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THE IMPACT OF IMAGE ORIENTATION ON DISTRIBUTION OF VISUAL FIXATIONS WHILE SOLVING
SIMPLE COGNITIVE PROBLEMS
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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 (o, = 0.014; p, = 0.016; p, = 0.014)
and the full-color image (p, = 0.015; p, = 0.015; p, = 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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BIIMSTHUE OPUEHTALIMOHHbBIX XAPAKTEPUCTUK N3OBPAXKEHNS HA PACNPEEJIEHNE
3PUTEJIbHbIX ®UKCALN NMPU PELLUEHUN NMPOCTbIX KOTHUTUBHbIX 3AOAY
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" POCCUCKIMIA HaLMOHabHBIN NCCNenoBaTensCKUii MeauUMHCKNIA yHrBepcuTeT uvenn H. . Muporosa, Mockea, Poccust
2 Kypckuii rocyaapCTBeHHbIN MEAVLIMHCKII yHBepcuTeT, Kypek, Poccus

AKTYyansHOCTb 1ccnefoBaHns 00ycrnoBneHa HEOOXOAMMOCTHIO OpraHM3aLv MPEqbABASEMON MHOPMaLMM C YHETOM MapaMeTPOB Ma30oaBMraTesbHbIX Peakumi npun
PeLLEHNM NPOCTbIX KOMHUTVBHBIX 3a4a4, YTO MO3BOMUT OMTVMM3MPOBATL MPOLIECCHI OOYHEHNSA, B TOM HMCAE C MCMOSb30BaHNEM ONCTaHLMOHHbBIX 0Opa3oBaTebHbIX
TexHonorui. Llensto paboTbl ObI110 U3yHMTh NapamMeTpbl Ma3oaBuraTenbHbIX PeakLmin MpW PeLLEeHN MPOCTON KOrHUTUBHOW 3afa4u Ha y3HaBaHVe Nno BO3PacTHOM
rpynne. O6bemM BblIOOpKM cocTaBmn 97 YenoBek (47 My>kHnH 1 50 »eHLWH) B Bo3pacTte 21-36 net. HopmupoBaHve nokasarenen rna3oapuratenbHbixX peaxLmii
OCYLLECTBAANM MO BO3PACTHbIM rpynnam: 21-26 net — 34 venoseka; 27-32 roga — 29 yenosek; 33-36 net — 34 4enoseka, C MCNonb30BaHneM paspaboTaHHON
aBTOPCKOV METOAVKN 1 MporpaMMHo-annapatHoro komnnexkca Tobii EyeX (MO «GazeControl»). [okadaHo, YTO OpUEHTALMOHHbIE XapaKTEPUCTVIKV 130DpakeHNs
(yron npegbsABeHst) CTaTUCTUHECKM 3HAUYMMO COOTHOCKMBI C MoKasaTensamMm pacnpeaeneHns ukcaumin B3rmaaa. Pacnpenenenie ukcaumin B3rnaaa npovicxonut
NPEVMYLLECTBEHHO B BEPXHEW 1 B NIEBON MOMOBUHAX M30OPadKeHMs (NepBbI KBaOPaHT) BHE 3aBUCUMOCTU OT Yria HaKIOHA M300PaKEeHNs 1 ero XapakTepUCTUKA
(cxemaTyHOEe MOHOXPOMHOE W MOMHOLBETHOE M300pakeHne). BbisiBneHb! 3HauMMas 3aBKCYMOCTb PELLEHUS MPOCTbIX KOMHUTUBHbIX 3afa4y 1 y3HasBaHus OT
NMPOCTPAHCTBEHHOW OpUeHTaLMM NPebABNSEMbIX CTUMYSIOB U CTATUCTUHECKM 3HAYMMOE YBEIMHEHME Ymcna OLUMOOK C yBEMHeHeM BO3pacTa npu y3HaBaHum
KaK CXeMaTVHHOrO MOHOXPOMHOTO 13obpavkeHnst (p, = 0,014; p, = 0,016; p, = 0,014), Tak 1 nonHoLBETHOrO N3obpaxkeHus (p, = 0,015; p, = 0,015; p, = 0,017).
Onpegfenenbl 4OCTOBEPHO 3HAYVMbIE YTlbl MOBOPOTA MPEABSBASEMbIX N300PaXKEHNIN NLL, MPUBOASALLMX K YCTONHMBBIM OLLMOKaM y3HaBaHWIS.
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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
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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 "rnagogsuratensHble peaxkumn' (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
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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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A. Schematic monochrome image of a face

Fig. 1. Stimuli presented to the participants

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.

Number of errors
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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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B. Full color face images

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

Quadrant |

324 36

300 60
288 72
276 84
264 96
252 108

240 120

228 132

216 144
204 156
192 4gg 168

= Realistic images = Schematic images

Quadrant IV

336 50 24
324 36

300 60
288 72
276 84
264 9
252 108

240 120

228 132

216 144
204 156
192 q1gp 168

= Realistic images = Schematic images

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
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Fig. 4. Gaze fixation distribution diagrams, presentation of monochrome and full-color face images, depending on the angle of inclination of the image
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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 (o, — indicator of significance
of differences between age groups 21-26 and 27-32; p, —
indicator of significance of differences between age groups
27-32 and 33-36; p, — indicator of significance of differences
between age groups 21-26 and 33-36), this statement
being relevant for both monochrome (o, = 0.014; p, = 0.016;
p, = 0.014) and a full-color images (o, = 0.015; p, = 0.015;
p, = 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

Quadrant Il

Quadrant |

Quadrant IV Quadrant Il

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,
p < 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

Quadrant Il

Quadrant |

X
Quadrant IV

Quadrant Il

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
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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. 0.)
Image inclination angle Number of gaze fixations Recognition of schematic monochrome images Recognition of full color realistic images
(x+0) (X +0) (X +0)

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 - -

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).
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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
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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
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