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ABSTRACT The present paper continues the investigation of the possibility of space perception in flat images (3D
phenomenon). An attempt is made to interpret the new characteristics of visual perception in the analysis of eye
movement. Selected experimental results applying stationary and portable binocular eye trackers, and also the
conditions proving the perception of three-dimensional attributes of planar images, are provided. 3D raster images
are employed to recognize the depth and volume perception. Many pieces of research were conducted on a statistical
sample, including 80 respondents aged from 14 to 22 years, using a portable eye tracker. The teaching of students
manifests the possibility of improving relief levels. It is shown that the students with the highest indices of relief have
high levels of creativity. The eye movement results of third-year students show the perception of spatial attributes
in planar images that possess some elements of a monocular pattern of images.

INTRODUCTION

According to Gusev, although a large num-
ber of exciting studies are devoted to it, and many
excellent results have been achieved, the prob-
lem of space perception remains relevant (Schiff-
man 2001; Gusev 2007). Nowadays, new stimuli
and conditions are emerging in the modern visu-
al environment for the development of visual
perception. Other laws of information transfor-
mation and thinking development are probably
being formed. Gregory (1997) believes that the
paintings of distant primitive ancestors stimu-
lated the development of speech and abstract
thinking. The laws of perspective, which was
adopted by artists to transfer spatial relation-
ships on the plane, emerged in European culture
in the Renaissance (Gusev 2007; Schreuder 2014;
Ignatov and Mosin 2014; Vetter and Newen 2014;
Petrova et al. 2015; Wilson and Soranzo 2015).

Nowadays, the paintings should be consid-
ered not only works of painting, but also a vari-
ety of computer images that affect the percep-
tion of TV, movies, computer screens, digital
advertising panels, concert events, and any
printed products. All modern paintings are de-
termined to use planar images. The software uti-
lizes three-dimensional modeling and can pro-
duce the illusion of three-dimensionality by em-
ploying well-known monocular features (Gusev
2007; Gibson 2014; Hackett 2014; O’Connor 2015;
Kornienko et al. 2015; Monty et al. 2017; Phillips
2019).

The principle of the stereoscopic visual sys-
tem, binocular disparity (stereopsis), probably
“prevents” the scientists from achieving a real
perception of space on any planar images (in-
cluding paintings). It was previously believed
that space could only be perceived by observing
three-dimensional objects using both eyes. It is
the perception of three-dimensional objects from
two observation points (two eyes) that forms the
three-dimensional perception attributes of the
environment. The alternative is to employ the
stereo industry methods and send images cap-
tured from two observation points to each eye
(Lappin 2014; Rychkova 2015; Deas and Wilcox
2015; Caziot et al. 2015; Kim et al. 2016).

The present paper introduces the results of
studies that indicate the capability of visual
perception to overcome the weaknesses of ste-
reopsis and develop the capacity to observe
the depth, volume, and spatial perspective of
most modern planar “pictures.” The presented
results are related to the student surveys con-
ducted in secondary schools on the first stages
of the development of a 3D phenomenon, and
approbation of the training system in the edu-
cational process at Kazan University. Further-
more, the possible impact of the 3D event on
creativity is discussed.

Objectives

The aim of this study is to investigate the
possibility of space perception in flat images
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(3D phenomenon). An attempt is made to inter-
pret the new characteristics of visual perception
in the analysis of eye movement.

METHODOLOGY

The work of Antipov et al. (2010) represents
the teaching system of the development of the
3D phenomenon, which involves six stages. The
system is based on the training to recognize the
stereoscopic depth of different types of stereo-
grams and generalized stereoscopic projections
(GSP). It is believed that long-term training to
observe the stereoscopic depth of stereograms
and GSP leads to the initiation of novel princi-
ples of the perception of the planar images. For
instance, the first author of the paper Antipov
and Zhegallo (2014).

The examples of some features training of
the 3D phenomenon are given in the following.
The group of respondents consisted of 12 stu-
dents- a one-semester training course: Five full-
time classes were held, and three sets of inde-
pendent study materials were distributed. At the
end of the semester, nine students (approximate-
ly 75%) mastered both depth observation meth-
ods at the GSP. One student (approximately 8%)
obtained the capability to perceive nearly all flat
images with full volume effects. Four of them
(about 33%) observed cognitive depth in the
color of images (particularly red and blue col-
ors). Three more students (approximately 25%)
recorded single depth effects (Minzaripov et al.
2009).

For the presentation of cognitive visual per-
ception, technology was used by employing
plastic rasters with cylindrical lenses and imag-
es built on the GSP principle. However, the im-
position of projections is necessary for some
variants of depth perception of plastic rasters. A
specialist who installed three-dimensional plas-
tic rasters was able to acquire the ability to per-
ceive cognitive (or creative) depth between the
red and yellow color of words printed against a
green background after about 10 hours of work
with a new version of overlaying projections.
Master, professionally engaged in photo art, and
the manufacture of 3D raster images (Minzari-
pov et al.  2009). The human visual system in
modern habitat independently obtains the mini-
mum primary elements of the 3D phenomenon -

for example, a color image of the Physical World
Map. The image format was A4. Humans are
confined to the subjective indicators of relief
perception. Approximately 91 percent of the 283
respondents declared that they recognized the
relief when they looked at the map.

 Sixty-nine percent of respondents from a
statistical sample of 630 people responded pos-
itively to the question about the observation of
relief in flat images in the environment. The sur-
vey was conducted in two schools between
grades 7-11. The 3D raster image in the A5 for-
mat of Physical World Map was an analog (or
sample) of relief effects. All students pointed to
a raster projection in response to the question:
“Which of the two images is perceived with great-
er depth?” The eye fixation point is outside the
image plane when perceiving the depth and vol-
ume of the planar image under the conditions of
the 3D phenomenon.

 In a study by Antipov and Zhegallo (2014),
the statistical information of the right (XR) and
the left (XL) eye X-coordinate – difference his-
togram or the distribution function ΔX = XL –
XR was analyzed when conducting eye move-
ment studies utilizing the eye tracker. The equa-
tion must be satisfied in the conditions of planar
image perception: ΔX = 0.

In the perception process of three-dimen-
sional attributes, the distribution function ΔX is
located outside the area of zero values. Positive
values of ΔX identify the position of the eye-
fixation point behind the screen. Figure 1a pre-
sents the distribution function for the depth
perception of the 3D phenomenon in Figure 1b,
which indicates the distribution function for the
perception of the coded image of Figure 1c,
which shows the distribution function for the
depth perception of the raster image of Figure 1.
Distribution functions were obtained for an ex-
perienced test subject. The distribution func-
tion (Fig. 1b) indicates that the eye movement of
the encoded image is located in the correspond-
ing interval of ΔX values with the space percep-
tion of the raster image. Alternatively stated, the
visual system of the experienced subject per-
ceives the space to be no less than the depth of
the raster image.

Observation of three-dimensional character-
istics on a paper (coded) printout refers to the
circumstances for the formation of perception at
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a minimum by means of the vertical elements of
visual information processing in the brain visu-
al centers. It is believed that diffraction conse-
quences in the eye’s neural structures may be
included in imaging (Hubel 1995; Antipov and
Fazlyyyakhmatov 2018). Recent studies on a sta-
tistical sample, including 11 bachelors of the In-
stitute of Physics KFU, indicated similar outcomes
to the results of Figure 3. The data presented in
Figure 3 partially prove the hypothesis of the prob-
ability of the diffraction effects on the eye neu-
rons (Antipov and Fazlyyyakhmatov 2018).

The authors assume that the process of vi-
sual perception transformation of flat images
takes place in the modern visual environment.
Alternatively stated, it refers to the learning of
the capacity to perceive any flat images with the
effects of volume, depth, and spatial perspec-
tive. The perspicacity in this definition is the
process of the 3D phenomenon and the distri-
bution of three-dimensional qualities of the sur-
rounding space to any planar images.

RESULTS  AND  DISCUSSION

The Physical World Map and images were
selected, which the authors of the present study
employed to investigate the depth and volume
perception on the binocular eye tracker to con-
duct the first survey (2018). The total number of
respondents is equal to 169. All test images were
previously applied in the educational process
of Kazan University.

Respondents were asked the question: “Do
you observe the relief on the presented planar
images?” and the answer was either yes (1) or
no (0). Nine questions were asked, and images
were indicated in static and dynamic states. The
3D raster images of the Physical World Map and
a fragment of the painting “Number 1, 1950 (Lav-
ender Mist)” by Jackson Pollock (Born: 1912 –
Died: 1956) was an analog of the concept of re-
lief (Landau 1989). A two-minute episode of a
documentary about J. Pollock was used to re-
veal the dynamic state of perception of a frag-
ment of a picture. The camera moved through-
out the canvas at the shooting episode.

A graph of the distribution of the responses
is presented in Figure 2. The relative value of
answers to questions about observing relief is
plotted on the horizontal axis. The vertical axis
displays the relative values of the responses of
the total number of respondents. It can be ob-
served that the vast majority of respondents
(nearly 17% each) answered affirmatively to 3-7
questions. Furthermore, approximately the equiv-
alent number of respondents (42%) answered
affirmatively to five or more questions, and 58
percent of them answered affirmatively to 4 or
fewer questions.

Figure 2 presents the distribution of answers
for each question. The highest value (95%) was
obtained throughout the demonstration of the

Fig. 1. Distribution functions in the perception
of different variants of the watercolor termed as
“Kazan University”: a) flat image; b) coded im-
age; c) raster image
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Physical World Map (column 1). The following
columns exhibit the relief perception of a frag-
ment of the painting “Lavender Mist” under stat-
ic (column 2) and dynamic (column 3) display
circumstances. It is noteworthy that 1.7 times
more respondents perceived the relief in the
dynamic state than under static conditions.

The subsequent two columns indicate the
perception of the spatial construction of hori-
zontal lines of the text (column 4 is 41%) and the
separation of horizontal lines of words on the
screen from a white background (column 5 is
25%). Column 6 is the indicator of the relief per-
ception of the stone tile photo image (71%). The
next two columns present the state of relief ob-
servation by the color palette and the depth per-
ception of its layers. Approximately 13 percent
and 22 percent of respondents recognize depth
in a static state and the head movement condi-
tions, respectively. The last column indicates
the relief effects on flat images in the habitat
(63%). This figure will unquestionably become
higher since some of the 37 percent remaining
respondents stated that they did not pay atten-
tion to the relief effects (Minzaripov et al. 2009).

Table 1 enables the authors to conclude that
the dynamic conditions significantly increase

the perception of the static state of relief (col-
umn 2) for demonstrating images (column 3). The
results of columns 7 and 8 confirm that 22 per-
cent of respondents are familiar with the objec-
tive skill of perceiving planar images with vol-
ume elements. A similar survey was conducted
as the second survey in another educational in-
stitution (Gymnasium). Respondents are stu-
dents in grades 8-11, and the total number of
respondents is 339. The plot movement of the
fragment of the painting “Lavender Mist” raises
the number of students recognizing the relief by
1.5 times (column 3). The depth of perception of
the color palette layers of the stone tile photo
image (column 7, 8) was recorded to be 23 per-
cent and 19 percent, respectively. In this educa-
tional institution, the D. Torrens test for creativ-
ity was carried out for students with the highest
number of responses on the relief perception.
The following ranked positions were achieved
for 46 respondents: “excellent level” - 50 per-
cent of respondents, “high level” –30 percent of
respondents, “higher than normal” - 17.5 per-
cent, and “normal” - 2.5 percent of respondents.
In other words, the proposed system for deter-
mining various levels of subjective assessment
of relief provides the scientists to demonstrate
that it further identifies the creativity of think-
ing. Figure 3 presents the distribution functions
for the perception of the photo image of the paint-
ing “Golgotha,” which were obtained for three
students of the Gymnasium. Registration of the
gaze direction and distribution functions reveals
that students perceive the ambiguous position
of the sensation of the color palette of the paint-
ing “Golgotha.”

Surveys in Higher Education

Here are some survey results at three insti-
tutes of KFU: Engineering Institute (II) Institute
of Psychology and Education (IPE), and Insti-
tute of Physics (IP). In II, the data on the relief
was obtained for the 1st and 4th-year bachelor,
and in the 1st and 2nd-year master students. In
IPE, the relief was defined for the 4th year bach-
elors (specialty “Psychology and Pedagogy”).
The 3rd year bachelors and the 1st year master
students were tested in IF (Antipov and Fazlyyy-
akhmatov 2018).

Fig. 2. The students’ response distribution

Table 1: Relative response values for different
images

Number of question Relative response value (%)

Question (1) 94.5
Question (2) 47.8
Question (3) 81.5
Question (4) 40.3
Question (5) 26.4
Question (6) 70.9
Question (7) 13.1
Question (8) 21.2
Question (9) 62.2
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Four images were displayed to respondents:
color Physical World Map; the fragment of the
painting “Number 1, 1950 (Lavender Mist)”;
photo image of painting “Golgotha”; and the
stone tile photo image. All the images were sup-
posed to show the perception of relief by color
scheme. If the respondents perceived the relief,
then they either voted or recorded any sign in
the related column in the questionnaire. The re-
lief effect was also illustrated by the example of
the 3D raster image of the painting “Golgotha.”
The subjective indicator of the magnitude of the
relief was also assessed by the raster image of
the painting “Golgotha.” The depth level of the
raster image was equal to 20-25 cm. The depth
perception on the raster was higher than the

relief of the planar image on average seven times
when interviewing the bachelors of IPE. The
comparison scatters interval was equal to val-
ues from 1 to 10. Only one student asserted that
the depth perception of the raster and the screen
was similar (Kim et al. 2016).

The respondents were asked the following
questions: 1. “Do you observe individual relief
effects (volume) of the color palette of imag-
es?”; 2. “For those who perceive relief, are there
any other effects of image perception?” Table 2
presents a comparison of the relative answers
of gymnasium students and the total answers of
students in KFU.

 According to Table 2, it can be concluded
that the majority of respondents are familiar with
the relief effect. Nevertheless, the elevation in-
dices are considerably lower than the depth of
the displayed raster images. Only one student
among the 200 people studying at KFU claimed
that the depth of images is identical on both the
raster and plane (Deas and Wilcox 2015).

It is possible to identify the objective indica-
tors of depth perception by using the binocular
eye tracker. Figure 4 presents the distribution func-
tions related to the four respondents. Two of re-
spondents are studying at the KFU Institute of
Physics (Fig. 4a is related to the third-year Bach-
elor student; Fig. 4b is related to the first-year
master student), one at the Engineering Institute
KFU (Fig.4c is related to the first-year master stu-
dent), and the last (Fig. 4d) is an experienced re-
searcher, whose perception is presented in the
study of Antipov and Zhegallo (2014).

All of the respondents claimed volume per-
ception in the color image of “Lavender Mist”
before the process of eye movement registering
via the eye tracker. The image was displayed on
the computer screen. As can be seen, the bach-
elor perceives the color palette of the image in
the spatial column, including the location of the

Fig. 3. Depth perception of the “Golgotha”: a) in front
of the screen; b) both in front and behind the screen;
c) behind the screen

Table 2: The total results of student surveys

Educational                        Relief
institution

Physical “Lavender Stone  Addi-
world Mist” tile  tion
map effects

Gymnasium 0.95 0.48 0.71 0.11
KFU 0.87 0.61 0.66 0.17
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computer screen. The remaining respondents
perceive the depth beyond the image plane. It is
noteworthy that the first-year master student
perceives volume in an interval more consider-
able than that of the experienced researcher.

The initial analysis of the distribution func-
tions reveals that there is no unambiguous depth
perception for different respondents. Otherwise
stated, there is no single and stationary location
relevant to the screen sensations of the bulk of
these images (Monty et al. 2017).

The relief relates to the modern state of visu-
al perception of the higher majority of respon-
dents in this approach. The eye fixation point
occurs for them not only on the image plane but
also in the range of values of the eye-fixation
point coordinates.

The eye fixation point is placed at a signifi-
cant distance (20-130 cm) beyond the plane of
the image (Figs. 3 and 4) as for the conditions of
the 3D phenomenon. The indicator of the relief
and the state of the 3D phenomenon may not be
the position of the eyes focus plane, but the
“memory” of the oculomotor muscles, which
provides certain positions of the vergence an-
gles and accommodation. Such memory is ob-
tained for a 3D phenomenon under circumstanc-
es of a long-term training of recognizing the ste-
reoscopic depth of different types of stereo-
grams. Furthermore, the training is conducted in
static and dynamic conditions for observing ste-
reoscopic depth.

Fig. 4. Distribution functions of respondents’
depth perception of the color

(a)

(b)

(c)

(d)
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CONCLUSION

It is assumed that the development of a new
ability relates to the conditions for structuring
intuitive-creative thinking. The primary reason
is that the new visual environment and the pro-
found influence of flat images were not previ-
ously in the habitat. It is evident that there is a
conversion of 3D-information of the phenome-
non to the level of automatism. It is common
knowledge that the thinking processes that oc-
cur at the level of automatism in the future and
can be transformed into morphogenic structures.
It is noteworthy that the 3D phenomenon is the
first stage in the emergence of new capabilities.
The relief recognized for about 1500 respondents
refers to the circumstances for the spread of the
first stages of 3D phenomenon development
among the population. After that, the third stage
of the Darwinian theory of evolutionary alter-
ations should be their consolidation at the level
of the genetic structure. In other words, the pro-
posed material may be subjected to the condi-
tions of the evolution of human mental levels in
the modern habitat, including the initial stage of
a fundamental transformation of visual percep-
tion. Such assumptions are partially subjected
to the author’s definitions of the formation of
new meta-tools and their transformation into
long-term structures. The authors add that if the
development of the ability to perceive any pla-
nar images with three-dimensional attributes
occurs under the control of a new visual envi-
ronment, it is entirely acceptable to adopt the
concept of incubation and insight in a different
category in comparison with the proposals. The
authors of the paper highlight that the right hemi-
sphere is activated, and the cortical activity of
the brain is increased in the conditions of spa-
tial perception of planar images.

RECOMMENDATIONS

It is suggested that the content of this re-
search paper be considered in light of other as-
pects of this topic and to provide a general over-
view, interpretation of the other characteristics
of visual perception in the analysis of eye move-
ment of flat images and sketches such as draw-
ings and paintings should be considered.
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