl 
software) [18]. The image recording frequency of a Tobii EyeX 
Controller is 90 Hz. The working distance of the eye tracker is 
50–95 cm, the dimensions of the tracked space are 40–30 cm 
at a distance of 75 cm. 

According to the methodology, the participants had to 
determine whether the two sequentially presented images 
showed faces of two different people or if both contained the 
face of the same person. The answers were registered for each 
pair of images presented. 

The sets of stimuli included images of two types, schematic 
monochrome (Fig. 1A) and full-color. There were 45 pairs of 
face images of each type. They were divided into two groups: 
15 pairs that had the face images central axis uninclined 
(0° angle), and 30 pairs that had the paired images differing 
from each other in the face's central axis inclination angle. 
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Fig. 1. Stimuli presented to the participants

А. Schematic monochrome image of a face B. The angle of rotation of two consecutively presented stimulus 
images within one pair

Fig. 2. Error distribution diagrams, sample-wide, recognition of monochrome and full-color face images depending on the angle of inclination of the image

А. Schematic monochrome face images

Number of errors Number of errors

B. Full color face images

Regardless of the direction, the inclination increment within a 
pair was 12°. This value was chosen based on the results of 
the earlier studies [19]. 

 The resolution of all stimulus images was 1600–900 pixels, 
the files were .jpg. The monochrome images were made 
up of black lines showing the facial contours, hairline, ears, 
eyebrows, eyes, nose, mouth on a white background; the full-
color face images were photographs of a man's face against 
a white background. Each image (including the interference 
images) was shown for 3 seconds, the duration of presentation 
of one pair of faces (including the interference) was 15 seconds; 
it took 7 minutes and 30 seconds to show one set of stimuli, 
and the total time of presentation of monochrome and full-color 
stimulus sets amounted to 15 minutes.

Between presentations of monochrome and full-color 
images, the participants rested for 2 min and could freely 
examine the environment and speak.

The number of errors made in judgments about the similarity 
or difference between the two face images enables assessment 
of the visual perception process specifics peculiar to the 
situations when the angle of the center line of one image differs 
from that of another image in a pair. The analysis of erroneous 
answers offered for a simple cognitive task (recognition) allowed 
identifying the shown face image's center line inclination angles 
that made recognition of the faces more difficult. 

The study yielded heatmaps showing gaze distribution for 
each presented stimulus. The red zones on these maps, which 
were obtained based on the methodology developed by the 
study authors, are the registered and counted gaze fixations. 
The counting factored in the quadrants of the presented face.

For the purposes of statistical processing of the results 
we employed the methods of comparative statistics (Mann–
Whitney U-test, use restrictions observed; Wilcoxon T-test, 
single sample and two sets of values obtained under different 
conditions). The three groups were compared in pairs.

RESULTS

The first step was the sample-wide analysis of the number of 
correctly recognized pairs of monochrome and full-color face 
images. Among the first findings was the fact that gender had 
no significant effect on the rate of recognition: both male and 
female participants have shown approximately similar results 
for schematic monochrome (U = 246; p = 0.453) and full-
color (U = 278; p = 0.887) images. Same is true about vision 
correction: the participants that used vision correction aids 
were as likely to answer the experimental question correctly 
as their counterparts that did not rely on glasses or lenses 
(U = 272, p = 0.597 for monochrome images; U = 264.5, 
p = 0.505 for full-color images). These findings allow concluding 
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Fig. 3. Error distribution diagrams, by age groups, recognition of monochrome and full-color face images (simple cognitive task) depending on the angle of inclination 
of the image

21–26 years 21–26 years27–32 years 27–32 years

Monochrome image Full-color image

33–36 years 33–36 years

that neither gender of the participants nor their level of visual 
acuity (and subsequent need for vision correction aids or lack 
thereof) influence the effectiveness of solving a simple cognitive 
task of recognizing face images significantly. Therefore, gender 
and vision correction aids are not the factors that have a 
significant effect on the process of recognition.

The next step was the analysis of effectiveness of solving 
a simple cognitive task (face recognition), which we conducted 
by calculating the indicators of the total number of errors and 
the total number of fixations (fixations were distributed over four 

image quadrants). As a result, we identified the face inclination 
angles associated with the majority of errors (sample-wide, 
both monochrome and full-color images). Figure 2 shows these 
angles.

The presented face image center line angles that 
complicated solution of the simple cognitive task of face 
recognition (both monochrome and full-color images) were 72°, 
216°, 312°, 324° and 336°. When the center axis of the second 
face image of a shown pair was rotated relative to the first 
one within the specified angles, the frequency of recognition 

Fig. 4. Gaze fixation distribution diagrams, presentation of monochrome and full-color face images, depending on the angle of inclination of the image

Quadrant I

Quadrant IV Quadrant III

Realistic images Realistic images

Realistic imagesRealistic images Schematic images

Schematic images

Schematic images

Schematic images

Quadrant II
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Fig. 5. Heat maps of gaze fixations, schematic monochrome and full-color images 

errors averaged at 57.6%. It was also established that full-
color images shown with their center lines at an angle of 24° 
(Fig. 2B) were recognized erroneously in a considerable 
number of cases, but this phenomenon was not observed for 
monochrome images (Fig. 2A). 

The results of comparison of errors made in the three age 
groups allow drawing a conclusion that the amount of errors 
grows significantly with age (p

1
 — indicator of significance 

of differences between age groups 21–26 and 27–32; p
2 

— 
indicator of significance of differences between age groups 
27–32 and 33–36; p

3
 — indicator of significance of differences 

between age groups 21–26 and 33–36), this statement 
being relevant for both monochrome (p

1
 = 0.014; p

2
 = 0.016; 

p
3
 = 0.014) and a full-color images (p

1
 = 0.015; p

2
 = 0.015; 

p
3
 = 0.017) (Fig. 3). 

Probably, the number of errors made progresses with 
age because of the growing reliance on stereotypes in visual 
perception and fading ability to perceive finer details. The nature 
of the errors made by the participants supports this assumption. 
The mistakes made by the members of the first age group 
(21–26 years old) had to do with the level of perceived details: 
shown same image several times in a sequence, each time at a 
different angle, they claimed that these were images of different 
faces. On the contrary, members of the third age group (33–36 
years old), when shown images of different faces sequentially 
and with different central axis angles, claimed that the see one 
and the same image, i.e., their errors were associated with 
stereotyping of perception. Second group, ages 27 through 32, 
made errors of both types with equal frequency: they did not 
recognize similar face, thus making the error associated with 

the level of perceived details, and they failed to recognize two 
images of the same face as such, which means the error has to 
do with perception stereotyping.    

The paired comparison of the numbers of gaze fixations 
registered in the groups (using the Mann–Whitney U-test, 
р ˂ 0.05) revealed no significant differences. Therefore, by this 
indicator the participants were united into a common research 
sample.

The errors quantity comparative analysis that aimed to 
investigate the difference between schematic monochrome 
and full-color image tasks (done using the Wilcoxon test, 
p ˂  0.05) revealed no significant differences (T = 605; p = 0.763).  
These findings allow concluding that the quality of the stimulus 
image (schematic monochrome or full-color) does not affect the 
effectiveness of solving a simple cognitive task of recognizing 
face images significantly. Recognition relies on gaze fixations 
on the key points of the face image, regardless of whether it is 
schematic monochrome or full-color. The gaze fixation points 
are concentrated on the eye line, nose and mouth.   

At the next stage of the study we sought to investigate 
the number of gaze fixations by face quadrants, differentiating 
between schematic monochrome and realistic full-color images 
but disregarding age as a factor. In case of monochrome 
images, the quadrants received the maximum number of gaze 
fixations when the image was shown at the following angles: 
first quadrant — 24–96°; second quadrant — 216–348°; third 
quadrant — 192–228°; fourth quadrant — 108–180° (Fig. 4). 

The results for full-color images were same as for 
monochrome images. Participants concentrated most on 
the first quadrant when shown the image with the central 

Fig. 6. An example of the trajectory of gaze movement, schematic monochrome and full-color images, regardless of age. * — dots indicate gaze fixations, lines —
saccades

Quadrant I Quadrant I

Quadrant IVQuadrant IV

Quadrant II Quadrant II

Quadrant IIIQuadrant III
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axis inclined in the range between 0 and 84°, for the second 
quadrant the range was 240–324°, for the third — 192–276°, 
the fourth — 96–168 ° (Fig. 3).

In this study, we have experimentally confirmed that, in 
the context of solving a simple cognitive task, the distribution 
of gaze fixations depends on spatial orientation (center 
line inclination angle) characteristics of the face image, 
the differences registered being significant and statement 
applicable to both both schematic monochrome and full-
color images. The general area that attracts gaze fixations 
regardless of the angle inclination of the central axis is the 
top left part of the face image, as illustrated by in heat maps 
(Fig. 5).

The uneven distribution of gaze fixations across the 
quadrants, as well as the multiple repetition of movement 
trajectories, should be noted as a general trend. The fixation 
points are concentrated in the area of the eye line, and the 
participants repeatedly returned their gaze to those points. For 
both schematic monochrome and full-color images we have 
also registered repeated fixations around the left zygomatic 
part (fourth quadrant) and the region of the mouth on the right 
(third quadrant) (Fig. 6).  

Multiple gaze fixations in the nose area on the right (third 
quadrant) is a specific feature recorded for full-color images 
only. This spot attracts no fixations on a schematic monochrome 
image. The reason is that the orientational characteristics of a 
face image, i.e., eye shape, shape and size of nose, shape and 
size of lips, etc., determine the trajectory of eye movement and 
the areas of gaze fixations in the context a search for solutions 
to a simple cognitive task.

DISCUSSION

The rating procedure involves standardization; we found that 
neither gender nor vision correction aids (or lack thereof) have 
any significant effect. 

Based on the results of the study, ranges of normative 
values for the number of gaze fixations were established. 
They factor in angle of inclination of the central axis of the 
presented face image and the number of errors made (as an 
indicator of the average number of fixations and standard 
deviation with confidence intervals). It should be noted that 
the rated numbers of fixations disregard age and quality of the 
stimulus (monochrome or full-color image) as factors, since 

Table. Rated numbers of gaze fixations and the number of errors made in solving a simple cognitive task of face image recognition

Number of errors (33–36 y. o.)

Image inclination angle
Number of gaze fixations 

 (х ± σ)
Recognition of schematic monochrome images 

 (х ± σ)
Recognition of full color realistic images 

 (х ± σ)

0 19.7 ± 4.66 – –

12 20.1 ± 4.64 – –

24 21.0 ± 4.26 – –

36 15.4 ± 3.82 – –

48 18.0 ± 5.41 – –

60 21.4 ± 6.81 – –

72 24.4 ± 5.86 27.04 ± 5.18 20.12 ± 4.29

84 18.5 ± 3.64 – –

96 22.0 ± 4.10 – –

108 18.3 ± 3.92 – –

120 18.8 ± 3.08 – –

132 19.6 ± 9.21 – –

144 20.3 ± 4.98 – –

156 19.0 ± 3.04 – –

168 16.3 ± 3.78 – –

180 15.4 ± 4.91 – –

192 17.5 ± 3.08 – –

204 17.6 ± 4.21 – –

216 23.0 ± 5.02 24.37 ± 3.51 25.44 ± 5.07

228 16.4 ± 4.94 – –

240 19.1 ± 4.60 – –

252 18.3 ± 3.86 – –

264 17.4 ± 3.71 – –

276 15.3 ± 2.62 – –

288 17.4 ± 3.73 – –

300 16.5 ± 4.02 – –

312 21.1 ± 4.59 25.26 ± 4.87 –

324 21.1 ± 3.59 – –

336 24.8 ± 4.85 26.17 ± 6.09 21.09 ± 3.15

348 19.9 ± 3.88 – –
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the comparative analysis revealed no significant differences 
imposed by them (see Table).

Based on the experimental data, the ranges of rated values 
were compiled for the third group (33–36 years) only, since this 
is the only group where the amount of errors exceeded 75% 
of the total number of cognitive tasks solved, with 75% being 
the threshold between likely random mistakes (below 75%) and 
a registerable pattern (above 75%). Moreover, the number of 
errors goes above 75% only at certain angles of the presented 
face image's central axis.  

Thus, the age factor becomes significant for the simple 
cognitive task of face image recognition (both schematic 
monochrome and full-color images): the recognition success 
rate goes down as age goes up. The format of the presented 
image plays no significant part in the process of solving a 
simple cognitive problem of face image recognition. Repetition 
of the research procedure does not affect the results obtained.  

The results of this study are consistent with findings of the 
previous studies. Earlier, it was proven that recognition effectiveness 
does not depend on the number of fixations provided there are at 
least two of them [20], which was also confirmed in our study. We 
have also confirmed the dependence of recognition success rate 
on the spatial-orientational characteristics of the stimulus image, 
the former, being a simple cognitive task, changing with the latter.    

CONCLUSIONS

This study reliably establishes the effect orientational 
characteristics of the image have on distribution of gaze 

fixations. Regardless of the angle of the image's center line and 
its properties (schematic monochrome or full color image), gaze 
fixations tend to amass in the first quadrant of the image, which 
is due to the cultural and historical traditions of reading and 
writing left to right and top to bottom. It can be assumed that 
people with different cultural and historical traditions will exhibit a 
different distribution of gaze fixations: Arab peoples read right to 
left, so the gaze fixations in their case will predominantly occupy 
the upper right part of the image (second quadrant). At the same 
time, the format of the presented image does not affect the 
distribution of gaze fixations. We have identified the angles of 
inclination of the presented image that complicate the search for 
solution to a simple cognitive task (comparison and recognition 
of two images). The maximum number of errors in image 
recognition (schematic monochrome and full color face images) 
was registered when the images were shown at the angles of 
72°, 216°, 312°, 336°. The angle of 24° makes recognition of 
full-color images more difficult but has not such effect in case 
of schematic monochrome images; this fact is the result of a 
more complex structure of a full-color image in comparison with 
a schematic monochrome one. In addition to the eye lines and 
lips, gaze fixations were also registered in the areas of nose, 
forehead and ears when participants looked at full-color images. 
These elements are the criteria for comparison; the pattern did 
not repeat for schematic monochrome images. The practical 
significance of the results is that gaze fixation in the upper left part 
of the image allows avoiding erroneous characterization based 
on the interpretation of the relationship between the meaningful 
areas of the image and the parameters of oculomotor activity.  
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