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Background. Virtual reality (VR) is designed to provide a person’s contact with 
informational reality. VR technology is an effective tool for solving a whole 
class of economic problems, when it is cheaper and safer to carry out prelimi-
nary tests in virtual technology than in reality. In psychology, sociology, and 
pedagogy, virtual reality technologies provide the ability to model complex so-
cial objects (not just stimulis, irritants). 

Objective. In our study we explored the influence which virtual reality has 
on cognitive processes and personality characteristics. The study analyzes the 
influence of educational VR programs on cognitive processes and a number of 
personal characteristics.

Results. Laboratory experiments show that short-term work in the education-
al VR (created as a study of complex topics in Biology and Geometry) positively 
affects cognition and thinking. VR-programs improve traditional parameters of 
figurative short-term memory, observation and generalization. Students in the 
control group had significantly lower values. In fact, the technologies designed in 
the VR do not affect the basic personal structures, rather they only influence the 
functional personality characteristics.

Conclusion. Short-term work in the educational VR positively affects the de-
velopment of knowledge, thinking, memory, observation and attention span, as 
well as increasing field independence. The work of a person with training and 
educational programs in the virtual reality does not cause any alteration of the 
basic personal traits. Our result justifies the use of VR for educational purposes 
and professional training.
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Introduction
Currently, whenever the efficiency of science and technology plays a role in the bal-
anced development of a country (Huan, 2017), virtual reality technology is being 
used extensively. VR technology is effective for the resolution of current tasks in so-
cial research from the perspective of the postnonclassical approach (Zinchenko et 
al., 2015). The influence of virtual reality (VR) on cognitive processes and personal-
ity traits has become a reality for modern psychological and pedagogical science, 
and social work. The research we present here is generally aimed at elucidating and 
describing the basic changes which occur in cognitive processes (primarily think-
ing and memory) under the influence of virtual reality. 

Virtual reality is defined as high-tech products characterized by three-dimen-
sional images of objects, animations, and interactivity functions, which are immer-
sive by their nature. The authors share K. Murray’s philosophical interpretation of 
virtual reality, which looks similar to the world of ideas described by Plato. K. Mur-
ray defined those ideas as a combination of pure entities, i.e., extremely general-
ized, invariant properties of objects (Murray, 2000). The real, visible human world 
is the shadow of the world of ideas. Virtual objects have slightly different properties 
than natural things. For example, a VR-house cannot be ruined, burnt, or flooded 
unless the researcher programmed in these properties.

The present research interprets the essence of the virtual reality in a traditional 
cybernetic sense, which in turn determines its following basic characteristics: 1) 
creation of digital three-dimensional images imitating real objects; 2) animation 
opportunities; 3) network real-time data processing; and 4) the presence effect (the 
co-experience illusion a person might have in the artificial digital reality while in-
teracting with objects or subjects) (Lombard & Ditton, 1997).

On the whole, virtual reality can be treated as a technology of man-machine 
interaction, which enables the users to immerse themselves in the 3-D interac-
tive information environment. Virtual reality technologies are actively used in the 
study of visual illusions (Menshikova, 2013a, Menshikova, 2013b); parameters of 
the vestibular apparatus (Menshikova et al., 2017); research on the presence effect 
(Velichkovsky et al., 2016); and social research, including investigation of ethnic 
attitudes (Menshikova et al., 2018). Such research is carried out at the Faculty of 
Psychology of Moscow State University, including using the virtual reality room 
(CAVE). Virtual reality technologies are widely used in psychotherapy, counseling, 
and psycho-correction in Europe and the United States.

In 2008 the International Association of Cyber Therapy and Rehabilitation 
(founded in Brussels, Belgium), published the Cyber Therapy & Rehabilitation jour-
nal (Voiskynsky, 2010, p. 203). The research they published proved virtual therapy 
to be efficient in helping people get over or reduce fear, anxiety, and phobias (Hodg-
es et al., 2001; Riva, 2005; Rothbaum et al., 1990; Seliskya et al., 2004; Selivanov, 
2015; 2016; Slater et al., 2016), especially with the use of an avatar (an avatar is 
defined as a VR object controlled by a person who identifies him or herself with it) 
(Meyerbroeker et al., 2008; Riva, 2008). Combined сognitive-motor rehabilitation 
in virtual reality also leads to more successful elimination of cognitive and motor 
deficits after a stroke (Faria et al., 2018).
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In our opinion, VR technologies can be eff ective in training individuals on how 
to overcome many negative socially determined experiences and emotions such as 
microaggressions, which are subtle verbal and non-verbal slights based on group 
membership, and are ubiquitous in the lives of racial minorities (Byrd, 2018). Th is 
is done by creating various systems of learning in the network for use by adults 
(Norris et al. 2018).

Methods
Technology
Th is research was based on fi ve VR educational programs in Biology and Geom-
etry, which were created under the guidance of experts (“Inheritance of genes,” 
“Protein synthesis,” etc.) using the “Unity” multiplatform tool for three-dimen-
sional images. Th e programs were designed for high school students. Th e soft ware 
provides great animation opportunities; on average, program viewing takes 8–15 
min. (Figs. 1 and 2). 

Figure 1. A screenshot from the program “Th ree perpendiculars theorem” 
with animated planes and lines, and audio explanation 

Figure 2. A screenshot from the program “Protein Synthesis” with animated ribosome 
mechanics, and audio and text explanation
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Th e following two psycho-therapeutic training programs were designed for 
adults under the authors’ guidance: “Getting over nyctophobia” (fear of darkness), 
and “Getting over claustrophobia” (fear of confi ned spaces). Each program has a 
frame-by-frame scenario that can be edited according to the reliability of each par-
ticular case’s ecological and educational requirements. All the elements are put to-
gether on the “Unity” platform; the fi nal variant has a male avatar (Fig. 3).

 

Figure 3. A screenshot from the program “Getting over nyctophobia”. 
Th e subject under an avatar is placed in the room with a 5% shadow.

In the creation of VR-programs we used dynamic and static lighting, a particle 
system, dynamic cameras of various formats, and high-resolution textures. At fi rst, 
most of the experiments were carried out with the help of ordinary 3D monitors, 
or with the VR Z800 3DVisor headset (eMagin), which displays with a resolution of 
800 × 600 pixels; a fi eld of view of 60 × 40 degrees was used for all cases.

As in most experimental series, a laboratory experiment (with a simple experi-
mental plan for three independent variables) was used.

Study Designs
Th e Impact of Educational VR Experience 
on the Retention of Auditory Material
Subjects. Th e study included high school students in 10th grade (public high 
schools № 26 and 29, Smolensk, Russia), ages 16–18 (105 people); 46 were male, 
and 59 were female. Th ey were divided into two groups: an experimental group of 
50 students, and a control group of 55 students. Th e groups were equal in age and 
sex ratio.

Before viewing the educational VR program, the subjects were tested in Geom-
etry and the following parameters were measured: the volume of short-term fi gura-
tive, symbolic memory; the stability and shift ing of attention; the ability to make 
generalizations; and fi eld dependence/independence (cognitive style). Aft er view-
ing the program, they were tested again with another test of a similar diffi  culty and 
their parameters were measured again. Th is stage also included diagnosing their 
thinking dynamics (changes in operations or intellectual actions) and processes 
(such as analysis, synthesis, and generalization). Th e dynamics of their cognitive 
activity were defi ned with the help of micro-semantic analysis of their reports.
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The experiment included a control group, which worked with a teacher on the 
same Geometry as in the VR program. The control group subjects were tested in 
the same way as the experimental group.

The Impact of Educational VR Experience  
on Cognitive Processes
Subjects. The experimental group included 25 adults, intellectually advanced (stud-
ying or having a university degree), ages 20–50, of which 12 were males and 13 
females. The control group was comprised of 23 adults, 10 males and 13 females, all 
of whom specialized in subjects other than biology.

The test subjects were administered the classical psychological test on memo-
rizing 12 images, 12 numbers, and numerical sequences before and after the view-
ing of the educational program in Biology “Protein synthesis.”

Other cognitive processes were also analyzed during the study: changes in cog-
nitive functions were studied with the help of the modified digital Shulte Table 
(switching of attention); the Bourdon-Anfimov proof test (the measurement of at-
tention stability and concentration); exception of concepts and identification of the 
similarity to a concept (the ability to make generalizations and classifications; the 
test on finding general (common) concepts, including 20 sets of five words for find-
ing the similarity to a concept; exclusion of concepts (17 sets of 5 words to exclude 
the odd one), etc.

Individual differences in cognition included the cognitive style characteristics 
of field dependence/independence (Witkin, et al., 1977; Witkin, et al., 1974) (EFT 
(Embedded Figures Test, H. Witkin).

VR in Phobias Treatment
Subjects. The study included young adults ages 21–55 (37 people), either in the 
university or with a university degree, who requested assistance at the Social and 
Psychological Center (Smolensk, Russia). The majority of them suffered from cer-
tain fears and phobias, or had suffered from phobias in the past, which they had 
overcome (19 people). The group consisted of 30 men (81%) and 7 women (19%), 
since the training programs were created with male avatars. 

Each subject took a Spielberg-Khanin test several days before and after their 
VR experience to overcome a certain phobia. Their personal and reactive anxiety 
were then evaluated. The indices of self-evaluation of reactive and personal anxiety 
were treated as dependent variables, whereas parameters of the subjects’ work with 
the VR-training programs were considered to be instructive independent variables.

The experiment included a control group treated in a conventional way.

Ethical Statement
All subjects gave their informed consent for inclusion before they participated in 
the study. The study was conducted in accordance with the Declaration of Helsinki 
of 1975, revised in 2013. All participants were over 18 years old and gave their writ-
ten consent to take part in the experiments with VR-headsets.
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Statistical Analysis
Mann-Whitney and Kramer-Welch tests were used to find the differences between 
the experimental and control groups.

Statistical processing of the results was performed in STATISTICA 6.0, 
SPSS11v11.0.1 and included correlation analysis.

Results
The Impact of Educational VR Experience  
on the Retention of Auditory Material
The dependent variable was the actualization level of the students’ knowledge in 
Mathematics (e.g., in solving mathematical problems); independent variables were 
the parameters of VR. At the beginning of the experiment, both groups were tested 
in Mathematics (10 problems test). Then one group of students was offered the op-
portunity to work with a VR educational program (in a computer lab), while the 
other group of students studied the topic with a teacher, without the use of any vir-
tual program. After the class, both groups took Mathematics tests with two tasks, 
the content of which was related to the studied topic. The chosen topic was the ap-
plication of the “Three perpendiculars theorem” of solid geometry. The results are 
summarized in Fig. 4.
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Figure 4. Test results in Mathematics (Geometry). Note. The histogram  
illustrates the results of the mathematics tests taken before and after the  
class with and without VR educational program

The application of the “Three perpendiculars theorem” VR-educational pro-
gram in Geometry had the following results. According to P.A. Pobokin’s data in a 
study carried out under our guidance, the parameters of the students’ performance 
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increased on average to 1.5 times the original score. The calculated empirical value 
of Student’s t-criterion (t = 11.747) appeared to be larger than the critical Student’s 
t-criterion (t = 2.05), which indicates the reliability of the improvement in the num-
ber of correct answers after the use of virtual mathematical program (p = 0.05). 
According to the homogeneity criterion χ2, three levels of knowledge development 
were distinguished: 1) L = 3; 2) L – 1 = 2; and therefore 3) × 2cr (2; 0.05) = 5.99. Since 
x2emp = 7.63 > × 2cr (2; 0.05) = 5.99, the reliability of differences in the test results 
between pupils using the virtual program and those having the teacher explain the 
topic, is 95% (significance level p ≤ 0.05).

 The initial test results of both the experimental and control groups were the 
same (Student’s T-test and Chi-square test, p ≤ 0.05). The final test results of the stu-
dents after the use of the virtual program, and the test results of the students after 
the teacher explained the topic, were different, as measured by the Student’s T-test 
(Temp = 11.74>Tcrit = 2.05); the Mann-Whitney test (Wemp = 3.025>Wcrit = 1.96); 
and the Kramer-Welch tests (Wemp = 3.22>Wcrit = 1.96), p ≤ 0.05). The average 
test score in the control group was 4.8, whereas the average results of those stu-
dents who had worked with the VR program was 5.72. The application of the VR 
educational program in Geometry thus increased the parameters of the students’ 
performance on average to 1.5 times the original score (from 3.78 to 5.72), while 
the control group’s learning experience went up to 1.2 times (from 3.96 to 4.8). 
The size of the effect for the control sample is d cont. = 0.60; for the experimental, 
– d exp. = 1.29 (Cohen’s d, J. Cohen index).

Since all three statistical criteria (Mann-Whitney, Kramer-Welch, and chi uni-
formity) rejected the main hypothesis (Н0) at a significance level of p ≤ 0.05, and d 
(Cohen’s d) is ex-large, it can be argued that empirical differences do exist. There-
fore, the effect of changes in the results is caused by the use of a virtual program. 
The study subjects expanded the search zone of correct answers, and increased 
their semantic links. 

It should also be noted that, after the application of the VR educational pro-
gram, the number of students giving 6-8 correct answers out of 10 rose dramati-
cally. There were also a small number of students who gave nine correct answers 
out of 10. Similar data were previously obtained with the use of VR programs in 
education (Pobokin, 2014; 2015 a, b).

The Impact of Educational VR Experience  
on Cognitive Processes
The test subjects in this experiment took a classical psychological test on the 
memorizing of images, numbers, and numerical sequences before the learning 
experience. After viewing the educational VR-program in Biology “Protein syn-
thesis” (duration 11–20 min), the test subjects took the tests again. The adults in 
the control sample read a biology textbook for a secondary school on the topic 
“Protein Synthesis” for 20 minutes and were tested both before and after reading 
the  material.

The VR educational programs had a considerable positive influence on the 
volume of short-term figurative memory (the difference of average indices was 
1.96 in the experimental group, and 0.5 in the control group; the symbolic mem-
ory (memorizing numbers), and short-memory volume were less influenced (the 
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differences of average indices were 0.08 and 0.28. In the control group they were 
0.04 and 0.09). 

Other cognitive processes were also analyzed during the study: changes in cog-
nitive functions were diagnosed with the help of the modified digital Shulte Table 
(switching of attention); the Bourdon-Anfimov proof test (the measurement of at-
tention stability and concentration); the exception of concepts and identification of 
the similarities between concepts (study of generalizations), etc.

The VR educational program had a considerable influence on the powers of 
observation (in the differences detection test, the difference in average indices was 
1.4, as compared to 0.8 in the control group); attention stability and concentration 
(test Bourdon-Anfimov); and the ability to make generalizations and classifica-
tions (finding general (common) concepts, exclusion of concepts). The difference 
of average indices before and after the viewing of the VR program was 1.8; in the 
control group it was 1.1. The effect size for the control sample is d cont. = 0.30; for 
the experimental, d exp. = 0.9 (Cohen’s d, J. Cohen index). Significant changes in all 
indicators have occurred after using the virtual program (the Wilcoxon criterion: 
Wemp = 26, with Wcrit = 37, Wemp < Wcrit, p ≤ 0.01).

The decrease of parameters was only observed during the general switching 
of attention (modified digital Shulte Table): the average time of task solving in-
creased from 136.4 sec. up to 158.2 sec., remaining at the average level of switching. 
Individual differences of cognition included the characteristics of cognitive style. 
VR programs caused a significant increase in field independence; the average time 
needed for solving tasks decreased from 42.3 sec. to 18.7 sec.; in control group it 
went from 48.1 sec. to 40.02 sec.

Therefore, similar results were received after the application of the VR educa-
tional programs in both Geometry and Biology. Changes in the scores on Geometry 
(Biology) tests in the control sample, which used conventional education methods, 
were in the range of 10-15%. The results show that the VR educational programs 
improved students’ performance (for the students with a low performance the in-
creases were 40–50%; for high performers it was several times more than 100%).

The Impact of Training VR Experience in Treatment of Phobias
Participants were introduced to a VR experience of a dark or confined place de-
pending on their phobia. The interconnection between the virtual images and per-
sonality was analyzed with the help of MMPI both before and after the work in the 
VR. The subjects’ anxiety levels (reactive and personal anxiety) were measured by 
the Spielberg-Khanin test (the State-Trait Anxiety Inventory) several days before 
and after the VR training program to overcome a certain phobia.

There were no significant alterations in the basic personal traits evaluated with 
the short MMPI version. The secondary diagnostics results of the personal char-
acteristics also showed that no significant changes occurred. Thus the VR training 
programs did not have a significant influence on the basic personality traits (the 
Wilcoxon criterion: Wemp = 4, with Wcrit = 1, Wemp > Wcrit, p ≤ 0.01). 

The alteration of the anxiety level was based on average values. During the 
primary diagnostics, the subjects had the average of reactive anxiety of 54.3 and 
personal anxiety of 56. During the secondary diagnostics, the reactive anxiety was 
36 and personal anxiety was 52. Consequently, significant changes occurred (the 
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Wilcoxon criterion Wemp = 11, with Wcrit = 27, Wemp < Wcrit, p ≤ 0.01) for the ex-
perimental sample, while no significant changes were observed in the control sam-
ple (the Wilcoxon criterion: Wemp = 17, with Wcrit = 3, Wemp > Wcrit, p ≤ 0.01). 
The effect size for the control sample is d cont. = 0.2; for experimental, d exp. = 0.98 
(Cohen’s d, J. Cohen index).

The VR activity performed under an avatar and targeted at overcoming fears 
dramatically decreased the subjects’ reactive anxiety, while there was practically 
no alteration of personal anxiety. Reactive anxiety is considered to be a situational, 
functional, and personal characteristic, which reflects general overstrain, worrying, 
and nervousness. Personal anxiety is connected with more stable characteristics, 
which make a person perceive a wider circle of situations as threatening, which 
results in turn in the manifestation of anxiety. It is probable that the short-term im-
mersion into the VR environment primarily affected the degree of reactive anxiety, 
lowering its indices from high to moderate values. However, not all the subjects had 
such low indices; the average value decreased by 1.5 (for more, see Selivanov, V.V. 
(Ed.), 2016). 

Our results correlate with the data gathered in the United States and Israel on 
the decrease of different kinds of anxiety after a short-term application of virtu-
al programs, which helped to overcome the fear of public speaking (Harris et al., 
2002; Wallach et al., 2006).

Discussion
There is little question but that VR educational programs have some influence on 
a person. At the same time this situation is rather problematic since the possibil-
ity of their further application depends directly on the degree of influence the VR 
exerts on cognitive processes and personality properties. Nowadays there are some 
publications which support the use of VR technologies for educational purposes, 
without proper discussion of their effect.

VR training programs are treated with some suspicion because they are often 
associated with some special world which withdraws the person from the present 
reality, causes virtual dependence, etc. Among the negative effects which accom-
pany VR are the presence effect (McLellan, 1996; Lombard, & Ditton., 1997); the 
Proteus effect (Yee et al., 2009); virtual ego-dissolution (Metzinger, 2018); the im-
mersion effect, etc. These effects result from constant surfing the virtual worlds, 
where a user can spend more than 20 hours per week using avatars. Modern Inter-
net and computer games content already contains elements of VR, in particular, an 
immersive environment with avatars (including games like Call of Duty, World of 
Warcraft, League of Legends, etc.). The problem of minimizing the high-risk inter-
net behaviors, which in adolescence are associated with styles of parental control 
like supervision (condoning) (Álvarez-García et al., 2018), is posed. The present 
study has been devoted to VR educational functions when they are used for a short 
period of time without any avatars in the educational programs (the avatar was 
used in the training program).

Why does education organized with the adequate use of VR turn out to be such 
effective educational environment? Probably, as the research shows, it is because 
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the VR performs three main functions: it can be a method, means and technology 
of education (Selivanov, & Selivanova, 2014). Apart from this, VR has three basic 
mechanisms which stimulate the development of cognitive processes.

The first mechanism is connected with a percept (super-image) created in the 
virtual environment: its holographic, distinct character constructs personal mental 
images in perception and memory, as well as a figurative plan for thinking (neces-
sary for symbolic modeling).

The second mechanism is based on the VR animation opportunities (perform-
ing a wide range of actions with virtual objects). It thus stimulates the intensive 
development of a perception plan, memory, and thinking (it is combined with the 
structural plan). Some studies emphasize the importance of hand gestures for vir-
tual education (in modern VR-education content where the hand is a VR-control-
ler) (Johnson-Glenberg, 2018).

 The third mechanism is based on the presence effect in VR, which encourages 
the development of specific cognitive motivation of a person, and creates the mo-
tivational plan of perception, memory, and thinking. These basic mechanisms are 
key elements of training programs.

Conclusion
Short-term work in educational VR positively affects the development of knowl-
edge, thinking, and other cognitive processes. VR educational programs stimulate 
personal, procedural, and operational mechanisms of thinking, which result in the 
higher student performance. VR-programs improve traditional parameters of figu-
rative short-term memory, observation, stability and attention span, and gener-
alization and classification; they also increase field independence (cognitive style). 
The educational virtual environment causes a decrease in traditional switching of 
attention parameters.

However, the use of the VR educational programs may also cause some nega-
tive effects, such as a “super-figurative,” visual presentation of educational informa-
tion that can reduce the development of abstract concepts and symbolic thinking.

The work with training and educational programs in VR does not affect a per-
son’s basic personality characteristics (the indices on the main MMPI scales). At 
the same time the application of VR training programs designed to trigger personal 
alterations have a great influence on the modification of the functional personal 
properties, such as reactive anxiety.

Limitations
The present investigations are aimed at identifying the most common laws of influ-
ence of short-term programs in VR on cognitive processes and personal charac-
teristics. Young, mentally healthy people involved in learning participated in the 
experiments. In the future, it may be possible to obtain slightly different data by 
expanding the sample and increasing the time spent in VR.
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