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Background. The search for cognitive predictors of success in language learning is  Keywords:
associated both with basic cognitive characteristics (processing speed and spatial ~ processing
working memory) and with general characteristics (intelligence). However, the ratio  speed; spatial
between cognitive functioning and success in language learning can change during  working
the period of school education and depends on the socioeconomic level of the soci- memory;
ety and the effectiveness of the national educational system. fluid
Objective. To analyze the cognitive predictors of Russian language learning sam-  intelligence;
ples of Russian-speaking 11th graders from Russia, Kyrgyzstan, and Moldova, three  success in
countries with a similar organization of the educational system, but differing in the learning
functional effectiveness of that educational system and in their socioeconomic levels. ~ Russian;
Design. The sample comprised 545 Russian-speaking 11th graders (average native
age=17.42+0.59; 36.1% male) studying Russian throughout their public-school speakers;
education in Russia, Kyrgyzstan, and Moldova. The statistical methods of one-way  state final
analysis of variance, correlation, and multiple regression analysis were used. examination;
Results. Among the indicators of cognitive development we analyzed, the func-  teacher’s
tioning of the national educational system is the one most associated with the de-  assessment
velopment of fluid intelligence of 11th graders, which is directly proportional to the
quality of education in the country; to a lesser extent, it is associated with the devel-
opment of working memory. In Kyrgyzstan (average level of socioeconomic develop-
ment) and Moldovian (low level of socioeconomical development), only fluid intel-
ligence was associated with the score on the state exam on the Russian language. In
Russia, which has a very high level of socioeconomic development, spatial working
memory becomes important, along with fluid intelligence.
Conclusion. Differences in the relationship between cognitive functioning and
success in Russian-language learning are associated both with the objectives of the
state exam (identification of pupils ready to attend university versus testing of what
was learned in school), and, in conditions of low educational effectiveness, with a
greater cognitive load during the exam.
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Introduction

Modern studies of the cognitive mechanisms of academic achievement initially
focused on achievements in mathematics, given its importance in modern techno-
logical society (e.g., Rodic et al., 2015; Taub, Keith, Floyd, & McGrew, 2008; Tikho-
mirova & Malykh, 2017). These studies demonstrated that cross-cultural differences
in the relationship between indicators of cognitive development and mathematical
achievement are also associated with the students’ particular native language (Rod-
ic et al,, 2015). However, much less research has been devoted to the analysis of
success in native language learning; moreover, these studies were mainly related to
the English language, with samples of schoolchildren from English-speaking coun-
tries (e.g., Alloway & Alloway, 2010; Botting, 2005; Gathercole & Baddeley, 2014).

Studying the success of Russian language learning is limited by the linguis-
tic context, since Russian is used as one of the main languages in an educational
system only in a number of countries of the former USSR. There are only a hand-
ful of studies of the cognitive foundations of individual differences in the success
of learning Russian (Verbitskaya, Malykh, & Tikhomirova, 2017; Verbitskaya,
Malykh, Zinchenko, & Tikhomirova, 2017; Verbitskaya, Malykh, Zinchenko, &
Tikhomirova, 2015). One of these studies evaluated samples of pupils who were
educated in the Russian language throughout their schooling in Russia and Kyrgyz-
stan — two countries with similar educational systems but different socioeconomic
levels (Verbitskaya et al., 2017).

In these national educational systems, a student’s knowledge is assessed using
the teachers’ grades and standardized state exams. Analysis of academic success
based on each of these indicators has its advantages and disadvantages. In par-
ticular, the teacher’s assessment is subjective (even within the same school) and
officially varies from 2 to 5, but in reality it varies from 3 to 5, which becomes a
limitation in research when conducting statistical analysis of data. At the same
time, it is the teacher’s assessment that is the indicator of success in learning that
can be used throughout the entire period of education - from primary school
to high school. On the other hand, the results of state exams are standardized
(for example, the Unified State Exam in Russia), but can only be used in studies
involving respondents in the final year of their secondary education. According
to available data, the relationship between the teacher’s assessment of a student’s
Russian-language learning and the result of the national state exam can vary in
cross-cultural terms more than 2.5-fold, and depends, inter alia, on the pur-
pose and content of the national state exam (Verbitskaya, Malykh, Zinchenko, &
Tikhomirova, 2017).

The search for cognitive predictors of success in language learning is associated
with both basic cognitive characteristics (processing speed and spatial working
memory) and general characteristics (fluid intelligence) (Tikhomirova & Malykh,
2017; Verbitskaya, Malykh, & Tikhomirova, 2017; Verbitskaya et al., 2015). In
particular, intelligence is considered as one of the most significant predictors of
individual language learning outcomes at various ages and in different sociocul-
tural samples (e.g., Brouwers, Van de Vijver, & Van Hemert, 2009; Deary, Strand,
Smith, & Fernandez, 2007; Taub et al., 2008; Verbitskaya, Malykh, Zinchenko,
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& Tikhomirova, 2017; etc.). According to these studies, spatial working memory
plays an important role in successful learning at school; however, it has been shown
that this cognitive characteristic is associated with a variety of academic and lan-
guage skills to various extents — from reading technique and vocabulary to grammar
(e.g., Cain, Oakhill, & Bryant, 2004; Gathercole & Baddeley, 2014; Verbitskaya et
al,, 2015). Processing speed is the cognitive indicator for which direct correlations
with success in native language learning are obtained, and their absence at certain
school ages is being discussed (e.g., Sheppard & Vernon, 2008; Tikhomirova, Voro-
nin, Misozhnikova, & Malykh, 2015; Verbitskaya, Malykh, & Tikhomirova, 2017).
It is also reported that the predictive power of each of these cognitive indicators
may vary throughout the educational process. Working memory, measured at the
beginning of school, is a more powerful predictor of reading and writing skills dur-
ing the next six years of schooling than is intelligence, for example (Alloway &
Alloway, 2010).

A number of studies found that indicators of cognitive functioning, as well as
the relationship of these indicators to success in learning, including language, may
vary depending on the sociocultural environment (Tikhomirova & Malykh, 2017;
Tucker-Drob & Bates, 2016). According to a meta-analysis involving more than
240,000 respondents from 45 countries, such cross-cultural differences are usually
associated with the socioeconomic level of the countries (r=0.16; p<0.001) and
the characteristics of the national educational systems (r=0.25; p <0.001) (Brouw-
ers et al., 2009). It was also reported that given a higher socioeconomic level, there
is more intensive development of cognitive functions, especially intelligence (von
Stumm & Plomin, 2015).

Numerous studies have shown that the quality of national education is one of
the most significant sociocultural factors leading to changes in the relationship be-
tween cognitive functioning and learning success (e.g., DeNavas-Walt & Proctor,
2014; Nisbett et al., 2012; Schneeweis, Skirbekk, & Winter-Ebmer, 2014). In partic-
ular, it has been shown that cognitive resources play a greater role in the success of
school education in a less heterogeneous and more effective educational environ-
ment (Tikhomirova & Malykh, 2017; Tucker-Drob & Bates, 2016). A subject-based
orientation of the national educational system towards, for example, mathematics,
can affect the achievement of students in this discipline (Paik et al., 2011). Specifi-
cally, it was shown that various cognitive factors have different effects on the stu-
dent’s development, depending on the educational environment. And, according
to a number of studies, fluid intelligence is considered the most “sensitive” to the
quality of the national educational system (e.g., Nisbett et al., 2012; Tikhomirova
& Malykh, 2017). These results can lead to cross-cultural cognitive predictors of
success in learning Russian in native speakers of high school age in different edu-
cational systems.

The effective functioning of the national educational system is derived from
various predictors related to both economic indicators (government spending on
education; gross enrollment ratio of people older than 15 years of primary, second-
ary, and higher education; average duration of education in the population; satisfac-
tion of the population with the quality of education; proportion of the population
with secondary education or higher; proportion of primary school teachers with
teacher training), and to educational achievements (reading literacy, math, science,
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and computer literacy). These socioeconomic and educational indicators are taken
into account when deriving the Human Development Index (HDI), yielding scores
from which the categories (groups) of countries are formed.

In the present study, the analysis of cognitive predictors of success in learning
Russian is was performed on samples of Russian-speaking 11th graders from Rus-
sia, Kyrgyzstan, and Moldova, three countries with a similar organization of the
educational system, but differing in the functional effectiveness of that educational
system and in their socioeconomic level.

According to the 2016 international rating of the United Nations Development
Programme, based on the achievements of a country in three areas of develop-
ment — health, education, and living conditions - Russia is included in the group
with a very high level of human development (49th place), Moldova in the group
of countries with a high level (112th place), and Kyrgyzstan in the group with a
medium level (122th place). It should be emphasized that in Moldova the pres-
ent study was conducted in schools in Tiraspol, in the unrecognized Transnistrian
Moldavian Republic, characterized by a very low socioeconomic level and, as a
consequence, low effectiveness of the national educational system.

Consideration of differences in the socioeconomic situation of these countries,
including the effectiveness of the educational system, makes it possible to assess the
impact of public education on the correlation ratio between the cognitive develop-
ment of the students and their success in learning Russian as a native language.

Methods

Participants

The sample comprised 545 Russian-speaking students in 11th grade (average
age=17.42 + 0.59; 36.1% male) studying the Russian language for the duration of
their public-school education in Russia, Kyrgyzstan, and Moldova.

The sample in Russia includes 231 students (average age 17.7 years, standard
deviation 0.39; 41.6% male), the Kyrgyz sample consists of 165 students (average
age 17.6 years, standard deviation 0.55; 33.3% male), and the Moldovan sample in-
cludes 149 students (average age 17.3 years, standard deviation 0.55; 30.9% male).

Public schools from Russia, Kyrgyzstan, and Moldova were selected for partici-
pation in the study according to the following criteria:

1. State status (departmental affiliation, number of teachers per student, etc.);

2. Qualifications and structure of the teaching staff (ratio of teachers with
higher education to the total number of teachers, age group with the largest
number of teachers, etc.);

3. Similar educational programs in the Russian language;

4. Quality of students” education (ratio of the average grade for the final state
exam on the Russian language to the grade for the region).

Eleventh graders from one Russian school (Moscow Region), one Kyrgyz
school (Bishkek), and two Moldovan schools (Tiraspol), equalized with respect to
ranking position in the region, took part in the study.
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Procedure

Assessment of Cognitive Development

For assessment of processing speed, the computerized “Choice Reaction Time” test
was used (Tikhomirova & Malykh, 2017; Tosto et al., 2013). In this test, the num-
bers 1, 2, 3, 4 appear 40 times in random order at intervals of 1 to 3 seconds. Par-
ticipants are asked to press the key corresponding to the number that appears on
the screen as quickly and accurately as possible. The response time is limited to 8
seconds. The number of correct answers and the average value of the reaction time
are recorded. Statistical analysis uses a measure of reaction time only for the correct
answers.

For assessment of spatial working memory, the computerized “Corsi Block” test
was used (Tikhomirova & Malykh, 2017; Tosto et al., 2013). The screen shows a
sequence of “igniting” cubes one after another. The test begins with a sequence of
four cubes; the maximum possible number of elements in the sequence is nine.
During presentation, the cubes “ignite” for 1 second with an interval of 1 second.
Participants are asked to reproduce the entire sequence of “igniting” the cubes by
clicking on the desired cubes with a computer mouse. The task was automatically
interrupted if the student incorrectly performed all the sequences of the same level.
Statistical analysis uses an indicator of the number of correct answers.

For fluid intelligence assessment, the “paper-pencil” version of the “Standard
Progressive Matrices” test was used. Tasks are grouped into five series, each of
which consists of 12 tasks. Participants are asked to choose the missing element
of the matrix task from six or eight proposed options. Statistical analysis uses an
indicator of the total number of correct decisions.

Success in Learning Russian

As indicators of success in learning, we used (a) the average score of semi-annual
assessments in the Russian language on samples of Russian, Kyrgyz, and Moldavian
students and (b) test scores on state exams: the Unified State Exam (Russian stu-
dents), National Testing (Kyrgyz students), and the Unified State Exam (Moldovan
students).

The semi-annual assessment is made by the teacher of the Russian language
when assessing students’ the Russian language and varies from 2 (unsatisfactory)
to 5 (excellent).

The Unified State Exam in Russia is a set of tasks in a standardized form, the
successful completion of which establishes that the student meets the federal state
educational standard of Russia in academic subjects. The exam on the Russian lan-
guage is compulsory for all graduates of Russian schools and is taken upon comple-
tion of the last, 11th, year of schooling.

National Testing in Kyrgyzstan is a set of tasks in a standardized form aimed
at identifying the high school students most ready for further study at a university.
In the present study, the score for the main test is used for statistical analysis; it is
taken at the end of the last, 11th, year of schooling.

The Unified State Exam in Moldova, in Tiraspol, as well as in Russia, is the main
form of state certification of school graduates and constitutes a set of standardized
tests aimed at determining whether the results of the basic educational programs
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completed by students meet the state educational standard. The Unified State Exam
in one’s native language (optionally Russian, Moldavian, or Ukrainian) is compul-
sory for all graduates of Tiraspol schools and is taken upon completion of the last
year of study at general academic schools.

Informed consent of participants’ parents and representatives of the school ad-
ministration was obtained. Data was collected in the computer science office of a
general educational institution, strictly according to the developed protocol and
under the supervision of a researcher. Data analysis was carried out on the anony-
mized personal data.

Statistical Approach

In the first step of statistical analysis, differences in the indicators of cognitive de-
velopment were assessed using the method of univariate analysis of variance. It is
assumed that the differences between Russian-speaking high school students who
study throughout their schooling in Russia, Kyrgyzstan, or Moldova can be ex-
plained, first of all, by differences in the effectiveness of the national educational
systems.

In the second step, we investigated the indicators of cognitive development
(processing speed, working memory, and fluid intelligence) and of success in learn-
ing Russian (both annual grade and state exam score) in each group of participants
by correlation analysis. Spearman correlation coefficients were calculated.

In the third step, significant cognitive predictors of success in Russian language
learning (grade and state exam score) in each group of participants were deter-
mined by multiple regression analysis.

Results

The indicators of processing speed, spatial working memory, and fluid intelligence
were analyzed as cognitive predictors, and the results of the state exam on the Rus-
sian language and the teacher’s assessment were analyzed as indicators of the suc-
cess of learning Russian.

Table 1 presents the average values and standard deviations (in parentheses)
for the indicators of cognitive development and success in teaching the Russian
language for native speakers from Russia, Kyrgyzstan, and Moldova. For process-
ing speed, Table 1 gives the average response time in seconds to the correct answers
for all tasks of the “Choice Reaction Time” test. For spatial working memory and
fluid intelligence, the total numbers of correct answers for the “Corsi Block” and
“Standard Progressive Matrices” tests, respectively, are presented. The minimum
and maximum possible values for spatial working memory are from 0 to 12; for
fluid intelligence from 0 to 60.

Table 1 shows that the best values for all the indicators of cognitive develop-
ment are found in the sample of students in Russia: large values for spatial working
memory and fluid intelligence, lower values for processing speed. The average pro-
cessing speed is the same for students from Kyrgyzstan and Moldova. In terms of
spatial working memory, Moldovan students are ahead of their Kyrgyz peers (5.30
versus 4.73), and inferior to them in fluid intelligence (47.02 versus 48.67).
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Table 1

Descriptive statistics of indicators of cognitive functioning and success in learning Russian

Russian speakers Russian speakers Russian speakers
from Russia from Kyrgyzstan from Moldova
Processing speed 0.71 (0.2) 0.74 (0.2) 0.74 (0.2)
Spatial working memory 5.43 (2.0) 4.73 (2.3) 5.30 (1.9)
Fluid intelligence 52.17 (4.9) 48.67 (6.1) 47.02 (6.8)
Grade 4.04 (0.6) 3.76 (0.6) 4.15 (0.7)
State Exam 72.1 (12.0) 173.3 (26.7) 38.3(9.9)

The success in Russian language learning in this study is represented by two
indicators: the average score of semi-annual assessments and the score on the state
exam. The minimum and maximum possible values are: for the teacher’s grade,
from 2 to 5; for the Unified State Exam in Russia, from 0 to 100; for National Test-
ing in Kyrgyzstan, from 0 to 231; for the Unified State Exam in Moldova, from 15
to 57.

Although the grading system is identical in the three countries, a cross-cultural
comparison of academic success on the basis of grades is impossible due to the high
degree of subjectivity of school grades and their dependence on the educational
achievements of a particular school group (class, school, etc.). At the same time,
within the population samples, teacher assessment is acceptable to consider as one
of the indicators of academic achievement in the Russian language, along with the
results of the state exam.

Differences in Cognitive Development

Using univariate analysis of variance, we estimated differences in processing speed,
working memory, and fluid intelligence among the three groups of high school
students.

Table 2 summarizes the results of analysis of variance for cognitive indicators.
As a categorical factor, the students belonged to the group “Russian speakers from
Russia’, “Russian speakers from Kyrgyzstan”, or “Russian speakers from Moldova’.

According to the values of the Levene’s variance equality criterion (p>0.05),
all distributions of the cognitive variables for the compared groups have the same
variances.

Table 2

Results of analysis of variance for indicators of cognitive development

SS F p-value n?
Processing speed 0.08 0.89 0.41 0.01
Spatial working memory 48.52 5.13 0.01 0.02

Fluid intelligence 2201.3 31.05 0.00 0.12
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Table 2 shows that the effect of belonging to the group “Russian speakers from
Russia’, “Russian speakers from Kyrgyzstan”, or “Russian speakers from Moldova”
is statistically significant for fluid intelligence and spatial working memory. At the
same time, the effect size for the spatial working memory indicator turned out to
be insignificant (2%, respectively, at p <0.05). The results of multiple comparisons
with the Bonferroni correction revealed differences in spatial working memory
only between the students from Russia and those from Kyrgyzstan, in favor of the
former (5.43 versus 4.73).

The effect size for fluid intelligence reaches a value of 12% (p <0.001). Multiple
comparisons with the Bonferroni correction demonstrated differences between the
students from Russia and their peers from Moldova and Kyrgyzstan. Moreover, the
best results in the “Standard Progressive Matrices” test are shown by the students
in Russia (the average value of the fluid intelligence is 52.17 versus 47.02 and 48.67,
respectively). The students from Moldova and Kyrgyzstan differ only at the level of
p=0.046, with a slight advantage for Kyrgyz students. The average values of fluid
intelligence are presented in Table 1.

Processing speed does not differ among the students studying in Russia, Mol-
dova, or Kyrgyzstan (p=0.41).

Relationships Between Cognitive Development
and Success in Learning Russian

Correlation analysis was used to estimate the relationships between cognitive de-
velopment indicators — processing speed, spatial working memory, and fluid intel-
ligence — and success in learning Russian as measured by the state exams and grades
in Russian-language class.Table 3 shows the Spearman correlation coefficients be-
tween indicators of cognitive development and success in learning Russian.

Table 3

Results of the correlation analysis of the relationship between indicators of cognitive
development and success in learning Russian

Processing speed Working memory Fluid intelligence
State exam -0.08 0.22%* 0.25%*
0.02 0.09 0.33**
-0.02 0.09 0.19%
Grade -0.01 0.09 0.30**
-0.02 0.09 0.15*
-0.04 0.06 0.03

Note. Upper row — “Russian speakers from Russia”, middle row - “Russian speakers from Kyrgyzstan”,
bottom row — “Russian speakers from Moldova”. * p <0.05; ** p<0.01.

Table 3 shows that in the group from Russia, one of the indicators of the suc-
cess in learning Russian - the state exam score - is moderately correlated with fluid
intelligence and spatial working memory. The correlation coefficients between state
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exam score and fluid intelligence (r=0.25 at p <0.01) reach large values. The teach-
er’s assessment correlates only with fluid intelligence (r=0.30; p<0.01). It should
be noted that in the students studying in Russia, none of the success indicators in
learning the Russian correlated with processing speed (p>0.05).

In the group of students studying in Kyrgyzstan, both measures of the success
in learning Russian - state exam score and grade — are moderately correlated with
fluid intelligence. Moreover, the score on the state exam is more closely related
to fluid intelligence than the annual grade (0.33; p<0.01 vs. 0.15; p<0.05). In the
sample from Kyrgyzstan, as in the students from Russia, none of the success indica-
tors is statistically significantly related to processing speed (p>0.05).

In the group of students in Moldova, among all the indicators of cognitive de-
velopment and success in learning Russian, only one weak but statistically signifi-
cant association was found, that between the state exam score and fluid intelligence
(r=0.19; p<0.05).

The relationships between the grade and the state exam score showed that
these two indicators are more closely related in the students from Russia (r=0.68;
p<0.01) than in those from Moldova (r=0.20; p <0.05). In the students from Kyr-
gyzstan, the correlation coefficient between the state exam score and fluid intel-
ligence is 0.33 (p<0.01).

The moderate correlation among cognitive development indicators — process-
ing speed, spatial working memory, and fluid intelligence — were observed in all
three students samples (|0.19| > r>|0.32| with p <0.05).

The Role of Cognitive Characteristics in Success in Learning Russian

In order to investigate the role of the indicators of cognitive development - the
processing speed, spatial working memory, and fluid intelligence - in the success in
learning Russian, a multiple regression analysis was performed for the three groups
of students. The scores on the state exam and the teacher’s assessments were used
as dependent variables.

Table 4 summarizes the results of a regression analysis for the state exam score.
Regression coeflicients are given only for statistically significant predictors of the
success of the state exam in the three analyzed groups.

Table 4

Results of the regression analysis of the state exam scores in the analyzed groups of students

. . A B
Group of Russian- ad)uszted Slgnlflcant B (standard ¢ »
speaking students R predictors
error B)

From Russia 0.08 Fluid 0.20 0.44 (0.18) 2.30 0.02
intelligence

From Kyrgyzstan 0.12 Fluid 0.36 1.56 (0.36) 4.34 0.00
intelligence

From Moldova n/s n/s n/s n/s n/s n/s

Note. n/s — non-significant
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Table 4 shows that a regression analysis revealed differences in the percentage
of the explained variance of scores on the state exam in the students from Russia
(adjusted R*=0.08; F=3.00; p=0.02) and Kyrgyzstan (adjusted R*=0.12; F=6.87;
p=0.000). It is also noteworthy that there is a lack of significant results of the mul-
tiple regression analysis on the sample of students from Moldova (p>0.05).

In the students studying in both Russia and Kyrgyzstan, fluid intelligence is
the only cognitive predictor of the state exam result. In particular, in the group of
students in Russia, the standardized regression coefficient reaches 0.20 (p <0.05); in
the group of students in Kyrgyzstan it reaches 0.36 (p=0.000).

For the assessment of success in learning Russian based on teacher assessment,
different results of multiple regression analysis were obtained for the students
studying in Russia, Kyrgyzstan, and Moldova. Only in the students from Russia
was the variance significant, with 8% of the variance of the scores explained by fluid
intelligence (model characteristics: adjusted R*=0.08; F=4.94; p=0.003), whereas
in the students from Kyrgyzstan and Moldova, the results of multiple regression
were statistically insignificant (p>0.05).

Discussion

In the present study, we investigated the cognitive predictors of the success in
learning Russian as a native language in various educational environments. The
study involved Russian-speaking 11th graders studying throughout their entire
period of schooling in Russia, Kyrgyzstan, or Moldova — countries with a similar
organization of the educational system, but with different levels of effectiveness in
its functioning.

With the analysis of variance, differences in the indicators of cognitive devel-
opment - information-processing speed, spatial working memory, and fluid intel-
ligence — were studied in the three groups. The greatest cross-cultural differences
were obtained for fluid intelligence, with the best values for the students in Russia.
The results of multiple comparisons with the Bonferroni correction showed the dif-
ferences between those in Russia and their peers in both Moldova and Kyrgyzstan.
The students from Moldova and Kyrgyzstan differ from each other only at the level
of p=0.046, with a slight advantage for students from Kyrgyzstan. These results
are consistent with data reported in the literature (e.g., Nisbett et al., 2012), in that
they indicate a more significant effect of the quality of the educational process on
fluid intelligence, measured by the “Standard Progressive Matrices” test, in com-
parison with the other indicators of cognitive development. It was also reported
that cross-cultural differences in fluid intelligence reach their maximum at primary
school age, which is explained by large differences in the availability and quality of
preschool education, and at the full level of general education, when children are
selected to continue their schooling (Tikhomirova & Malykh, 2017).

The smallest, but statistically significant, cross-cultural differences were found
for spatial working memory. Multiple comparisons showed differences in working
memory only between the students from Russia and Kyrgyzstan, in favor of the
former. This result contradicts the data on the absence of significant differences in
spatial working memory in a sample of Russian and Kyrgyz high school students
(Grades 10-11; p=0.07; Tikhomirova & Malykh, 2017), which can be explained by
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the slightly different age characteristics of the sample in the present study (only stu-
dents in Grade 11). At the same time, in a number of studies of Russian schoolchil-
dren, cross-cultural differences are reported for indicators of visual-spatial working
memory (e.g., Tikhomirova, Malykh, Tosto, & Kovas, 2014).

Thus, the fluid intelligence of 11th graders, which is directly proportional to the
quality of education in the country, is most closely related to the effectiveness of the
national educational system; to a lesser extent, it is related to the development of
spatial working memory. Processing speed does not differ among the 11th graders
in national educational systems with different levels of effectiveness: those of Rus-
sia, Kyrgyzstan, and Moldova.

Correlation analysis revealed that the specific relationship between the cogni-
tive indicators and the state exam score has a cross-cultural character. In particu-
lar, in Kyrgyzstan (average level of socioeconomic development) and Moldovan
Tiraspol (low level of socioeconomic development), only fluid intelligence is cor-
related with the result of the state exam on the Russian language. In Russia, with a
very high level of development, spatial working memory becomes important, along
with fluid intelligence.

The specific goals of the state exams in Russia, Moldova, and Kyrgyzstan, and,
as a consequence, their content, could explain these cross-cultural differences.
Thus, the National Testing of high school students in Kyrgyzstan is aimed, first of
all, at identifying the most capable students, regardless of the quality of their educa-
tion in a particular school. The Unified State Exam in Russia is aimed at checking
the level of knowledge acquired during the educational process, which can actual-
ize the role of working memory. However, the result of the state exam on the Rus-
sian language in Moldova (Tiraspol, in the unrecognized Transnistrian Moldavian
Republic), designed according to the model of the Russian exam, is not correlated
with spatial working memory (p>0.01), which may be due to the low effectiveness
of the educational system in this region.

The content of state exams can apparently explain the relationships between the
teacher’s assessment and the score on the state exam on the Russian language in the
groups studied. These two indicators of success in learning Russian are closely re-
lated in the group of students from Russia, moderately related in the students from
Kyrgyzstan, and weakly related in the students from Moldova.

Regression analysis revealed differences between the percentage of the ex-
plained variance of scores on the state exam on the Russian language in the stu-
dents from Russia (adjusted R*=0.08; F=3.00; p=0.02) and from Kyrgyzstan (ad-
justed R*=0.12; F=6.87; p=0.000). These differences may be related both to the
content of the state exam in Russia (assessment of the level of knowledge acquired
at school) and Kyrgyzstan (identification of graduates capable of university study),
as well as to a greater cognitive load for the exam in conditions of low learning ef-
fectiveness. Moreover, regardless of the national socioeconomic level, fluid intelli-
gence is a universal statistically significant predictor of students’ success in the state
exam on the Russian language (0.20 <3 <0.36; p=0.000). The central role of intelli-
gence for academic success has been emphasized in a number of studies performed
on samples of schoolchildren from different European countries and the USA (e.g.,
Rinderman & Neubauer, 2004).
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The lack of significant results of multiple regression analysis on the group of
11th graders studying in Moldova may be due to the specificity of the state exam
and the degree to which it matches the content of Russian-language education in
the city of Tiraspol.

With respect to teacher assessment, different results of multiple regression
analysis were obtained for the groups in Russia, Kyrgyzstan, and Moldova. In the
students from Russia, 8% of the variance in improvement as measured by the teach-
er’s assessment was explained by fluid intelligence (model characteristics: adjusted
R*=0.08; F=4.94; p=0.003). In Kyrgyzstan and Moldova, the results of multiple re-
gression were statistically insignificant (p>0.05). This result indicates the possible
use of a variety of cognitive and other (e.g., emotional and motivational) resources
when performing various tasks, to determine success in learning.

It should be emphasized that in the analyzed samples, a small percentage of the
variance of the indicators of success in language learning was explained by cogni-
tive characteristics — from 8% to 13%. This result is consistent with evidence that
greater heterogeneity and less effective educational environments result in lower
contribution of the cognitive performance in the educational achievement (Tucker-
Drob & Bates, 2016).

Conclusion

Among the indicators of cognitive development we analyzed, the fluid intelligence
of 11th graders, which is directly proportional to the quality of education in the
country, is most closely associated with the effectiveness of the national educa-
tional system; to a lesser extent, it is also associated with spatial working memory.
Processing speed did not differ among the 11th graders in the three national edu-
cational systems with their different levels of functional effectiveness.

The present study showed the cross-cultural specificity of relationships of fluid
intelligence, spatial working memory, processing speed, and in success in learning
Russian based on the state exam grade. In more favorable educational conditions
for successful completion of the state exam, working memory also plays an impor-
tant role, along with fluid intelligence.

Further research may be directed to understanding the cognitive mechanisms
of learning Russian as second language in national educational systems with differ-
ent levels of functional effectiveness.

Limitations

The lack of statistically significant results from a regression analysis on a sample
of students from Moldova confirms the need to include an additional number of
Russian-speaking 11th graders studying in Russian from other regions of Moldova.
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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 cognitive-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 effective 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). This
is done by creating various systems of learning in the network for use by adults
(Norris et al. 2018).

Methods

Technology

This research was based on five 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. The programs were designed for high school students. The software
provides great animation opportunities; on average, program viewing takes 8-15
min. (Figs. 1 and 2).
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Figure 1. A screenshot from the program “Three perpendiculars theoremy’
with animated planes and lines, and audio explanation

|9 Tax oSpasyercs oyunu-ouuumn nenrp pubo-
COMM, COTCPAATDIS ABA KOZONS
PHK. On GYACT COCTORT™. nuyx AKTHBIMMX HENTPOR:

neTpa
nenrpa 11 (YIracTes: wamas). B Xaxiom axTinnonm
10 OAHOMY KOAOHY MHDOP-
ssamnonnodt PHK. Koaow, oxasanmitiicx » axmimion
nenrpe | prOOCOMM, HATMBACTCN .

CTAPTONMIM + ON
nepuait YHACTBOBATR B CHNTese Geaxa n Gyzer
pooft Gea

Figure 2. A screenshot from the program “Protein Synthesis” with animated ribosome
mechanics, and audio and text explanation
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The 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 confined 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 final variant has a male avatar (Fig. 3).
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Figure 3. A screenshot from the program “Getting over nyctophobia”
The 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 first,
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 x 600 pixels; a field of view of 60 x40 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

The Impact of Educational VR Experience
on the Retention of Auditory Material

Subjects. The study included high school students in 10th grade (public high
schools Ne 26 and 29, Smolensk, Russia), ages 16-18 (105 people); 46 were male,
and 59 were female. They were divided into two groups: an experimental group of
50 students, and a control group of 55 students. The 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 figura-
tive, symbolic memory; the stability and shifting of attention; the ability to make
generalizations; and field dependence/independence (cognitive style). After view-
ing the program, they were tested again with another test of a similar difficulty and
their parameters were measured again. This stage also included diagnosing their
thinking dynamics (changes in operations or intellectual actions) and processes
(such as analysis, synthesis, and generalization). The dynamics of their cognitive
activity were defined with the help of micro-semantic analysis of their reports.



20 V. V. Selivanov, L. N. Selivanova, N. S. Babieva

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.

Before the class
50
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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 X2, three levels of knowledge development
were distinguished: 1) L=3; 2) L-1=2; and therefore 3) x 2cr (2; 0.05) =5.99. Since
x2emp ="7.63>xX2cr (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>Wecrit=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 (HO) 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, ]. Cohen index). Significant changes in all
indicators have occurred after using the virtual program (the Wilcoxon criterion:
Wemp =26, with Werit =37, Wemp < Werit, 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 Werit=1, Wemp > Wecrit, 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 Werit=27, Wemp < Werit, 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 Werit=3, Wemp > Wecrit, 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) (Alvarez-Garcia 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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