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The Problems of Contemporary Education

Physical Activity of Slovak Adolescents during the “Second Wave”
of Covid-19 Pandemic: A Cross-Sectional Study

Stefan Adamcak 2, Pavol Bartik @: *, Michal Marko »

aDepartment of Physical Education and Sports, Faculty of Arts, Matej Bel University
in Banské4 Bystrica, Slovak Republic

bDepartment of Music-Theoretical and Academic Subjects, Faculty of Performing Arts,
Academy of Arts in Banska Bystrica, Slovak Republic

Abstract

Introduction: An active participation in physical activity is associated with several elements
of successful aging, including psychosocial health and well-being. Not getting enough physical
activity and increased psychosocial health problems are observed worldwide especially during the
first year of Covid-19 pandemic and for that reason, the present study was aimed at analyzing and
comparing physical activity of Slovak adolescents during the second wave of Covid-19 pandemic.

Material and Methods: Standardized measure to estimate the habitual practice of physical
activity (IPAQ-SF) was carried out through intentional sampling of 2375 Slovak adolescents
(54.56 % of them adolescent girls), aged 17-19 years (mean 18.10 + 0.60 years), attending the last
year of grammar and vocational secondary schools of Slovakia. Basic descriptive statistics,
chi-square test (x2) and Two -Sample T-Test were used to analyze and compare the data.

Results: During the last seven days, on average, 60.55 % (n = 1438) of Slovak adolescents
engaged in high physical activity and 23.60 % (n = 560) of them engaged in moderate physical
activity. Low physical activity was reported by 15.85 % (n = 377) of Slovak adolescents and total
physical activity, expressed in MET-minutes/week, was significantly (p < 0.01) higher among the
Slovak adolescent boys (2670 MET) than girls (1795 MET).

* Corresponding author
E-mail addresses: pavol.bartik@umb.sk (P. Bartik), stefan.adamcak@umb.sk (S. Adamcak),
michal.marko@aku.sk (M. Marko)
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Discussions: Physical activity levels of adolescents worldwide (1.3 billion) are reducing during
the Covid-19 pandemic due to lockdown restrictions; however the Slovak adolescents’ physical
activity levels during the second wave of Covid-19 pandemic are similar to pre-pandemic times.

Keywords: adolescence, Covid-19 pandemic, cross-sectional study, IPAQ-SF, physical
activity, Slovakia.

1. Introduction

After only three months of existence (December, 2019), the SARS-CoV-2 virus, responsible
for the coronavirus disease (Covid-19), has spread across the globe, and without the exception of
Slovakia, caused the global pandemic (Rossi et al., 2021), officially declared on March 11, 2020 by
the World Health Organization (Olaimat et al., 2022). When the Covid-19 pandemic has affected all
countries in the world with wavering intensity, all levels of government have acted in a context of
uncertainty and under heavy economic, fiscal and social pressure. By spring 2020, more than
3.5 billion of the world’s population had experienced a “lockdown” with various containment
measures, including social distancing policies, closure of schools, shops and leisure opportunities
(Stockwell et al., 2021; Strain et al., 2022). Without an exception, Slovakia had adopted some of the
strictest precautions in Europa. When these measures were taken in advance to prevent and slow
down the spread of Covid-19, they came with negative consequences as individual were only
permitted to leave their homes to shop for necessities, medical needs, travel to and from work.
Because of being forced to stay at home, an increase of risk of social isolation occurred and created
a barrier to engage in physical activity, while at the same time, increased a sedentary time during
the lockdown due to more time spent at home (Stockwell et al., 2021; Runacres et al., 2021;
Christensen et al., 2022). Engaging in physical activity can be a challenge due to staying at home,
however, it is possible and very important to stay active, because of social isolation. Not engaging
in physical activity comes with health issues and financial costs (Su et al., 2020; Torres et al.,
2022). An adequate physical activity is medically proven to help in preventing and managing
noncommunicable diseases (NCDs), including heart disease, stroke, diabetes and several cancers.
Existing evidence shows that an adequate physical activity also helps psychosocial and
musculoskeletal health (Antunes, Frontini, 2021; de Abreu et al., 2022), and therefore the adequate
physical activity is suggested to provide protective alternatives against the Covid-19 (Jacob et al.,
2021; Clemente-Suarez et al., 2022).

Social isolation and distancing (quarantine) measures are influencing the habits, in which
individuals (adolescents) can engage in physical activity (Chtourou et al., 2020; Dor-Haim et al.,
2021; Ghozy et al., 2021) and besides existing evidence shows a significant decrease of engaging in
physical activity concurrent with an increase in sedentary time compared to pre-pandemic times
(Bertrand et al., 2021; Gilbert et al., 2021; Luciano et al., 2021; Petersen et al., 2021; Stockwell et
al., 2021; Ullah et al., 2021; Christensen et al., 2022; Dallolio et al., 2022; Elvén et al., 2022; Strain
et al., 2022). Physical activity has been more important than ever during the global pandemic of
Covid-19, however not engaging in physical activity is a global health problem and has been
considered a global pandemic since 2012 (Kohl et al., 2012; Haseler, Haseler, 2022) and it is
estimated that 1 in 3 adults and 3 in 4 adolescents worldwide did not meet the guidelines on
physical activity before the Covid-19 pandemic and besides that 28 % of the world population
remained physically inactive (Guthold et al., 2020). If the world’s population physical activity levels
continue to stagnate, even decrease during the Covid-19 pandemic, it will be a great challenge for
the national agencies.

School physical education provides a context for regular physical and structured physical
activity participation (Uddin et al., 2020) and for school-age children who do not engage in sports
and are not engaging in any leisure-time physical activity, school physical education may play an
important role in keeping them active (Bendikova, Nemcek, 2017; Wiseman, Wier, 2017), however
the global pandemic of Covid-19 has caused a global shutdown of school for months for more than
1 billion of school-age children (Hammerstein et al., 2021; Roe et al., 2021). And another existing
evidence shows that 92 % of school-age children worldwide in more than 188 countries have been
affected by shutdown of schools, the teaching process has continues through a distance learning
(Korcz et al., 2021; Roe et al., 2021). Physical education teachers directed educational activities
remotely via digital devices, including Skype, Google Meet and Microsoft Teams, however there
was a significant uncertainty around the distance learning of physical education during the social
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isolation and social distancing (Mercier et al., 2021; Blain et al., 2022). Distance learning of physical
education was provided by sharing pictures and video recordings and live broadcasting of exercise
instructions, while physical education teachers were in person responsible for creating of contents
and design of online physical education lessons. Distance learning of physical education during a
shutdown of schools has been affected by various factors, including limited space, family atmosphere
and inadequate equipment (Escomes et al., 2021). During the second wave of global pandemic
(Covid-19), many countries were more hesitant to shut down schools, which was not the case of
Slovakia and situation associated with the distance learning of physical education was repeating.

Specific population group, which is affected hard by strong restrictive measures is
adolescence (1.3 billion — 16 % of world’ population). Adolescence represents a unique stage of
human development and an important time for laying foundations of good health. Adolescents’
health is a very strong predictor of adults’ health (Singh et al., 2020). Adolescence represents a
crucial period of human development because of hormonal changes, other interests arise in form of
restriction of engaging in physical activity, and therefore adolescence represents an important
stage in life for improving attitudes towards physical activity habits (Sember et al., 2020). Because
many gaps remain in the literature, in terms of Slovak scale, the present cross-sectional study was
aimed at analyzing and comparing physical activity of Slovak adolescents during the second wave
of Covid-19 pandemic.

2. Materials and methods

Procedure Sample and Participant Selection

In accordance with the study aim, the present cross-sectional study involved 2375 Slovak
adolescents (54.56 % of them adolescent girls, n = 1296), aged 17-19 years (mean 18.10 +
.60 years), attending the last year of grammar and vocational secondary schools of Slovakia. Slovak
adolescents — target population (n = 2375) consisted of a convenience sample, recruited through
various available sources, including Facebook (Meta) and Instagram (Kiihne, Zindel, 2020;
Purewal et al., 2021). Recruitment process was adjusted regularly (every 2 weeks) during the
second wave (August, 2020 — March, 2021) of Covid-19 pandemic and aiming for an intentional
sampling, regarding age, gender and year of study. 2375 correctly filled-in debriefing questionnaire
forms of International Physical Activity Questionnaire — Short Form (IPAQ-SF) were included in
the cross-sectional study interpretation process, however 0.42 % (n=10) of debriefing
questionnaire forms did not meet the inclusion criteria: (i) the target population should not have
health issues (e.g., being sick (ill) for a long time and medical exempt from physical education);
(ii) the target population should attend the last year of grammar and vocational secondary schools
with official language in Slovakia. After meeting the inclusion criteria, the study group consisted of
2375 Slovak adolescents (n = 2375), divided into adolescent boys (body height 180.67 + 9.2 cm,
body weight 75.19 + 13.23 kg and body mass index 22.98 + 1.05) and adolescent girls (body height
167.14 + 6.52 cm, body weight 59.30 + 9.28 kg and body mass index 21.12 + 0.85).

Assessments and Measures

A single-measure descriptive cross-sectional study was carried out and in order to determine
physical activity levels among Slovak adolescents, a research instrument of standardized
questionnaire (IPAQ-SF) was used. A standardized measure assesses the types of intensity of
physical activity and sitting time that a target population (15 years of age and older) do as part of
their daily lives are considered to estimate total physical activity in MET-min/week and time spent
sitting (Masala et al., 2018; Tran et al., 2018; Lavelle et al., 2020). Metabolic equivalent of task
(MET) is used to estimate an energy expenditure as reflected by oxygen consumption (metabolic
cost) of physical activity — resting metabolic rate (Acs et al., 2020; Meh et al., 2022). All study data
of physical activity was converted (MET-minutes/week) and multiplied the number of exercise
minutes per day by number of exercise days per week by exercise intensity coefficient — MET:
(i) vigorous physical activity — 8 MET; (ii) moderate physical activity — 4 MET; (iii) walking
physical activity — 3.3 MET. 1 MET is equivalent to approximately 3.4 ml oxygen kg — 1 body
weight/minute — 1. Standardized questionnaire of ITPAQ-SF was scored according to already
established methods, obtained at online available website of IPAQ-SF (www.ipaq.ki.se). According
to established methods, the study group (n = 2375) was categorized into 3 groups, in terms of
following criteria: (i) High physical activity — when total energy expenditure exceeds 1500 MET-
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minutes/week, 3 or more days of vigorous physical activity of approximately 30 minutes/day,
or almost every day of 30 minutes of moderate physical activity and walking (= 3000 MET-
min/week); (ii) Moderate physical activity — when total energy expenditure ranges from 600 to
1500 MET-minutes/week, 3 or more days of intense physical activity of approximately 20 minutes,
5 and more days of moderate physical activity of approximately 30 minutes or combination of
vigorous and moderate physical activity and walking (> 600 MET-min/week); Low physical
activity — when total energy expenditure does not reach 600 MET-minutes/week.

IPAQ-SF is a dimension-based instrument, structured to capture physical activity in 4 generic
dimensions, including vigorous and moderate physical activity, walking and sitting. IPAQ-SF was
used purposely and consisted of 2 sections: (i) demographic information (basic) (age, gender, year
of study, type of school and somatometry); (ii) open-ended questions surrounding Slovak
adolescents’ last 7 days of physical activity, concerned with (ii-i) physical activity associated with an

moving to different places and mobility during leisure time.

Procedures

A single-measure descriptive cross-sectional study was carried out. During the unlimited
time of single session the study group (n = 2375) inscribed the standardized (online) questionnaire
(IPAQ-SF), which was available from August, 2020 to March, 2021 (the second wave of Covid-19
pandemic in Slovakia). Online feedback achieved from the unlimited time of single session did not
indicate any potential issues with the cross-sectional design (technical) and TPAQ-SF (language).
In case of not being full-age Slovak adolescent (boy/ girl), the debriefing questionnaire forms of
IPAQ-SF were distributed (face-to-face) by authors after meeting the parental consent
requirements in official language in Slovakia. Debriefing questionnaire forms of IPAQ-SF were not
detecting personal information about the identity of study group (n = 2375). Incentives were not
given for active participation (voluntary), however the study group (n = 2375) received the report
with their personal results afterwards. Online version of IPAQ-SF was selected because of cost
effectiveness, time saving, easy accessibility and constantly changing situation associated with the
second wave of Covid-19 pandemic. Online creation and distribution was carried out by free online
portal — Microsoft Forms, Office 365 (Microsoft Corp., Redmond, WA, USA).

Data Processing

All study data collected through correctly filled-in debriefing questionnaire forms of IPAQ-SF
was tabulated (figure) in database designed precisely for cross-sectional design (study). In terms of
incidence of responses, each item of study group (n = 2375) was analyzed, compared and evaluated
by using the program of Tap3 — Gamo (Banské Bystrica, Slovakia). All study data of study group
(n = 2375) was polled after cleaning, analyzed and compared by using the basic descriptive
statistics, including median (X), multiplicity (n), arithmetic mean (xX) and percentage frequency
analysis (%). Statistical differences between the Slovak adolescent boys (45.44 %, n = 1079) and
girls (54.56 %, n = 1296) was evaluated by methods of inductive statistics, including chi-square test
()») and Two-Sample T-Test Assuming Unequal Variances, of which the significance level (a) was
.01 and .05 (McHugh, 2013).

When evaluating (summary) the physical activity (high level of physical activity, moderate
level of physical activity and low level of physical activity), and in terms of adolescent boys and girls
(Figure 1), we used the chi-square test (x2), of which the significance level (a) was 0.01 and 0.05.
When evaluating median values and physical activity levels, in terms of adolescent boys and girls;
MET-min/week (Figure 2), average time of physical activity/ day (Figure 3), number of days of
physical activity (Figure 4), we used the homogeneity test of two-sample t-test assuming unequal
variances, of which the significance level (a) was 0.01 and 0.05.

3. Results

In accordance with the study aim, Figure 1 illustrates the physical activity levels of Slovak
adolescents (boys and girls) during the second wave of Covid-19 pandemic, expressed in Metabolic
equivalent of task (MET-minutes/week) using the standardized TPAQ-SF questionnaire data (%).
During the last seven days, on average 60.55 % (n = 1438) of Slovak adolescents exhibited high
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physical activity levels and 23.60 % (n = 560) of them exhibited moderate physical activity levels.
15.85 % (n = 377) of Slovak adolescents exhibited low physical activity levels.

Deeper analysis of physical activity levels (Figure 1) showed increasingly larger number of
Slovak adolescent boys who exhibited high physical activity levels (65.25 %, n = 704), compared to
adolescent girls (55.86 %, n=723) and another analysis showed decreasing lower number of
adolescent boys who exhibited low physical activity levels (11.02 %, n = 119), compared to adolescent
girls (20.68 %, n = 268). According to these results, the Slovak adolescent boys were more physically
active than adolescent girls. Moderate physical activity levels revealed almost the same percentage
values among the Slovak adolescent boys (23.73 %, n = 256) and girls (23.46 %, n = 304).

Taking into account the physical activity levels of Slovak adolescents during the second wave
of Covid-19 pandemic, expressed in MET-min/week and using the IPAQ-SF, the intergroup
difference of Slovak adolescents (n = 2375) revealed the statistical significance (p < 0.01).

65.25%
55.86%

23.73% \ 23.48% 20.68%

11.02%

I

Adolescent boys Adolescent girls

O High level of physical activity 2 Moderate level of physical activity O Low level of physical activity

Fig. 1. Physical activity levels of Slovak adolescents during the second wave of Covid-19 pandemic,
expressed in MET-min/week and using the IPAQ-SF (%)
Notes: ** — Statistical significance at the p < 0.01 level (x2) = 42.29; p = 6.567 E-10)

Physical activity levels of Slovak adolescents during the second wave of Covid-19 pandemic,
expressed in MET-min/week illustrates Figure 2. Continuous indicator, expresses as median for
physical activity/week by Slovak adolescent boys (n = 1079) was on level of 2670 MET-min/week,
which was increasingly larger number (+ 875 MET-min/week), compared to adolescent girls
(1795 MET-min/week). Taking into account the median value (total) (walking, moderate and
vigorous —intensity activity), expressed in MET-min/week of Slovak adolescents during the second
wave of Covid -19 pandemic, the intergroup difference of Slovak adolescents (n = 2375) revealed
the statistical significance (p < 0.01).

Deeper analysis of physical activity levels (Figure 2) proved increasingly larger number of
Slovak adolescent boys who exhibited vigorous-intensity activity (960 MET-min/week), moderate-
intensity activity (480 MET-min/week) and walking (594 MET -min/week), compared to
adolescent girls (vigorous-intensity activity — 720 MET-min/week, moderate-intensity activity —
320 MET-min/week and walking — 495 MET-min/week). Median values difference of Slovak
adolescent boys and girls was ranging from 99 (walking) to 240 MET-min/week (vigorous-
intensity activity). Taking into account the median values (individual) (walking, moderate and
vigorous-intensity activity), expressed in MET-min/week of Slovak adolescents during the second
wave of Covid-19 pandemic, the intergroup difference of Slovak adolescents (n = 2375) revealed the
statistical significance (p < 0.01).

1070




European Journal of Contemporary Education. 2022. 11(4) ——

2670
1795
960
594 120 495
] 480 | — 320 |
I I I— |
Adolescent boys Adolescent girls

OVigorous-intensity activity Moderate-intensity activity O Walking DOTotal

Fig. 2. Physical activity levels of Slovak adolescents during the second wave of Covid-19 pandemic,
expressed in MET-min/week

Notes: ** — Statistical significance at the p < 0.01 level (Vigorous-intensity activity — **; p < 0.01;

p = 2.50 E-22; Moderate-intensity activity — **; p < 0.01; p = 2.07 E-15; Walking — **; p < 0.01;

p = 3.54 E-10; Total — **; p < 0.01 p = 2.81 E-32)

Median values in relation to time (min/day) spent in different physical activity levels of
Slovak adolescents during the second wave of Covid-19 pandemic illustrates Figure 3.
Comprehensive analysis of median values in relation to time spent in different physical activity
levels proved increasingly larger number of Slovak adolescent boys who exhibited vigorous-
intensity activity (X = 60 min/day), moderate-intensity activity (X = 60 min/day) and walking
(X = 60 min/day), compared to adolescent girls (X = 30 min/day — vigorous-intensity activity,
X = 30 min/day — moderate-intensity activity and X = 45 min/day — walking). Taking into account
the median values (walking, moderate and vigorous-intensity activity) expressed in min/day of
Slovak adolescents during the second wave of Covid-19 pandemic, the intergroup difference of
Slovak adolescents (n = 2375) revealed the statistical significance (p < 0.01).

Deeper analysis of sitting position (Figure 3) revealed an increased incidence of sedentary
behaviors because the median value of Slovak adolescent boys (n = 1079) was on level of
300 min/day, which was comparatively lower number (- 50 min/day), compared to adolescent
girls (X = 350 min/day). Taking into account the median values in relation to time (sitting
position), expressed in min/day of Slovak adolescents during the second wave of Covid-19
pandemic the intergroup difference of Slovak adolescents (n = 2375) did not reveal the statistical
significance (p > 0.05).

350
300
60 60 60 30 30 45
— | | — { |
Adolescent boys Adolescent girls

OVigorous-intensity activity Moderate-intensity activity = EOWalking D Sitting

Fig. 3. Median values in relation to time (min/day) spent in different physical activity levels of
Slovak adolescents during the second wave of Covid-19 pandemic

Notes: ** — Statistical significance at the p < 0.01 level (Vigorous-intensity activity — **; p < 0.01;

p = 9.29 E-26; Moderate-intensity activity — **; p < 0.01; p = 7.81 E-20; Walking — **; p < 0.01;

p = 5.22 E-05; Total — **; p > 0.05 p = 0.22)

Median values in relation to time (day/week) spent in different physical activity levels of
Slovak adolescents during the second wave of Covid-19 pandemic illustrates Figure 4.
Comprehensive analysis of median values in relation to time spent in different physical activity
levels proved increasingly larger number of Slovak adolescent boys who exhibited vigorous-
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intensity activity 3 days/week (60 min/day; x), compared to adolescent girls (3 days/week;
30 min/day; xX). Median values in relation to time spent in walking and moderate-intensity activity
reached the same values, equally among the Slovak adolescent boys and girls (X' = 2 days/week of
moderate-intensity activity and X = 4 days/week of walking). Despite that median values in relation
to time, expressed in min/day, of walking and moderate-intensity activity of Slovak adolescent boys
and girls was not equal, ranging from 15 min/day of walking to 30 min/day of moderate-intensity
activity, in favor of Slovak adolescent boys. Taking into account the median values (walking,
moderate and vigorous-intensity activity), expressed in day/week, of Slovak adolescents during the
second wave of Covid-19 pandemic, the intergroup difference of Slovak adolescents (n = 2375)
revealed the statistical significance (p < 0.01).

3
1 2 2 2 2

Adolescent boys Adolescent girls

O Vigorous-intensity activity Moderate-intensity activity ~ EWalking

Fig. 4. Median values in relation to time (day/week) spent in different physical activity levels of
Slovak adolescents during the second wave of Covid-19 pandemic

Notes: ** — Statistical significance at the p < 0.01 level (Vigorous-intensity activity — **; p < 0.01;

p = 8.96 E-11; Moderate-intensity activity — **; p < 0.01; p = 1.17 E-09; Walking — **; p < 0.01;

p = 8.05 E-04)

4. Discussion

When it comes to determining the physical activity levels of adolescents before and during
the Covid-19 pandemic, the level of incidence is relatively strong, with an amazingly high number
of carried out studies (see 1. Introduction). Existing evidence shows that globally, physical activity
levels of adolescents have reduced during the Covid-19 pandemic because of various lockdown
restrictions (Ferrante et al., 2021; Grimes et al., 2022; Kovacs et al., 2022), however different
degrees of lockdowns in different countries, even regions within a country, across different dates
and waves occurred, which is making it challenging to objectively evaluate it (Stockwell et al.,
2021). Since the Covid-19 pandemic and various lockdown restrictions have caused closure of
schools (e.g. physical education) and not engaging in organized sports, one would have expected
lower levels of physical activity among the Slovak adolescents, however their physical activity levels
have been comparable to pre-pandemic times. If an increase (slight) of physical activity levels has
been determined, it occurred via engaging in outdoor play and unstructured activities (Lafave et al.,
2021; Pelletier et al., 2021). Adolescents constitute one of the most vulnerable groups under the
Covid-19 pandemic confinement measures in Slovakia. When compared with pre-pandemic
physical activity levels of adolescents as reported by several authors (Kayapinar, 2012; Bergier et
al., 2014; Bednarek et al., 2016; Nikoli¢ et al., 2020), the Slovak adolescents exhibited similar levels
of physical activity. During the last seven days, on average 60.55 % (n =1438) of Slovak
Adolescents exhibited high physical activity levels and 23.60 % (n =560) of them exhibited
moderate physical activity levels, which was not anticipated due to lockdown restrictions during
the second wave of Covid-19 pandemic. Before the Covid-19 pandemic, comparable study carried
out in Poland revealed that 35.55 % of adolescents (48.77 % of male and 31.35 % of female)
exhibited high physical activity levels (Bergier et al., 2012). After a short time, the same author
repeated the study and revealed that 71.98 % of Polish adolescents (76.18 % of male and 67.77 % of
female) exhibited high physical activity levels (Bergier et al., 2014). Only 18.9 % of Serbian
adolescents exhibited high physical activity levels (Nikoli¢ et al., 2020). Strong restrictive measures
to avoid the Covid-19 pandemic have negatively affected various life domains among the
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adolescents worldwide and lowered their physical activity levels; in particular, 35.5 % of Nigerian
adolescents (43.6 % of male and 21.2 % of female) exhibited high physical activity levels, which was
lower by 25.05 %, compared to the Slovak adolescents (Ugwueze, Agbaje, 2022). An expected
difference of 11.13 % of high physical activity levels was documented among the Italian adolescents
before (41.76 %) and during (30.63 %) the Covid-19 pandemic (Maugeri et al., 2020).

Total physical activity, expressed in MET-min/week, of Slovak adolescent boys was
2670 MET-min/week, which was significantly larger number (+ 875 MET-min/week), compared to
adolescent girls (1795 MET-min/week) (p < 0.01). Before the Covid-19 pandemic, total physical
activity of Ukrainian adolescents was 3560 MET-min/week, while the Lithuanian adolescents’ total
physical activity was close to 5000 MET-min/week (Bergier et al., 2012, 2014). During the Covid-
19 pandemic, total physical activity of Chinese adolescents was lower (1193.02 MET-min/week)
than before the Covid-19 pandemic (Zhang et al., 2020). Similar tendency of lower total physical
activity was documented among the Italian adolescents (1730 MET-min/week) (Tornaghi et al.,
2020). 3 in 4 adolescents worldwide did not the guidelines on physical activity before the Covid-19
pandemic (Guthold et al., 2020). In 2020, the World Health Organization (WHO) guidelines and
recommendations provided details for different age and population groups on how much physical
activity is needed for good health. For substantial health benefits, the Slovak adolescents aged
17-19 years (mean 18.10 + .60), should do at least: (i) 150-300 minutes of moderate-intensity
aerobic activity; (ii) 75-150 minutes of vigorous-intensity aerobic activity; (iii) an equivalent
combination of moderate- and vigorous-intensity aerobic activity/week. 65.25 % (n =704) of
Slovak adolescent boys reached the minimum of 75 minutes of vigorous-intensity aerobic activity
throughout the week (3 days/week of 60 min/day; X), while the adolescent girls did not reach the
guidelines on physical activity. When compared with the Serbian adolescents (Nikoli¢ et al., 2020),
the majority of them reached the level of at least 30 minutes of moderate-intensity aerobic
activity/5 days of week. On average, 94 % of Polish adolescents (96 % of male and 92 % of female)
and 40 % of Turkish adolescents (79 % of male and 28 % of female) reached, even exceeded the
minimum of 75 minutes of vigorous-intensity aerobic activity/week (Bednarek et al., 2016).

Our study revealed the gender difference, in which the Slovak adolescent boys were
significantly more physically active than adolescent girls (p < 0.01), and that’s in accordance with
many previous studies (Mayo et al., 2020; Cowley et al., 2021; Pate et al., 2022; Ricardo et al.,
2022). For more complete insight into the pattern of physical activity, it is required to separately
analyze each physical activity domain. According to study results, among the Slovak adolescent
girls dominated physical activity related with walking, while among the adolescent boys vigorous-
intensity activity dominated. Several authors reported similar findings (Bergier et al., 2014;
Bednarek et al., 2016; Maugeri et al., 2020; Nikoli¢ et al., 2020; Zhang et al., 2020).

An insufficient level of physical activity recorded among the Slovak adolescents especially
among the adolescent girls, suggests that it is necessary to pay attention to this specific population
group, which was affected hard by strong restrictive measures during the second wave of Covid-19
pandemic. Therefore, there is an urgent need for national and global action aimed at increasing
levels of physical activity; in particular with focus on adolescent girls.

5. Conclusion

Covid-19 pandemic, officially declared on March 11, 2020 by the World Health Organization
(Rossi et al., 2021; Olaimat et al., 2020), has affected all countries in the world, including Slovakia,
with wavering intensity, which was most noticeable within introducing a broad range of measures
to limit physical contacts to prevent and slow down the Covid-19 pandemic. In accordance with the
United Nations Report (2020), the Covid-19 pandemic has affected education systems worldwide
(Tadesse, Muluye, 2020; Pokhrel, Chhetri, 2021) and caused the largest disruption to schooling in
history. Despite of having administered one of the longest school closures globally, schooling in
Slovakia was not adequately prepared for long-term teaching through remote access, which
brought fundamental problems, including physical education. School physical education provides a
context for regular and structured physical activity participation (Uddin et al., 2020) and
represents the only opportunity of engaging in physical activity (Bali, 2016; Reif et al., 2021).
According to results of present study, during the second wave of Covid-19 pandemic, on average,
60.55 % (n =1438) of Slovak adolescents (n = 2375) engaged in high physical activity, with
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increasingly larger number of Slovak adolescents boys (65.25 %, n = 704), compared to adolescent
girls (55.86 %, n=723), which we consider as a positive finding, however the IPAQ-SF
overestimate physical activity levels to a greater extent (from 36 % to 173 %), compared to existing
physical activity questionnaires (Lee et al., 2011; Roberts-Lewis et al., 2021), and therefore the
absolute physical activity levels must be interpreted with a caution (Grimm et al., 2012; Wanner et
al.,, 2016). When evaluating the absolute physical activity (median values), expressed in MET-
min/week, median value (X) of absolute physical activity among the Slovak adolescent boys
(n = 1079) was on level of 2670 MET-min/week, which was increasingly larger number (+ 875
MET-min/week), compared to adolescent girls (1795 MET-min/week) and revealed the statistical
significance (p < 0.01), in terms of comparing the intergroup difference of Slovak adolescents
(n = 2375) and their median values of walking, moderate and vigorous-intensity activity. Results of
present study revealed the significant difference (p < 0.01), in terms of time (min/day and day/
week) spent in walking, moderate and vigorous-intensity activity and sitting position, within which
the Slovak adolescent girls exhibited the increased levels of physical inactivity, compared to
adolescent boys. During the last seven days, on average, 40 min/2x/week of Slovak adolescents
(n = 2375) exhibited the vigorous-intensity activity, 50 min/2x/week of moderate-intensity activity,
55 min/3x/week of walking and sitting position of 330 min/day (X). Leading a sedentary lifestyle is
becoming a major public health issue. An increased sedentary behavior of adolescents worldwide
contributes to obesity and overweight and affects the “social gradient of health”. In terms of
regular engaging in physical activity, it is very necessary to pay a great attention to such a unique
stage of human development and regularly identify their needs and attitudes in the current rapidly
changing world.

6. Acknowledgments
Our study received no specific grant from any funding agency in the public, nor commercial
or not-for-profit sectors.

~. Conflict of interest
The authors report no conflict of interest.

8. References

Antunes, Frontini, 2021 — Antunes, R., Frontini, R. (2021). Physical Activity and Mental
Health in Covid-19 Times: An Editorial. Sleep Med. 77: 295-296.

Acs et al., 2020 — Acs, P., Betlehem, J., Olah, A., Bergier, J., Melczer, C., Makai, A.,
Prémusz, V. (2020). Measurement of Public Health Benefits of Physical Activity: Validity and
Reliability Study of the International Physical Activity Questionnaire in Hungary. Bmc Public Health.
20:1198.

Bali, 2016 — Bali, N. (2016). Non-Participation in Physical Education: A Comparative Study
of Tunisian Trainee Teachers. Creat. Educ. 7(10): 1486-1499.

Bednarek et al., 2016 — Bednarek, J., Pomykala, S., Bigosinska, M., Szygula, Z. (2016).
Physical Activity of Polish and urkish University Students as Assessed by IPAQ. Cent. Eur. J. Sport
Sci. Med. 16(4): 13-22.

Bendikova, Nemcek, 2017 — Bendikovd, E., Nemcek, D. (2017). Attitudes and Preferences of
Children Living in Orphanage towards Physical Education Lessons. Eur. J. Contemp. Educ. 6(4):
664-673.

Bergier et al., 2012 — Bergier, J., Kapka-Skrzypcak, L., Bilinski, P., Paprzycki, P., Wojtyla, A.
(2012). Physical Activity of Polish Adolescents and Yung Adults according to IPA1: A Population
Based Study. Ann. Agric. Environ. Med. 19(1): 109-115.

Bergier et al., 2012 — Bergier, B., Bergier, J., Wojtyla, A. (2012). Various Aspects of Physical
Activity among Lithuanian Adolescents. Ann. Agric. Environ. Med. 19(4): 775-779.

Bergier et al., 2014 — Bergier, B., Tsos, A., Bergier, J. (2014). Factors Determining Physical
Activity of Ukrainian Students. Ann. Agric. Environ. Med. 21(3): 614-616.

Bertrand et al., 2021 — Bertrand, L., Shaw, K.A., Ko, J., Deprez, D., Chilibec, P.D., Zello, G.A.
(2021). Impact of Coronavirus Disease 2019 Pandemic on University Students’ Dietary Intake,
Physical Activity and Sedentary Behaviour. Appl. Students’ Nutr. Metab. 46: 265-272.

1074




European Journal of Contemporary Education. 2022. 11(4)

Blain et al., 2022 — Blain, D., Standage, M., Curran, T. (2022). Physical Education in Post-
Covid World: A Blended-Gamified Approach.

Christensen et al., 2022 — Christensen, A., Bond, S., McKenna, J. (2022). Covid-19
Conundrum: Keeping Safe while Becoming Inactive: A Rapic Review on Physical Activity,
Sedentary behaviour and Exercise in Adults by Gender and Age. Plos One. 17(1): 0263053.

Chtourou et al., 2020 — Chtourou, H., Trabelsi, K., H'Mida, C., Boukhris, O., Glenn, J.M.,
Brach, M., Bentlage, E., Bott, N., Shephard, R.J., Ammar, A., Bragazzi, N.L. (2020). Staying
Physically Active during Quarantine and Self-Isolation Period for Controlling and Mitigating
Covid-19 Pandemic. A Systematic Overview of Literature. Front. Psychol. 11: 1708.

Clemente-Suarez et al., 2022 — Clemente-Suarez, V.J., Bertran-Velasco, A.I., Ramos-
Campo, D.J., Mielgo-Ayuso, J., Nikolaidis, P.A., Tornero-Aguilera, J.F., Belando, N. (2022).
Physical Activity and Covid-19. Basis for Efficient Intervention in Times of Covid-19 Pandemic.
Physiol. Behav. 244: 113667.

Cowley et al., 2021 — Cowley, S.E., Watson, M.P., Foweather, L., Belton, S., Thompson, A.,
Thijssen, D., Wagenmakers, M.J.A. (2021). “Girls Aren’t Meant to Exercise”: Perceived Influences
on Physical Activity among Adolescent Girls — The Herizon Project. Children. 8(31): 2-16.

Dallolio et al., 2022 — Dallolio, L., Marini, S., Masini, A., TOselli, S., Stagni, R., Bisi, M. C.,
Gori, D., Tessari, A., Sansavini, A., Lanari, M., Bragonzoni, L., Ceciliani, A. (2022). Impact of
Covid-19 in Physical Activity Behaviour in Italian Primary School Children: A Comparison before
and during Pandemic Considering Gender Difference. Bmc Public Health. 22: 52.

de Abreu et al., 2022 — de Abreu, J. M., de Souza, R. A., Viana-Meireles, L. G., Landeira-
Fernandez, J., Filgueiras, A. (2022). Effects of Physical Activity and Exercise on Well-Being in
Context of Covid-19 Pandemic. Plos One. 17(1): 0260465.

Dor-Haim et al., 2021 — Dor-Haim, H., Katzburg, S., Tevach, P., Levine, H., Barak, S.
(2021). Impact of Covid-19 Lockdown on Physical Activity and Weight Gain among Active Adult
Population in Israel: A Cross-Sectional Study. Bmc Public Health. 21: 1521.

Elvén et al., 2022 — Elvén, M., Kerstis, B., Stier, J., Hellstrom, C., von Heideken Wagert, P.,
Dahlen, M., Lindberg, D. (2022). Changes in Physical Activity, Sedentary Behaviour before and during
Covid-19 Pandemic: A Swedish Population Study. Int. J. Environ. Res. Public Health. 19(5): 2558.

Escomes et al., 2021 — Escomes, E.L., Gutierrez, C.J.P., Sarabia, 1.C., Marbo, E.A.,
Calixtro, V.L. (2021). Factors Affecting Distance Learning of Physical Education Students of Sultan
Kudarat State University, Mindanao, Philippines. Indones. J. Sci. Technol. 1(3): 87-94.

Ferrante et al., 2021 — Ferrante, G., Mollicone, D., Cazzato, S., Lombardi, E., Pifferi, M.,
Turchetta, A., Tancredi, G., La Grutta, S. (2021). Covid-19 Pandemic and Reduced Physical
Activity: Is there an Impact on Healthy and Asthmatic Children? Front Pediatr. 9: 695703.

Ghozy et al., 2021 — Ghozy, S., Abdelaal, A., Shah, J., Paeker, K. E., Islam, S. M. S. (2021).
Covid-19 and Physical Inactivity. Teetering on Edge of Deadlier Pandemic?. J. Glob. Health. 11:
030301.

Gilbert et al.,, 2021 — Gilbert, A.S., Schmidt, L., Beck, A., Kepper, M.M., Eyler, A.,
Mazzucca, S. (2021). Associations of Physical Activity and Sedentary Behaviours with Child Mental
Well-Being during Covid-19 Pandemic. Bmc Public Health. 21: 1770.

Grimes et al. 2021 — Grimes, A., Lightner, J. S., Steel, C., Shook, R. P., Carlson, J. (2021).
Decreased Physical Activity among Youth Resulting from Covid-19 Pandemic — Related School
Closures: Natural Experimental Study. Jmir Form. Res. 6(4): 35854.

Grimm et al., 2012 — Grimm, E.K., Swartz, A.M., Hart, T., Miller, N.E., Strath, S.J. (2012).
Comparison of IPAQ-SF and Accelerometry Predictions of Physical Activity in Older Adults.
J. Aging Phys. Act. 20(1): 64-79.

Guthold et al., 2020 — Guthold, R., Stevens, G.A., Riley, L.M., Bull, F.C. (2020). Global
Trends in Insufficient Physical Activity among Adolescents: A pooled Analysis of 298 Population-
Based Surveys with 1.6 Million Participants. Lancet Child Adolsc. Health. 4(1). 23-35.

Hammerstein et al.,, 2021 — Hammerstein, S., Konig, C., Dreisorner, T., Frey, A. (2021).
Effects of Covid-19-Related School Closures on Student Achievement: A Systematic Review. Front.
Psychol. 12: 746289.

Haseler, Haseler, 2022 — Haseler, T., Haseler, C. (2022). Lack of Physical Activity is a Global
Problem. The Bmj. 376: 348.

1075




European Journal of Contemporary Education. 2022. 11(4)

Jacob et al., 2021 — Jacob, L., Tully, M. A., Barnett, Y. (2021). The Relationship between
Physical Activity and Mental Health in a Sample of the UK Public: A Cross-Sectional Study during
the Implementation of Covid-19 Social Distancing Measures. Ment. Health Phys. Act. 19: 100345.

Kayapinar, 2012 — Kayapinar, C.F. (2012). Physical Activity Levels of Adolescents. Procedia
Soc. Behav. Sci. 47(1): 2107-2113.

Kohl et al.,, 2012 — Kohl, HW., Craig, C.L., Lambert, E.V., Inoue, S., Alkandari, J.R.,
Leetongin, G., Kahlmeier, S. (2012). The Pandemic of Physical Inactivity: Global Action for Public
Health. The Lancet. 380(9838). 294-305.

Korcz et al.,, 2021 — Korcz, A., Krzysztoszek, J., Lopatka, M.,Popeska, B., Podnar, H.,
Filiz, B., Lileva, E., Kryeziu, A. R., Bronikowski, M. (2021). Physical Education Teachers’ Opinion
about Online Teaching during Covid-19 Pandemic: Comparative Study of European Countries.
Sustainability. 13: 11730.

Kovacs et al., 2022 — Kovacs, A.V., Brandes, M., Suesse, T., Blagus, R., Whiting, S.,
Wickramasinghe, K., Okely, D.A. (2022). Are we Understanding the Impact of Covid-19 on
Children’s Physical Activity in Europe? — A Study of 24 302 Children. Eur. J. Public Health. 32(3):
494-496.

Kiihne, Zindel, 2020 — Kiihne, S., Zindel, Z. (2020). Using Facebook, Instagram to Recruit
Web Survey Participants: A Step-by-Step Guide and Application in Survey Methods: Insights from
the Field, Special Issue: “Advancements in Online and Mobile Survey Methods”. [Electronic
resource]. URL: https://surveyinsights.org/?p=13558

Lafave et al., 2021 — Lafave, L., Webster, A.D., Mc Connell, C. (2021). Impact of Covid-19 on
Early Childhood Educator’s Perspectives and Practices in Nutrition and Physical Activity:
A Qualitative Study. J. Fam. Econ. Issues. 49: 935-945.

Lavelle et al., 2020 — Lavelle, G., Noorkoiv, M., Theis, N., Korff, T., Kilbride, C.,
Baltzopoulos, V., Shortland, A., Levin, W., Ryan, J. (2019). Validity of International Physical
Activity Questionnaire Short Form as Measure of Physical Activity in Young People with Cerebral
Palsy: A Cross-Sectional Study. Physiotherapy. 107(10): 209-215.

Lee et al., 2011 — Lee, H.P., Macfarlane, J.D., Lam, T.J., Stewart, M.S. (2011). Validity of
International Physical Activity Questionnaire Short Form (IPAQ-SF): A Systematic Review. Int. J.
Behav. Nutr. Phys. Act. 8: 115.

Luciano et al.,, 2021 — Luciano, F., Cenacchi, V., Vergo, V., Pavei, G. (2021). Covid-19
Lockdown: Physical Activity, Sedentary Behaviour and Sleep among Italian Medicine Students.
Eur. J. Sport Sci. 21(10): 1459-1468.

Masala et al., 2018 — Masala, D., Mannocci, A., Mei, D., Tribuzio, A., Villari, P., Torre, G.
(2018). International Physical Activity Questionnaire for Adolescents: Reliability of an Italian
Version. Minerva Pediatr. 73(5): 383-390.

Maugeri et al., 2020 — Maugerti, G., Castrogiovanni, P., Battaglia, G., Pippi, R., D'Agata, V.,
Palma, A., Di Rosa, M., Musumeci, G. (2020). The Impact of Physical Activity on Psychosocial
Health during Covid-19 Pandemic in Italy. Heliylon. 6(6): 04315.

Mayo et al., 2020 — Mayo, X., Luque-Casado, A., Jimenez, A., del Villar, F. (2020). Physical
Activity Levels for Girls and Young Adult Women versus Boys and Young Adult Men in Spain:
A Gender Gap Analysis. Sustainability. 12: 6265.

McHugh, 2013 — McHugh, L.M. (2013). The Chi-Square Test of Independence. Biochem.
Med. 23(2): 143-149.

Meh et al., 2022 — Meh, K., Sember, V., PBurié¢, S., Vahd-Ypyd, H., Rocha, P., Jurak, G.
(2022). Reliability and Validity of Slovenian Versions of IPAQ-SF, GPAQ and EHIS-PAQ for
Assessing Physical Activity and Sedentarism of Adults. Int. J. Environ. Public Health. 19(1): 430.

Mercier et al., 2021 — Mercier, K., Centeio, E., Garn, A., Erwin, H., Marttinen, R., Foley, J.
(2021). Physical Education Teachers’ Experiences with Remote Instructions during Initial Phase of
Covid-19 Pandemic. J. Teach. Phys. Educ. 40(2): 337-342.

Nikoli¢ et al., 2020 — Nikolié, M., Jovanovié, R., Stankovi¢, A. (2020). Characteristics of
Physical Activity among Healthy Serbian Adolescents. Rev. Bras. Med. Esporte. 26(1): 30-33.

Olaimat et al., 2022 — Olaimat, A.N., Aolymat, I., Shahbaz, H.M., Holley, R.A. (2022).
Knowledge and Information Sources about Covid-19 among University Students in Jordan:
A Cross-Sectional Study. Front. Public Health. 8: 254.

1076




European Journal of Contemporary Education. 2022. 11(4)

Pate et al., 2022 — Pate, R.R., Saunders, P.R., Taverno, E.S., Dowda, M. (2022). Patterns of
Age-Related Change in Physical Activity during the Transition from Elementary to High School.
Prev. Med. Rep. 26: 101712.

Pelletier et al., 2021 — Pelletier, C., Cornish, K., Sanders, C. (2021). Children’s Independent
Mobility and Physical Activity during the Covid-19 Pandemic: A Qualitative Study with Families.
Int. J. Environ. Res. Public Health. 18(3): 4481.

Petersen et al., 2021 — Petersen, J.M., Kemps, E., Lewis, L., Prichard, I. (2021). Promoting
Physical Activity during Covid-19 Lockdown in Australia: The Roles of Psychological Predictors and
Commercial Physical Activity Apps. Psychol. Sport Exerc. 56: 102002.

Pokhrel, Chhetri, 2021 — Pokhrel, S., Chhetri, R. (2021). Literature Review on Impact of
Covid-19 Pandemic on Teaching and Learning. High Educ. Fut. 8(1): 133-141.

Purewal et al., 2021 — Purewal, S., Ardiles, P., Di Ruggiero, E., Flores, L. V. J., Mahmood, S.,
Elhagehassan, H. (2021). Using Social Media as a Survey Recruitment Strategy for Post-Secondary
Students during Covid-19 Pandemic. Inquiry. 58(2): 1-9.

Reif et al., 2021 — Reif, A., Triska, C., Nader, M., Scharhag, J., Tschan, H., Wessner, B.
(2021). Influence of Increased Number of Physical Education Lessons on Motor Performance of
Adolescents: Non-International Cohort Study. Plos One. 16(10): 0258305.

Ricardo et al., 2022 — Ricardo, C.I.L., Wendt, A., dos Santos Costa, C., Mielke, G., Brazo-
Sayavera, J., Khan, A., Kolbe-Alexander, T., Crochemore-Silva, I. (2022). Gender Inequalities in
Physical Activity among Adolescents from 64 Global South Countries. J Sport Health Sci. 1: 1-12.

Roberts-Lewis et al., 2021 — Roberts-Lewis, F.S., White, M.C., Ashworth, M., Rose, R.M.
(2021).Validity of International Physical Activity Questionnaire for Adults with Progressive Muscle
Diseases. Disabil. Rehabil. [Electronic resource]. URL: https://www.tandfonline.com/doi/
full/10.1080/09638288.2021.1983042.

Rossi et al., 2021 — Rosst, L., Behme, N., Breuer, C. (2021). Physical Activity and Adolescents
during the Covid-19 Pandemic — A Scoping Review. Int. J. Environ. Res. Public Health. 18(21): 11440.

Runacres et al., 2021 — Runacres, A., Mackintosh, K.A., Knight, R.L., Sheeran, L., Thatcher,
R., Shelley, J., McNarry, M. A. (2021). Impact of Covid-19 Pandemic on Sedentary Time and
Behaviour in Children and Adults: A Systematic Review and Meta-Analysis. Int. J. Environ. Res.
Public Health. 18(21): 11286.

Sember et al., 2020 — Sember, V., Jurak, G., Kovaé, M., Durié, S., Starc, G. (2020). Decline
of Physical Activity in Early Adolescence: A 3-Year Cohort Study. Plos One. 15(3): 0229305.

Singh et al., 2020 — Singh, S., Roy, D., Sinha, K., Parveen, S., Sharma, G., Joshi, G. (2020).
Impact of Covid-19 and Lockdown on Mental Health of Children and Adolescents: A Narrative
Review with Recommendations. Psychiatry Res. 293: 113429.

Stockwell et al., 2021 — Stockwell, S., Trott, M., Tully, M., Shin, J., Barnett, Y., Butler, L.,
McDermott, D., Schuch, F., Smith, L. (2021). Changes in Physical Activity and Sedentary
Behaviours from Before to During the Covid-19 Pandemic Lockdown: A Systematic Review. Bmj
Open Sem. 7(1): 000960.

Strain et al., 2022 — Strain, T., Sharp, S.J., Spiers, A., Price, H., Williams, C., Fraser, C.,
Brage, S., Wijndaele, K., Kelly, P. (2022). Population Level Physical Activity before and during the
First National Covid-19 Lockdown: A Nationally Representative Repeat Cross-Sectional Study of
5 years of Active Lives Data in England. The Lancet. 12: 100265.

Su et al., 2020 — Su, C.-L., Wang, L., Ho, C.-C., Nfor, O. N., Hsu, S.-Y., Lee, C. -T., Ko, P.-C.,
Lon, Y.-T., Liaw, Y.-P. (2020). Physical Activity is Associated with Lower Health Care Costs among
Taiwanese Individuals with Diabetes Mellitus. Medicine. 99(14): 19613.

Tadesse, Muluye, 2020 — Tadesse, S., Muluye, W. (2020). Impact of Covid-19 Pandemic on
Education System in Developing Countries: A Review. Open J. Soc. Sci. 8(10): 159-170.

Tornaghi et al., 2020 — Tornaghi, M., Lovecchio, N., Vandoni, M., Chirico, A., Codella, R.
(2020). Physical Activity Levels across Covid-19 Outbreak in Youngsters of North-western
Lombardy. J. Sports Med. Phys. Fitness. 61(7): 971-976.

Torres et al., 2022 — Torres, W., de Moraes C. L. G., Fernandez, R. A., Araujo, Y. C., Urban,
J. B., Maillane-Vanegas, S., Turi-Lynch, B. C., Codogno, J. S., Anokye, N. K. (2022). Relationship
between Vigorous Physical Activity and Health Care Costs among Adolescents: Abed Growth Study.
Bmc Pediatr. 22: 141.

1077




European Journal of Contemporary Education. 2022. 11(4)

Tran et al., 2018 — Tran, V.D., Do, V.V., Pham, N.M., Nguyen, C.T., Xuong, N.T., Jancey, J.,
Lee, A.H. (2018). Validity of International Physical Activity Questionnaire-Short Form for
Application in Asian Countries: A Study in Vietnam. Eval. Health Prof. 43(2): 105-109.

Uddin et al., 2020 — Uddin, R., Salmon, J., Islam S. M. S., Khan, A. (2020). Physical
Education Class is Associated with Physical Activity among Adolescents in 65 Countries. 10: 22128.

Ugwueze, Agbaje, 2022 — Ugwueze, C.F., Agbaje, S.0. (2022). Physical Activity Domains,
Levels and Health-Related Quality of Life among Nigerian Adolescents during the Coronavirus
Disease 2019 Pandemic. Sage Open Med. 10(1): 1-13.

Ullah et al., 2021 — Ullah, 1., Islam, M.S., Ali, S., Jamil, H., Tahir, M.J., Arsh, A., Shah, J.,
Islam, S. (2021). Insufficient Physical Activity and Sedentary Behaviours among Medical Students
during Covid-19 Lockdown: Findings from Cross-Sectional Study in Pakistan. Int. J. Environ. Res.
Public Health. 18(21): 10257.

Varela et al., 2021 — Varela, A.R., Sallis, R., Rowlands, A.V., Sallis, J.F. (2021). Physical
Inactivity and Covid-19: When Pandemics Collide. J. Phys. Act. Health. 18(10): 1159-1160.

Wanner et al., 2016 — Wanner, M., Probst-Hensch, N., Kriemler, S., Meier, F., Autenrieth, C.,
Martin, B. (2016). Validation of Long International Physical Activity Questionnaire: Influence of
Age and Language Region. Prev. Med. Rep. 3(3): 250-256.

Wiseman, Weir, 2017 — Wiseman, A., Weir, P. (2017). Adolescents Relationship between
Physical Education and Longitudinal Physical Activity Trends. Ape. 7(3): 286-302.

World Health Organization, 2020 — World Health Organization (WHO). (2020). Physical
Activity, 2020. [Electronic resource]. URL: https://www.who.int/news-room/fact-sheets/detail/
physical-activity.

Roberts-Lewis et al., 2021 — Roberts-Lewis, F.S., White, M.C., Ashworth, M., Rose, R.M.
(2021).Validity of International Physical Activity Questionnaire for Adults with Progressive Muscle
Diseases. Disabil. Rehabil. [Electronic resource]. URL: https://www.tandfonline.com/doi/full/
10.1080/09638288.2021.1983042

Zhang et al., 2020 — Zhang, X., Zhu, W., Kang, S., Qiu, L., Sun, Y. (2020). Association
between Physical Activity and Mood States of Children and Adolescents in Social Isolation during
the Covid-19 Epidemic. Int. J. Environ. Re. Public Health. 17(20): 7666.

1078




European Journal of Contemporary Education. 2022. 11(4) ——

*
%
*

o * % + Copyright © 2022 by Cherkas Global University

. < [
* *  All rights reserved. o

&

* *  Published in the USA

European Journal of Contemporary Education

E-ISSN 2305-6746 European Journal of
2022. 11(4): 1079-1089
DOI: 10.13187/ejced.2022.4.1079

https://ejce.cherkasgu.press

Contemporary Education

IMPORTANT  NOTICE! Any copying,
reproduction, distribution, republication
(in whole or in part), or otherwise commercial
use of this work in violation of the author(s)
rights will be prosecuted in accordance with
international law. The use of hyperlinks to the
work will not be considered copyright
infringement.

Relationship Between Classroom Management Strategy Focused on Student External
Behaviour and Student Achievement in Low SES Schools: What Can Teachers Do?

Agne Brandisauskiene 2"

aEducational Research Institute, Education Academy, Vytautas Magnus University,
Kaunas, Lithuania

Abstract

Various international studies record a significant difference between the achievements of
students from different socioeconomic status (SES), so it is necessary to look for measures that
help create favorable conditions for higher achievements of all students, regardless of their
socioeconomic background. The purpose of this study is to clarify the relationship between
classroom management strategies focused on student external behaviour and student achievement
in low SES schools, and what the teacher’s work guidelines could be. The analysis of the learning
data of four Lithuanian schools with an unfavourable SES context shows that the progress of
students in subjects of mathematics and biology is not related to the teacher’s praise, although such
an intervention tool can be used if it is characterized by individual attention and care. It was also
found that as the number of remarks sent by the mathematics teacher to the student and/or
parents increases, the probability of getting a lower math grade increases, meaning that remarks
are not effective for higher student achievement. We dare say that in order to create a favourable
learning environment for students from low SES, teachers must first try to avoid classroom
management problems (that is, student misbehaviour) by building good relationships with
students, choosing an appropriate teaching strategy, adopting a growth mindset, and reducing
working memory demands for the students who have these difficulties. Also, teachers must react
appropriately when there are problems with students’ behaviour. Interpersonal communication
with students, individual attention to their needs are extremely important ways for teachers who
work in schools with unfavourable SES contexts.

Keywords: classroom management, student external behaviour, student achievement, low
SES schools, remark, praise.
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1. Introduction

Inequality in education is one of the main topics of educational research looking for answers
to whether all students are provided with the right conditions for their higher achievements. There
is a noticeable increase in the high- and low- socioeconomic environment (hereinafter — SES)
students achievement gap for both mathematics and science between 2003 and 2015 (Broer et al,
2019) and 2019 the tendency of the research results remains the same. The socioeconomic status
(SES) of students and their families has long been associated with the success at school (Hair et al.,
2015; Lawsona, Farah, 2017). Research findings show that achievement gaps begin to emerge at an
early age (Cloney et al., 2016), and that children from low SES families receive lower grades,
perform worse on achievement tests, and achieve lower educational attainment on average than
their peers from high SES families (Albert et al., 2020).

According to researchers (Jotterand, 2018; Lipina, Evers, 2017), there is a large list of
protective and risk factors associated with the future cognitive, emotional and social achievements
of children from low SES and based on developmental psychology and cognitive neuroscience
research. These factors are of a very diverse nature, including individual factors of the mother
(prenatal maternal health, mental health of parents), individual factors of the child (perinatal
health, development disorders), family-level factors (quality of early attachment, level of stress at
home, quality of parenting, early cognitive and learning stimulation at home, financial stressors on
the family, lack of social mobility, family expectations about child development) and even systemic
factors (access to health and social services, social and political stress). In the case of our study, it is
important to identify factors that can be associated with the school level. The aforementioned
researchers (Jotterand, 2018; Lipina Evers, 2017) indicate the level of stress in school, mental
health of teachers, early cognitive and learning stimulation at educational contexts and social and
cultural expectations about child development as protective or risk factors for low achievement of
students from low SES.

Agirdag (2018) argues that the culture of learning in schools is indeed related to the SES
composition of students. In other words, teachers’ beliefs are related to the social and economic
context of the school in which they work. It appears that teachers tend to believe more that their
students are more teachable when they teach students from high SES than from low SES.
According to this scientist (Agirdag, 2018), such research results are worrying because there are no
objective reasons why students in a school where more socioeconomically disadvantaged children
should be regarded as less teachable. Other researchers (Timmermans et al., 2016) point out that
students from low SES schools may have different work habits and this affects teachers’ beliefs and
expectations. Teachers have higher expectations of students if they are self-confident and have
good working (learning) habits.

Students’ learning habits are very closely related to classroom management strategies as well.
Effective classroom management involves ensuring active learning time for students by setting
classroom rules and responding to students’ misbehaviour accordingly. Many studies show that
classroom management is one of the most significant factors influencing students’ achievement
(Miillera et al., 2018). Students’ talking during lessons, throwing things or walking around the
classroom at inappropriate times disrupts the learning process and are associated with low
achievement or behaviour problems (Blank, Shavit, 2016; Le Blanc et al., 2007; Little, 2005).
According to Wubells (2011), theoretically we can see six different approaches to classroom
management: focused on external behaviour control, internal control, classroom ecology,
discourse, curriculum and interpersonal relations. In this study, we focus on the control of the
student’s external behaviour, so now we will briefly present these main theoretical aspects.

The behavioral approach is perhaps the oldest research-based approach to classroom
management (Landrum, Kauffmann, 2006). This theoretical approach can be linked to
behaviourist principles of learning, where it is believed that positive reinforcement through the
application of a stimulus (or reward) following a desired behaviour will reinforce the desired
behaviour of the student. For example, teachers give praise to children when they behave well or
complete certain tasks. Also, teachers, guided by this theory, can remove the (usually negatively
experienced) stimulus in exchange for the desired behaviour of the student (do not assign homework
if students complete assignments on time in class), ignore inappropriate student’s behaviour,
or apply certain punishment measures (recognizing that this is an extreme measure). According to

1080




European Journal of Contemporary Education. 2022. 11(4)

Brophy (2006), today teachers usually choose ways to increase desirable and decrease undesirable
behaviour, that is, they apply certain credit systems, modeling, clear rules, praise and approval.

There is no unanimity in academic discourse regarding praise as an effective classroom
management tool. On the one hand, Moore and co-authors (Moore et al., 2019) point out that there
is currently insufficient evidence to classify teacher praise as an evidence-based practice, as no
clear patterns have been identified as to when and why teacher praise can be effective. On the other
hand, these researchers note that a meta-analysis of classroom management studies found that
teacher praise was effective in nearly 70 percent of the 32 cases summarized in this review, and the
average effect size suggests that teacher praise is an effective intervention. It turns out that teacher
praise in certain cases is an effective measure and can increase appropriate student behaviour and
engagement in the task (Haydon et al, 2020). Also, researchers (Caldarella et al., 2021) note that
during adolescence, intervention measures (praise or remarks) in schools can be unsuccessful and
due to the fact that they do not correspond to the increasing adolescents’ desire to be respected,
that is, to receive not public but rather individual, private encouragement.

When discussing separate groups of students, special attention is paid to the students with
behavioural and emotional disorders, as their behaviour in the classroom usually presents
challenges for teachers. Downs et al. (2019) study shows that students at risk of behavioural and
emotional disorders are more sensitive to teacher praise or remarks than their peers. It has been
observed that these students (with behavioral and emotional disorders) typically receive two to
four times more remarks than praise (Haydon et al., 2020), even though remarks are ineffective
(Caldarella et al., 2020). It appears that a 9:1 ratio of praise to remarks is needed to achieve similar
levels of engagement in learning between students with behavioural and emotional disorders and
their typical peers (Caldarella et al., 2019).

Summarizing the above mentioned arguments, it can be seen that the student-oriented
classroom management strategy is not unambiguous and can be seen as controversial. However,
Moore and co-authors (Moore et al., 2019) state that methodologically sound studies have not
identified cases of negative effects of praise. Such research findings suggest that teachers can use
praise as an easy-to-implement strategy for addressing student learning and behaviour problems in
the classroom and recognizing that praise alone cannot be limited as a classroom management
strategy. Thus, the problematic scientific question is whether there is a link between a relationship
between classroom management strategies focused on student external behaviour and student
achievement? This present study addresses this question and, based on data analytics, examines
the relationship between classroom management strategies focused on student external behaviour
and student achievement in low SES schools.

2. Methodology

The object of the study is the relationship between classroom management strategies and
student achievement in low SES schools. In this study, the classroom management strategy focused
on the student's external behaviour is operationalized as text messages written by the teacher, that is,
praises and remarks on the student’s learning or behaviour, and student progress is operationalized as
the arithmetic mean of all grades obtained by the student in subjects of mathematics and biology.
The subjects of mathematics and biology are chosen as disciplines of exact sciences that encourage the
development of students’ critical thinking and problem-solving skills.

Research ethics. The basic principles of research ethics were followed during the study.
The researcher has already received depersonalized data from the electronic diary, that is,
no individual data of a person (teacher, student or parent), i.e. names, surnames or other
identifiers indicating the specific identity of a person were not provided to her. Prior to the study,
unique numbers for each teacher, student, or parent were randomly generated in the database to
identify the data.

The survey sample. Four secondary education schools were selected in three districts of
Lithuania. Schools in these municipalities are classified as schools whose SES context is not very
favourable. These are small schools, where about 40 % of students are from low-income
households, receiving social support (free school meals). The selected students for the study where
those who had grades in subjects of mathematics and biology in 2020-2021 (students who were in
the system but did not receive grades were not included in the analysis). Thus, a total of
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320 students in grades 7 to 10 were selected for the study in 4 schools. The distribution of students
by school classes is presented in Table 1.

Table 1. The distribution of students by classes

Students’ class 7 8 9 10

Number of students 90 97 70 63

The sample of research data. The information system of the electronic diaries of the
4 educational institutions selected for the study is managed by “ManoDienynas”, therefore, based
on this system, data covering the records of the 2020-2021 academic year of grades 7-10 was
formed. The total amount of data is 548697 rows. Text messages written by mathematics and
biology teachers to the students or their parents were also included in the data analysis.
The message base included letters (only the subject of the letter is displayed), remarks/praises
(the full text of the message is displayed, limited to 100 characters). In the data, information was
provided in Lithuanian, a total of 6167 text messages.

Data analysis methods. In order to reveal the correlations of the classroom management
strategy focused on the student's external behaviour with the students’ progress in mathematics and
biology, a simple (arithmetic) grade point average was calculated, including the assessments of class
work, homework, project work, independent study and project work. The algorithm for setting the
tone of text messages (compliments and remarks) was compiled in the following sequence:

1. The rows in the database were marked as text messages, and rows that were empty or did
not match the research objective were filtered and removed (e.g., if the rows in the database
provided did not contain text, the information was not related to the subject of the study, an email
was provided but did not specify the subject of the email).

2. The compiled array of test messages is divided according to the words and phrases used by
the teachers in a certain tone of the message:

- neutral (e.g. “control work”, “distance learning”, “free meals”, “regarding wearing masks”,
“regarding the schedule”);

- positive (praise);

- negative (remarks).

3. The author of the article compiled a dictionary of words with a certain semantic basis
according to the pre-sorted tone of the array of text messages (for example, praises — “able”,
“worked”, “is trying”, “performed”, remarks - “side activities”, “does not listen”, “does not
perform”).

4. The vector method based on Bag of words was used for the research. A single feature vector
is created using all words in the dictionary. This feature vector is used to represent all the features
in our collection. The number of characters is equal to the number of unique words in the
dictionary. Each word becomes the meaning of the corresponding trait word (neutral = o, positive
= 1, negative = 2). If a word in the dictionary is not included in the pattern, it has a value of o.

5. Each test message is converted into a vector with a set of attributes (1 word = 1 attribute).

6. A certain tone based on which words are more frequent in it is assigned to the message.

The accuracy of the developed algorithm in determining the mood of messages is equal to
81.59 percent. In order to clarify the relationship between the students’ progress and the classroom
management strategy focused on the student’s external behaviour (praise, remarks), the Pearson
correlation coefficient was calculated.

3. Results

General overview of all messages sent by teachers. The first aspect explored in the search for
links between the classroom management strategy focused on student's external behaviour and
students’ achievement in low SES schools was a review of all reports to the student and/or his/her
parents. The obtained research results are presented in Figure 1.
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Fig. 1. Correlations between all messages sent by teachers and students’ progress

The results of the study show that a larger proportion of 7-10th grade students received 4 to
7 messages per year, fewer students received 8 to 11 messages, and a few students received 12 or
14 messages. It is noticeable that students in the 7th and 10th grade received fewer messages, while
their fellow students from the 8th and 9th grades received more. When assessing students’
progress, it can be seen that the overall assessment of mathematics and biology is on a very wide
scale, ranging from not advanced (2) to the highest (10). After conducting a correlation analysis of
the number of all messages sent and the progress of students, it was found that the values of the
correlation coefficient differed according to the subjects of mathematics and biology. The value of
the correlation coefficient between the evaluation of the biology subject and the total number of
messages is equal to 0.262, that is, the number of messages sent by the teacher to the parents or
the student is weakly related to the progress of the students. In the aspect of mathematics subject,
the value of the correlation coefficient is equal to 0.580, that is, this relationship is of moderate
strength, which means that as the number of messages sent increases, the probability of students
getting higher grades increases. It is necessary to pay attention to the fact that in both cases
(biology and mathematics) all messages sent by the teacher (positive, neutral and negative) were
counted. It was also established that 9o percent all messages consisted of messages sent by
mathematics teachers and, accordingly, only 10 percent by biology teachers.

Associations between teacher-sent praise and students’ achievement. Since teachers can
encourage desirable behaviour and reduce undesirable behaviour by using praise, approval or
remarks, the second aspect of the analysis was chosen to be messages with a positive tone,
i.e., praise or encouragement. Examples of them are “Well done, she is doing great in studies,
homework is always done and on time”, “actively participates in classes”, “makes an effort,
completes tasks”. The most common praises are related to classwork, independence, and effort.
The relationships between praises and student achievement are shown in Figure 2.
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As can be seen, teachers wrote praise or encouragement in the electronic diary from 1 to
3 times. More often, they were written for younger students (grades 7th-8th), while older students
(grades gth-10th) received them less or not at all. Students who received one or two praises, have
mathematics and biology grades on a wide scale, ranging from 5.5 to 9.5. It should be emphasized
that the students who received two praises each have no negative progress, while the four students
who received 3 teacher praises each have a progress between 7.5 and 8.8. However, a correlational
analysis of praise and student progress showed that there is no relationship between these
variables. The value of the obtained correlation coefficient is equal to 0.067 (biology subject) and
0.132 (mathematics).

Associations between teacher-sent remarks and students’ achievement. An in-depth analysis
of the relationship between teachers’ negative messages (remarks) in the electronic diary and
students’ progress was also carried out. The obtained research results are presented in Figure 3.

First of all, we would like to note that on the left side of the figure, it can be clearly seen a
large proportion of students from different grades (from the youngest to the oldest) who have one
note from the teacher in the electronic diary, however their progress in mathematics and biology
covers almost the entire spectrum of evaluations: from the lowest, that is, negative, (2) to the
highest (10). There is also a not so small group of students from different grades with two or three
remarks each, whose progress is also in a wide range (from 2.8 to 8.3), but in this case the students
do not have very high ratings (above 8.5) anymore. This tendency in learning outcomes is even
more evident when looking at students with four, five or six remarks. Possible examples of remarks
are “hardly participates in classes”, “does not do homework”, “does extracurricular activities”,
“makes noise, disturbs the whole class”. The most common remarks are related to irresponsibility
in performing assigned tasks, engaging in extraneous activities, and remarks regarding
inappropriate behaviour. After conducting a correlational analysis of the data of all four schools,
that is, the remarks written by the teachers in the electronic diary, and the student’s progress, it
was found that the coefficients of the correlation value differ according to the educational subjects.
In the subject of biology, the correlation between remarks and student progress is weak (-0.207),
and in the subject of mathematics it is stronger (-0.401). Hence, as the number of remarks sent by
the mathematics teacher to the student and/or parent increases, the probability of receiving a
lower math grade increases.

4. Discussion

The obtained research data allow us to say that the progress of students has no relationship
with the student-centered classroom strategy. It was found that as the number of remarks sent by
the mathematics teacher to the student and/or parent increases, the probability of receiving a
lower math grade increases. Thus, remarks are not effective and likely do not motivate students to
learn better, and there is also no correlation between teacher-written praise and student progress.
Considering such research results, it is important to highlight several aspects.

First, in order to create a favourable learning environment for students from low SES, from
our point of view, the teacher must first try to avoid classroom management problems (that is,
students’ undisciplined behaviour) by choosing the right teaching strategy. According to
researchers (Clark et al., 2012), a decade of research has confirmed the need for direct, explicit
teaching for low-achieving students who lack basic knowledge and skills. When teaching new
curriculum and skills, teachers should use precise guidance, linking these students’ learning
practices with clear and precise feedback. According to Helmke (2012), leading the lesson in
different ways and levels is a necessary condition for achieving the best learning outcomes without
exhausting the students. The most important thing is that learning support is always offered
according to the students’ initial knowledge and abilities.

Second, when teaching low-SES students, teachers should adopt a growth mindset —
the belief that students’ abilities can be developed by encouraging and supporting their efforts.
As stated in the introduction of this article, researchers (Agirdag, 2018) claim that there are no
objective reasons why students in a school where more socioeconomically disadvantaged children
study, should be regarded as less teachable. In line with our (Brandisauskiene et al., 2021) and
other researchers’ (Destin et al., 2019) research results, it can be seen that low SES students, when
compared to their high SES peers, have less faith in their ability to develop and feel that as if their
efforts were meaningless. However, these students will be more motivated to learn in school if they
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perceive that their efforts can be accompanied by success (Browman et al., 2017). Therefore,
we want to re-emphasize the importance of teacher expectations and appropriate behaviour when
working with students from low SES: they need teacher support and academic support, belief in
their abilities or mind-set interventions that can be effective (Sisk et al., 2018).

Third, teachers report that students who have discipline problems in class also show signs of
working memory impairment (Alloway et al., 2012). This supports research findings that students’
working memory difficulties affect not only academic achievement but also classroom functioning
(Alloway et al., 2009). Consequently, in order to achieve high academic achievement, a student
must concentrate and successfully complete a wide variety of structured learning tasks. However,
if the students are unable to do this, they often fail in a variety of learning situations because they
are unable to store and organize information in working memory, their learning progress will be
slow, and their behaviour in the classroom will be problematic. As Alloway (2006) suggests, there
is still no clear consensus on ways to improve working memory skills, but the learning progress of
low SES students can be greatly improved by reducing working memory demands in the classroom.
Given that students with poor working memory often fail to complete class activities simply
because they forget what to do next, teachers can increase the likelihood of successful activity
completion by frequently repeating clear, step-by-step instructions and asking students to repeat
them out loud. Also, teachers can teach and encourage children to use certain memory aids, such as
number lines, lists of words, formulas. It is especially important that these students are taught
metacognitive strategies to cope with working memory failures, such as not being afraid to ask for
forgotten information and to have confidence in their abilities even when they fail.

Fourth, the research results show that remarks are written more often for younger
(7-9th grade) students. We would like to note that during this period students are teenagers and
first of all it is necessary to build a good relationship with them in order to understand them. This
should be the main attitude of teachers (and parents) to encourage adults to build a good
relationship with them, listen respectfully and be listened to, as this is the only way to lay the
foundation for their trust and openness.

Fifth, our research shows that praise is not effective because it has no bearing on student
progress. There is also evidence in scientific literature to support this tendency. For example,
Dweck (2017) points out that both favouring a person’s personality and praising efforts do not
affect achievement or have a negative effect, while Skipper, Douglas (2011) note that praise does
not have a particularly unfavourable effect when one succeeds, but rather when one fails or there is
an incomprehensible task. However, Sabey and colleagues (Sabey et al., 2018) argue that praise is
effective when used strategically to achieve individualized student success. These researchers
suggest that educators pay attention to how students respond to praise to ensure that this
interaction has the intended effect. Haydon, Musti-Rao, Kennedy, Murphy, Hunter, and Boone
(2020) suggest that when giving praise, the conditions for good praise should be met: link the
praise to the student’s behaviour that you want to reinforce, give it immediately after the student’s
appropriate behaviour, be close to the student to see all his/her subtle cues (e.g. a smile) and say a
specific word of praise, drawing the student’s attention, apply behavioural support consistently,
predictably and provide informative feedback about the student’s appropriate and specific
behaviour, the success of learning activities. Praise can be one of the components of ongoing
interaction between students and teachers if it is characterized by individual attention and care
(Haydon et al., 2020).

Sixth, all the above mentioned activities of the teacher, related to both teacher’s attitudes and
teaching strategies, from our point of view, can create favourable conditions for learning. This
should be the first and the most important goal of a teacher’s work. The second goal is the
appropriate teacher’s reaction when there are already students’ behavioural problems. If they are
small, it is advisable for the teacher, who seeks to focus the attention of inattentive students,
to simply be closer to these students, look them in the eyes, ask them to answer questions (“Martin,
we solved this problem this way. How would you rate it?”) or to name misbehaving students when
presenting learning materials (“the next step in problem solving, Ann, is...”). In cases where
misbehaviour is persistent or disrupts the teaching and learning process, the teacher must remind
students of the rules and/or demand appropriate behaviour.

Finally, it is necessary to note that all actions of classroom management in educational
practice must be selected taking into account the specific context and time. As stated by Wubells
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(2011), in educational reality, in order to correct students’ inappropriate behaviour, certain
elements of various theoretical approaches (to the student’s external behaviour, internal control,
classroom ecology, discourse, curriculum and interpersonal relations) are usually integrated.
According to the scientist, over the past three decades, a transition from behavioural classroom
management methods to internal (ecological, curriculum, discourse-oriented and interpersonal)
methods has been observed all over the world, therefore mutual communication with students,
individual attention to their needs are extremely important methods of teacher’s action.

We would also like to emphasize that the carried out analysis of learning data should be
continued. Acknowledging the limitations of this study - only one out of six classroom management
approaches was analysed, only written reports in the electronic diary were assessed, certain
(distinct) groups of students were not taken into account (e.g. students with behavioural and
emotional difficulties, and research shows that students from low SES are at risk for these
disorders), it is clear that the field of research should be expanded. Classroom management is one
of the most significant aspects of a teacher’s quality performance and a complex phenomenon, so it
is necessary to further delve into the content of classroom management strategies and their
possible results.

5. Conclusion

A classroom management strategy focused on student external behaviour is one of six
management approaches that a teacher can use to correct student misbehaviour. The analysis of
the learning data of four Lithuanian schools with an unfavourable SES context shows that the
progress of students in subjects of mathematics and biology is not related to the teacher’s praise,
although such an intervention tool can be used if it is characterized by individual attention and
care. It was also found that as the number of remarks sent by the mathematics teacher to the
student and/or parents increases, the probability of getting a lower math grade increases, meaning
that remarks are not effective for higher student achievement. Analysis of the scientific literature
shows that in order to create a favourable learning environment for students from low SES,
teachers must first try to avoid classroom management problems by building good relationships
with students, choosing an appropriate teaching strategy, adopting a growth mindset, and reducing
working memory demands for the students who have these difficulties.
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Abstract

The general stability of a person is related to financial well-being, and is reflected in their
physical, financial, mental health, including being happier, more confident and more productive at
work. The general purpose of this work is to evaluate if the mean of the results of financial well-
being in graduates from the Veracruz-Boca del Rio conurbation differs from the value of the
Consumer Financial Protection Bureau’s average and to assess whether there are differences in the
level of financial well-being through the characteristics of sex, career, institution and employment
status. The research is quantitative and cross-sectional. The sample is made up of 50 graduates.
For data collection, the Financial Well-Being Scale developed by the United States Consumer
Financial Protection Bureau (CFPB) together with the participation of various experts and
consumers, was used. The instrument consists of 10 items measured on a Likert scale. The first
6 items are designed to describe the financial situation of the individual, while the remaining
4 items measure the frequency with which individuals face certain situations. Since the results,
we concluded that the graduates have a financial freedom reflecting a good financial education. This
high percentage of subjects who have a medium to very high level generates that they have the ability
to have good financial health that will allow them to deal with decisions in the financial area in their
work environment. In addition, the results show that the level of financial well-being is not different
among graduates according to age, marital status, employment status, career and institution.
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1. Introduction

The Covid 19 pandemic impacted economic activity, inflation and financial conditions.
Economic challenges imply that there may be an undesirable effect in financial well-being (Banco
de Mexico, 2020). Financial well — being is an indicator of the level of people’s financial education
and is related to economic growth (Compromiso Empresarial, 2014, cited by Vallejo Martinez,
2016). Hence, the intention of political governments and researchers is to ensure that people enjoy
financial well-being.

The Consumer Financial Protection Bureau (CFPB, 2017) defines financial well-being as
“a state of being in which a person can fully meet their current and ongoing financial obligations,
can feel secure in their financial future, and can make options that allow them to enjoy life” (p. 6).
Other authors (Sabri, Falahati, 2012) conceptualize it as "a financially healthy, happy, and worry-
free state of being" that is generally based on a subjective assessment of one's financial situation.
Mahendru (2020) defines financial well-being as “an individual's ability to quickly meet their
current financial obligations and present and future needs, and their temperament toward financial
freedom, today and tomorrow”.

Kreutz, da Silva, Vieira and Dutra (2021) refer that financial well-being can be addressed
under two approaches: Objective, one that uses as financial indicators: income, liquidity and
financial information, and Subjective, approach that considers people's perceptions of their
financial condition. According to the work carried out by Cardenas et al. (2020) report that Chile
and Colombia are the countries with the highest rates of financial well-being in South America.

The differences in financial well-being are greater in the holders of formal savings products
than in the owners of credit cards. In addition, they report that better financial education is
associated with better rates of financial well-being. And some variables related to financial
behavior have an important relationship with financial well-being, such as previous experience
with the financial sector, the comparison of products between different financial institutions and
the personal involvement in household financial decisions.

Higher levels of financial knowledge are associated with financial well-being and positive
outcomes, such as participation in the stock market and planning for retirement; while low levels of
financial literacy are related to financial stress and negative outcomes, such as debt accumulation
(OECD, 2016). Today we live in a globalized world where technology and digital media have
allowed greater access to financial services and products, which has made it easier for different
savings, credit and investment operations to be carried out through applications and electronic
banking (Ordonez, 2018).

According to the Analytical and Assessment Framework for Financial Literacy 2021 of the
Program for International Student Assessment (PISA, 2021), digital financial services offer great
possibilities for the integration of the poor and economically excluded populations into the formal
financial system by overcoming barriers of infrastructure, reducing costs, offering faster and more
timely transactions, and potentially providing a seamless experience tailored to individual needs
(p- 9). However, if they lack basic and sufficient financial knowledge to make proper use of digital
finance, it could represent various types of risks and fraud, as well as an imbalance in the financial
well-being of each individual.

It is extremely important that in Mexico special attention be paid to the quality of financial
education and the relevance it has in the different stages of Mexicans life, since 67 % of the
population has a low level of financial education, according to the study carried out in 2020
"Private Financial Education Initiatives in Mexico: Supply, Demand and Opportunities for
Improvement", carried out by Nacional Monte de Piedad in alliance with the Center for
Competitiveness Studies of the Autonomous Technological Institute of Mexico (ITAM, 2020). This
percentage is classified as 12 % deficient, 22 % weak and 33 % basic, which is worrying because
these sectors of the population are the ones that most lack capacities and resources, and in turn,
face the greatest risks.

According to the National Survey of Financial Inclusion 2018 carried out by the National
Institute of Statistics and Geography (INEGI), 25 % of Mexicans are bachelor's degree graduates,
17.8 % of which don’t know the existence of basic bank accounts, 20.9 % ignores savings protection
insurance and 28.5 % do not compare financial products before contracting them. As INCyTU
(2018) points out, taking up the National Bank of Mexico and the National Autonomous University
of Mexico (Banamex and UNAM, 2014), young people identify their family as the best example for
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their financial training, in addition, 50 % recognize not having the necessary knowledge to make
decisions related to their finances.

We should also mention that Sabri, Cook and Gudmunson (2012) demonstrated the
relationship between demographic factors and financial well-being, and show evidence that gender,
student residence and place of origin were associated with the students' perception of financial
well-being. In relation to gender, women have higher levels of financial well-being, and students
who live within the university campus have a better level of financial well-being, in the same way
that students who come from a city have a higher level of financial well-being than that of the
students who come from rural areas.

Regarding the aforementioned Kreutz et al (2021) in his publication of the state of the art on
financial well-being, he refers that different authors (Delafrooz, Paim, 2011; Diniz et al., 2014;
Fraga et al., 2016, Gutter, Copur 2011) observed that people with higher incomes have a much
better financial well-being. In this idea, Fauzi Zainir and Wan Marhaini Wan Ahmad (2019) found
that the level of subjective financial well-being (SFWB) in 1867 Malaysian households is 5.2 on
average out of 10, however, there is a significant difference in income level, households where
income is low, score 4.3, average income households 5.1, and high income households are 6.2.

Regarding marital status, Diniz, Vieira, Potrich and Campara (2014) identified that there are
significant differences in the averages in relation to the financial well-being factor. Thus, married
people (average 2.935) have a better perception of financial well-being compared to singles
(average 2.623) and the widowed/separated group (average 2.756), people with a high educational
level present an average of 3,008, On the other hand, at basic levels (primary and secondary) the
average is 2.791. In relation to income, people with higher incomes have a high level of financial
well-being.

Financial well-being has also been analyzed by Mahdzan, Zainudin, Abd, Zainir and Ahmad,
(2020), they focused on determining the financial well-being (FWB) of Malaysian households and
constructing a subjective FWB index. The results reveal that households, on average, have a FWBI
score of 46.83. The authors not only determined the financial index, but also identified if there was
a difference with respect to income and report that households with low income have low levels of
well-being (37.37), likewise households with medium income have a level of financial well-being of
46.11 and finally households where income is high, also have a high financial level (58.67).

At the same time, they present evidence that there is a significant difference between age,
level of education and marital status. Older people have higher rates of financial well-being, and
people with higher formal education report higher rates; Regarding marital status, married people
show higher averages (48.04) compared to single, divorced or widowed people. Likewise, there is
an association between the type of employment and financial well-being, the results show that
those who were self-employed present higher scores with 48.29. However, it was found that the
level of financial well-being did not differ significantly among the respondents in terms of religion,
ethnicity, and residential area. From these exposed arguments, now the following objectives and
hypotheses are established

2. Study Objectives

1. Determine the level of financial well-being in graduates from the Veracruz-Boca del Rio
conurbation area, evaluate whether the mean of the results of financial well-being in graduates
from the Veracruz-Boca del Rio conurbation area differs from the value of Consumer Finance
Protection Bureau's average

2. Assess whether there are differences in the level of financial well-being through the
characteristics of sex, career, institution and employment status.

Hypothesis

H,: The mean of the results of financial well-being in the graduates of the Veracruz-Boca del
Rio conurbation, differs from the value of the mean defined by Consumer Finance Protection
Bureau.

H.: There are differences in the level of financial well-being in graduates from the Veracruz-
Boca del Rio conurbation in relation to the characteristics of sex, career, institution and
employment status.
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Justification

Through the results of this research, it will be possible to identify the subjects and the areas
that show a lower level of financial well-being, and therefore focus on this group of subjects in a
timely manner. The research will also contribute to the federal institutions since it will provide the
level of financial well-being of a group of the population that is entering the world of work and
whose actions will have an impact on the economic development of the country.

Design and Method

The research approach is quantitative, since the work uses numerical variables that need to
be quantified by means of statistical methods, to obtain results. It is transversal because contact
was established with the study population only at a certain moment of the research.

Sample

It is a non-probabilistic sample, since the process to choose the population was not
mechanical or based on probability formulas, it was carried out based on the convenience of this
study, for reasons of time and resources. The sample is made up of 50 graduates from the
Veracruz-Boca del Rio metropolitan area.

Instrument

The instrument used to obtain the data for this research is digital, generated through Google
Forms and applied through social networks. This is the Financial Well-Being Scale developed by
the United States Consumer Financial Protection Bureau (CFPB) together with the participation of
various experts and consumers, ensuring its quality and reliability. The scale is built to make it
possible to directly compare the scores of different people or to see how an individual's financial
well-being changes over time (CFPB, 2015).

The instrument consists of 10 items measured on a Likert scale. The first 6 are designed to
describe the financial situation of the individual, while the remaining 4 serve to measure the
frequency with which individuals face certain situations (Table 1).

Table 1. Likert scale of financial well-being

items ordinal scale items ordinal scale items ordinal scale
4too0 oto4 4to0
1,2,3,4, 4= Totally 7,9,8 0 = Always 8 4= Always
56 3 = Very good and 10 1= often 3= often
2= To some extent 2= sometimes 2= sometimes
1= Very little 3= almost 1= almost
0 = Does not never never
describe me at all. 4= Never 0 = Never

Note: Scale obtained from consumerfinance.gov/financial-well-being

Based on the score obtained, it is possible to determine the level of financial well-being of an
individual. The scale established for this study is presented in the Table 2; the average score
according to Consumer Finance Protection Bureau is 54.

Table 2. Scale of the level of financial well-being

Score Range Level
0-29 very low
30-37 low
38-49 low medium
50-57 high medium
58-67 high
68-100 very high

Note: Consumer Information Finance Protection Bureau
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For the present study, the statistical techniques applied were: Student's t-test and factor
analysis to identify the factors that interfere in the level of financial well-being in the selected
sample, which processed in SPSS v25 software.

3. Results

The description of the demographic data of the study sample is presented. The Table 3 shows
the distribution by gender, with whom the individual lives, marital status, employment status, area
of study from which he graduated, educational institution and grouped age.

Table 3. Descriptive data of the graduates

Sex (%) It lives (%)
Female Male Alone Parents Partner
78 % 22 % 18 62 % 20 %
Civil status (%) Employment status (%)
Single Married Other Employee Unemployed
86 % 12% two 78 % 22 %
Institution (%) Age (%)
public private 18-25 26-33 > 34
58 % 42 % 64 % 22% 14 %
Bachelor
PM-I BQ-H H-A EA Other
16 % 6 % 14 % 60 % 4 %

Note: PM-I = Physics, Mathematics and Engineering; BQ-H = Biology, chemistry and health,
H and A = Humanities and art; EA=Economic-administrative; other

The predominant percentages in the sample indicate that 78 % is represented by female;
62 % live with their parents; 86 % are single; 78 % maintain an active work status; the area of study
from which they graduated is economic-administrative by 60 %; the educational institution where they
graduated stands out at the public level in 58 %; and the age range from 18 to 25 years in 64 %.

Level of financial well-being

Table 4 shows the level of financial well-being of the graduates based on their score.
According to the results, a high percentage (90 %) have levels of financial well-being between
medium high and very high.

Table 4. Level of Financial Well -being of the graduates

Score Range Level %

0-29 very low 0

30-37 low 0

38-49 low medium 10
50-57 hlgh medium 29
58-67 high 48
68-100 very high 20

Research hypothesis

To corroborate the hypothesis that the mean of the results of financial well-being in the
graduates of the Veracruz-Boca del Rio conurbation, differs from the value of the mean of
Consumer Finance Protection Bureau.

The results of the t-test allow us to verify that the mean financial well-being accepted by
Consumer Finance Protection Bureau (M = 54) differs significantly from the financial well-being of
graduates from the Veracruz-Boca del Rio conurbation, since the value of t obtained is greater than
the value in tables, in addition, the value of p (0.00) is less than 0.05 and the power of the test is

1094




European Journal of Contemporary Education. 2022. 11(4)

large (.540). Therefore, it is concluded that graduates from the Veracruz-Boca del Rio conurbation
have financial freedom that reflects a good financial education.

Table 5. Graduates' financial well-being t-test

Welfare
Mean 43.94
Standard deviation 9,377
t boards (49 gl) 1.67
t sample(49 gl) 4,545
p-value 0.00
Confidence interval Lower Superior
95 % 3.10 8.02
r (Power) .544

Likewise, to test the hypothesis if there are differences in the level of financial well-being in
graduates from the Veracruz-Boca del Rio conurbation in relation to the characteristics of sex,
career, institution and employment status, the ANOVA test was applied, since the variables meet
the assumptions of normality, independence and homoscedasticity required in this test (Table 6).

Table 6. ANOVA Assumptions

r Levene Next. Kolmogorov— Next.
variables Smirnov
-0.074  .317 .576  Female Male Female Male
Wellness-G 987 896 931 167
.638 .428  Gender career Gender career
Wellness-MS 0.087 .982 922 740 517
1,232 .273 employed unemployed employed unemployed
Wellness-ES  -0.266 974 979 -509 .963
.845 .363 Public Private Public Private
Wellness-EI ~ -0.25 967 943 473 .248
2,126 .093 FM QBS HE CE FM QBS HE CE
HAS HAS
Wellness-CC  0.069 843 .999 .941 .983 .843 .999 .941 .983

G = gender; MS = marital status; ES = employment status; IE = Educational Institution;
C = college career

F statistic is summarized in the table. As can be seen in the table, an F statistic is obtained at
49 degrees of freedom for each group. Since the F values of the variables are less than the F values
in tables, so the hypothesis is not rejected, in addition, the p value is greater than the value of 0.05,
hence it is concluded that the level of financial well-being is different among graduates according to
age, marital status, employment status, career and institution.

Table 7. ANOVA
BF __ Sex, marital status, employment status, area of study and institution

variables F(4091) f boards p -value a value
Fw-b__ gender .266 4,034 .609 0.05
Fw-b - MS .704 3,183 .500 0.05
Fw-b - ES 3,652 4,085 .062 0.05
Fw-b -Career .849 2,606 .502 0.05
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Fw-b - EI 3,101 4,085 .080 0.05|

Fw-b = Financial well-being; G = gender; MS = marital status; ES = employment status;
EI = Educational Institution; C = career

4. Conclusion

Due to the fact that the graduates are individuals who have entered the labor environment,
this work focused on this sector of the population, to evaluate if the average of the results of
financial well-being in the graduates of the metropolitan area Veracruz-Boca del Rio, differs from
the average value of Consumer Finance Protection Bureau. The level presented by this study
population is between medium high to very high; it is important to highlight that a small
percentage (10 %) presents medium low levels, but none presents very low levels. This means that
the graduates have received a good financial education in their institutions that has made it easier
for them to make intelligent financial decisions (Sebstad et al., 2006 cited by Vallejo-Trujillo,
Martinez-Rangel, 2016).

This high percentage of subjects who have a medium to very high level generates that they
have the ability to have good financial health and that will allow them to deal with decisions in the
financial area in their work environment. The findings of this research are similar to the
information provided by the OECD (2016) indicating that there is a relationship between well-
being and financial knowledge.

In addition, this research provides elements that allow corroborating that the level of
financial well-being of the graduates who have been the object of study is not different according to
age, marital status, employment status, career and institution. Based on the results, it is convenient
to promote research at a specific university to determine if this behavior occurs in students who are
pursuing their degree. The average value of the level of financial well-being (43), which is within
the low-medium range, indicates that higher education institutions still have room for
improvement in terms of financial education.

The results of this research are not consistent with those reported by Sabri et al. (2012) who
do not mention that women have higher levels, nor with those proposed by Kreutz et al. (2021) and
Fauzi Zainir and Wan Marhaini Wan Ahmad (2019) who showed that people with high incomes
have a high financial well-being. They were also inconsistent with those proposed by Diniz, Vieira,
Potrich and Campara (2014) who published a difference between married and single, married
people have a better level of financial well-being.

Final remarks

Based on the results, it is convenient to promote research at a specific university to determine
if this behavior occurs in students who are pursuing their degree. The average value of the level of
financial well-being (43), which is within the low-medium range, indicates that higher education
institutions still have room for improvement in terms of financial education.
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Abstract

This study assesses the prevalence of sleep disorders and quality among medical students.
A total of 221 (61.5 % males, 38.5 % females; mean+SD age = 22.07 + 2.45 years) respondents were
conveniently selected from all six levels using a cross-sectional survey design. The study results
show that most medical students sleep after 11 pm and wake up after 6 am, with an average of shrs
of sleep each night. They do not induce their sleep with pills, and their sleep quality is fairly good,
with a latency of fewer than 15 minutes. There is little nocturnal wakening, if any, due mainly to the
use of the washroom at night. Most of them experience daytime sleepiness, and a substantial
number experience morning tiredness. The top 5 sleep disorders reported by the students are
nightmares, narcolepsy, insomnia, restless leg syndrome/periodic leg movement disorder, and
circadian rhythm disorders. The prevalence of sleep disorders and issues among medical students
is high. There is a need for medical schools to recognise to assist students in developing healthy
sleep patterns as they manage their academic workload. The university system must strengthen
existing academic and social supports for student mental wellness. Our findings have implications
for medical education, policy, and research in Ghana and beyond.

Keywords: sleep disorders, prevalence, sleep patterns, medical students, Ghana.

1. Introduction

Sleep is a physiological process necessary for optimal human function (Shattuck et al., 2019).
Krueger et al. (2016) noted that sleep had been tagged with immune system response, restoration
of brain energy, and removal of toxic by-products in the body amidst a lack of consensus on its
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functions. Consequently, disturbance in sleep can affect general health and quality of life
(Mc Carthy, 2021). An individual’s sleep may be influenced by various factors, including lifestyle,
gender, age, and occupation (dos Santos et al., 2018; Mc Carthy, 2021; Oginska, Pokorski, 2006).
Sleep problems are found to be more prevalent in women and increase gradually with age (Han et
al., 2019).

Among university students, there is a high rate of sleep problems (Schlarb et al., 2017). This
high rate of sleep problems has been found to be related to several factors like drug use, room
quality, family issues, stress, and psychological challenges (Altun et al., 2012). Also, electronic
devices such as cell phones and computers affect students’ sleep hygiene (Hershner, Chervin,
2014). According to Sweileh et al. (2011), approximately 42 % of students went to bed after
midnight, and 18 % woke up before 6 am worldwide. The effect is that students with sleep problems
struggle to function and perform academically (Alapin et al., 2000; Schlarb et al., 2017; Trockel et
al., 2000). According to World Health Organisation (WHO, 1998), the day after a night of poor
sleep is disturbing as inadequate rest impairs the ability to think, handle stress, maintain a healthy
immune system, and control emotions.

Sleep problems are particularly significant among medical students (Yassin et al., 2020) due
to the daunting and challenging academic workload they are confronted with (Azad et al., 2015;
Wong et al., 2005). Lawson et al. (2019) reported that 66 % of medical students at the University of
Ghana went to bed between 10 pm and 12 am, 85 % woke up before 6 am, and the majority slept for
an average of five hours per night. In effect, these students resort to using drugs to disrupt their
sleep to keep them awake and meet academic demands (Hershner, Chervin, 2014).

This study is valuable because of the direct relationship between sleep and mental health
(Kim, Dimsdale, 2007). Since these students become the medical workforce of the nation and the
world at large, it is scary that their mental health is jeopardised by the process that makes them
professionals. As such, the study sought to establish the prevalence and forms of sleep problems
among medical students using a sample from a new medical school in Ghana.

2. Methods

Design

The study used a cross-sectional survey design to allow for the data collection from a broader
range of medical students at the University of Health and Allied Sciences (UHAS), Ho, in the Volta
Region of Ghana. Data were collected across all year groups of the student population in the school
to present a more precise picture of the entire student body.

Population and sample

The study was conducted in the School of Medicine at UHAS. The UHAS school of medicine
is situated at the Ho Teaching Hospital in the capital of the Volta region. The school has so far
graduated two batches of medical students since its inception in 2014. It runs three programmes,
namely medicine, physician assistantship, and dentistry. The total number of students in the
school studying medicine is 409. All medical students (i.e., preclinical and clinical students) in
UHAS who agreed to take part in the study were sampled. Overall, 221 Participants were
conveniently sampled using Kish and Leslie formula (1965), assuming a non-response of 5 %.

Instruments

We used the SLEEP-50 and the Pittsburgh Sleep Quality Index (PSQI) as the main instruments
for data collection. The PSQI is a self-rated questionnaire that assesses sleep quality and disturbances
or patterns over a 1-month interval. It consists of 19 items with 7 subscales measuring subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency (total time in bed of sleep), sleep
disturbances, use of sleep medication, and daytime dysfunction. The SLEEP-50 questionnaire, on the
other hand, was used to assess sleep disorders among medical students.

Ethics

Ethical approval was obtained from the University of Health and Allied Sciences Research
Ethics Committee to conduct the research among the students (REG number UHAS REC
A.12[173]2-21). Participants signed a consent form before their participation. Strict confidentiality
was upheld, and no coercion or inducement whatsoever was used. The study complied with the
Helsinki declaration.
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3. Results

Demographic data

The data were analysed using SPSS, and the results are presented in this section. A total of
221 medical students participated in the study, and Table 1 below presents their demographic
information. Of the total participants, there were more males (136, 61.5 %) than females (85, 38.5 %),
a mean age of 22.07 + 2.45 years, 117 (52.9 %) preclinical year students and 104 (47.1 %) clinical year
students. There were 186 (84.5 %) residing on campus, and 35 (15.8 %) were non-residents. Regarding
the type of admission, 29 (13.1 %) students were regular students, while 192 (86.9 %) were full-fee-
paying students. Some 47 (21.3 %) participants engaged in extra work at night.

Table 1. Demographic characteristics of participants

Characteristics Frequency (n = 221) | Percentage (%)
Gender

Male 136 61.5

Female 85 38.5
Year of Study

Year 1 35 15.8

Year 2 29 13.1

Year 3 53 24.0

Year 4 30 13.6

Year 5 30 13.6

Year 6 44 19.9
Residential Status

Resident 186 84.5

Non-resident 35 15.8
Type of Admission

Regular 29 13.1

Fee-paying 192 86.9
Extra work at night

Yes 47 21.3

No 174 78.7

Notes: Age (in years) [Mean, SD] = 22.07 + 2.45

Sleep habits among medical students

This entails the time students go to bed at night and woke up in the morning, hence taking
into consideration their average duration of night sleep, whether they take coffee at night and any
sleeping pills.

Of the respondents, 62 (28 %) students went to bed before 11 pm. Also, 125 (56.6 %), forming
the majority, went to bed between 11 pm and 1 am, with 34 (15.4 %) sleeping after 1 am.
The average duration of sleep reported by students was 5.4 + 1.1 hours. Thus, most respondents
(138, 62.4 %) woke up between 5 am and 7 am and only 12 (5.4 %) students woke up after 8 am.
Again, 6 (2.8 %) participants reported using medications to enable them to sleep at night. A total of
199 (90.1 %) participants reported that they never drank coffee at night.

Table 2. Summary of the Descriptive Statistics of Sleep habits of respondents

Variables Frequency (n = 221) Percentage (%)
Bedtime

7pm-9 pm 2 0.9

9 pm-11 pm 60 27.1

11 pm-1 am 125 56.6

After 1am 34 15.4
Wake up time

3am-4 am 30 13.6
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4 am-5 am 41 18.6
5 am-6 am 65 20.4
6 am-7 am 73 33.0
After 7am 12 5.4
Coffee use at night
Never 199 00.1
1 - 2 per week 9 4.1
3 - 4 per week 11 5.0
Almost nightly 2 0.9
Use of sleeping pills
Never 215 97.3
1 - 2 per week 5 2.3
Almost nightly 1 0.5

Sleep quality and latency

Regarding sleep quality, as subjectively reported by participants, 13 (5.9 %) of respondents
reported poor sleep quality, and 37 (16.7 %) reported their sleep quality to be bad. On the other
hand, 32 (14.5 %) reported having an excellent sleep, and 139 (62.9 %) had satisfactory sleep,
indicating a satisfactory sleep quality among respondents.

Time taken for students to fall asleep (sleep latency) showed that 106(48%) students had a
sleep latency of < 15 minutes; 16-30 minutes reported by 84(38 %); 31-60 minutes by 22 (10 %);
and 9 (4.1 %) reported having sleep latency of > 60 minutes.

Table 3. Sleep quality and sleep latency among medical students

Variables Frequency Percentage
Sleep quality
Very good 32 14.5
Fairly good 139 62.9
Fairly bad 37 16.7
Very bad 13 5.9
Duration of sleep latency (in minutes)
<15 106 48.0
16-30 84 38.0
31-60 22 10.0
>60 9 4.1
Sleep pattern

The finding in the following table presents the frequency of nocturnal awakenings. This
reveals that 64 (29.0 %) never experienced it, 84 (37.1 %) reported experiencing it 1 — 2 times per
night, 3-4 times per night was reported in 46 (20.8 %) respondents, and > 5 times per night in 9
(4.1 %). The nightly nocturnal awakenings were reported by 35 (15.8 %) due to noise, and 47 (21.3)
indicated that it is due to washroom use.

Poor sleep at night may result in fatigue and sleepiness the next day. In this regard, 155(70.1)
participants reported never having morning tiredness, and 45(20.3%) reported having morning
tiredness daily. Daytime sleepiness during activities (DS) was reported never to have happened in
105 (47.5), whereas 58 (26.2 %) had it daily.

Forms of sleep disorders among medical students

Sleep disorders come in different forms. In this study, the disorders reported are presented in
Table 5 below. The commonest sleep disorder reported is a nightmare (69.23 %). This was followed
by narcolepsy (40.72 %), insomnia (23.08 %) and RLS (22.62 %). The other disorders recorded but
which had low frequencies include sleepwalking (6.33 %), OSA (11.31 %) and CRDs (19.91 %).
Table 4. Summary of the descriptive statistics of sleep patterns
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Variable Frequency (Percentage)
Never Nightly 1-2 nights/week | 3-4 nights/week

Nocturnal 148 (66.1) 46 (20.8) | 20(9.0) 9(4.1)
Wakening
Cause of Nocturnal
wakening

Noise 135 (61.1) 35(15.8) 41(18.6) 10(4.5)

To use washroom | 91 (41.2) 47(21.3) 68 (30.8) 15 (6.8)

Never Daily 1-2days/week 3-4days/week

Morning tiredness | 155(70.1) 45(20.3) | 11(5.0) 10(4.5)
DS during activities | 105 (47.5) 58 (26.2) | 36 (16.3) 22(10)

Notes: DS — Daytime Sleepiness

Table 5. Summary of the descriptive statistics of forms of sleep disorders among medical students

Sleep disorders Cut-off score for risk Frequency Percentage
(%)
OSA >15 25 11.31
Insomnia >19 51 23.08
Narcolepsy >7 90 40.72
RLS/PLMD >7 50 22.62
CRDs >8 44 19.01
Sleepwalking >7 14 6.33
Nightmare >9 153 69.23

Notes: RLS — Restless Leg Syndrome, PLMD — Periodic Limb Movement Disorder,
CRDs — Circadian Rhythm Disorders

In summary, the study revealed that most medical students sleep after 11 pm and wake up after
6 am with an average of 5hrs of sleep each night, and they do not induce their sleep with any pills.
Additionally, their sleep quality is fairly good, with a latency of fewer than 15 minutes, with little
nocturnal wakening and, if any at all, due mostly to washroom use at night. Finally, the majority
experience daytime sleepiness and a substantial number (though less than half of them) experience
morning tiredness. Medical students’ top 5 sleep disorders are a nightmare, narcolepsy, insomnia,
restless leg syndrome/periodic leg movement disorder and circadian rhythm disorders.

4. Discussion

Disturbance in sleep affects general life functioning, which is a good reason to explore and
understand the situation among different segments of every population. The current population
studied reported an average of 5 hours of sleep. Many of these students slept after 11 pm, resulting
in tiredness and sleepiness during the day. This can affect their activities, such as attending
lectures and undertaking personal studies. It may also result in emotions such as anger (Randler,
Vollmer, 2013; Saghir et al., 2018), depression, and anxiety (Bauducco et al., 2016). Short and
Louca (2015) indicated that even one night of sleep challenges results in changes in functioning.
This points to the fact that many medical students may experience or exhibit poor interpersonal
relationships towards and from their colleagues and other students. Unaddressed will affect their
future working relations with other professionals and clients.

Medical students have a huge academic task that drains their energy each day. This can
explain their short sleep latency since they will go to bed tired. Also, daytime sleepiness and
morning tiredness could all feed into the latency period at night. It is worth noting that these
experiences (huge academic tasks, daytime sleepiness, and morning tiredness) are significant
factors in the academic journey of the medical student as these will derail their energy, attention,
and effort during the day, leading to burnout and other significant mental health challenges
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(Amaral et al., 2021). In effect, the medical student must pay close attention to these factors and
employ strategies to manage them properly.

Very few of the students reported having excellent sleep. The majority reported having fairly
good sleep, with some reporting bad sleep experiences. This notwithstanding, a significant number
of students experience some sleep disorders. Notable among them are a nightmare, narcolepsy,
insomnia, restless leg syndrome/periodic leg movement disorder, and circadian rhythm disorders,
the top five. This is a confirmation of other studies that students generally experience sleep
disorders (Gaultney, 2010), and this tends to be worse among medical students (Yassin et al.,
2020). Sleep disorders are linked to sleep quality and pattern, in which the current population
under study reported shorter sleep hours and fairly good sleep quality (Zafar, Ansari, 2020). These
are significant issues of concern that school authorities, counsellors, and academic advisors must
engage students to deal with (Wong et al., 2005) since they can affect their academic work (Yassin
et al., 2020) and mental wellbeing (Guo et al., 2017; Randler, Vollmer, 2013; Saghir et al., 2018).

5. Conclusion

Sleep problems and disturbances exist significantly among medical students. In this new
medical school in Ghana, students have reported shorter sleep hours and several sleep disorders.
The cliché has been that medical school is demanding, so they are bound to experience sleep
challenges. Meanwhile, these challenges are the recipe for doom for the soon-to-be doctors and the
patients they will treat. If sleep problems are not good for the general population, then it is even
more not for the medical student who will soon be entrusted live.

It is recommended that medical students recognise and devise strategies to manage their
academic load and sleep adequately. They must utilise services that enhance their existence in
school and provide social support for each other in school. The university system must create an
avenue for support for students. Counselling and advisory mechanisms must be strengthened and
resourced to cater for student needs.
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Abstract

The aim of the study is to identify the key determinants of human capital in Russia compared
to OECD states. This is done using the quantitative methodology, namely an OLS regression
method. This method allows for indicating linear relationships between human capital represented
by the human capital index developed by the World Bank and a set of factors potentially affecting
this indicator. The explored factors include higher education enrolment, level of innovations,
per capita income, inflation, unemployment rate, rankings of national universities and academic
activity. The study is conducted for years 2010, 2012, 2017 and 2018 for which human capital index
estimations are available.

The findings underline a significant and positive linkage between secondary and tertiary
education enrolment and human capital. In addition, R&D expenditures appear to have a positive
impact on human capital as well. This emphasises that investment in science-oriented higher
education and innovations contribute to the economic wellbeing of future generations reflected by
the human capital index. Also, some positive relationship between the university rankings and
human capital is identified although not for all years.

The specific of Russian higher education is a huge gap between theoretic education and practice.
The share of population with secondary and tertiary education and the number of published scientific
articles is higher in Russia than the average across OECD. However, the share of practitioners in
science and the percentage of R&D expenditures in GDP are significantly lower in Russia.

Keywords: human capital, higher education, R&D expenditures, innovation, economic
growth.

1. Introduction

The present makes more and more demands to human actions, personal features, level of
knowledge and quality of social interactions. The history of development of leading world
economies evidences that economic growth and an increase in the life qualify of population are
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possible only under the condition of the transition to the knowledge economy. In this case,
the wellbeing of entire countries is determined not only by the abundance of their natural resources
but mostly by technical innovations and the ability to implement and benefit from theoretical
findings (Barro, Lee, 2013). This transition to the post-industrial economy is only possible if
appropriate human resources are available. In this light, the quality of education becomes the key
factor of forming human capital (Morrisson, Murtin, 2013).

Human capital was argued to be the most productive factor in the modern world capable to
provide sustainable competitive advantage (Soukiazis, Antunes, 2012). Islam et al. argued that
human capital is mostly created and developed within the educational system, especially in its
upper levels (Rabiul Islam et al., 2014). Therefore, the main question of the study is to what extent
higher education is able to contribute to the development of human capital. Accordingly, the aim of
the study is to estimate the significance of the relationship between higher education factors and
human capital.

2. Literature review

The theory of human capital was developed as an attempt to answer the question “Why are
investments into education made and are they necessary?” The pioneers of this theory such as
Becker (Becker, 1967) and Schultz (Schultz, 1988) suggested that it is necessary to invest into
education and in the quality of human’s life since it further leads to an increase in productivity at
the state level and stimulates economic growth. The directions of such investment may include
expenses on formal education at all levels, professional training and health. What is important,
these expenditures increase future productivity at the expense of current consumption which is
why they are considered as investment (Olugbenga, Campbell, 2013).

Three arguments were suggested in favour of investing in human capital (Babaola, 2003).
First, the author suggested that further generations should be given opportunities to obtain
knowledge generated and accumulated by previous generations. Second, future generations might
find new ways of applying the knowledge based on new technologies. Third, education will
encourage people to develop new ideas, technologies, methods and processes using creative
approaches. Fagerland and Saha argued that investment in human capital would ultimately
stimulate economic growth of the society and transition to the knowledge-based economy
(Fagerland, Saha, 1997). In this vein, van den Berg also argued that more educated labour force
would ensure positive externalities for the society (Van den Berg, 2001). One of the possible
channels of this transformation of education into the economic growth is through development and
implementation of innovations as human capital ensures more creative and technically
complicated approaches to addressing social challenges.

In addition, patterns in returns from higher education were explored (Montenegro, Patrinos,
2014). They found a descending trend in returns in the sense that additional years of schooling
ensured positive effects but the surplus from each additional year was decreasing. Along with that,
the authors argued that tertiary education provided the highest returns. A positive relationship between
education, human capital and economic indicators was revealed by Tanzharikova (Tanzharikova,
2012). Botev et al. (Botev et al., 2019) proposed a new measure for human capital and compared its
relationship with education and economic productivity for a set of well-known economic models.
The results evidenced that a newly proposed indicator performed well in the tested models and also
reflected a significant relationship between human capital and economic growth.

3. Data and variables

This section presents the variables employed in the study and reveals their sources.
Moreover, it explains what results are expected in the regression analysis. The analysis captures the
period from 2010 to 2020. However, the required data were available only for 2010, 2017, 2018
and 2020, therefore only these years are explored. The matter is that the data for human capital
measurements are available only for these years. Accordingly, the data sample includes all 36 OECD
countries that entered this organisation before 2021 plus China and Russia. The latter country is
included as the focus of the study is on the comparison of Russian indicators with those of the leading
world economies. Meanwhile, China is included due to its consistent efforts of modernising its
economy through innovations and technical progress. Besides, China has the second largest number of
universities included in the top 1000 world universities, behind only the USA, according to the Centre
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for World University Rankings (CWUR, 2022). Therefore, it looks that China can be included into the
sample as one of the world’s leading countries in the sphere of education.

The following variables are employed in the analysis. The dependent variable is the human
capital index (HCI). This is a cross-country metric measuring the human capital that a child born
today can expect to attain by her 18th birthday, given the risks of poor health and poor education
prevailing in their country. The HCI brings together measures of different dimensions of human
capital: health (child survival, stunting, and adult survival rates) and the quantity and quality of
schooling (expected years of school and international test scores). Using estimates of the economic
returns to education and health, the components are combined into an index that captures the
expected productivity of a child born today as a future worker, relative to a benchmark of complete
education and full health. The HCI ranges from o to 1, so that an HCI value of, for instance,
0.5 implies that a child born today will be only half as productive as a future worker as she would
be if she enjoyed complete education and full health.

The education variables include secondary and tertiary school enrolment, state expenditures
for research and development (R&D) as percentage of GDP, the number of scientific and
engineering articles published in the following fields: physics, biology, chemistry, mathematics,
clinical medicine, biomedical research, engineering and technology, and earth and space sciences
and the university quality. Secondary and tertiary school enrolments are the ratio of total
enrolment, regardless of age, to the population of the age group that officially corresponds to the
level of education shown. These ratios show which part of the population have at least entered the
secondary and tertiary education levels, respectively. The R&D expenditure reflects to which extent
the state governments contribute to the development of science and innovations which in turn
increase the level of productivity and thus contribute to human capital. The university quality
variable is calculated as the number of universities included in the top 1000 ranking by CWUR.
The number of research articles indirectly reflects the level of fundamental science in a country.
In addition, the variables of the number of technicians and researchers per 1 million people are also
included in the sample. These two variables demonstrate how many people in a country are
involved in practical science and thus contribute to human capital development as well. It is
expected that all these independent variables are positively connected with HCI which would mean
that all of them contribute to human capital development.

Two control variables are also used in the analysis, namely per capita income growth and
unemployment rate. The former is connected with human capital through the opportunities for
self-development an individual obtains with higher income. On the other hand, this indicator
reflects the level of life quality in a country which is directly connected with human capital.
Meanwhile, the unemployment rate shows what portion of labour force remains beyond the official
labour market and thus has less opportunities for enhancing their lives. The income growth rate is
expected to be positively connected with human capital whereas the linkage between HCI and
unemployment is expected to be negative.

The data for the analysis are taken from two sources. The data on university rankings are
taken from CWUR (CWUR, 2022). The data for the remaining variables are taken in the World
Development Indicators database (World Bank, 2022).

3. Methods

This section briefly describes the research design, outlines the research methods and
provides the empirical model for the analysis.

Research Design

The study tests the hypotheses on the relationship between educational and R&D variables
and human capital in Russia and OECD countries. To test these hypotheses, quantitative study is
conducted which stipulates the use of mathematical and statistical methods of analysis. Secondary
data are used in the study as these data have already been collected, refined and published for aims
other than the aims of this study.

Research Methods

An ordinary least squares (OLS) regression analysis is employed for testing the research
hypotheses. This procedure stipulates estimation of linear relationships between the dependent
variable and a range of independent variables through determination of appropriate parameters of
a fitted regression line which would be as close to real observations as possible. The overall sample
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is examined using a panel regression analysis. As the data in the sample changes in two
dimensions, namely between OECD countries and over time, the panel analysis looks to be the
optimal method. Observations across countries may vary considerably so that the standard
regression error term might be unable to account for the dependent variable variance. Thus,
additional components should be introduced into the model to account for the excessive variance.
This can be done through the use of either fixed effects (FE) or random effects (RE).

The FE specification suggests that observations across countries vary so significantly that
dummy variables for each observation have to be used to distinguish between them. Meanwhile,
the RE specification suggests that there is no need to introduce a large number of dummy
variables, and it is possible to absorb excessive variance by introducing a single additional variable.
This method consumes less degrees of freedom compared to the FE-specification and thus is easier
to apply, but it may produce inconsistent outcomes. The Hausman specification test is conducted
to determine which type of effects should be applied. The p-value of the test statistic is compared
with the threshold level 0.05. If the p-value is higher than this level, then the null hypothesis
suggesting that RE-model outcomes are consistent is accepted. In the opposite case, this
hypothesis is rejected, and the FE-model is applied.

Besides conducting the panel analysis, cross-sectional analysis for particular years (2010,
2017, 2018 and 2020) is run. The matter is that while the data on HCI were available for these
years, the data on university ranking staring only from 2012 were available. Also, the data on
several variables in 2020 were unavailable as well. Besides, the analysis of a comparatively small
sample for only four years and a substantial share of lacking observations would produce biased
outcomes. The cross-sectional analysis in which data change only over countries add to the
understanding of relationships between educational and scientific variables and the level of human
capital in the entire sample.

Model

The model is specified as follows:

HCI;; = By + p1Secondary;  + p,Tertiary; + psResearchers;, + f,Technicians;; +
BsRD;  + BeUnemployment; . + p,Article; s + fgIncome;  + PoUniversity;, + &

Where for country I and year t, Secondary is the secondary school enrolment, Tertiary is the
tertiary school enrolment, Researchers is the number of researchers per 1m of population,
Technicians is the number of technicians per 1m of population, RD is the R&D expenditure as % of
GDP, Unemployment is the share of unemployed labour force, Article is the number of published
scientific and technical articles, Income is the income per capita growth, University is the
university quality, S, is the intercept, 8; — By are the regression coefficients, ¢; is the error term.

Hypotheses

The following hypotheses are tested in the study:

Ho1: There is no significant relationship between the share of population with higher
education and human capital.

Ho2: There is no significant relationship between the quality of universities and human
capital.

Ho3: There is no significant relationship between the level of practical research and human
capital.

Although the research hypotheses are formulated to deny significant relationships between
explored variables, this is done in line with the statistical test formulations. In fact, it is expected
that all these variables are significant determinants of human capital.

4. Results

This section presents the outcomes of the analysis. First, the indicator values for Russia are
compared with the corresponding average values for the remaining sample that includes all OECD
countries and China. After that, the regression analysis is conducted. Finally, the obtained results
are discussed in the light of the research aims and previous literature.

Comparison of Scientific Indicators in Russia and OECD

The analysis section starts with exploring the trends in the data. In particular, the mean
variable values across the OECD + China sample are compared to those in Russia for different
periods. In particular, the means for the entire sample are compared as well as means for each of
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the explored years, namely 2010, 2017, 2018 and 2020. The mean values of the variables for the
OECD countries and for Russia are presented in Table 1.

Table 1. Comparison of Indicators between OECD countries and Russia

Indicator Total 2010 2017 2018 2020

2 < 2 < 2 < 2 < 2z

9] 7] 97] 97] 9] z
Human capital index (HCI) 0.744 | 0.685 | 0.734 | 0.601 | 0.754 | 0.729 | 0.750 | 0.729 | 0.740 | 0.681
Secondary education enrolment (%) 111.9 103.6 | 104.4 115.2 | 103.4 | 115.3 | 103.8
Tertiary education enrolment (%) 72.8 83.2 67.2 73.7 81.9 75.9 | 84.6
Technicians per 1 m people 1189 454 | 1034 474 | 1376 451 | 1136 | 4305 | 4634 | 2722
Researchers per 1 m people 4150 2852 | 3499 | 3098 | 4212 | 2822 438 | 2784
R&D expenditures (% of GDP) 1.98 1.08 1.8 1.1 1.9 1.1 2.0 1.0 2.2 1.1
Number of scientific articles 49262 | 62077
Income per capita growth, % 0.53 4.52
Unemployment, % of labour force 7.07 5.75

Several cleat tendencies can be observed from the sample analysis. First, the values of HCI
are consistently higher for OECD countries that in Russia. The highest mean value of HCI was in
2017, namely 0.754, whereas the lowest one in 2010, namely 0.734. Meanwhile, the highest HCI
value in Russia was in 2017 and 2018, namely 0.729 which is quite close the OECD values, whereas
the lowest HCI value was in 2010, namely 0.601. These values imply that although the index of
human capital has been growing in Russia during the last decade, from 0.601 in 2010 to 0.729 in
2017 and 2018, it remained lower that the average across OECD countries. Remarkably, the highest
average HCI values can be observed for Japan and South Korea, both equal to 0.826.

Secondary education enrolment in Russia was lower compared to the OECD average level,
namely 103 % versus 111 %, respectively. What is interesting, tertiary education enrolment in
Russia was over 10 % higher than the OECD average, 83 % against 72 %, respectively. Similarly,
the average number of scientific articles equal to 62k was higher in Russia while this number was
only 49k in OECD countries despite a huge contribution of the US where about 420k publications
are made annually. Along with that, the number of technicians and researchers per 1 million people
in Russia was 450 and 2850 specialists, respectively. This can be compared to over
2000 technicians and over 5000 researchers per million in Luxembourg, Switzerland or
Scandinavian countries. In addition, the share of R&D expenditures in the Russian budget is
almost twice lower than on average in OECD countries and three times lower than in Switzerland,
Sweden and the US.

This likely reveals a large problem of the Russian science. While the share or tertiary
education students and the number of scientific articles is higher than in the OECD, the number or
science practitioners and R&D expenditures are much lower. This, in turn, points to a great gap
between the theoretic research and practice and Russia. It looks that, a large number of theoretical
developments are implemented in practice with lower intensity and efficiency than in the leading
innovative economies of the world.

Regression Analysis

The main step of the analysis is the statistical estimation of the influence of scientific
variables on the HCI. In this analysis, Russia is included into the overall sample. As mentioned in
the Methodology section, several regressions are run. Specifically, a panel regression analysis is
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conducted for the entire sample while a cross-sectional regression analysis is conducted for 2010,
2017, 2018 and 2020 separately. The outcomes of all regression models are presented in Table 2.

Table 2. Regression Analysis

Variable Coefficient (Standard Error)
& ~
) )
oy o o D~ [ee] o
E E — — — [}
E 3 8 8 8 8
= =
= B
Secondary 0.002 0.002 0.000 0.002 0.001
(0.000) (0.000) ™ (0.001) (o.001)* (0.000) ™
Tertiary 0.001 | 0.001 (0.000) 0.001 0.000 0.001
(0.000) (0.001) (0.001) (0.000)*
Researchers 0.058
(o.017)™
Technicians 0.020 | 0.022(0.009) 0.017 0.008
(0.012) . (0.015) (0.014)
RD 0.015 0.019 (0.007) 0.035 0.027 0.016 0.006
(0.009) (0.020)" (0.011)™ (0.007)™ (0.011)
Unemployment 0.000 -0.003 -0.005 -0.003
(0.002) (0.002) (0.002)" (0.002)
Article 0.007 0.009 -0.016
(0.006) (0.010) (0.011)
Income -0.001 0.005 0.009 -0.002
(0.002) (0.003) (0.003)™ (0.002)
University 0.001 0.030 0.003
(0.012) (0.013)™ (0.007)
_cons 0.265 0.304 (0.054) 0.430 0.343 0.663 0.249
(0.071) (0.121) ™ (o.170)* (0.106) ™ (0.130)"
R-squared 0.567 0.669 0.767 0.845 0.700 0.678
F-stat (p-value) 22.55 107.32 6.1(0.003) 6.8 (0.003) | 7.00 (0.000) 8.41
(0.000) (0.000) *XK *XK *XK *¥* (0.000) *XK

““significant at the 1 % level; “significant at the 5 % level; "significant at the 10 % level

Prior to analysing each model, it is necessary to explore their explanatory ability measured by
two indicators, namely R-squared and the p-value of the F-statistics. R-squared indicates what
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portion of the HCI variance can be explained using the independent variables in each model.
All models have high explanatory power as R-squared varied between 0.567 and 0.845. This means
that the constructed models were able to able between 56 % and 85 % of HCI variance.

As for the F-statistics, they test particular models for the presence of significant coefficients.
The nature of the F-test is the following. The null hypothesis is that there are no significant
coefficients, and the explanatory power of the model is not higher than that of the intercept-only
model. However, if the null hypothesis is rejected, then the alternative hypothesis of the
significance of at least one coefficient is accepted. This is checked by comparing the p-value of the
F-statistic with the threshold level which is equal to 0.05 for the 5 % significance level. The tests
showed that p-values were lower than 0.05 for all the models. Therefore, all of them contain
significant coefficients that have to be determined using t-tests. T-tests are conducted using the
same logic, but the significance of particular coefficients in a model is estimated.

First, the full sample was explored using a panel regression analysis. The analysis of the full
model appeared to be impossible both for the FE and RE specifications. For the FE-model, the
unemployment rate, number of scientific articles, income growth rate and the university variables
were omitted because of multicollinearity. This can be explained by a small size of the sample and
lacking observations. As for the RE-model, the insufficient number of observations was also the reason
for the model test failure. Once the correlated variables were omitted, both models were analysed using
a restrained number of variables including secondary and tertiary education enrolment, number of
technicians per 1 m people and countries’ R&D expenditures as percentage of GDP.

The FE-specification indicated that secondary and tertiary enrolments were significantly and
positively related with human capital. Meanwhile, the RE-specification indicated that secondary
education enrolment, share of technicians and R&D expenditures had a significant linkage with the
human capital variable. The Hausman specification test showed that the RE-model results are
inconsistent which means that the FE-model outcomes have to be used for the analysis.

Next, the cross-sectional regressions are run for each of the four explored years. For 2010,
only the R&D expenditures are shown to have significant impact on HCI. The linkage was positive
and significant but only at the 10 % level. For 2017, secondary school enrolment, R&D expenditures
and university ranking were shown to have a positive and association with human capital.
Meanwhile, a negative impact of unemployment at the 10% level was also detected. For 2018, both
secondary and tertiary school enrolment as well as R&D expenditures and were shown to have a
significant impact on human capital. In addition, per capita income growth was shown to have a
positive influence on the dependent variable. For 2020, most observations for the variables for
secondary and tertiary school enrolment and number of scientific articles and technicians were
unavailable, so the regression model included only 5 independent variables. Accordingly, only the
number of researchers per 1m people had a significant and positive effect on HCI.

5. Conclusion

The study aimed to determine the main determinants of human capital in Russia compared
to OECD countries. The findings indicated a significant and positive relationship between
involvement of population into the system of secondary and tertiary education and human capital.
This is in line with the findings by Montenegro and Patrinos (2014) who also underlined a
substantial role of higher education in the development of human capital. Also, the research
detected a positive relationship between government spending on R&D and the level of human
capital. This implies that investment in science-oriented higher education and innovations have a
positive impact on the economic wellbeing of future generations represented by the HCI. Some
positive linkage between the quality of universities and human capital has also been revealed
although not for all years.

As for Russia, a gap between theoretic and practical education was revealed. In particular,
the share of population with secondary and tertiary education and the number of published
scientific articles were higher in Russia than the average across OECD countries whereas the
concentration of practitioners in science represented by the number of technicians and researchers,
and R&D expenditures were significantly lower in Russia. This finding might point to one of the
most significant problems of the Russian science that inhibits the country’s economic growth.
The study showed that not only investments in human capital, but also the appropriate
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implementation of theoretical developments is important. These findings can be interesting and
useful for policy makers seeking the ways of stimulating innovative production in Russia.

Along with the findings, some limitations of the study should be underlined. First of all,
the availability of data on HIC for only several years significantly limited the longitudinal scope of
the research. Second, there is still no consensus in the academic science on how to measure and
represent human capital. This is explained by the fact that while most researchers recognise the
importance of this concept in the post-industrial economy and necessity of investing into
development of human abilities, the particular factors comprising this concept are still debated.
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Abstract

The sphere of education was one of the first to experience the effects of the COVID-19
pandemic and responded to the introduced restrictions by transferring all educational activities to
the distance learning format. The gist of the problem is to preserve the quality of educational
services in the transition to the distance learning format.

The purpose of the study is to analyze students’ assessment of the quality of educational
services provided in the distance format by Moscow higher education institutions.

The authors report the results of a survey of students from two universities, the Moscow State
University of Food Production and the Russian State Social University. The survey sample includes
423 MSUFP students and 350 RSSU students studying in the full-time, part-time, and extramural
forms of study. The time frame for the study is March-May 2022.

The results obtained show that, according to students, the transition of the higher education
system to distance learning during the COVID-19 pandemic was performed quite promptly and
efficiently. However, the problem of the implementation of distance learning in teaching university
students requires further work on both methods and technological instruments.

The research results demonstrate that preservation of the quality of educational services in
the transition to distance learning depends on the level of students’ learning motivation, their
readiness for independent studies, reliable means of communication (computers, laptops, tablets),
high-speed communication channels and digital infrastructure of higher education institutions,
and much more.

The research findings suggest that the main problems faced by students as a result of the
transition to distance learning can be classified into two groups. The first group is technical
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difficulties (Internet speed and quality of connection) and the lack of necessary gadgets
(computer/tablet, and a headset for them), i.e. inability to communicate with the teacher.
The second group includes problems of a personal nature: willpower, self-organization, motivation,
and self-discipline.

Keywords: distance learning, quality of educational services, digital infrastructure,
educational services, distance learning technologies.

1. Introduction

The sphere of education was one of the first to experience the effects of the COVID-19
pandemic and responded to the introduced restrictions by transferring all educational activities to
the distance learning format.

Traditional education is changing. Digital instruments have become seriously and permanently
embedded into it. The main issue now is to develop methods for working with these tools.

The rushed transition to full distance learning was made possible by the experience in the
creation and use of distance learning technologies accumulated by Russian universities since the
mid-1990s (Shtyhno et al., 2020).

In 1995, government officials approved the Concept of Creation and Development of a
Unified System of Distance Education in Russia. Distance education (DE) is understood here as
“a complex of educational services provided to the general public in the country and abroad by
means of a specialized information and educational environment, at any distance from educational
institutions”.

The restrictions brought about by the COVID-19 pandemic essentially launched a new reform
of the higher education system in Russia. Notably, these changes have affected both learning
technologies and the content of educational programs.

To get an idea of the readiness of universities' digital infrastructure for the transition to
distance learning, here are the facts and figures of the initial situation as of the middle of March
2020, taken from the study conducted by the National Research University Higher School of
Economics (NRU HSE) “Digital Infrastructure of Russian Universities”:

- 13 % of universities did not have even minimal infrastructure (no high-speed Internet
access, no specialized data storage systems to host information systems);

- 11 % had digital infrastructure sufficient to fully organize online learning and host content
on their own facilities;

- 44 % had licenses for software tools for synchronous group work (like ZOOM);

- 88.51 % of dormitories were provided with Internet access;

- 88 % of universities stated that they had digital learning management systems (LMS). This
system was developed back in 2006 and by 2020 had undergone six upgrades but only 45 % of
universities’ indicators correspond to the real use of LMS for the organization of educational
activities.

Thus, by the start of remote work, most universities did not have the infrastructure to
support the deployment of full-fledged distance learning, and one in ten universities did not have
even basic infrastructure to provide distance interaction.

The Russian State Social University (RSSU) is convinced that both face-to-face and remote
access learning have their advantages and drawbacks. Moreover, digitalization at this university
started quite a while ago. The factors considered as the benefits of distance learning include:

Accessibility — the opportunity to study without any attachment to the location of the
educational institution and the student;

Flexibility — the opportunity to study on a flexible schedule and combine education with
work;

Cost-effectiveness — the lack of time and financial expenses for transportation to visit the
educational organization;

Cost — DE typically costs less than full-time, part-time, or extramural learning without the
use of distance learning technologies.

The disadvantages of distance learning are the following: limited personal communication
with teachers and other learners in the learning and out-of-classroom environment; dependence on
technical and software to ensure the system of distance learning.

1114




European Journal of Contemporary Education. 2022. 11(4)

It should be pointed out that the first enrollment in educational programs of distance
learning with the use of distance technology at the RSSU was in 2014. In 2019, this form of
education was one of the most popular.

It is also important that currently, classes at the RSSU are conducted in an integrated format.
Lectures are held in classrooms and broadcast on the Internet strictly according to the schedule,
and the recordings are published in the electronic educational environment, which allows students
to revisit the studied material at any time.

The Moscow State University of Food Production (MSUFP) founded in the 1930s is one of the
oldest universities in Moscow. In 2009, the university launched its distance learning project in two
specialties:

- Accounting, analysis, and audit (080109);

- Economics and management in the food industry (080502).

In line with the Recommendations for implementing the educational process to prevent the
spread of the novel coronavirus infection (COVID-19), the MSUFP realized the educational process
of students in every form of education in the following way:

- lectures were held in the distance format according to the schedule of classes.

- laboratory, seminar, and practical classes were held in person according to the schedule of
classes in compliance with the sanitary requirements.

To use the e-learning environment, the MSUFP developed instructions for students and
teachers on how to post educational materials, create test assignments, publish announcements,
collect students' written works, and assign grades.

One of the biggest concerns of universities during the pandemic was a drop in the quality of
education. Due to the varying readiness of staff and departments to transition to the online
environment, insufficient technical equipment, and other difficulties, many students receive a
completely different experience in the online environment. In this light, universities need to identify
their weaknesses and develop appropriate methods for monitoring in the new environment.

Prior to the pandemic, many universities already had the experience of remote work with
their students. However, the distance format is not that popular for the practices of extracurricular
work with students, and many teachers face a new task — the need to involve the student
community in the life of the university through online practices. This mission is especially valuable
in a time of students’ isolation — it is necessary to preserve the quality of the educational experience
and the stable psychological climate and dynamic in the university, as well as to collect student
feedback (Klyagin, 2020).

The following is an analysis of research publications that consider the aspects of the problem
of higher education transitioning to the distance learning format and on which we rely in our
research.

In a report by representatives of the rector community at a meeting of the Public Council
under the Ministry of Science and Higher Education entitled “Lessons of the Stress Test: Russian
Universities under Pandemic Conditions”, it was noted, in particular, that “the experience of
Russian universities has demonstrated the importance of digital technologies and the existence of
issues that cannot be resolved in their absence. In this regard, it is necessary to accelerate the
development of digital resources and relevant practices of the educational process, to improve the
methodological qualifications of teachers, and to improve the digital infrastructure of universities”.

The gist of the problem is to preserve the quality of educational services in the transition to a
distance learning format.

The study goal is to establish students’ opinions on the quality of educational services
provided in the distance format by Moscow universities.

Research objectives

1. To study the role and significance of the transition to distance learning in higher
education during the COVID-19 pandemic;

2. To build and analyze tables and charts based on the materials of the surveys conducted
by RAEX Analytics, LLC and the All-Russian Public Opinion Research Center (VITSIOM), as well as
student surveys at the MSUFP and RSSU;

3. To establish the advantages and disadvantages of distance learning as seen by students;

4. To identify the impact of distance learning on the quality of educational services;
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5. To analyze the problems faced by students as a result of the transition to distance
learning;

6. To identify the prospects for the development of distance learning.

The relevance of the topic under study owes to the transition to distance learning in view of
the prevention of the spread of COVID-19.

Beginning March 14, 2020, the Order of the Ministry of Science and Higher Education of the
Russian Federation, in order to prevent the spread of the novel coronavirus infection in the
Russian Federation (Prikaz Ministerstva..., 2020) stipulated the need to ensure mediated (remote)
interaction of students and faculty, including with the use of distance learning technologies, which
continues to this day.

In less than two semesters, the Russian system of higher education underwent
modernization. In such a short period of time, the sphere of higher education was radically
transformed.

Thus, students face the need to learn how to master general cultural and professional
competences through distance learning. Practice shows, however, that in most graduates, the
general cultural competencies are developed insufficiently, and modern ICT and e-learning are
only episodically used to improve students’ competences.

2. Methods

The study is based on analytical, statistical, and forecasting materials of the Ministry of
Science and Higher Education of the Russian Federation, publications on this topic, and our own
observations and conclusions obtained during the study.

The research instruments include the methods of analysis, generalization of statistical data,
and the comparative method, as well as the methods of synthesis, induction, and analogy.

In disclosing the problem under study, we relied on:

- The results of the survey of university students by RAEX Analytics, LLC — “Distance
Education”, 2020. The RAEX (RAEX Analytics) rating agency conducted a survey of more than
6,000 Russian students from 153 Russian universities and prepared the first national study on DE
based on the data obtained, which was published on July 5, 2020.

- Data from a survey of university students conducted by VIsIOM “On satisfaction with the
organization of distance education, on changes in the level of study load, and on the possible effects on
the quality of education due to the transition to a distance learning format” published May 27, 2020.

An initiative all-Russian survey, which involved 800 students of Russian universities. The survey
was conducted by telephone interview using stratified two-branch random sampling of landline and
mobile numbers. The survey was conducted May 14-16, 2020. The margin of error was 3.5 %.

- In May 2022, we conducted a sociological study in the form of a survey of full-time, part-
time, and extramural students at the MSUFP. The purpose of the study was to obtain students’
assessment of the quality of educational services in the distance format.

Students’ assessment of the organization of distance learning is directly connected to the
quality of their own education, which is why the opinion of students as active participants in the
learning process is highly valuable to universities. The survey followed strict methodological
procedures and, above all, the anonymity of respondents.

In total, the survey was taken by 423 respondents.

The gender composition of the sample was:

- female — 58.6 %;

- male — 41.4 %.

The age distribution of the students: 18-20 years old — 29.3 %; 21-25 years old — 47.6 %;
26-30 years old — 11.3 %; 31-35 years old — 5.2 % 36-40 years old — 45 %; 41-50 years old — 2.1 %.

Form of study:

- full-time — 64.2 %;

- extramural — 35.8 %.

The indicated age and gender composition implies that the majority of the respondents
studied full-time.

- In March 2022, we also conducted a survey of full-time, part-time, and extramural students

at the RSSU. A total of 350 students took part in the survey.

The gender composition of the RSSU sample was:
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- female — 53.2%;

- male — 46.8%.

The age of the students was: 18-20 years old — 37.3 %; 21-25 years old — 39.7 %; 26-30 years
old — 9.3 %; 31-35 years old — 6.1 %; 36-40 years old — 5.3 %; 41-50 years old — 2.3 %.

Form of study:

- full-time — 74.6 %;

- extramural — 25.4 %.

Participants in the survey were mostly those studying full-time. The questionnaire for
students to assess the quality of educational services provided in the distance form at the RSSU
contained 25 questions about distance learning. The student survey was conducted to determine
how the transition to distance learning has affected the quality of education.

The results of the study were analyzed by analyzing the relationship between the capabilities
of students (MGUPP, RSSU, Moscow Universities) to use various components of electronic
educational systems of training and the level of their provision.

The authors used the calculation method for the Pearson criterion x2 (Tables 1-3).

Table 1. Analysis of conjugacy tables using the chi-square criterion of the MGUPP

Effective feature
Factorial feature oneoin not being The amount
§01Ng conducted

Individual work with teachers
using video chat 30 70 100
Viewing recordings of video 63 o 100
lectures 3
Monitoring progress in your
personal a%cr())ur%t Y 57 43 100
Viewing live lectures in online
format (with the ability to ask 90 10 100
questions)
Attending video seminars 36 L 100
(group classes) online 4
Performing interactive tasks
(tests, surveys, etc.). 79 21 100
Receiving tasks in your
personalgaccount i 77 23 100
Correspondence with teachers, 3 1 100
exchange of documents 9

Total 576 224 800

The number of degrees of freedom is 7. The value of the criterion 2 is 143.254. The critical
value of x2 at the significance level p = 0.01 is 18.475. The relationship between the factorial and
effective signs is statistically significant at the significance level p < 0.01.

Table 2. Analysis of conjugacy tables using the chi-square criterion of the RSSU

Effective feature

Factorial feature ongoin not being The amount
§01ng conducted

Individual work with teachers

using video chat 32 68 100
Ylewmg recordings of video 68 32 00
ectures
Monitor] .
onitoring progress in your =3 4 o0

personal account
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Viewing live lectures in online
format (with the ability to ask 88 12 100
questions)
Attending video seminars 38 1o 100
(group classes) online
Performing interactive tasks
(tests, surveys, etc.). 79 21 100
Receiving tasks in your

78 22 100
personal account
Correspondence with teachers,

92 8 100
exchange of documents

Total 578 222 800

The number of degrees of freedom is 7. The value of the criterion 2 is 148.309. The critical
value of x2 at the significance level p = 0.01 is 18.475. The relationship between the factorial and
effective signs is statistically significant at the significance level p < 0.01.

Table 3. Analysis of conjugacy tables using the chi-square criterion of Moscow universities

Effective feature
Factorial feature oneoin not being The amount
§0Ing conducted

Individual work with teachers o 63 100
using video chat 3
Viewing recordings of video 63 32 100
lectures
Monitoring progress in your
personal a%c%ur%t g o7 43 100
Viewing live lectures in online
format (with the ability to ask 81 19 100
questions)
Attending video seminars 8o .8 100
(group classes) online
Performing interactive tasks 6 6
(tests, surveys, etc.). 4 3 100
Receiving tasks in your
personalgaccount ' 64 36 100
Correspondence with teachers, 89 i 100
exchange of documents

Total 537 263 800

The number of degrees of freedom is 7. The value of the criterion x2 is 101.910. The critical
value of x2 at the significance level p = 0.01 is 18.475. The relationship between the factorial and
effective signs is statistically significant at the significance level p<o0.01.

3. Results

Below we provide data from a comparative analysis of surveys conducted by the rating agency
RAEX, which covered more than 6,000 students at 153 Russian universities, and VIsIOM, which
surveyed 800 students at Russian universities.

The weakest point in the transition to the distance learning format, according to experts,
isthe technical equipment of universities (computers, educational programs, application
functionality, Internet, etc.). In surveys, over 70 % of students indicated satisfaction with
equipment (from 72 % in the VIsIOM surveys to 75.4 % in the RAEX Analytics, LLC surveys),
taking "Completely satisfied" and "Mostly satisfied" together. Only 5 to 6.7 % of students were
completely dissatisfied with the technical equipment of their university.
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The use of information technology provides maximum ease of continuous monitoring of the
quality of the educational process by managers and employees of educational units during the
school day and provides the opportunity for daily monitoring of each pair of classes held in
accordance with the current schedule.

For example, in face-to-face classes, it takes time to visit each other's classes to share
experiences, exercise supervision, and so on. In distance learning, on the other hand, it only
requires joining the given academic group (for example, a team in the terminology of Microsoft
Teams) to see all the students in attendance at the study session, conduct a verbal survey in the
videoconference mode, assess the methodological actions of the teacher, assign different tasks,
including projects, to each student, or perform current knowledge assessment or midterm
attestation, etc., including with the use of test constructors (Safontseva, 2021).

Despite the common belief that distance learning is rapidly gaining momentum and is
gradually replacing the traditional format, or at least competing with it, most respondents report
that prior to March 2020, they did not have personal experience studying in the distance mode
(68 %). Thus, in fact, only around one in three students had the experience of distance learning.
Therefore, it can be argued that the significance and popularity of this new format of learning prior
to the pandemic were somewhat overestimated.

Table 4. Distance learning opportunities available to students at the RSSU, MSUFP,
and in Moscow in general (%)

RSSU MSUFP Moscow
Universities

Individual work with teachers via video chats 32 30 32
Viewing video recordings of the lectures 68 68 68
Control of academic performance in the personal account 53 57 57
Watching live lectures online (with the opportunity to ask 38

. 90 81
questions)
Attending video seminars (group lessons) online 88 86 82
Completing interactive assignments (tests, surveys, etc.) 79 79 64
Receiving assignments in the personal account 78 77 64
Correspondence with teachers, exchange of documents 92 89 89

Source: compiled by the authors based on data from RAEX Analytics, LLC, RSSU, and MSUFP.

The results indicate that 89 % of students at Moscow universities report having access to
correspondence with teachers. In turn, accessibility is noted by 89 % of students at the MSUFP by
92 % at the RSSU, which is 3 % higher than the Moscow average. Receiving assignments at their
personal accounts are 78 % of RSSU students and 77 % of MSUFP students, while the average
percentage across Moscow universities is much lower at 64 %.

The experience of completing interactive assignments (tests, surveys, etc.) is reported by
64 % of Moscow university students overall, while at the MSUFP and the RSSU, this value reaches
79 %, which is 15 % higher than the city average.

The situation with visual contact, on average across the Russian Federation, is not quite good
— only 69 % of respondents can attend video seminars. However, the RSSU and the MSUFP
provide much better accessibility to video seminars with 88 % and 86 %, respectively.

The availability of live online lectures (with the opportunity to ask questions) is noted by
90 % of MSUFP students and 88 % of RSSU students, the average across Moscow being 81 %.

Access to the recordings of video lectures: on average across Moscow, the recordings of
lectures are available to two-thirds of students (68 %), at the RSSU — to 68 %, and at the MSUFP —
to 68 %. Thus, almost half of students at Moscow universities have transitioned to the distance
learning format. However, control over academic performance through the personal account is
available to a little more than a half of students regardless of their place of study: at the RSSU —
to 53 %; at the MSUFP - to 57 %, and in Moscow — to 57 %.

Finally, individual work with teachers via video chats is practiced by one in three Moscow
university students (32 %), by 32 % at the RSSU, and by 30 % at the MSUFP.
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In distance learning, the student works without any direct physical contact with teachers or
groupmates, which is why they need to be more engaged and motivated to learn (Ivanova,
Zhukova, 2016).

It is also worth noting that online learning requires the student to have not only a high level
of motivation, but also the ability to self-study, and mastery of the skills necessary for this.
Meanwhile, not every student is able to study on their own, especially if it requires mastering quite
complex training courses. According to some data, only 5-10 % of students in the fully online
format of education complete their studies successfully (Kolesnikova, 2019).

4. Discussion

Valery Falkov, Minister of Science and Higher Education of the Russian Federation, admitted
that the quality of distance learning in the country as a whole is worse than that of full-time
education. “Yes, the quality of distance learning differs from the quality of full-time education,
because it's one thing when we communicate with you in person, and another thing when we
communicate on TV. But it's a forced necessity, education didn't become extramural because of the
transition to distance learning.

The main difference between full-time and extramural education is not in the lessons on the
computer, but in the number of hours the teacher works with the student.”

Analysis of university practices indicates that there have been several modes of organizing
educational activities during the period of remote work:

- asynchronous or extramural (students study the material at their convenience, according to
the deadlines set by the teacher);

- synchronous (simultaneous participation in a class, for example, in a webinar format);

- mixed (a combination of synchronous and asynchronous interaction, depending on the
pedagogical objectives).

Independent evaluation of the quality of education is an assessment procedure based on
information about the educational activities of organizations engaged in educational activities.
Independent evaluation of the quality of education is represented by external and internal
evaluation.

External evaluation is conducted by public experts (public accreditation, including
professional-public and international accreditation).

Internal evaluation is conducted by the university itself, and each educational organization
has its own internal system of education quality.

Objectives of the internal independent evaluation:

- improving the structure and updating the content of educational programs implemented in
the educational organization;

- improvement of resource provision of the educational process;

- improving the competence and qualifications of teaching staff involved in the
implementation of educational programs;

- increasing the motivation of students to successfully master educational programs;

- strengthening the interaction between the educational organization and social partners-
employers on improving the training of students;

- combating corruption in the educational process (Rybina et al., 2020).

Here we should note the advantages and disadvantages of distance learning in universities at
the present moment.

The advantages of distance learning in universities:

- Reduced costs of education. The most budget-friendly type of education in Russia is
distance learning because the work time of teachers is reduced to a minimum, there is no need for
printed teaching materials and manuals, and the cost of maintaining the educational institution
and teachers is reduced.

- Reduced training time, which makes it possible not to miss classes. Mobile learning gives a
new quality to learning, most fully reflects the trends in the education of a modern person,
providing constant access to information at any time; it is a new toolkit in the formation of a person
of the information society, where a new learning environment, independent of place and time,
forms (Kuklev, 2009).
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- Flexible work schedule. The student manages their own time and workload and creates their
own work schedule.

- Students have no ties to their place of residence; all they need is a computer and a high-
speed, stable Internet connection.

- The student can combine studies with their main occupation.

- Opportunity to study with a preferred number of people.

- A peaceful environment. Lack of subjectivity in knowledge assessment, decreased stress
level while passing exams and tests.

- High degree of actualization of the materials. Active use of digital technologies, the Internet,
and software allows for adjustments and timely updates of educational programs in the fastest
possible way, following changes in the external environment (Dedyuhin et al., 2020).

- High results. This type of learning in some cases outperforms the traditional form of
learning, having an individual approach at its core. When working independently, the student
understands the material more deeply, successfully applies theoretical knowledge in practice,
shows more interest because of the use of modern technologies, and has an opportunity to get an
answer to each of their questions.

- Thus, the use of gadgets allows you to easily and quickly find the necessary information,
save time, develop and progress, fix a certain moment, and organize fast and convenient
communication (Kabanova, Vetrova, 2019).

Like any form of education, distance learning has a number of disadvantages at any level of
education, some of which may also overlap.

Disadvantages of distance learning in higher education:

- Successful training requires self-control, strong willpower, and a sense of responsibility.

- Communication skills are not developed, since interaction with other people (teachers and
groupmates) is brought to a minimum.

- Lack of live practice, which makes it more challenging to master the specialty. Modern
digital technological tools do not fully compensate for the deficit of social interaction in the
classroom (Frolova et al., 2020).

- Problems of authentication, it is almost impossible to verify whether the student performed
the assignment on their own (Rybina et al., 2020).

Digital technologies, including those using remote access, allow employing a more
individualized approach and adjusting the learning trajectory to the individual characteristics of
the student.

Face-to-face learning provides the development of social interaction skills and gives an
opportunity to better know the teacher’s personality, to ensure an upbringing effect.

The task of a university is to develop a comprehensive educational system that incorporates
both of these forms of learning with their respective benefits.

The experience of the past three months has formed a window of opportunity for the next
step in the development of higher education. It has revealed the problems and tasks that cannot be
addressed without digital technology and the distance format. Most faculty members and students
tried the new features and were able to work in this mode. However, the limitations of this method
are also clear. The accumulated fatigue poses the risk of a rollback of the system to the pre-digital
format. In this context, it becomes vital to learn from the acquired difficult experience, to form a
model of universities’ operations minding the discovered opportunities and limitations, and to test
this model and promote new practices in the higher education system, which could become more
resistant to the new external challenges and more productive for the development of the Russian
economy and society.

5. Conclusion

The results of the conducted study demonstrate that in the eyes of students, the transition to
distance learning in the system of higher education during the COVID-19 pandemic was performed
with enough promptness and efficiency. However, the problem of introducing distance learning in
teaching university students requires additional elaboration of both methods and technical tools.
Thus, 70 % of university students noted that individual work with teachers using video chat is not
conducted.
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At the same time, the overwhelming majority of respondents (88 %) noted the possibility of
watching "live" lectures in online format, attending video seminars online. Almost every student
(90 %) gave a positive assessment of such opportunities as correspondence with teachers, exchange
of documents. Students of Moscow universities noted that one of the positive practices of using
distance learning is performing interactive tasks, as well as receiving tasks in their personal
account. Ambiguous assessments were given by respondents according to such criteria as
monitoring progress in their personal account. Slightly less than half of the students surveyed
noted that academic performance is not monitored, and at the same time, half of the respondents
replied that teachers are monitored (47 % and 53 %, respectively).

The analysis of the assessment of educational process organization during the forced
transition to distance learning suggests that online lectures (with the opportunity to ask questions)
and seminars were organized primarily through distance learning technologies.

In the opinion of students, the advantages and disadvantages of distance learning include the
following.

The advantages of distance learning:

- Reduced costs of education;

- Reduced time costs of education;

- Flexible learning schedule;

- No attachment to the place of residence, it is enough to have a computer and high-speed
Internet;

- The student can combine study with their main occupation;

- Opportunity to study with a preferred number of people;

- Reduced stress levels when taking exams and credit works.

The drawbacks of distance learning;:

- Not all students have enough self-control, willpower, and sense of responsibility.

- Minimal communication with teachers and other students, hence communication skills are
not developed;

- Lack of live practice, difficulty in mastering the specialty.

In his interview with RIA News on December 28, 2020, the Russian Minister of Science and
Higher Education Valery Falkov acknowledged that, in general, the quality of distance learning in
the country was lower than that of face-to-face learning.

The main emphasis was placed on students' independent work and reporting on this work to
the teacher.

The main problems encountered by students as a result of the transition to distance learning
can be grouped into two groups. The first group includes problems of a technical nature (the speed
of the Internet and the quality of connection) and the lack of necessary gadgets (computer/tablet,
and a headset for them). The problem facing the students was the lack of technical equipment and
the ability to communicate with the teacher. The second group includes problems of a personal
nature: willpower, self-organization, motivation, and self-discipline.

This research is advised to be considered when designing and implementing distance
learning.
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Abstract

The COVID-19 pandemic has drastically affected the education process almost all over the
world. Some countries closed their schools, Slovakia was among them (schools in Slovakia were
closed intermittently for almost two years). Teachers faced the challenge of developing alternative
educational practices through digital technologies. Students also faced personal, technological, and
social challenges. Distance education, as a replacement of imparting and receiving knowledge,
was in many aspects also very demanding for parents. It was necessary to overcome several
technical problems (availability of appropriate and reliable Internet connection, provision of
appropriate computer equipment and sufficient personal educational space for each member of
family). An important role was also played by the student's ability to mobilize his own motivation
for asynchronous and autonomous learning. The discussion with the professional public and the
review of the relevant literature indicated that the teaching of mathematics is more sensitive to the
interruption of attendance education. As the students themselves expressed: for the understanding
of mathematical concepts, the personal presence of the teacher necessary and fundamentally
affects the student's ability to obtain new knowledge and understand it. The testing of knowledge of
students in Slovakia in 2022 at all levels of schools (after almost two years of distance learning)
indicates that in the field of mathematics education there has been the biggest drop in knowledge
compared to other subjects.

Our study focused on the analysis and uncovering of negative but also positive factors
operating in the online teaching of mathematics, which significantly affect the results and level of
knowledge of students at the university. Mapping and identification of problematic moments in
this process helped us reveal the results of a survey (study) conducted among students of the
1st year of bachelor's studies at the University of Zilina.

* Corresponding author
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1. Introduction

The disease of COVID-19 and the related pandemic and the resulting closing of schools and
school facilities fundamentally changed the way of education in Slovakia. In 2020 and 2021, high
schools and universities were closed the longest. Elementary school students (students at the age of
6-10 years) studied online for the shortest time. Universities switched to the distance education
regime at the beginning of March 2020. In this year, all teaching processes (lectures, exercises,
testing and examination of students) took place in a distance form. Attendance teaching was
resumed only in September 2021 for eight weeks, which was followed by the closing of universities
again until March 2022.

In March 2020, pedagogical employees found themselves in a completely unique situation,
practically overnight. They lacked experience, but also the appropriate technical support for providing
quality online teaching. The competences of teachers with online teaching were minimal during this
period. E-education was limited to the use of the Moodle system until 2020; through which we sent
study materials to students, or sometimes conducted consultations and testing students.

Step by step, the schools adapted to the new conditions. At the University of Applied Sciences
in Zilina, the necessary computing technology (tablets, cameras, microphones) was provided, and
contact with students was realised in groups through a cooperative workspace Microsoft 365/Office
365, suitable for interactions at the workplace, teamwork, video conferences and file sharing.

Lectures, exercises and seminars were subsequently taking place in the form of video
conferences, while the mathematics teacher explained the topic using a graphic tablet, which
allowed him to flexibly share mathematical symbols and the necessary graphic elements. By using
suitable mathematical software (for example, GeoGebra, Matlab, Graphmatica, etc.), it was
possible to present graphs, equations, pictures necessary for high-quality teaching of mathematics.
Of course, it required many hours of extra work from the teacher to prepare appropriate, precise
and correct materials.

Full-time teaching at the University of Applied Sciences in Zilina was definitively resumed in
March 2022. During this period, we held a group discussion with students to obtain feedback
regarding online teaching. We were mainly interested in how students assess distance teaching of
mathematics, what positives (or negatives) they observed. We were looking for answers to the
following questions:

- how did students feel during online mathematics lessons?

- what were their conditions and what, according to them, was the most difficult about online
teaching?

- how did they learn without the support of face-to-face contact with teachers and peers?

- to what extent were they able to learn and understand new topics in mathematics?

- would it be appropriate to implement some elements of distance learning in the teaching of
mathematics in a daily form permanently?

To examine and evaluate students' opinions, we used a content-verified survey form
(questionnaire), which served as a research tool. The sample set for our study consisted of
502 randomly selected first-year undergraduate students at the University of Zilina.

2. Literature review

The issue of the effectiveness of online mathematics education was addressed by many
educators before the outbreak of the COVID-19 pandemic itself. This topic is relevant above all in
connection with the lifelong, external, and individual education of students with special needs,
whose opportunities attendance (in-person) education are limited. Howlett (2009) defined online
learning as “the use of electronic technology and media to deliver, support and enhance learning
and teaching and includes communication between students and teachers using online content”.

Berge et al. (2000) in their study recommend the following to teachers when teaching online:

- determine and select appropriate (accessible, adequate) hardware and software
requirements for the chosen course,

- be available to students for consultation,

- be creative when interacting with students,
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- provide regular feedback to students regarding course performance,

- listen to their concerns and problems,

- be proficient in using the capabilities of the online software used,

- use different teaching styles,

- encourage collaboration between students.

Several studies before the period of the COVID-19 pandemic reflected on important factors
that have an impact on the results of students educated online. For example, Wadsworth et al.
(2007) state that the results of students in online education were directly dependent on motivation,
concentration, the student's ability to process and contextualize the information obtained.
Interesting results are also presented by Kim et al. (2014), who confirmed the positive influence of
motivation, a higher level of autonomous learning and metacognitive abilities of students for
successful online mathematical education. We can therefore assume that the results of students in
online teaching are conditioned by their ability to regulate their own learning (higher level of so-
called autonomous learning, the ability to gain knowledge independently of the type of source).
Kim et al. (2014) extended Giizeller and Akin's (2012) study to examine the impact of anxiety and
other forms of academic emotions (anger, shame, boredom, enjoyment, and pride) on online
mathematics learning outcomes.

During the COVID-19 pandemic, students and teachers also faced significant physical and
psychological problems (Baticulon et al., 2021; Bringula et al., 2021). The continuous closure of
schools and almost all institutions during the pandemic worsened the already existing and
described phenomenon of the digital divide between students; students could not use public access
to computers and the Internet (Baticulon et al., 2021). Thus, some students had difficulty engaging
in online learning due to limited access to basic online resources. The students also emphasized
that the online exam is not only about the correctness of the answers. They also must master the
system to enter their answers correctly, which often adds to the stress level of the exam.

The sudden transition from attendance education to online education in March 2020 in
Slovakia presented several challenges for all involved. They had to overcome difficulties:

- technical (related to hardware, software, internet connection)

- personal (related to learning style, stress on physical and mental health),

- institutional (administration of study resources, curricula, pedagogical skills)

- community (existing infrastructure problems).

We can also state that online teaching also has many advantages. However,
its implementation requires access to suitable computer equipment, a good ability to use them,
areliable Internet connection, and a private (personal) learning space. In the distance learning
process, we consider the student's ability to learn independently and acquire a relevant level of
knowledge based on available resources to be decisive. The student must be able to watch the
teacher's videos or various online resources with understanding. The independent, purposeful and
active work of the student is necessary to achieve the set goals and good study results.

Based on a wide pedagogical discussion and available resources, we agree with several
authors (Pynos, 2016; Glass, 2008) that mathematics is more sensitive to school dropouts than
other subjects. We can see several reasons. Mathematics is almost always formally taught at school,
in an attendance format, by explaining through a second person. To acquire mathematical literacy
in the sense of being able to apply mathematics in practice, it is not enough just to learn
mathematical concepts, formulas, algorithms. Their understending in mutual context is essential.
Parents are often unable to help their children with home tutoring (especially at higher levels of
school). Let's also mention other factors:

- Stress and trauma from mathematics, which is very common even in attendance teaching of
mathematics, can become even worse in connection with the pandemic and online teaching.
Anxiety from maths is aggravated by the stress that is added to the student during online teaching.

- It can be challenging for teachers to realise attractive and effective teaching practices
through remote platforms.

- The teacher is not able to apply online such important competencies as empathy, flexibility,
kindness, he lacks feedback, he cannot see "into the student's soul" as in personal contact in the
classroom. In the discussion, several teachers state how much they missed "eye contact" with the
student when teaching, which can reveal so much about the students' understanding or lack of
understanding when explaining a given topic
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- A relatively large group of students needs the so-called peer group for understanding new
mathematical terms. In this group they are discusing about things that are not clear. The need for a
supportive peer group is absent in online teaching, and communication via the Internet when
explaining mathematical problems is more complex (specific syntax and language of mathematics)
than in other subjects.

3. Materials and methods 5 5

The selection group is consisted from the students of the University of Zilina in Zilina, who
completed the subjects Mathematics 1 and Mathematics 2 in the form of online teaching.
502 students, randomly selected from three faculties of the University in Zilina were addressedin
the survey (Faculty of Civil Engineering, Faculty of Operation and Economics of Transport and
Communications, Faculty of Special Engineering).

The participants in both the quantitative and qualitative parts of the study were first-year
bachelor's students. The survey was conducted after the students returned to face-to-face classes in
March 2022. For the last two years, these online students completed most of their mathematics
classes online. First, we held a group discussion with them regarding online teaching. Using the
initial data obtained in this way, we created a 17-item questionnaire that collected information
about the profiles of online students, their access to technological skills, their study habits and
practices during online classes, current living conditions, and opinions on online teaching.

Using a 4-point (or 5-point) Likert scale, we asked respondents: (questions 3, 4) how difficult
online teaching was for them; (questions 5,13) whether they had adequate technological security
and personal space for online teaching; (questions 15,17) whether study resources and teachers'
skills were adequate; (question 11) how they perceive students' assessment during online teaching.
We also listed 9 negatives of online education (question 8) and asked respondents to select which
they thought were relevant to their experience. In open-ended questions during the experiment,
we explored any other barriers that students faced during online learning.

Research instrument

To process the obtained data, we first used a simple classification of quantitative signs. We used
descriptive statistics tools to create an overview of the acquired data. We have compiled tables of the
frequency distribution of the observed signs. We also used a graphic representation of the frequency
distribution of the observed signs for a quick and clear presentation of the survey results.

In the second phase, we used the tools of causal analysis of statistical data. We found out the
dependence between the technical, and personal background of the student and the level of
acquired knowledge during online classes, and the dependence between the student's attitude
towards online teaching and the obtained grade in mathematics at the end of the semester.
To verify the dependence of two qualitative features A, and B, we used the »? — test for contingency
k x m tables. We carried out the investigation of the dependence between two qualitative features
in two steps. First, we verified whether there is a statistically significant dependence between the
observed characteristics. Subsequently, we assessed the intensity of statistical dependence within
the given statistical set using the contingency coefficients C and Cramer's coefficient V; while valid

2 2
c= | X V=— X ;
x’+n min{(k —1,m—1}.n

x? je Pearson test statistic, and n = ¥'¥_, Xiting;.

Analysis of the quantitative characters

Personal attendance in learning process of the University of Zilina was definitively resumed
in March 2022. In this period, we held a group discussion with students to gather their feedback
about the time when they studied online. We were particularly interested in how students view the
online distance learning of mathematics, what positives or negatives they observed. We were
looking at questions like:

- How did students feel during the online learning of mathematics?

- What were the conditions for online study?

- What did they feel was the most difficult thing during online learning?

- How did they cope with learning without personal contact with teachers and peers?
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- To what extent were they able to learn and understand new mathematics topics.

- Would they incorporate some aspects of online learning into the daily personal form of
learning in school?

We used a content-verified questionnaire as our research tool to gather and evaluate the
students’ opinions. The group of respondents consisted of 502 randomly selected students of public
transport and economy-related fields of the Faculty of Operation and Economics of Transport and
Communications at the University of Zilina, where 40 % were male and 60 % female. We asked
17 questions, most of which required just one answer, some allowed more than one. We also
considered the type of high school they studied before coming to the University of Zilina, where
41 % finished business school, 27 % vocation school and 32 % grammar school.

The first question concerning learning from home and the overall attitude towards it, as many
as 29 % of students replied they studied “occasionally, irregularly”. A little less students replied they
“were discouraged, were not motivated to learn at all” (21 %), “I did not feel involved, it was difficult”
(20 %) followed by more positive answers like “online learning was somewhat interesting” (12 %),
“I quite liked it” (11 %) and “I liked it very much, online learning was great” (9 %).

4. During home school education | studied

| liked home school studying a lot
| liked home school studying

| studied quit a lot

Sometimes | studied or not often

Most of time | didn’t like it

| did not like studing

o

20 40 60 80 100 120 140 160

Fig. 1. Answers to the question: “During home school education I studied”

7. Online form of education support in student

critical thinking I
team work ]
communication
assertiveness
ability to plan I
responsivity  IEE——
independence | ——
persistence |
self-control  IEEEE———
motivation I

0 10 20 30 40 50 60 70

Fig. 2. Answers to the question: “Online form of education support in student”
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Many households had to cope with the technical aspects of online learning concerning either
the internet connection, hardware, or private space without being disturbed. Majority of students
(63 %) responded their conditions for learning were “great” with stable internet connection,
own hardware device and private space. Another group of 26 % of students responded their
conditions were satisfactory. The last group (11 %) of students had only partially satisfactory or
unsatisfactory conditions.

We were also interested in what personal traits or skills do the students feel being cultivated
or boosted by the distance form of learning, they could pick more than one answer. Most of them
(61 %) responded “self-sufficiency”, followed by “ability to plan ahead” (36 %), “teamwork” (33 %),
“persistence” (32 %), “responsibility” (32 %), “critical thinking” (21 %), “self-control” (15 %),
“communication” (12 %), “motivation” (10 %) and only 2 % of students responded “assertiveness”.

As with everything, the online learning process has its positive and negative aspects.
We asked students how see the pros and cons and they could again pick more than one answer.
The biggest downside (78 %) according to students was the “worsened ability to focus”.

The fact that “teacher could not see students and react to their questions when they did not
understand” bothered 38 % of the students. Up to 37 % of respondents felt “passivity, not being
able to self-motivate and studying very little during this time”. Another downside was the “lack of
feedback” (33 %), “lagging behind in systematic study on student’s part” (29 %), “lack of work in
group and studying with peers” (29 %). Other downsides observed by students were “lack of
communication with teachers” (27 %), “lack of complex overview about the studied topic” (20 %)
and the last with 18 % was “quickly forgetting what we learned”.

Lack of online form of education

| forgot very fast previous school work
teacher didn’t see students and couldn’t react on...
| miss same age team work and tutoring
passivity, | almost didn’t study | dint have...
abstention of complex looks on work
systematic preparation of student lag behind
worse ability to concentrate

abstention of communication with teacher

insufficient feedback,

o

10 20 30 40 50 60 70 80 90

Fig. 3. Answers to the question: “Lack of online of education”

Testing and exams were naturally present even during the online learning period in the form of
either online exams or face-to-face testing using computers or other devices with cameras.
We wanted to know how students felt about testing and evaluation of their knowledge online. Again,
they could pick more than one answer and 58 % of them felt that the trustworthiness of online testing
is inferior to in-person testing, 33 % of students resorted to some form of cheating during exams and
24 % of them does not consider this form of testing to accurately reflect their true level of knowledge.
Only 14 % of students considered this form of testing to be fair and trustworthy.

Students had to spend a lot of time using the computers or other electronic devices daily.
Even so, 32 % of students stated they were dutifully sitting by the table and taking notes during the
online lessons. Up to 66 % of them stated that they were taking notes irregularly, which can be
attributed to the fact, that many teachers recorded the lessons and shared the materials to be
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available anytime the students needed. Only 2 % of students stated that they did not work at all
during online lessons.

Analysis of the qualitative characters

In the second stage of our study, we used a database of obtained data and implemented an
analysis of qualitative signs. It was possible to analyse the dependence of several pairs of
qualitative signs. Based on formulation of aresearch problem, we have stated the following
hypotheses for the verification:

H,: The level of the student's technological and study background and the achieved level of
knowledge in mathematics are statistically significant dependent signs.

H.,: The relationship of the students to online education and the level of achieved knowledge
in mathematics are statistically significant dependent signs

Hj;: Student’s learning in an active position (working while sitting at a desk with a laptop,
taking notes) during online education and the level of acquired knowledge are statistically
significantly dependent signs.

We used y? — test for contingency table k x m to verify dependence of each pair of the
qualitative characters A and B. The character A was acquiring k categories and the character B was
acquiring m categories. We tested the null hypothesis:

H,: the characters A and B are independent versus H;: the characters A and B are dependent.

The rejection region is y* > xZ ((k — 1), im — 1)), where 2 ((k — 1), (m — 1)) is the critical
value of y? — distribution with ((k —-1),(m - 1)) degrees of freedom. We set a significance level
a = 0,05. The degree of statistical dependence between the observed qualitative characters A and B
is assessed using the contingency coefficient C and the Cramer coefficient V.

Verification of H, hypothesis

The data obtained from 502 respondents, who formed an experimental group, were used in
the verification process of the hypotheses. For n = 502 elements of a chosen group we observed
qualitative signs A and B. Sign A indicates the level of the student's technological and study
background and sign B indicates the level of knowledge in mathematics:

Sign A acquires levels A, = excellent, A. = sufficient, A; = unsatisfactory.

Sign B acquires levels B, = excellent, B, = very good, B; = good, B, = satisfactory, Bs; =
sufficient, Be = failed.

As a test criterion we applied a statistic y? (chi — square test). To calculate the value of the testing
statistic y? we used Microsoft Excel. By inserting the function CHITEST for the input data we got the
value y? = 12,681 and the probability valuep = 0,24204 in the output report. Since value p is larger
than 0,05 on the level of significance o = 0,05 we do not reject a hypothesis about an independence of
observed signs. That means the level of the student's technological and study background and the level
of knowledge in mathematics during the online education were independent.

Verification of H. hypothesis

For n = 502 elements of a chosen group we observed qualitative signs A and B. Sign A was the
relationship of the students to online education and sign B indicates the level of knowledge in
mathematics:

Sign A acquires levels A, = I enjoyed it very much, A, = it was fun, A; = I enjoyed it
sometimes, A, = mostly not fun, A5 = I didn't enjoy it at all. Sign B acquires levels B, = excellent,
B, = very good, B; = good, B, = satisfactory, Bs = sufficient, B = failed.

The test statistics is y2 = 127,53. The critical value with 20 degrees of freedom is y2 (20) =
31,17. The probability value p = 1,126.1077 in the output report. The rejection region is y? =
127,53 > 31,179 and thus we reject the null hypothesis about the independence of phenomena A,
B. 1t is evident that the relationship of the students to online education of mathematics and level of
knowledge in mathematics were dependent phenomena.

The value of contingency coefficient is C = 0,4508 and the value of Cramer coefficient is
V = 0,2525. The value of these coefficient indicates that between the analysed qualitative
characters A and B there exists the mild degree of connection.

Verification of H; hypothesis

For n = 502 elements of a chosen group we observed qualitative signs A and B. Sign A was
style of student’s learning (an active position sitting at a desk with a laptop, taking notes) during
online education and sign B indicates the level of knowledge in mathematics:
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Sign A acquires levels A, = always, A. = sometimes, A; = almost not at all, A, = mostly not
fun, A; = I didn't enjoy it at all. Sign B acquires levels B, = excellent, B, = very good, B; = good, B,
= satisfactory, Bs = sufficient, Be = failed.

The test statistics is y2 = 34,086.The critical value with 10 degrees of freedom is y2 (10) =
18,3. The probability value p = 9,36.1078 in the output report. The rejection region is y? = 34,086 >
18,3 and thus we reject the null hypothesis about the independence of phenomena A, B. It is evident
that the relationship of the students to online education of mathematics and level of knowledge in
mathematics were dependent phenomena. The value of contingency coefficient is C = 0,2526 and the
value of Cramer coefficient is V = 0,1846. The value of these coefficient indicates that between the
analysed qualitative characters A and B there exists the weak degree of connection.

4. Discussion

The responses of the respondents in the questionnaire, as well as private conversations with
students, revealed to us the biggest problems during online teaching. Several of our results
correspond with already published studies.

The authors of Baticulona et al. (2021) and Fabio et al. (2021) state that students had a big
problem with personal learning space, which negatively affected their learning. Lack of privacy,
limited study space was one of the most serious barriers to online teaching. The students, who do
not have sufficient educational space, they are often interrupted during lessons and are thus in a
disadvantaged situation.

Cavannaugh et al. (2009) reports on the problems caused by the lack of relevant study
materials during online teaching. We have to definitely agree with him. Our interviews with several
teachers confirmed similar problems in Slovakia as well. During the pandemic, teachers had to
manage both online teaching (being available to students) and preparation of the materials, which
was often very exhausting.

In a recent study Binti Abd Aziz et al. (2020) also explored barriers to online learning. They
identified barriers in the area of students' attitudes, technological skills and personal skills. They
evaluated the negative attitude of students towards the online form of education as a cardinal barrier.
Our study also confirmed a significant dependence between the students' attitude to online education
and the results achieved during the exam. It has been confirmed that the relationship to online
teaching has a strong influence on the level motivation of the students and, consequently, on the level
of acquired knowledge. This result was also confirmed by Pena-Bandalaria (2009) in her research in
the Philippines. They also state that students who have a positive attitude towards self-study usually
have no problem with online learning and logically achieve better results on the exam.

Fabito et al (2021) found that the lack of contact in clarifying topics through open discussion
with the professor, was a major problem in online teaching. They state, and we have to completely
agree with them, that neither teachers nor students were sufficiently prepared for such a drastic
transition to the online space.

Interesting insights are provided by Benson (2001) and Fotiadou et al. (2017), who
emphasize a strong positive relationship between excellent technical skills, online literacy and a
well-developed autonomous learning ability and success in exams during online teaching.

Our results confirm that more than three quarters of students could not concentrate well
during online classes, they lacked feedback and the possibility of direct communication with the
teacher. It was difficult for them to understand the curriculum on their own. The majority of
students said that the assessment during the online exam is not trustworthy (58 %) and more than
30% of students admitted to "cheating" during the exam.

Many students felt too frustrated and isolated during online teaching, and had low self-
esteem. They did not believe that they could master the mathematics curriculum on their own.

The hypothesis about the dependence of the level of the learning space and the level of
acquired knowledge could not be confirmed in our research. As many as 66 % of students rated
their personal working conditions as excellent in the test, although in private conversations the
majority emphasized a poor ability to concentrate, despite appropriate technical equipment. These
results indicate that the problem in online teaching may be the lack of self-motivation, which
implies a weak interest of the student in the topics covered and thus also a weak concentration
during teaching.
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Taking notes and working with printed materials during online teaching has also been shown
to have little effect on math learning outcomes.

The results of our experiment are only limited in nature given the small sample size. It would
be necessary to test the selected hypotheses on a larger sample of respondents.

In conclusion, we have some recommendations for the teachers themselves in the online
teaching process: At the beginning of the lesson, students should be encouraged to take an "active
attitude" during the lesson, work at the desk, take notes and try to participate in the lesson in the
form of questions. Teachers must assure online students that online consultation is available if
needed. Timely feedback on online students' work is strongly encouraged to maintain a positive
view of their abilities. One-to-one feedback can be provided to inform online learners that they are
performing well (or not well) compared to his/her peers.

5. Conclusion

Our study also proved that the teacher's personality, his computer literacy and the ability to
engage students even "at a distance" have a decisive influence in online teaching. Teachers must be
creative in delivering course content. For example, PowerPoint slides with a voice recording or a
video from the previous lesson can be made available to students. These materials can be accessed at
any time and the students with slow internet connections can watch the course at any time.
The teachers can conduct synchronous learning sessions to answer the questions or clarifications.
The teacher's unwavering dedication and understanding is suggested to help online students
complete the course. In the study, we also revealed problems during online teaching that the teachers
themselves cannot solve. The family members of the students need to understand that online
students need space for physical learning and minimal distractions. Cooperation and understanding
from family members is essential to create an environment conducive to online learning.
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Abstract

The article discusses the scientific, regulatory, organizational and pedagogical foundations of
self-organizational work and support for students in education in higher educational institutions.
The key terms and principles of education are revealed; examples of the organization of vocational
training are given. The legislative framework and regulatory documents regulating the
implementation of the requirements of education in university levels are presented.

The student not only works fully, but also understands the essence of his individuality in the
implementation of educational activities. The joint work of the teacher and the student will
undoubtedly allow the student to increase the level of knowledge and develop as an individual
person. On the basis of the cooperation between the student and the teacher, feedback is provided,
a certain educational activity is actively carried out, and the actions performed are fixed by control
and self-control.

In the context of credit learning technology, the subject-to-subject relationship is realized
and the feedback between the teacher and the student is enhanced. The reproductive nature of
learning becomes intense, creative.

The content component determines the content of the organization of independent work in
the in-depth study of pedagogy. The main goal of the model will be the creation of a methodological
system for organizing independent work of students in the conditions of a credit training system.
Starting with the 2020 to 2022, there has been arranged and conducted a research of the self-
organization process of students in four groups of Abay Kazakh National university. The aim of the
study was to research the influence of a set of pedagogical measures for the enhancement of
elements of self-organization work of students. The conducted research revealed the following:
students of gr. Pedagogy and psychology -71 «b» and gr. Pedagogy and psychology -70 «b»
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E-mail addresses: bislauka@mail.ru (A. Kosshygulova)
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(experimental groups) have higher indicators of the development of communication skills, high
educational motivation, professional inclinations than boys and girls gr. Pedagogy and psychology
-81 «b» and gr. Pedagogy and psychology -82 «b» (control groups). The empirical data were
processed using standard methods of mathematical statistics.

Keywords: pedagogical and psychological conditions, organization, independent work,
students.

1. Introduction

The purpose of the study. This article deals with the problem of formation of self-organization
work of students and their skills enhancement. Also, functions of students' motivation, creative abilities
needed by students to solve theoretical and practical problems were selected. In addition,
the importance of "self-work" in the development of abilities of students and the types of skills and
abilities needed by students in the development of self-work abilities are considered.

In order to solve the aim, we ask research questions.

What are the pedagogical and psychological conditions for the organization of independent
work of students?

The cooperation of the teacher and the student will undoubtedly increase the level of
education of the student and allow him to develop as an individual. Based on the cooperation of the
student and the teacher, feedback is established, a specific learning activity is actively performed,
and the performed activities are confirmed by monitoring and self-monitoring.

The procedural action component consists in the combination of the teaching activity of the
teacher and the cognitive activity of the student. The pedagogical activity of the teacher is aimed at
teaching in the pedagogical process of the University, creating effective conditions for the formation of
the student as an individual, creative development. The main functions of pedagogical activity:

- manifested in the implementation of teaching, educational content;

- as an educator, disseminator of universal human and professional culture;

- organization and design of the organizational, educational and cognitive process, as a
selector of the method, tool and form of training in accordance with the purpose and content of
Higher Education;

- a researcher of theoretical and practical problems of the problem of research, professional
activity, is seen as a seeker of effective ways to solve them.

The activities of the teacher and student are directed to the implementation of various types
of educational work. The forms of Organization of educational work in higher educational
institutions include lectures, practice classes, laboratory work, seminars, independent work of the
student in the presence of a teacher. We classify them as classroom, extracurricular. At the same
time, the organization of independent work in any form of training is considered one of the main
components of the credit training system (Biglan, Smolkowski, 2002).

A properly constructed lecture session requires active work of the student from the beginning
to the end. The level of lecture classes determines the effectiveness of almost all organizational
methods and forms of the training system. The teacher is obliged to acquaint the student with the
specifics of working on the lecture, the student learns to summarize the main idea, write briefly,
sequentially, process and supplement the material (Cienfuegos, Monelli, 2011).

In this regard, the research methods were determined based on the specifics of experimental
control, questionnaires, interviews and conversations with students and teachers of the level of
formation of research competencies of future teachers and were based on experimental practice
(Table 1).

Practice lessons. The organization of independent work in the practice lesson should be
associated with the lecture and complement the practice flexibility. They are implemented through
the joint action of the teacher and students. Here, due to the high level of autonomy of the student,
the amount of work that falls on his share will be at a significant level (Enriquez, 2012).

The knowledge base accumulated by students in the first year is considered the source of
initial knowledge in the discipline "methodology for solving complex problems from inorganic
pedagogy” in the second year. That is, the topics de Broglie's equation, Heisenberg's theory of
definiteness, Schrodinger's equation, Bohr's postulates, Bohr-Sommerfeld's theory, and
radioactivity are taken as independent work in this special course. We offer tasks at each level to
improve and consolidate the knowledge base of students on these topics.
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Table 1. Methodology for studying the level of formation of the competence of self-organization of
future teachers

Components Methods used | Components Methods used

1 2

Motivational Questionnaire "Self-assessment of the level of formation of
competencies of self-organization of future teachers";

Questionnaire "Methodology of self-assessment of theoretical and
methodological readiness of students for professional activity"
(revised version of the methodology by Yu.V. Ryndina)

Educational content

The degree of mastery of independent work is determined by control tasks. The tasks
assigned to test the student's independent work are assigned differentiated by difficulty.
The differentiated presentation of tasks by level is also one of the main components of humanistic
training. Taking into account this circumstance, the teacher classifies the tasks into two levels.
Tasks differentiated by level are presented in the appendix. The analysis of the result of completing
the tasks assigned by the level in a special course also corresponded to the above. During the
implementation of these works, we noticed that students strive for a high rating indicator (Tyler et
al., 2013).

Laboratory work. Laboratory work is a logical continuation of practical classes and lectures.
On the basis of independent work, students acquire certain skills, mastering certain techniques of
independent work in non-standard conditions, in practice. All this is implemented only by the
efforts and actions of students.

The purpose of laboratory classes is to form flexibility in the ability to apply the theoretical
basis of the course in practice. The implementation of laboratory work is carried out by students
independently. The teacher and the master of Education monitor and make adjustments between
them. At the end of the laboratory work, students are instructed to complete a test task for
5-10 minutes (Krug et al., 2002).

Seminar lessons. The seminar lesson refers mainly to the type of lesson in which the level of
activity of students is clearly expressed. Students should be able to disclose the educational
material prepared on their own during the seminar. Therefore, the discussion of the main
theoretical questions, exercise, and problem solving is carried out at the seminar classes.
The student holds one of the grades B and A. This construction of the pricing policy encourages the
student to constantly move only forward in the conditions of individual guiding independent work
(Wessells, 2009).

The student remembers the nomenclature of the complex compound passed in the first year.
Tasks are built by level (optional). Thus, we can activate the independent work of students in the
workshop.

SIS conducted in the presence of a teacher is included in the schedule of classes as a form of
training implemented in the conditions of the credit system. This type of lesson also gives good
results by using various active methods (Stirna, 2012).

Improving the efficiency of the organization of independent work of a student directly
depends on the use of various methods. The use of specially created active educational materials in
the organization of independent work of students in the conditions of a credit training system
allows them to master the discipline in depth.

The tools used in the organization of independent work of students in a higher educational
institution can be attributed to training cards (Kornilov, 2018).
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The use of educational cards in higher educational institutions creates conditions for the
assimilation of knowledge when the teacher's assistance in the process of studying an academic
discipline is insignificant, and the student's independence is high.

In the organization of independent work, elements of critical learning, interactive methods
such as "brainstorming", "debate», «real situation", "Business game" are used.

A component that monitors and evaluates knowledge. In the conditions of the credit training
system, an individual trajectory of students ' independent work is established. The implementation
of this trajectory directly depends on the software of the block rating control system, the
availability of a sufficient set of test tasks for knowledge control, the availability of E-teacher
verification programs and the organization of assistance and control by the teacher (Wilson,
Conyers, 2018).

Control of knowledge in the conditions of credit technology of training should be systematic,
objective, public. Control, Verification of the result of training is designated in didactics as
pedagogical diagnostics. Recently, instead of the concepts of "control"”, "diagnosis", the concept of
"monitoring " has been increasingly used. Monitoring in the" teacher — learner" system is a set of
constantly controlling diagnostic measures. These measures are coordinated with the purpose of
the learning process and include the dynamics of the process of mastering the material by the
student and its correction. We can mention three different forms of monitoring:

Psychological services for correction of the educational process are carried out through
specialists.

Express Diagnostics. It is carried out by psychologists for further diagnostics of educational
activities (Dwivedi et al., 2020).

It is conducted in order to determine the knowledge, skills, and business skills of graduates of
an educational institution. Each independent work has control tasks, and their creation is carried
out according to a certain scheme. First, the basic concepts and facts of the received topic subject to
verification, the degree of their perception are determined. At the same time, the business and
skills acquired on the topic are determined. And determining the purpose of control is the task of
the entire control. Control tasks allow you to determine what the student needs to learn and master
when the topic is finished reading.

Rating system the cumulative type rating system is based on rating measurements and
determines the level of student performance, creativity.

The word rating is translated from English — grade, rating (or division into a certain class,
category) (Garcia-Morales, 2021).

The principles underlying the rating system do not negate the traditional principles of Higher
Education (conscientiousness, in directionality, consistency, etc.). At the same time, it can be said
that some of them will be displaced, others will be introduced, and the system will be updated.
Then we will include the following principles among those that are more important:

activity-provides for the formation of the student as an active individual and ensures the
development of intellectual abilities with creative thinking;

the intelligibility is to create tasks of different levels in such a way as to satisfy the interests of
the entire contingent of students. Create an opportunity for mandatory and selectively responsive
tasks to meet together;

praise is an assessment of the task performed by the student, the learning activity, for which
everything is known corresponds to the score. Lack of punishment in the face of a strict
dependence between the student taking advantage or losing it according to the score scored;

information — at the beginning of the semester, the student is informed about the conditions
of the rating rating and constantly receives information about the amount of points scored by the
student.

The invariance of the rating, emphasizing its specificity, gives rise to the following features:

- continuing education creates conditions for simplifying the control procedure;

- non-acceleration of the process of socialization, professional individualization of the
student;

- creates an opportunity to master the quality of specialist development throughout the entire
training period;

- since the rating system is universal, it is used in teaching any subject;

- the activity of students in their studies, public life, and the ability to organize increases;
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- there are conditions for operationally flexing the complex of encouragement and
stimulation. Allows you to accurately predict the level of knowledge of students in some temporary
periods. Creates conditions for identifying the best students and identifying a leader, encouraging
the student's active perception of knowledge, stimulating their work;

- creates conditions for determining the status of a student among co-educational groups,
teachers and heads of educational institutions;

- allows you to effectively use the computer system in the educational process, use counter
and organizer techniques;

- causes an increase in labor productivity of participants in the educational process;

- creates conditions for organizing the necessary environment for creating effective
methodological training;

- gives students the freedom to choose the direction of training based on their abilities and
interests, level of knowledge (democratization of the learning process).

All of the above components create conditions for the formation of students as individual
individuals with deep knowledge (Ran, 2006).

2. Materials and methods

A set of research methods was used that corresponded to the goal, subject and tasks:
theoretical methods — analysis, generalization, systematization of philosophical, psychological and
pedagogical literature; modeling method; empirical - testing, questioning, experiment (stating,
forming); statistical methods for processing results (Pearson's test %").

During the research the content and structure of independent activity of university students
are revealed, which contributes to the understanding of the essence of this phenomenon by the
subjects of the educational process:

- the features of the organization of independent activities of students of the faculties of the
university are substantiated, which makes it possible to successfully implement an individually
differentiated approach in the educational process;

- a model was developed for organizing independent activities of students of the faculties of
the university, which serves as a theoretical basis for organizing this process in the practice of
teaching students;

- a technology has been developed for organizing independent activity of students of the
faculties of the university, contributing to the achievement of a higher level of development of
independent activity of students;

-the pedagogical conditions that ensure the effectiveness of the organization of independent
activities of students of faculties are determined and experimentally verified.

Organization and stages of research:

The experimental approbation of the developed model for the formation of self-organization
competencies of future teachers in higher education in 2020-2022 took place in three stages
among students of the Kazakh National Pedagogical University named after Abay (302). A total of
302 university students took part in the study, 160 boys and 142 girls.

Tasks of formation of competence of self-organization of future teachers: formation of special
knowledge, research skills and skills; formation and development of scientific worldview and
continuous development of personal and professional qualities, improvement of future
professional and pedagogical activity, development of methodological culture of the future
specialist, quality improvement.

The work was carried out for three years (2020-2022) on the basis of the Psychological and
Pedagogical Faculty of the Kazakh National Pedagogical University named after Abay. The study
was conducted in three stages. At the first stage (2020), the main theoretical approaches to the
study of the problem were considered, methods for collecting empirical data were selected, the
scheme of the study itself was clarified.

3. Results

Experimental work carried out on the organization of independent activities of students
studying at the Abay Kazakh National Pedagogical university included the development of a
technology for organizing students' independent activities, a description of the progress and results
of experimental work on the implementation of the model and technology.
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For the effective organization of independent activity, pedagogical conditions were identified
and experimentally tested within the framework of the educational process of the faculty. These
conditions were: subject-subject relations between students and teachers; increasing students'
motivation for independent activity; educational and methodological support of independent
activity; gradual complication of types of independent activity; management of independent
activity on the basis of individualization of training; creation of a system of tasks of various levels of
complexity; systematic diagnostics of the level of formation of independent activity of students.

The model and technology for organizing independent activities of students was tested in the
course of experimental work at the Abay Kazakh National Pedagogical University in 2020-2022.

The purpose of the experimental work was to substantiate the complex of pedagogical
conditions that ensure the effective implementation of the technology of organizing students'
independent activities in the educational process of the university.

The experiment was carried out in two stages: ascertaining and forming. The purpose of the
ascertaining stage of the experiment was to identify the initial level of formation of the main
characteristics of independent activity of 1st year students of the Pedagogy and psychology faculty.
The ascertaining stage of the experiment (2020) on the study of the level of formation of
independent activity of pedagogy students showed that the least developed operational-activity and
control-evaluative components of students' independent activity (the largest, in comparison with
other components, percentage shares of the reproducing level of development independent
activity). At the stage of the ascertaining experiment, the generalized results of diagnostics showed
a high level of development of attention, memory, thinking in 16.6 % of students, an average level
in 56.8 %, and a low level in 26.6 %. Most of the students showed an average level of development
of cognitive abilities, and only one sixth of the students showed a high level.

The general result of the ascertaining experiment: in the control and experimental groups,
students had a sufficient level of independent activity in all its components.

The formative stage of the experiment (2021) pursued the goal of testing the technology for
organizing students' independent activities and implementing pedagogical conditions conducive to
the effective organization of students' independent activities. The program of the formative
experiment included the following: the study by students of the 1st year (2021-2020 academic
year) of the academic discipline "Methods of organizing independent activities of students", the
systemic involvement of students in the educational process, purposefully organized by teachers of
the following disciplines: "General psychology”, "General pedagogy”. The teachers developed
various types of independent work, involving a system of different types of independent activity
(individually differentiated, frontal and group; work with a textbook, reference book and other
printed manuals; compiling lecture notes, abstracts to the source; drawing up diagrams, graphs,
tables; performing chemical experiments; solution of computational and qualitative problems;
preparation of reports, abstracts, qualifying papers).

The work of teachers was based on the theory of the gradual formation of mental actions by
P.Ya. Galperin.

An important condition for the productive independent activity of students was the practice-
oriented and problematic nature of tasks with the systematic interaction of theoretical and
practical components in training. The structure and composition of the educational and didactic
complex of the academic discipline in the direction of "Pedagogy" included the following
components: a textbook, educational and methodological support, information support tools,
organization of educational and industrial practices and mandatory control and self-control.
The effectiveness of independent activity of students was determined by its correct organization by
the teacher, where his role gradually decreased.

At the first stage — the initial stage of the formation of the competence of self-organization of
future teachers at the stage of experimental experiment, the components of the formation of the
competence of self-organization of future teachers (motivational, cognitive, activity, volume-
reflective), criteria and indicators, levels (basic, productive, creative, etc.) and determine the level
of formation of the competence of self-organization of future teachers.

Diagnostics at the end of the formative stage of the experiment showed a positive dynamics in
the development of the components of independent activity, both in the experimental and control
groups. The proportion of students with a sufficient and creative level of development of the
operational and activity and control and evaluation components of students' independent activities
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has increased. The high level of the student's independent activity was manifested in the fact that
the student could independently perform various educational-theoretical, educational-practical
and other tasks without the help of a teacher; his activity was aimed at the process of activity,
he strove for cooperation, for success.

The obtained data on the application of the Pearson's criterion 2 % allow us to state that as a
result of the implementation of the developed model, the components of the independent activity
of the students of the experimental group have been developed. The proportion of students with a
low, reproducing level of development of the components of independent activity has decreased,
while the share of students with a high, creative level of development of the components of
independent activity has increased. Positive changes in the percentage distribution of the levels of
development of independent activity of students were insignificant in the control group, and in the
experimental group they were significant.

Readiness of students for independent activity; her motives; the need to overcome obstacles,
the desire to achieve high results (self-improvement); orientation of students (to themselves, to
interaction, to the task); the level of emotional state were important indicators of the effectiveness
of independent activity of students of Abay Kazakh National Pedagogical university.

Identification of productive activity of students in obtaining knowledge (independent and
control work and checks and inspections), analysis of curricula.

The main purpose of the defining stage was to determine the level of competence of self-
organization and the actual situation of future teachers. In addition, the survey revealed the
correctness of the tasks set, in particular, the expediency of forming the competence of self-
organization of future teachers in the conditions of the university.

The descriptive experiment was aimed at determining the attitude of future teachers to the
implementation of the competence of self-organization and the level of preparation for it.

1. The purpose of the questionnaire was to assess the level of understanding of the essence
and properties of the competence of self-organization of future teachers.

The students of the experimental group evaluated the "research function as a multifaceted
complex phenomenon" and expressed their opinion on the concept of "research competence":

- the path of personal and professional development;

- type of cognitive activity;

- the form of realization of a person's creative potential;

- the principle of improving the quality of educational services;

- method of reconstruction of pedagogical reality;

- Ways of mastering new pedagogical knowledge.

According to the results of the experimental experiment, 48 % of students believe that only
people with high creative potential are engaged in self-organization competencies. A small number
of students, 22 %, consider the implementation of self-organization competence as a way of
personal development, and 19 % believe that it is an improvement in the quality of educational
services. Only 11 % of students feel the need for scientific research to gain new knowledge and show
the need for cognitive activity to fulfill research competencies.

The test "Self-assessment of the level of formation of competencies of self-organization of
future teachers".

2. During the diagnostic experiment, one of the diagnostic tools was offered to students by
the author's test.

The competence of self-organization of future teachers is considered as a condition for their
professional development; the motives of future specialists were considered as the driving force of
actions. The questionnaire data were presented, on the basis of which the motivation of students to
perform self-organization competencies, the value attitude of students to research activities and the
level of development of research skills were determined. Their totality allows us to determine the
initial state of formation of the competence of self - organization of future teachers.

The results of the formation of the competence of self-organization of future teachers on the
motivational component (according to A. Pakulina and S.M. Ketko)
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Table 2. Self-organization of future teachers on the motivational component

By motivational component (levels) %
Groups Creative Productive Basic
CG EG CG EG CG EG
Number of students 4 5 28 29 35 37
Percent 5,9 71 419 40,8 52,2 52,1

The criteria of the motivational component of diagnostics competence of self-organization
were determined according to the following set of methods.

Determination of the motivational component of the experiment results of the formation of
the competence of self-organization of future teachers in the analysis, control, correction, creativity
of the control group of 5.9 % and the experimental group of 7.1 %, the control group of the product
41.9 %, the experimental group 40.8 %, the control group at the initial level of 52.2 %,
the experimental group 52.1 %.

To determine the level of formation of the competence of self-organization of future teachers
according to the content-cognitive component, the level of content-cognitive knowledge of students
was determined on the basis of the questionnaire of Yu.V. Ryndin "Self-assessment of theoretical
and methodological readiness of students to professional activity".

According to the cognitive-content component, based on the principle of competence,
the level of the content of knowledge about applied and fundamental research, the ability to master
the complex of methodological, theoretical knowledge necessary for teachers was determined.

The results of the formation of the competence of self-organization of future teachers on the
cognitive and content component of the descriptive experiment are 2.9 % in the control group,
2.82 % in the experimental group, 16.5 % in the control group, 18.5 % in the experimental group.,
38 %, the control group at the initial level of 80.6 %, the experimental group 78.8 %.

According to the activity component, we have identified a system of research skills and abilities
of future teachers and the ability to perform self-organization competencies, a methodology for
assessing the level of competitiveness of an individual (Ryndina Yu.V.). The study is based on the
updated methodology of Yu.V. Ryndina (Appendix-B), an activity component in the formation of self-
organization competence the methodology of self-assessment of creative abilities.

Table 3. Results of the formation of the competence of self-organization of future teachers
according to the cognitive and content component (according to the updated methodology
of Yu.V. Ryndina)

Groups Cognitive-content component (level)%
Creative Productive Basic
CG EG CG EG CG EG
Number of students 2 > 11 13 54 56
Percent 09 2,82 16,5 18,38 80,6 78,8

The methodology of self-assessment of research and creative abilities was used, according to
the results of processing the results of the methodology, the control group showed an initial level of
5.9 %, in the experimental group this indicator was 5.6 %, and in the control group — 23.9 %, and in
the experimental group 25.4 %. A high level of personal creativity was revealed in 70 % of the
control group and 69 % of the experimental group. The purpose of effective use of the method is to
increase the ability of future teachers to keep up with the continuous development of innovative
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research competencies in the field, using the knowledge, skills acquired in modern competitive and
innovative conditions. universities in the formation of research competencies. Today, the training
of teachers who are able to withstand high competition in the labor market and perform research
competencies is in demand.

In order to form the competence of self-organization of future teachers, a number of
preparatory activities were carried out for the participants of the experiment, corresponding to the
content and specific tasks.

The content of the test task determines the level of competence of self-organization of future
teachers. The tasks reflect the professional competence of the teacher, depending on the
professional level and motivation of the participants to participate in teaching activities.

In accordance with the logic of the organization of experimental work, we consider the results
of the formative and final stages of the pedagogical experiment. The result of the experimental
work is a change in the attitude and understanding of the essence of the experimental group of
students to strengthen research competence, which led to an increase in the quality of professional
training of students.

4. Discussion

We have developed a model for organizing independent activities of students, including the
goal (effective organization of students' independent activities); methodological approaches
(systemic, activity-based, subjective, personality-oriented, competence-based, acmeological,
integrative-differentiated): principles (reflection; taking into account the age characteristics of
students, as well as individual intellectual abilities; developmental and creative orientation of
activity; individualization of activity; algorithmization of activity; professional direction of activity,
combination of external and internal control); components of independent activity; technology
represented by stages and types of independent activities; individual trajectory and levels of
formation (reproducing, sufficient, creative) of independent activity of students. The technology of
organizing independent activity is carried out in the educational process of the university with the
indirect participation of the teacher and the active participation of the student. The model indicates
a set of pedagogical conditions (subject-subject relations between students and teachers; increasing
students' motivation for independent activity; educational and methodological support of
independent activity; gradual complication of types of independent activity; management of
independent activity based on the individualization of training; creation of a system of tasks of
various levels of complexity; systematic diagnostics of the level of formation of independent activity
of students) and the result (increase in the level of formation of independent activity of students of
natural faculties). After analyzing the main approaches to building the educational process at the
university, we came to the conclusion that it is necessary to supplement traditional forms of
education with interactive ones. The technology presented by us for organizing independent activity
of students of the university includes a system of various types of independent activity, which can be
both individually differentiated and frontal, group. The types of independent activities include: work
with a textbook, reference book, printed manuals; compiling lecture notes, abstracts to the source;
drawing up diagrams, graphs, tables; performance of chemical experiments; solution of
computational and qualitative problems; preparation of reports, abstracts, qualifying works. This
requires systematic involvement of students in educational and professional activities.

As you know, the teacher's control of the student's knowledge not only determines his
success, but also creates conditions for effective mastering of the educational process. Analysis of
the current state of the educational process privatizes the process of knowledge control, allowing to
improve the content and forms of training. Take, for example, the task below.

Describe the complex compound K3[Fe(CN)6] by the VB method, determine the spatial
configuration, hybridization type.

The operations to be performed to accomplish this task are:

A) it is necessary to know the theory of the valence bond method, which explains pedagogical
communication.

B) in order to apply the theory in practice and describe a complex compound by the method
of BB, it is necessary to know the sequence of its description (qualifications, flexibility skills) (Sun,
Dai, 2002).

C) correctly complete the task and give the exact answer in order.
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Depending on the value of each step in completing the task, the task weight is determined:
1 point + 0.75 points + 0.25 points = 2 points. That is, the weight of the task is determined by two
points.

Thus, the student is informed about the results of each work performed on the basis of a
system of rating knowledge assessment. From this, the student seeks to complete the assigned
tasks on time, with quality, in order to raise his rating. Students are given control tasks divided into
levels.

The result of the obtained control work shows that students are more likely to strive to
complete the task of the upper level.

In conclusion, in the conditions of credit technology of training, the final results of
independent work and independent work of the student in the presence of the teacher are summed
up under the direct control of the teacher. The teacher, at the request of the students, can use any
of the methods for controlling the final result given above.

So, we have created and described a model for the implementation of SSW and SSW in
pedagogy in the context of credit learning technology.

Student under the supervision of the teacher:

Develops research skills;

Generalization and repetition of past materials;

Forms the skills of applying the acquired knowledge, complementing them, expanding them;

The teacher, taking into account the psychophysiological and academic performance of the
student, gives directions for independent work and creates an opportunity for the development of
their independence.

To teach the use of explanatory (scheme, table, thesis, etc.) materials that allow the teacher-
student to effectively use their time in the course of joint activities with the student, to indicate
ways to search for the necessary literature;

For the development of self-activity, independence, it is better to use the methods of problem
narrative, creative search (Thomas, 2011).

The teacher helps the student to choose an individual task (term paper, abstract, scientific
report, drawing up a sample lesson plan).

Be able to provide literature, work with them;

Effective methods and techniques, teach the ability to use ways to complete the task;

Advises individual or several students, coordinates the work of students with each other.

Since independent work (SIS) of students in higher educational institutions makes up the
majority of the entire curriculum, its effectiveness depends on the correct construction of a model of
Organization of independent work, developed in accordance with the requirements of the professional
orientation of a specialist. However, the main requirements for the student are as follows:

Activation of the student's creative potential: in the process of independent implementation
of the educational task, the student gets acquainted with the scientific literature, analysis of
methods and mastering the technology of creativity.

Education of self-education and motivation for self-development: activation of the ability to
creative activity, improvement of the quality of professional training, development of creative
orientation in solving professional tasks, mastering methods and techniques of general and
individual research, etc.

Increasing motivation for educational activities: activation of the position of the individual in
the educational process, the basic attitude of subjective new knowledge, that is, the function of
independent acquisition of knowledge, new and personal significance for a particular student
(Wang, 2007).

The development of cognitive activity: an attempt to think independently, to find an
independent direction in solving a task or problem, an attempt to independently acquire
knowledge, a critical formation of opinions, the activity of the educational and cognitive process in
the educational process, the activity of the teaching method of students is prioritized and realized
by indirect interest.

In fulfilling the task of forming students ' abilities for independent work, a problem arises for
the entire teaching staff. It is focused on the content of this work in a targeted manner, especially in
the training of students. Such training involves the formation of its own modeling methods of
educational activity, the determination of the most appropriate agenda for students, conscious
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understanding of rational ways of working with educational material and its subsequent
processing, mastering deep, as well as quick learning techniques, drawing up a plan for setting and
solving various actions, summaries, educational and practical tasks. In this context, the approaches
to the educational work proposed by A. K. Markova may be of great interest:

- methods of semantic processing of the text, enlarging the educational material, highlighting
the original ideas, principles, laws from it, enumerating generalized ways of performing tasks,
independently building a system of tasks for a certain category of schoolchildren;

- approaches to reading culture (for example, large syntagmas and "dynamic reading") and
listening culture, shorter and more rational ways of writing (taking notes, plans, theses, synopsis,
annotations, abstracts, reviews, general approaches to working with the book);

- general approaches to memorization (structuring educational material, using special
techniques of mnemonics based on figurative and auditory memory);

- methods of concentration of attention, that is, based on the use of various types of
independent supervision by a schoolboy, step-by-step verification of his work, the order of
verification, the division of "units;

- general approaches to the search for additional information (work with bibliographic
materials, references, catalogs, dictionaries, encyclopedias) and their storage in the home library;

- methods of preparing for exams, tests, seminars, laboratory classes; methods of rational
organization of time, calculation and expenditure of it, correct alternation of Labor and study, oral
and written difficult tasks, general rules of occupational hygiene (regime, walk, order in the
Workplace, its brightness, etc.)". It is obvious that both general approaches to the organization of
mental labor and specific approaches to educational work, for example, work with the text,
are given here.

The formation of the latter will be one of the main prerequisites and the basis for
independent work of students in all academic disciplines (Vasbiyeva, 2021).

Let us emphasize again that in general, the independent work of students is based on the
point of view of educational activities, the correct Organization of classroom educational activities.
In particular, it concerns the transition from the external supervision of the teacher to the self-
supervision of the student, and from the external assessment to the formation of his self-esteem
and their relationship, which, in turn, determines the improvement of control and assessment by
the teacher.

The effective organization of independent work depends not only on the system of
independent work, but also on the fulfillment of pedagogical conditions:

The correct combination of the volume of the student's classroom and independent work,
the effective workload of the student, the correct construction of the schedule of classes, the
teacher's consideration of the student's time, ability to perform, and coverage of educational and
methodological literature in determining the complexity of independent work have a great impact
on the result of the student's independent work.

Methodically, the correct Organization of independent work of the student in the classroom
and beyond, the adequacy of the material and technical base of the educational institution,
its employees to perform independent work. Proper performance of their functions by participants
in the organization of independent work of students.

Providing the student with the necessary methodological materials in order to turn the
process of independent work of students into a creative process. In the libraries of the educational
institution there is a fund of necessary educational literature, electronic manuals and e-learning
programs, and one of the strongest sources of information today is the internet. Computerization of
the educational process creates conditions for the student to independently learn and work with
sources of information, to conduct their own control, to use their time economically. Therefore,
in the effective use of independent work, electronic textbooks, the content of which can be
dynamically changed and updated with the latest scientific discoveries, and are flexible in use, are
of great importance.

Organization of work on changing the relationship between the student and the teacher in the
direction of the student's activity in his desire to learn independently, as well as the correct
selection and use of effective methods, forms, types, means of organizing the student's independent
work contributes to the result of the student's independent work. The use of didactic tools and new
information technologies is of great importance in increasing the efficiency of independent work of
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students and the student's motivation for its implementation. The purpose of each independent
work should be clear, clear, its volume and content should be designed in such a way as to meet the
educational goal, motivate the student to perform, and the student should have the conditions and
opportunity to perform it. The tasks of the student's independent work should be such that they
require the application of the acquired knowledge in a new situation, new self-education, increase
the student's cognitive abilities (Duisekova, 2021).

Taking into account the specifics of the organization of independent work of students, that is,
depending on the form of study (full-time, part-time), level of education, course of study, specialty,
subject, place of execution.

Creating conditions for the disclosure of individual -characteristics of students,
the development of mental abilities in solving the problems of independent work of the student.
This is directly related to the implementation of the model of organizing independent work of
students. As a result, the creative personality of the student is formed, who has the skills and
abilities to work independently, independently acquire knowledge, conduct scientific research in
his professional activities, has analytical thinking, is able to control his actions, and as a result of
his work makes his own control (Ziak, 2022).

We see the prospects for further study of the problem in a more detailed study of student’s
independent work from pedagogical and psychological sides. In the future it would be interesting if
we could make comparative analyses between students of different countries to see how do they
arrange and cope with this problem. In our opinion, it would be interesting to explore from another
point of view to present more information for future enhancement. In addition to all above
mentioned the discussed in this paper, in our opinion, brings a lot to the teachers of university so
for the young scientists. The work considers only one of the aspects of the problem. Research in
this direction can be continued. It could be a study not only of independent work on their own but
also independent work under the supervision of teachers.

The study does not claim to be an exhaustive description of the problem under study, but
gives grounds to outline some further prospects in this direction. The subject of a special study may
be such aspects of the topic under consideration as the development of a set of competencies for
the effective organization of independent work, the problem of individualization of training based
on independent activity, etc.

5. Conclusion

In the chapter of the experimental work on the formation of the competence of self-
organization of future teachers, we summarize the results of the experimental work, focusing on
the pedagogical system and work aimed at determining the pedagogical conditions for the
formation of the competence of self-organization of future students in higher education.

The methodical system of formation of competence of self-organization of future teachers is
defined. Guided by the trends of modern educational processes, the methods of forming the
competence of the self-organization of the teacher were used.

The analysis of the above data allows us to evaluate the effectiveness of the use of
methodological support in the organization of a special course in order to form the competence of
self-organization of teachers in higher education and draw the following conclusions:

- at the beginning of the experiment, a low level of formation of the competence of self-
organization of future teachers was revealed;

- At the end of the experiment, there is an increase in the level of formation of the
competence of self-organization of future teachers. This is explained by the effectiveness of the
proposed methodological system for studying research activities in the innovative educational
environment of the university and the formation of the competence of self-organization of future
teachers;

- At the final stage of the study, the results of the students of the experimental and control
groups were compared using methods of mathematical statistics.
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Abstract

Higher education adapts to the challenges of globalization and new priorities of society, the
values of students from different countries, expands the range of pedagogical technologies and the
ways they are included in the educational process. To train highly qualified specialists, develop the
multicultural competence as an integrated personal quality in higher education, blended learning,
3D modeling, augmented and virtual realities are used.

The paper investigates the problems and ways of using AR applications in the educational
process and organization of practice, intercultural communication and joint activities of master’s
level students which are considered as important conditions of formation of a multicultural
individual.

Methodology. The main idea of the study is determined by the principle of multicultural
education which involves the acquisition of new knowledge, intercultural interaction, formation of
a worldview, etc. in augmented reality. The software tool is the Zome application. The study of
augmented reality technology and software takes place in a quest format. 42 students of the Vyatka
State University, master’s degree program in Pedagogical Education, were involved in the
experiment.

Results. In the experimental group, master’s degree students used AR tools to study theory,
consolidate skills of intercultural communication and collaboration. The levels of multicultural
competence formed were assessed, and statistically significant differences in the qualitative
changes that occurred in the pedagogical system were revealed.
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In conclusion, the peculiarities of using augmented reality as a pedagogical technology to
form master’s degree students’ multicultural competence and improve the quality of education in
general are summarized.

Keywords: educational paradigm, intercultural communication, information environment,
digital service, personality qualities, Zome.

1. Introduction

National identity and values, equality and pluralism of cultures on which the idea of
multicultural environment is based are reflected in the UNESCO declarations on the problems of
modern global strategies of education and integration. According to the relevant international legal
acts and recommendations, students are considered to understand not only their roots of national
identity (Burnet, 2008).

Multicultural learning environment is a new educational paradigm. Modern society
challenges the importance of each of its components in terms of the development of an individual,
the choice of appropriate pedagogical methods and means of influence.

Due to globalization, integrated socio-economic relations, intercultural communication,
developed network collaboration, representatives of different countries, peoples, groups, etc. need
to interact with each other.

At the same time, multiculturalism, tolerance, and responsibility are considered as necessary
socially significant personal qualities in the information society. K.V. Gasymova notes that, when
building a new educational paradigm, it is important to adhere to the principle of intercultural
tolerance (Gasimova, 2019).

There are studies which claim that national didactic systems should meet various person’s
needs and capabilities, the demands of actively developing digital economy (Soboleva, Karavaev,
2020). As a consequence, highly qualified specialists with not only professional, but also general
cultural competencies are required by modern labor market (Khazova, Khatit, 2015). For example,
they are considered to be prepared to communicate interculturally, be tolerant, perceive social and
cultural differences, etc. These requirements are reflected in federal educational documents.

G.A. Kameneva, T.A. Bondarenko convincingly prove that digital means of training university
graduates have a powerful didactic potential to form foreign language competence, intercultural
communication, develop the feelings of patriotism, person’s emotional and volitional
characteristics, etc. (Kameneva, Bondarenko, 2018). For this purpose, video materials, virtual
walls, animation, electronic reference books, online excursions are used.

J. Martin-Gutiérrez, C.E. Mora consider augmented reality (AR) technology as one of the
innovative pedagogical technologies that meet the demands of the digital economy and the
processes of globalization (Martin-Gutiérrez et al., 2017).

Such digital services are included in order to improve the quality of assimilation of new
theoretical material, enhance cognitive interest. Much less often, such services are applied to form
a foreign language competence, intensify group communication and support teamwork. As a
consequence, participants in the information and education interaction (future highly qualified
specialists, teachers themselves) do not fully use the resources of AR technology to form in-demand
general cultural competencies (intercultural communication, tolerance, patriotism, understanding
the values of other nations, etc.). In addition, as M. Elphick notes, problems arise when appropriate
applications are chosen and applied technically while developing and educating an individual
(Elphick, 2018).

We agree with ILE. Shcherbakov, O.V. Karaseva, D.A. Gorbacheva that targeted
methodological activities aimed to form graduates’ digital competencies, focused on obtaining
fundamental knowledge and in-depth skills in this field should be implemented at the master’s
level (Shcherbakov i dr., 2021).

Thus, there is a need to study augmented reality further as an innovative pedagogical
technology in order to:

1. Include new teaching methods and tools to form higher education multicultural
environment;

2. Effectively use AR in the educational and cognitive and professional activities of future
highly qualified specialists (in particular, master’s degree students).

The following hypotheses were accepted:
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Ho: the level of master’s degree students’ multicultural competence in the experimental
group is statistically equal to the level obtained in the control group;
Hzi: the level in the experimental group is higher than the level of the control group.

1.2. Purpose and objectives of research

The purpose of the study is to understand and take into consideration the peculiarities of
using augmented reality technology when training highly qualified specialists, developing
multicultural competence as an integrated personal quality in higher education.

The study objectives are:

- to analyze current trends and problems of forming future specialists’ multicultural
competence;

- to identify prospects and possibilities of using AR technology in training students of higher
educational institutions;

- to clarify the concept of “multicultural educational environment” in the context of
digitalized society;

- to specify the didactic potential of augmented reality applications and tools while
developing multicultural competence and demanded digital skills;

- to describe principles and directions of teacher’s support for educational, cognitive and
professional activities of master’s level students when applying AR in accordance with its functions,
challenges of globalization, labor market requirements, and higher education standards;

- to experimentally confirm that the proposed activity is effective when developing master’s
level students’ multicultural competence.

2. Relevance

2.1. Literature review

In accordance with the purpose of the study, the literature was reviewed in two directions:

1) We identified how multicultural educational environment is formed under modern socio-
economic conditions;

2) We described the range of applications of new digital technologies which are used to
develop general cultural competencies and train highly qualified specialists of the future (including
master’s degree students).

2.1.1. Russian scientific and pedagogical literature review

A.L. Gavrikov, T.V. Mukhlaeva, when describing UNESCO activities within the framework of
international cooperation, note that the organization performs such functions as: implementing
promising research on forms of education, science, culture, and communication which are
necessary in the world of the future; support for the promotion, transfer, and exchange of
knowledge (Gavrikov, Mukhlaeva, 2017).

Federal documents in the field of Russian higher education determine the main competencies
of in-demand specialists of the digital economy: respect for historical heritage and cultural
traditions (Eskindarov et al., 2021), tolerant perception of differences between representatives of
different nationalities, etc. As a result, teachers in the classroom are encouraged to actively apply
pedagogical technologies to form appropriate general cultural competencies, patterns and values of
social behavior in the globalizing world, multicultural communication skills and tolerance
(Tikhonova i dr., 2018).

Within the first direction, it was also determined that multiculturalism, according to the
conclusions of N.A. Astashova, S.K. Bondyreva, O.L. Zhuk, on the one hand, is a personality quality
that allows a person to identify themselves as “an individual with their own culture and value
system formed by tolerance towards other cultures and the culture of interethnic communication”
(Astashova i dr., 2019). On the other hand, multiculturalism, e.g., according to O.A. Obdalova,
0.V. Odegova, is considered as an important characteristic feature of modern education (Obdalova,
Odegova, 2018).

S.A. Khazova, F.R. Khatit state that multicultural competence determines a person’s ability to
live and work effectively, interact in a multicultural society. As a consequence, cognitive,

1149




European Journal of Contemporary Education. 2022. 11(4)

motivational and value, activity and behavioral components should be distinguished (Khazova,
Khatit, 2015).

Within the second direction, we noted that, under the conditions of the dynamically
developing information society, the need to establish intercultural interaction with representatives
of other countries is increasing (Serostanova, Choporova, 2020).

S.V. Volodenkov concludes that, due to modern information and communication technologies,
the borders of states and, consequently, contacts between representatives of different cultures are
expanding (Volodenkov, 2016). So, in order to bring peoples closer, a large number of chats, forums
and platforms are being created to establish effective interaction between representatives of different
cultures. According to E. V. Soboleva et al., innovative technical means, software applications bring
the learning process to a qualitatively different level (Soboleva et al., 2020).

A.V. Grinshkun highlights the fact that the use of augmented reality technology while
training highly qualified specialists allows overlaying computer graphics or text information into
the content of the real physical world in the present time (Grinshkun, 2018). And, indeed, students
feel that they can find informational virtual objects in real environment. These circumstances
enhance students’ interest, cognition, research, and creativity (Kotenko, 2020).

A.V. Ivanova also proposes the structure of augmented reality applications for university
education. The designed structure includes the following modules: tracking cameras, object
storage, visualization devices, and user interface (Ivanova, 2018).

According to N.N. Serostanova and E.I. Choporova, the use of AR technology meets the
requirements of modern educational standards and, when effectively organized, intensifies the
didactic process (Serostanova, Choporova, 2020).

M. Rumyantsev, I. Rudov confirm that currently higher educational institutions in Russia use
AR and VR mainly when teaching natural science disciplines (Rumyantsev, Rudov, 2016).

In the digital environment, the teacher will have to learn how to organize and direct students’
cognitive activity, build multicultural interaction, network collaboration, personalized presentation
of the material using modern information technologies.

S.S. Kulikova, O.V. Yakovleva note that the problem of using new technologies when
developing general cultural competencies and training highly qualified specialists of the future is of
particular importance nowadays when education is designed to prepare a multilingual
multicultural individual capable of using digital educational resources to enhance intercultural and
interpersonal communication, be part of national and world cultures (Kulikova, Yakovleva, 2022).
According to the authors, digital educational environment is a challenge of the new time,
a condition, as well as a means of training a specialist of a new breed.

In order to warn teachers seeking to enrich their software and technical tools, A.L. Zhuravlev,
T.A. Nestik, focus on potential risks, security threats and problems of personal development
(Zhuravlev, Nestik, 2019). For example, when installing applications for AR, teachers must require
from students to comply with security measures, maintain the integrity and confidentiality of
information and must do it themselves.

So, on the one hand, developing multicultural educational environment, forming person’s
multicultural competence are the priorities of the country’s policy in the international economic
sphere; on the other hand, the use of augmented reality technology in education is supported by
the provisions of the Education national project.

The Russian literature review allows identifying the problem that developing multicultural
competence and in-demand digital skills of students who major in Pedagogical Education needs
further study.

2.2, Foreign literature review

When studying the peculiarities of forming multicultural educational environment under
modern socio-economic conditions, it was noted that most foreign scholars recognize the
significant role of information technologies in terms of enhancing multilingual interaction and
dialogue of cultures.

M.U. Nadeem, R. Mohammed, S. Dalib prove that the globalization of society is not only
accelerating scientific and technological progress, intellectualizing all types of human activity, but
also is creating a qualitatively new information environment (Nadeem et al., 2020). Within this
environment, the person’s creative potential is developed. For example, cloud services, according to
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V. Maria-Diaz, M. Lopez-Pérez, B. Fernandez-Robles, are effective tools to obtain all types of
information (Marin-Diaz et al., 2020). And the widespread use of VR/ AR technologies contributes to
developing the country’s economy, significantly increases productivity and efficiency at industrial
enterprises, forms new approaches to the learning process, improves the level of education,
qualitatively increases the level of healthcare and makes medical care more accessible. In addition,
VR/AR technologies create the state-of-the-art ways of communication (Thees et al., 2020).

M.U. Nadeem, R. Mohammed, S. Dalib also state that, in the context of forming a
multicultural individual in information and education environment, in-demand specialists of the
future need to master not only professional communication skills, but also various technical means
of communication with colleagues (Nadeem et al., 2020).

Along with these directions, VR/AR applications and systems are also being widely used in
education (Merchant et al., 2014).

For instance, according to T. Liao, such technical means of communication enhance foreign
language communication, intensify, individualize and differentiate the learning process (Liao,
2020). However, as noted by R. Raisamo et al., virtual environments and software applications,
like any means, have their advantages and disadvantages (Raisamo et al., 2019). The teacher’s task
is to optimally integrate them into the educational process and communication between all
participants of the didactic process.

J. Bacca et al., when describing the range of applications of new digital technologies used to
develop general cultural competencies and train highly qualified specialists of the future, argue that
augmented reality technology has significant educational potential and is a universal tool of
developing memory, attention, thinking (Bacca et al., 2019). This technology makes it possible to
achieve a new form of digital managing and ordering data; a new quality of information
visualization; a higher level of communication (Geng, Yamada, 2020).

J. Martin-Gutierrez claim that online courses, electronic diaries and textbooks, adaptive
individual educational programs are becoming an integral part of the current learning process
(Martin-Gutierrez, 2017).

However, according to M. Fan, A.N. Antle, J.L. Warren, teachers and students in higher
education use augmented reality tools mainly to model or study phenomena and processes that are
difficult to implement in real conditions (Fan et al., 2020).

Network etiquette, respect for the “virtual” interlocutor, and psychological comfort in
intercultural communication are studied separately in foreign science (Auwalu et al., 2015).

So, despite the wide range of didactic possibilities of augmented reality technology in
university education, training highly qualified specialists, developing general cultural competencies
and socially significant personality qualities, there are a number of objective factors that must be
taken into account when forming multicultural environment. First, teachers must be prepared to
conduct a dialogue of cultures, be tolerant and perceive a different opinion. Second, it is necessary
to understand the risks of using AR in terms of the psychological climate within the team, in which
students of different nationalities can study. Third, it is difficult to choose an AR application that
works as efficiently as possible to achieve the didactic goals.

Thus, there is an objective need to study the potential of augmented reality technology, taking
into account training master’s degree students to meet the requirements of the digital economy,
the challenges of the globalizing society, as well as for the students’ benefit.

3. Materials and methods

3.1. Theoretical and empirical methods

The following methods are used in the study: theoretical analysis and generalization of
scientific literature on the problems of developing a person’s multicultural competence in the
context of globalization and informatization; the use of digital tools to improve the quality of higher
education; the use of the AR technology potential when forming professional and general cultural
competencies.

The main methodological idea of the study is determined by the key principle of multicultural
education which implies assimilating knowledge about other cultures by master’s level students,
implementing effective intercultural interaction, forming a worldview, conducting a dialogue
between representatives of different countries, nations, etc.

The Zome application which is an improved version of WallaMe is used as a software tool.
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Augmented reality technology and Zome are applied using quest.

Independent and frontal laboratory work, mini-research and creative projects,
demonstration, work according to instructions, gamification and m-learning are used at various
stages of multicultural information and education interaction.

To obtain up-to-date information about the level of master’s degree students’ multicultural
competence, empirical methods are used: monitoring the communication of all the interacting
participants; analysis of messages and results of activities in Zome (virtual texts, the number and
quality of images, the choice of geo-location); the number of attempts to find the right solution;
time to study theoretical material in published work; the volume and correspondence of the audio
files used, etc.

AR tools to design multicultural educational environment were directly studied when
teaching Development and Application of Computer Games in Training. AR-tools to communicate
in augmented environment of multicultural interaction were applied while teaching Foreign
Language in Professional Activities, Interactive Educational Technologies in Specialized Training,
Digital Environment of Technological Education. In total, 42 master’s degree students (44.04.01.,
Pedagogical Education) were involved in the experiment. Experimental and control groups
(21 students in each) were formed from these students using the author’s testing.

The author’s testing consisted of 60 tasks divided into blocks according to the components of
multicultural competence. In each block, there were 2 tasks for free presentation/designing and 10
closed-form tasks (matching, selection/multiple choice, working with a text fragment, filling in
gaps, etc.). Examples of tasks are presented in section 4.3.1.

During testing, adapted diagnostic materials by S.A. Khazova, F.R. Khatit were used.
To diagnose the level of the multicultural competence step by step, S.A. Khazova, F.R. Khatit
recommend to use the following methods (Khazova, Khatit, 2015):

1. The cognitive component of multicultural competence should be assessed using the results
of monitoring students’ knowledge in academic disciplines of the corresponding stage or the
integrated assessment of the level of knowledge using specially developed tests.

2. The motivational and value component of multicultural competence should be assessed
using:

- testing involving ranking of multicultural values mastered at a specific stage (a) and the
assessment of the personal significance of multicultural values mastered at a specific stage (b);

- a questionnaire aimed at clarifying the relationship of stimuli (motives) that determine or
may determine the students’ activity in intercultural interaction;

- a questionnaire aimed at identifying the presence, strength, and orientation of students’
interests regarding intercultural interaction.

Thus, an integrated set of cognitive, motivational and value, activity and behavioral, reflexive
and evaluative components was taken into account in the author’s testing.

The average age of respondents was 28 (53 % of girls and 47 % of boys). The number and
composition of the sample were justified by the study specifics. When characterizing the
relationships of the features under consideration, nonparametric statistical criteria are used,
in particular, the Pearson's chi-square coefficient — y2.

3.2. The base of research

The main purpose of the experiment was to test AR effectiveness in the master’s level
students’ educational, cognitive and professional activities while developing their multicultural
competence. 42 master’s degree students (44.04.01 Pedagogical Education) were involved.

Using the entrance testing, we collected the required initial data about the students.
The sample was not random. To fulfill the rules of probabilistic selection, the same teacher
supervised the intellectually-directed and cognitive activities of all the master’s level students when
using AR applications. While networking in the multicultural educational environment, the specific
features of future work were taken in account.

AR applications were studied and subsequently applied while teaching Foreign Language in
Professional Activities, Interactive Educational Technologies in Specialized Training, Digital
Environment of Technological Education, Development and Application of Computer Games in
Training,.
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The teacher formulated research tasks, directed the master’s level students’ network
interaction in multicultural educational environment, educational materials in augmented reality.

AR applications (building links between elements, adding images, various documents,
uploading materials, exporting) were used in the same classrooms using the same hardware and
software. The test was developed by the authors in accordance with the current standard of higher
education in the given field.

3.3. Stages of research

The effectiveness of AR technology in the university environment aimed at educating a
multicultural individual and improving the quality of education in general was evaluated during
the pedagogical experiment.

The study was conducted in three stages.

At the preparatory stage, various software tools and applications supporting AR technology
were analyzed. The following characteristics as criteria for selection were used: open access (free
distribution), multilingualism, ability to work individually and in a group, presentation of
information in various forms, information security in network collaboration.

As advantages of Zome, we note the possibility of networking, using maps and geo-
positioning, adding images (including animation) and texts in various languages, protected account
and access to interaction only with the interlocutor’s consent, intuitive interface, free software
distribution.

Further, the tasks to assess the master’s degree students’ level of multicultural competence
were developed. It was taken into account that when studying the phenomenon of “a person’s
multicultural competence”, an integrated set of cognitive, motivational and value, activity and
behavioral, reflexive and evaluative components should be considered. A block of tasks to assess
the quality of solving professional tasks by master’s level students was also added. Examples of
tasks are presented in section 4.3.1.

Students could get from 0 to 100 points for testing. According to the results, the levels were
determined as follows: from 85 (inclusive) to 100 points were considered the “high” value, from 61
(inclusive) to 84 — “average”, for other cases — “low”.

The level of master’s degree students’ multicultural competence was determined using the
results of the presented and discussed individual messages on geometrics and the results of the
quest as a whole; the intensity of interaction in AR environment. The methodology to determine
the level of master’s degree students’ multicultural competence is also described in section 4.3.1.

Thus, the collected data on 42 participants of information interaction made it possible to
form experimental and control groups (21 master’s level students in each).

Conditions for the formation of the control and experimental groups include an
approximately equal number of boys and girls, similar factors in the motivation for intercultural
communication and collaboration in AR; emotional responsiveness and attentiveness to the
conversational partner; ability and readiness for multilingual information interaction;
approximately the same user skills in working with digital technologies.

The second stage of the research is devoted to clarifying the principles and directions of
teacher’s support for master’s level students’ educational, cognitive, and professional activities
when applying AR in accordance with its functions, the challenges of globalization, labor market
requirements and higher education standards.

The third stage of the study involves experimental teaching and using AR applications in
master’s degree students’ training.

4. Results

4.1. Clarifying basic concepts

Within the study, augmented reality (AR) is considered both as a learning technology and as
information environment for personal development. Text information, graphics, video, 3D models,
sound are used to interact with the user in augmented environment. AR was used in the
experimental group training in order to solve the following tasks:

- to create additional conditions to study the basics and principles of forming cultural
environment in all the diversity of norms, values, traditions, stereotypes; determine the
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effectiveness of intercultural communication technologies; take into account the rules and
peculiarities of business communication;

- to organize the communication process taking into account the cultural context to achieve
the given result;

- to form skills of joint activity in various forms taking into account the peculiarities of the
cultural environment;

- to study innovative technologies in accordance with the trends of globalized and integrated
society, challenges of the digital economy, and labor market requirements;

- to apply digital technologies to analyze, take into consideration the diversity of interests,
cultures in multilingual and intersectoral interaction;

- to use the capabilities of new software tools to highlight the intercultural diversity of society
in socio-historical, ethical and philosophical contexts;

- to study the history of Russia and universal history, the place and role of Russia in the
history of mankind and in the modern world;

- to forecast and find solutions to philosophical, socio-historical and ethical problems of
modern society.

When selecting information resources, digital means for multicultural education,
the principles of humanism and tolerance, practice-oriented interaction are used.

Augmented reality is a technology that includes virtual information in the real world which
seems to coexist with the person within the same environment. The information received by the
user is not perceived only visually. Both hearing and touch can be used what makes the feeling of
“immersion” of augmented reality. AR tools allow replacing or supplementing existing spatial
objects which combines computer-generated information with the real environment. Due to this,
AR-based applications can work interactively in real time.

In order to come into contact with augmented reality, it is enough to have a smartphone,
tablet, computer or AR glasses, which are the technical shell of the technology. Gadgets must have
special software and a camera. If all the conditions are met, it is possible, e.g., to immerse in the
Lewis Carroll’s world, see a variety of ghost towns, visit the Island of Lost Ships and Nautilus. Due
to the interactive guide, the user has a real opportunity to get acquainted with the history of various
architectural structures, monuments, exhibits. Ordinary people can experience the world from that
“fabulous” side, which existed, in their opinion, only in the Emerald City.

It is the analogous “glasses with green emerald glass” — the AR application — which allows
students from different ethnic groups (representatives of different peoples) to find mutual
understanding and equally emotionally perceive the “augmented” world.

To combine educational, cognitive and educational goals while training specialists, the Zome
service was used. This is a messenger and augmented reality network with tools to create and share
digital content anywhere in the world; it does not imply just being online.

4.2. Using AR in the university information and education environment to
enhance multicultural interaction

AR applications were used in the experimental group to achieve the goals of personal
development and obtain high-quality professional knowledge and skills. Augmented reality
technology was applied in training master’s level students in order to stimulate communication in
multicultural environment, foreign language communication, research and creativity, find
solutions to educational tasks, work out speech structures, etc.

As a result, after AR was included in the information and education environment of
multicultural, intersectoral interaction, a software product was developed that allows
supplementing the surrounding reality which is seen by the smartphone camera with virtual
objects. In this case, new theoretical material is applied in practice, and additional conditions are
created to develop person’s emotional and volitional qualities, feelings of patriotism, and tolerance.

Within this study, the Zome application is not just a messenger/network for augmented
reality where participants of information interaction can create and share their own digital content.
The Zome environment in the experimental group is multicultural educational environment that
promotes communication of representatives of different cultures in different languages, exchange
of opinions and emotions, develops communication skills in the network (network etiquette both at
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the household and professional level), supports information security measures, etc. The algorithm
to use an augmented reality application is as follows:

Step 1. To download the application using any platform

- https://apps.apple.com/pl/app/zome-augmented-reality/id13821233567?]=ru,

- https://play.google.com/store/apps/details?id=com.zomecorp.zome&hl=ru&gl=US, and run it.

Step 2. To register. There are two ways to do this: using e-mail or phone number (for the
user’s convenience, there is a Sign Up button in the interface).

Step 3. To enter the main screen of the application. It looks like a regular phone camera.
There are several working tools on the screen that help create one’s own messages and search for
other users’ tags.

When studying new material within the discipline, in particular “Educational Quests: Use at
Various Stages of the Educational Process”, participants of the experimental group develop the quest
content: the number of locations to find a solution, the content of each station. For example, the
quest task is “to determine the year in which Charles Wheatstone, an English physicist, invented a
stereoscope that allows users to “dive” into a three-dimensional image.” The answer is 1837.

We describe the influence of the presented task on the formation of each of the components
of the person’s multicultural competence.

The students start their journey in the university classroom. They use the application to find
a “superimposed” message on the wall — the text of the task. The background is the Rembrandt
Museum signboard in Kirov. The task is to find the figure which is used in the Bible to denote one
single true God. The correct answer is 1.

Then the students go to the Museum. On the facade, together with information on the
museum history, Rembrandt’s biography, a new task is given which says: if you put tangerines on a
platter in a circle or an octagon, well-being gets an infinity symbol. As a hint to the next station,
an audio recording of the bell ringing from the St. Trinity Church in the settlement of
Makaryevskaya is used. The correct answer is 8.

At the bell tower of the St. Trinity Church, the students receive an augmented reality message
“Third Person is a 2013 romantic drama film directed and written by Paul Haggis.” The task is to
determine the original quantitative numeral for the ordinal numeral from the film title, translate it
into Russian. The next point of the quest is the cultural place where this film was released.
The correct answer is 3.

At the fourth station (the Kolizeum cinema hall in Kirov), the students again find the text of
the task using smartphones and the Zome application camera with the help of the QR code.
The initial message contains the following sequence of attractions: the Lighthouse of Alexandria,
the Hanging Gardens of Semiramis, the Statue of Zeus in Olympia, the Temple of Artemis in
Ephesus, the Mausoleum in Halicarnassus, the Colossus of Rhodes, the Pyramid of Cheops.
The correct answer is 7.

Thus, the participants of information interaction really immersed themselves in the
multicultural educational environment supported by augmented reality. The students showed
knowledge of the foreign language, their native land, world religion, culture, and art. The cognitive
component was formed due to various ways of encoding information, conceptual structures and
connections used.

When completing the quest tasks, the students made judgments, formulated statements, gave
arguments, i.e. expressed their social stance.

While choosing the answer at the discussion stage and summing up the results, the reflexive
evaluation component was developed.

During the journey through the stations, while distributing roles and functions,
the conditions to enhance cooperation, joint activities and network collaboration (activity and
behavioral component) were created.

Each of the areas of information interaction described corresponds to the specific task of the
teacher’s professional standard: to be able to give objective assessment; to possess knowledge of
forms, teaching methods, and modern information technologies; to organize various types of
extracurricular activities, etc.

To move the quest stations into the augmented reality, the participants of the experimental
group performed the following actions:
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- they created a group for information interaction, sent out requests and accepted invitations
from all the quest participants;

- filled in the subject of the quest;

- added content (images, videos, text, sound, animation) using the buttons at the bottom of
the screen;

- determined the location for the tag/message;

- set the time for the message to appear and disappear, the number of possible views by users
using the Clock icon;

- set a password for the message using the Lock icon;

- checked the settings of all the elements for the message and clicked Send To button.

Thus, each master’s level student performed the following roles: the role of a developer of
their own quest for stations in augmented reality; an active quest participant in augmented reality,
they were invited there through the Zome application.

The master’s degree students in the experimental group studied and applied the following
Zome features:

1. Creating message capsules with attachments for storage and distribution in space and
time;

Setting the timer for the content to appear and disappear;

Creating individual maps (by profession, by cognitive interests);

Setting up the availability of messages when collaborating only to a certain group;
Limiting the number of message views;

Searching for the messages left in this location (inside it, the number of dots — left
messages — is seen).

AR S

4.3. Experimental evaluation

4.3.1. The ascertaining stage of the experiment

At the first stage of the experiment, the materials specially developed by the author’s team
were used to evaluate the input. Below are the examples of tasks.

We took into account the provision that when studying the phenomenon of “a person’s
multicultural competence”, an integrated set of cognitive, motivational and value, activity and
behavioral, reflexive and evaluative components should be considered. A block of tasks to assess
the quality of solving professional tasks by master’s level students was also added.

Block 1 (motivational and value component). As a task to establish compliance, master’s
degree students are given several situations of communication between representatives of various
professions, peoples, cultures. Situations are simultaneously presented in text/sound form and in
images. It is required to match them. The correct completion of the task is estimated as 1 point.

An example of the free presentation task is when students are given a set of words:
“Germany”, “nation”, “development”, “culture”, “thought”. They are required to write a short story
(at least seven sentences) using each of these words. The maximum mark for completing the task is
5 points.

Block 2 (activity and behavioral component). For example, when the task to select an answer
from the list is considered, students are given a text from the field of intersectoral, intercultural
interaction with missing words (set expressions). To fill in the gaps, students need to insert those words
that, in their opinion, most accurately convey the interlocutors’ emotions and feelings. The words to
choose from are presented in a separate line. 1 point is given if the task is correctly completed.

An example of the free presentation task is as follows. In order to write the course paper,
Maria needed to analyze at least ten information resources for learning English which could form
personal educational results. Students are supposed to recommend Maria websites, Internet
services, teaching materials, which, in their opinion, will allow her to solve the research tasks.
The maximum score for completing the task is 5 points.

Block 3 (reflexive and evaluative component). For example, it is required to complete the
sentence “Persons... are not allowed to teach” according to the norms of the current professional
standard. In the first case, the master’s level student receives multiple choice options. The correct
completion of the task is estimated as 1 point. In the second case, the student independently
constructs the answer. The maximum score for completing such a task is 5 points.
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Block 4 (cognitive component). For example, students are given the task to select an answer
from the list. From the suggested options, they choose what is traditionally eaten for breakfast,
lunch, and dinner in a particular country. 1 point is given for the correct completion of the task.

As a free presentation task, students suggest their own version of the origin of Japan or
construct their own version of the Pyramid of Cheops. The maximum score for completing the task
is 5 points.

Block 5 (to assess the quality of educational results). For example, students work with a text.
Using a fragment from K.Y. Polyakov’s teaching materials, they note those factors that (according
to the text) are disadvantages of the Roman numeral system. The correct completion of the task is
estimated as 1 point.

To complete the free presentation task, students with the help of search engines for each of
the given situations of intercultural (or intersectoral) interaction are to select materials: media
publications, images, audio files, animated videos and analyze them by the following criteria:
novelty, objectivity, reliability, tolerance, patriotism. The maximum score for completing the task is
5 points.

Master’s degree students could get from 0 to 100 points for testing. According to the results,
the levels were determined as follows: from 85 (inclusive) to 100 points were considered the “high”
value, from 61 (inclusive) to 84 — “average”, for other cases — “low”. Thus, it was possible to collect
data on 42 master's degree students, from which the experimental and control groups were formed
(21 people in each). The experimental group consisted of 53 % of girls and 47 % of boys.

A set of criteria for evaluation is as follows: being motivated to perform multilingual
(intercultural) communication and collaboration in AR; being emotionally responsive and attentive
to the interlocutor; possessing systematic and integral knowledge about the language, the history of
their country and other cultures; understanding the problems of modern society and the use of new
digital technologies (in particular, AR) to solve them; the presence of their own reasoned points of
view (positions /opinions) in the context of intercultural interaction; tolerant attitude;
implementing measures to protect information; compliance with the rules of communication,
network etiquette.

The high level of multicultural competence was determined if the master’s degree student
was strongly motivated; was able to design intercultural communication using AR technology;
was emotionally responsive, attentive to the interlocutor regardless of their race, religion, etc.; used
AR resources to gain knowledge about the specifics of the country’s culture, history and took these
facts into account when organizing foreign language communication; had their own moral stand in
the context of intercultural interaction; performed measures to protect information in the AR
application account and on the Internet; observed network etiquette.

The average level of multicultural competence was registered if the master’s degree student
was not always motivated to be involved in multilingual, intersectoral interaction; could design
intercultural communication using AR technology only with the mentor’s help; was emotionally
responsive, attentive to the interlocutor, most often depending on their race, religion, etc.; rarely
used AR resources to gain knowledge about the specifics of the country’s culture, history and could
not take these facts into account when organizing foreign language communication; the student
was not always able to argue their own moral stand in the context of intercultural interaction; they
could forget to take measures to protect information in the AR application account and on the
Internet; sometimes they violated the rules of network etiquette.

The low level of multicultural competence was determined if the master’s degree student was
most often not motivated to be involved in multilingual, intersectoral interaction; experienced
difficulties in designing intercultural communication using AR technology; in most cases, the student
was not emotionally responsive, attentive to the interlocutor; used AR resources for entertainment,
not for foreign language communication; did not seek to argue their own moral stand in the context
of intercultural interaction; could forget to take measures to protect information in the AR
application account and on the Internet; often violated the rules of network etiquette.

4.3.2. Forming stage of the experiment

This stage of the experiment was aimed to determine the options for using AR applications to
stimulate communication in multicultural environment, foreign language communication, research
and creativity, find solutions to educational tasks, work out speech structures, etc.
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Using this application, the participants of the experiment could create message capsules with
attachments that existed in space and time. The service made it easy to add a timer for the content
to appear and disappear. Configuring availability of messages was also implemented. In particular,
it was possible to send them not to all users, but only to a certain circle of people, e.g., by interests
— a healthy lifestyle, learning the languages of the peoples of the North. The number of views of this
capsule can also be limited. For instance, in order to collect information about the speed of
execution (those who managed to do the task received a new task, those who did not manage the
task, did not receive a new one). Zome helps create, explore and share knowledge and memories
with each other.

The initiator of the project activity carried out preliminary methodological work with all the
participants of the didactic process on mastering the functions of the AR application.

No special engineering skills or additional utilities are required to install the application.
The interface is similar to Google Maps design and functions. To master the application
successfully, minimal knowledge of English is sufficient (“message”, ‘subject”, ‘profile’, ‘welcome”,
“PM”, “key”, etc.).

Augmented reality technology was studied and Zome was applied in the experimental group
using quest. Quest, as an organizational form of master’s level students’ educational and cognitive
activity, makes it possible to use new digital means to provide new theoretical material (including
foreign language), intercultural communication, develop responsibility, integrity, tolerance, and
feelings of patriotism.

The master’s degree students in the control group studied topics according to the curriculum
in the traditional way through a series of lectures and seminars. In the classroom, the teacher used
interactive simulators, text mazes, programming environments, multimedia presentations, cloud
services and other Internet information resources.

After using augmented reality tools and methods to design multicultural information and
education environment, another control event was held.

4.3.3. Control stage of the experiment

To assess the effectiveness of AR technology in the university environment aimed at fostering
multicultural information and education environment, the control testing was held. The questions
were developed in accordance with the principles described earlier.

The evaluation results before and after the experiment are presented in Table 1.

Table 1. Results of using AR applications in the educational process and organization of
intercultural communication of master’s level students

Level Groups
Experimental group (21 master’s Control group
degree students) (21 master’s degree students)

Before the After the Before the After the

experiment experiment experiment experiment
High 1 7 1 1

Average 9 11 10 13

Low 11 3 10 7

Using http://medstatistic.ru/calculators/calchit.html., the values of the criterion before
(x20bserv.1) and after (x2observ.2) experiment were calculated. For a = 0.05 according to the
distribution tables, the x2crit is 5.99. Thus, we get: y2observ.1 < x2crit (0.10 < 5.99), and y2observ.
2 > y2crit (6.27 > 5.99). Consequently, the shift towards increasing the level of master’s degree
students’ multicultural competence can be considered non-accidental.

5. Discussion

The sample of master’s degree students was not probabilistic since the experimental and
control groups were formed in such a way that the presence of the same personality qualities in
each group was guaranteed, combining the motives of cognition, acceptance of the general and
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specific in each culture as values; knowledge of laws, ways of life and development of the
multicultural world; skills to apply them while educating a future student as a person of culture.

The experimental group consisted of 53 % of girls and 47 % of boys. Reason: there were
21 master’s degree students in each group.

For diagnostics, the results of the input control event were taken into account.
The participants selected for the experiment and the sample size are substantiated by the study
specifics. In particular, the study of theoretical material on AR technologies, the use of interactive
educational tools for professional multilingual interaction are included in the training program for
a limited number of specialties.

When implementing the experiment, the basic principles of an educational quest were taken
into account (setting the goal, inventing the plot, the venue of the quest, the presence of search
activity tips, a variety of stages and tasks, thinking over the educational and cognitive trajectory),
the functions of the service for modeling multicultural dialogue in the university’s information and
education environment.

Based on the quantitative analysis of the data obtained, it can be concluded that after the
experiment was completed, 33 % of master’s degree students in the experimental group had the
“high” level of multicultural competence (7 students out of 21), while initially this percentage was
equal to 5 % (1 undergraduate out of 21). The number of students with the “low” level significantly
decreased from 52 % to 14 %. For the control group, there was no dynamics registered at the “high”
level; after the experiment, 62 % (13 students out of 21) had the “average” level (initially,
10 respondents out of 21); the indicator for the “low” level changed from 48 % to 33 %.

While discussing the results on the development and content of the AR Zome application
(virtual texts, the number and quality of images, the choice of geo-location), the choice of topics for
intercultural communication, the number of attempts to find the right solution to the
philosophical, socio-ethical problems of modern digital society, person’s emotional and volitional
qualities were evaluated. Summarizing the observation materials, we conclude that the participants
of the network interaction in the educational environment of the experimental group highlighted
the following Zome functions:

- activating various coding methods and forms of information presentation;

- setting up access to view messages when collaborating only for a specific group, e.g.,
by interests (for those interested in computer science, for travelers);

- moving through time and space, e.g., to post a message about Paris from home. Such a
technique can be useful if world discoveries, international events are overviewed;

- limiting time and attempts to respond. For example, master’s level students used this
opportunity to collect information about the time spent and resources used to find the “secret key”.

Among the disadvantages of the technology, the students of the experimental group noted users’
excessive enthusiasm for the technology itself and the digital medium; fatigue in the eyes; dependence
of the pace of work on the quality of the Internet or mobile connection; the functions of AR Zome
largely depend on the smartphone model and the country for which the device was released.

Thus, the AR application (in particular, Zome) helped, on the one hand, create, explore and
share theoretical knowledge and professional skills; on the other hand, the learning environment was
enriched with augmented reality tools to exchange opinions, emotions, and memories among the
representatives of different cultures, in different languages. To solve educational and cognitive tasks,
the master’s degree students of the experimental group needed to use such socially significant
qualities as conscientiousness, attentiveness, empathy, responsibility, patriotism, and tolerance.

Thus, innovative pedagogical technologies (in particular, AR) allowed not only creating
additional conditions to form professional competencies, but also developed intercultural
communication, cooperation and international interaction (Burnet, 2008). The obtained
conclusions about the didactic potential of AR technology in terms of improving the quality of
education, the demanded digital skills are confirmed by A.V. Grinshkun (Grinshkun, 2018),
J. Martin-Gutiérrez, C.E. Mora (Martin-Gutiérrez et al., 2017). In addition, it was possible to
confirm the opinion of E.V.Tikhonova, A. S. Potapova, A.V. Krider regarding the didactic
possibilities of digital services while developing general cultural competencies (tolerance,
intercultural communication, ete.) (Tikhonova i dr., 2018).
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6. Conclusion

Based on the analysis and generalized capabilities of AR technology to develop multicultural
educational environment, the need to organize additional methodological work when training
master’s degree students as highly qualified specialists, the authors reasonably identify a promising
direction in the new educational paradigm — the use of AR to form master’s level students’
multicultural competence.

The study revealed how augmented reality methods and tools that influence the level of
multicultural competence as an integrated personal quality and improve the quality of education in
general should be applied:

1. Modern AR applications make it possible to effectively simulate virtual environment for
joint activities and dialogue of cultures, multilingual communication and collaboration due to the
capabilities of the interface and built-in functions: language setting, geo-location, account setup
and location access, data transmission in different formats. Due to these capabilities, AR digital
services can be used while studying various cross-cultural and professional topics, intensify the
educational process and increase the effectiveness of socio-cultural integration of students.

2. AR applications increase motivation, develop socially significant personality qualities
(tolerance and patriotism, responsibility, emotional empathy, etc.).

3. Activities in augmented reality educational environment provide new resources to improve
the quality of professional training. This is due to the increase in information interaction between
participants of the didactic process, intersectoral communication. The roles of teachers and
students are being transformed.

4. AR technology supports the principles of visibility, accessibility, completeness, interactivity
while forming imaginative thinking and spatial imagination (3D visualization, adaptation to the
specific needs of each user).

Innovative pedagogical technologies activate cognitive interest in fundamental scientific
theory, modeling and search for solutions to cultural and historical, socio-economic problems.

5. AR environment allows implementing the “feedback’ mechanism at a qualitatively
different level. Augmented reality imposes “external” visual, audio and tactile signals on the
“internal” field of human vision. Navigation data, remote projection make it possible to accompany
epistemological processes.

6. When using AR services, perception and the nervous system (increased excitability,
emotional burnout, headaches) may be overloaded. When working in digital environment,
information protection measures, rules of network etiquette and professional communication
should be carefully observed. When choosing an application, functions for delimiting access to
personal data (geo-location, message history) should be available.

7. Digital applications are not an end in themselves in terms of their studying and practical
application. Their use is justified by the logic of educational, cognitive activity in multicultural
educational environment.

8. Augmented reality tools should not become tools to manipulate a representative of another
culture, to implement terrorist intentions.

The conducted experiment confirmed the undoubted advantages of using augmented reality
technology to organize and support students’ design and creative activities aimed at studying scientific
world discoveries and achievements, the peculiarities of different peoples, their mentality, etc.

As an important methodological recommendation, we note that all participants in
intercultural communication are to be ready and able to objectively analyze and evaluate
information they acquire from augmented reality environment.
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Abstract

The purpose of the study is to evaluate the knowledge level and behavior that business school
students from Veracruz, Mexico have in relation to interest rates, inflation, savings, credit and
budgeting. For the empirical study, a non-experimental quantitative cross-sectioned and
descriptive design was followed. The test used was that of Moreno-Garcia et al. (2017), which was
answered by 309 undergraduate students from Veracruz, Mexico. Data measurement was
performed using descriptive statistics, cross tables and the non-parametric test of proportions (Z).
The main findings point to the fact that more students understand well the impact of inflation than
the relationship between interest rates and bonds; that students do not consider that saving
provides financial security; and that there is no gender difference in terms of saving behavior. Most
of the business school students do not have a credit card, prefer debit cards and have acceptable
practices in budget planning. In summary, the results of this study show a good level of financial
knowledge in relation to interest rates, inflation, investment, credit, and show adequate behavior of
savings and credit card, as well as the use of the budgets. However, it was expected that each item
would have a greater number of correct answers, considering that the population under study has
received training in mathematics, economics, and finance. It is noteworthy that, in relation to
gender, there are more men who correctly answer the questions about inflation and it is women
who have better practices in the use of their credit cards.

Keywords: business, college, financial education, students, Mexico.

1. Introduction
In an era of digitization, people at a very young age become financially active citizens in the
economy (Andreou, Philip, 2018). Making effective financial decisions requires a level of
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knowledge that allows the understanding of financial concepts and risks (OECD, 2016). It is clear
that financial education is necessary at all ages to avoid costly mistakes that can have long-term
impacts (Wagner, 2019), especially in young people, among whom it is of great importance because
it prepares future adults to comply with any profession or continued study at a university (Belas et
al., 2016).

In Mexico, there have been findings reporting the existence of possible areas of opportunity
in terms of financial knowledge among young people. On this, Moreno-Garcia, Garcia-Santillan
and Gutiérrez-Delgado (2017), have carried out a study whose results confirm that the levels of
financial education are low among young Mexicans. Only 6.6 % of the sample answered the three
questions used to evaluate them and only 35 % answered two of them correctly. Results obtained
by the OECD are similar: only 40 % of their sample had a sufficient level of financial knowledge
and only 30 % were considered to have adequate financial attitudes. In aggregate terms, it is
worrying that only 10 % of the young population have the three necessary components to make
financial decisions and 22 % do not have any of the three proposed by the OECD (Villagomez,
Hidalgo, 2017).

A precarious financial knowledge has also been observed among business students. These
results were reported for Mexico by Le6n, Hernandez and Haro (2022) and in Colombia by Duque,
Gonzalez and Ramirez (2016). The foregoing is worrying: if these students find it complex,
the difficulty will be greater for those belonging to other areas.

Making young people aware of the importance of financial education is essential to prepare
them to manage their own financial resources (Lusardi, Mitchel, 2011). Increasing the knowledge
in this age group in terms of savings, investment and other topics related to the financial system
will lead to a more educated society capable of making sensible decisions about the use of tools that
banks provide (Leon et al., 2022).

With these arguments, the following question arises: What is the financial knowledge level
that undergraduate students from a business school have? It is specifically questioned whether
students know how to calculate interest payments, if they understand the effect of inflation,
whether they save to have economic security or not and whether they make good use of credit
cards. The objective of the research is to evaluate the level of financial knowledge that
undergraduate students from a business school have on the topics of interest, inflation, savings,
credit cards and budgets.

2. Literature review

According to a study carried out in 2014, in which basic aspects of financial education were
evaluated among Mexicans aged 15 and older, only 32 % of the participants have elementary
knowledge on the subject (Klapper et al., 2014). CONSAR (2016) identified that Mexicans born
after the 1980s and who are already active in the labor market spend more in the present without
planning for the future.

Alvarado and Duana (2018) identified a lack of interest in planning for retirement and
savings among Mexican adolescents. It should be noted that their results differ according to
gender, since men consider saving to spend in the short term on perishable goods while women
save to spend on durable goods. These results contrast with those obtained by Fisher (2010),
Sarigiil (2014), Lusardi (2019) and Osorno and Hernandez (2021), who identified that the male
population in Mexico has a greater financial culture compared to the female population, in addition
to the fact that the latter also denotes less confidence in their knowledge.

Moreno-Garcia, Garcia-Santillin and Gutiérrez-Delgado (2017) identified that Mexican
university students with formal instruction in topics related to finances nonetheless lack an
adequate level of financial education regarding savings, the use of credit cards, the effect of
inflation and the calculation of interest rates.

In Latin America, specifically in Argentina, Brazil, Chile and Colombia, university students
generally lack basic financial knowledge and want to know more about these concepts with the
intention of carrying out a responsible financial management that leads to adequate decisions in
their daily lives (Gutiérrez, Delgadillo, 2018).

In Paraguay, accounting students at the National University of Pilar state that they allocate
part of their income to savings: 45 % of them generate constant savings and 42.3 % occasional
savings while the rest do not save. Of the latter, three main reasons are mentioned for not doing so:
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one is lack of interest, another is lack of income and the last is dependence on their parents, which
means that they do not consider saving as their own responsibility. Of the percentage that does
save, only 14.5 % use bank accounts, the rest keeping it in savings accounts or piggy banks. Their
main motivations to save occur in the following order: paying for their education, going on a trip,
becoming independent from their parents or starting their own business and, finally, purchasing a
product (Ramirez, Vazquez, 2021).

In Puerto Rico, it was found that students in general use credit cards correctly, but only 20 %
use them regularly all the time. The students expressed that they rely on other people when they are
unable to cover monthly expenses and almost 70 % of the surveyed sample stated that they save
monthly. A third party is indifferent to using a credit or debit card to pay for their purchases and if
they had the possibility of using a debit card, credit card or cash, only 9 % would use a credit card
(Castro-Gonzalez et al., 2014). In Brazil, credit card usage was the highest among a group of
769 university students, of which 71 % use at least one credit card and are mostly women. The results
of this study show that having more credit cards increases the possibility of risky behavior and that
knowing the interest rate would help reduce the risk (Mendes-Da-Silva et al., 2012).

In Chile, it was identified that male university students have more positive attitudes towards
indebtedness than women, although, in general, an austere profile stood out in the sample. They
are less prone to indebtedness since they are aware that their lack of credit is attributed to the lack
of their own income and social awareness about avoiding indebtedness at an early age (Mansilla et
al., 2016).

For Peruvian students belonging to the Marcelino Champagnat University, there is a mastery
of basic financial knowledge in almost half of the sample, those in the business programs standing
out from the rest of the degrees. Likewise, they had a score as a less dispersed group, which would
indicate a more uniform knowledge on topics such as interest rates, investment, loans and
inflation. Also, there is a higher level of knowledge in male students, those who work, those who
use credit or debit cards and those who maintain a relationship of coexistence (Yaringano, 2018).
In the rest of the world, there is also interesting evidence on the levels of financial knowledge
among young people.

Lusardi, Mitchell and Curto (2011) explored financial literacy in young Americans and found
that only a third of the population had basic knowledge about interest rates, inflation and risk
diversification, and that their levels of financial literacy were strongly related to their
sociodemographic characteristics and the financial sophistication of their family. On the other
hand, Turkish university students also have an inadequate level of financial education, topics
related to investments being those where more attention is required (Sarigiil, 2014).

For Sri Lankan business and management students, saving is influenced by the level of
financial education and self-control, with the former being more influential (Tharanika, Andrew,
2017). Poles between 18 and 24 years old make decisions and plans with the priority of acquiring
products in the short term (Swiecka, Wyszkowska-Kaniewska, 2019). In Georgia, 18-35-year-olds
save to maintain status and a high standard of living, but do not save for the future and tend to
spend (Chudzian et al., 2014).

In China, a study carried out by Yao and Meng (2018) explored factors related to the use of
credit cards among students from ten universities. The results show that the economic dependence
on parents and the level of financial education influence the credit card payment behavior of
university students. They also identified that gender is not related to this behavior.

From theoretical and empirical arguments found in the literature review, the following
statements are established as hypotheses:

Hi1. College students know how to calculate interest payments.

Hi2. College students understand the effect of inflation.

His. College students consider that saving provides financial security.

Hig. College students make good use of their credit card.

His. College students often make a budget to plan their expenses.

3. Methodology

This is a non-experimental empirical study that is approached from the hypothetical-
deductive, cross-sectioned and descriptive method. The participants were undergraduate students
from the only business school in the state of Veracruz, Mexico. The sample is non-probabilistic by
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self-determination, since, due to the conditions of confinement during the pandemic, the survey
was sent in electronic format to the email accounts of the 431 students enrolled in the different
degrees of UCC Business School. The electronic survey was sent in February 2021 and 309 students
responded, making up a good magnitude database. To obtain the data, the survey used in Moreno-
Garcia et al. (2017) was used.

In the absence of multivariate normality in the data, descriptive analysis will be used through
cross tables to determine the response frequencies by gender in each item. Likewise, for the
hypothesis test, the non-parametric assertion test of Z proportions is used (Triola, 2004). To validate
the reliability and internal consistency of the items, a Cronbach’s alpha coefficient of 0.60 was
obtained, which is slightly low, which is due to the multidimensional nature of the responses.

4. Results

Of the 309 participants, 55.34 % are women and 44.66% men. Their ages range between 18
and 28 years old, distributed as follows: 14.24 % (44 cases) of 18 years old, 30.42 % (94 cases) of
19 years old, 28.16 % of 20 years old (87 cases), 19.74 % (61 cases) of 21 years, 6.47 % (20 cases) of
22 years and the remaining 1 % is divided into three cases of 23, 24 and 28 years old.

In relation to the programs in which students are enrolled: 54.69 % (169 cases) are from
international business, 18.45 % (57 cases) from business administration and management, 14.89 %
(46 cases) from economics, and the remaining 11.97 % from accounting and finance. Of the total
number of students who participated in the survey, 24.59 % (76 cases) are in the second semester;
40.13 % (124 cases) are enrolled in the fourth semester; 25.24 % (78 cases) are in the sixth
semester; and the remaining 10.04 % (31 cases) are in the eighth semester. The results for each
variable analyzed are presented below.

4.1. Interest rate calculation

Items 2 and 3 of the instrument allow us to know whether the students know how the interest
rate behaves. The results are shown in Table 1.

Table 1. Interest rate behavior indicators

Item2. If the interest rate goes up, what will happen — normally — to the price of bonds?
No relationship
between interest

Remains rate and bond I don’t
Gender Increase  * Decrease the same price know Total
Male 52 43 5 37 1 138
Female 56 53 8 51 3 171
Total 108 96 13 88 4 309

Item3. A 15-year mortgage typically requires higher monthly payments than a 30-year
mortgage, but the total interest paid on the loan will be less.

I don’t
Gender *True False Rather not say know Total
Male 90 33 14 1 138
Female 94 52 21 4 171
Total 184 85 35 5 309

* Correct answer

Interest rates and bond prices move in opposite directions. From the participants, 31 % knew
about this behavior and answered correctly, 68 % gave an incorrect answer and 1 % answered that
they did not know. This result shows that the vast majority of students are unaware of this basic
principle in finance.

Item 3 yields results that allow us to appreciate that the majority answered correctly
(184/309 = 59.54 %), that is, they know that the longer the financing period, the higher the interest
payment will be. It is worth mentioning that 27 % gave an incorrect answer and the rest either did
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not want to answer or answered that they did not know. Regarding gender, the results show very
similar percentages of correct answers between men and women.

4.2. Inflation

Items 1 and 4 allow us to identify whether students understand the effect of inflation. Table 2
shows the results obtained.

Table 2. Inflation indicators

Item1. Imagine the interest rate in your savings account is 1 % annually and that
inflation is 2 % annually. After a year, how much could you purchase with the money in
the account?

Exactly the *Less

More than same as than Rather not

Gender today today today Idon’t know say Total
Male 15 11 104 7 1 138
Female 16 23 113 16 3 171
Total 31 34 217 23 4 309
Item4. Are your savings protected against the current inflation?

*Yes, if I invest in items  Yes, if the bank

that pay higher than the says I have a high
Gender inflation yield I don’t know Total
Male 82 13 43 138
Female 70 15 86 171
Total 152 28 129 309

* Correct answer

The results show that 70 % of the students know that if the inflation rate is higher than the
interest rate, there is a loss in the purchasing power of the currency saved. Of the participants, 21 %
gave an incorrect answer and the rest either did not know or preferred not to answer. The answer
obtained in item 1 contrasts with that obtained in item 4, since the question goes in the same
direction, in relation to how inflation affects savings. However, only 49 % answered correctly, that
savings are protected only if they are invested in instruments that pay returns above inflation,
9 % giving an incorrect answer and 41 % answering that they did not know. Depending on gender,
there is a higher percentage of men who answered both questions correctly (9 % more in item 1 and
19 % more in item 4) and a ratio of 2 to 1 of women with respect to men who said they did not know
the answer.

4.3. Saving

Items 5 and 6 allow us to know what saving means for students. The results are shown in
Table 3.

Table 3. Savings indicators

Gender
Item 5: What is saving? Male Female Total
Save money 44 38 82
Have money for emergencies 4 6 10
Something for the future 24 31 55
Not spend 2 2 4
Have money available 13 19 32
Money in the bank 1 4 5
Economic security 44 69 113
Money accumulated to buy 6 2 8
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Total 138 171 309
Gender
Item 6: How do you determine what you save? Male Female Total
Save what is left over 27 38 65
Save when wanting to buy or do something 30 53 83
Have the habit of saving 78 75 153
My income is not enough to save 3 5 8
Total 138 171 309

The idea that saving is mainly for economic security was considered by 36.5 % of students,
61 % of those who gave this answer being men. The second most voted option (26.5 %) was that
saving is saving money, 53 % of those who answered this being women. The highest percentage of
participants state that they have the habit of saving (49.5 %), although more men than women gave
this answer and 26 % save when they want to buy or do something. In this case, more women than

men act in this way.
4.4. Investment
Table 4 shows what students understand by investment.

Table 4. Investment indicator

Item 10. What is an investment?

Purchase Money Fu-
something ina ture  Make Pur-
to obtain a busi- Having pro- money chase A
Gender gain ness profits fits work  estate saving Total
Male 25 2 36 24 47 3 1 138
Female 31 6 30 57 45 0] 2 171
Total 56 8 66 81 92 3 3 309

Of the participants, 29.77 % consider that an investment is putting money to work (the most
voted option by men), followed by 26.21 % who indicate that an investment represents a benefit in
the future (the most voted option by women). The third most voted option was that an investment
is linked to having future profits (21.36 %). The three response options follow the logic that

investment involves achieving profitability within a given period.
4.5. Credit

Table 5 shows the results on the perception of the participants regarding credit and,

of particular relevance, what they consider the main risk of requesting a loan.

Table 5. Perception about the credit topic indicator

Item 12. What is credit for you?

Aloan
paid off
in Aloan Help to
installme generating  solve a
Gender  Aloan nts A debt interest  problem Problems Total
Male 24 25 26 57 6 0 138
Female 18 49 12 88 3 1 171
42 74 38 145 9 1 309
Gender Item 14. Which is the main risk when asking for credit?
Not paying and Paying high interest
Going into debt  losing your property rates or increases of Total
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Male

Female
Total

44

54
o8

23

27
50

these

71

90
161

138

171
309

Of the participants, 47 % perceive credit as a loan that generates interest. It is worth
mentioning that there are 54 % more women than men who respond in this way. The second most
voted option is that credit is a loan that is paid off in installments (23.85 %). This option was
chosen by more women than men. Regarding the main risk of requesting a loan, 52 % consider that
it is paying high interest or facing increases in interest. In this answer there is practically no
difference based on gender.

4.6. Credit card

Of the students, 63.75 % answered that they do not have a credit card. This percentage is
equivalent to 197 students, of which 112 are women and 85 men. Table 6 shows the results of the
112 students (36.25 %) who have at least one credit card. Of this group that has a credit card,

52.67 % are women and the rest are men.

Table 6. Credit cards indicators

Most Women Men Partial partial/
Item answered total sample (112)
option cases % case % cases %
s

14. A How many credit 10r2 51 52.04 47  47.96 98 87.5
cards do you have?
15. B When paying, what Pay the 40 57.97 29  42.03 69 61.60
do you do more whole
frequently? balance

a) Carrying 19 59.37 13 40.63 32 28.57
16. What is the main less cash
advantage of using a
credit card? b) Unexpec-

ted events 14 45.16 17 54.84 31 27.67
17. How do you prefer to Debit card
handle your money? 35 54.68 29 45.32 64 57.14
18. You or any other
member at home carries Internet 29 52.72 26  47.28 55 49.10
out operations through:
19. Before choosing a
credit card, do you Always 23 48.93 24 5107 47 41.96
compare the total annual
cost?
20. Do you have credit No. I cancel 37 55.22 30  44.78 67 59.82
cards you do not use? the ones I do

not use

21. Do you know your Yes, I 59 69.41 26  30.58 85 75.89

due date of your credit
card?

register it so
as not to pay
interest
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As can be seen in Table 6, some of the most significant data suggest the following: 87.5 % of
students who have a credit card have one or two, 59.82 % cancel those cards that they do not use,
and 41.96 % compare the total annual cost before acquiring one; 75.89 % keep in mind the
payment due dates so as not to pay interest and 61.60 % usually pay the total balance of their card
monthly. These behaviors are predominant in women (69.41 and 57.97 % respectively).
The students identify that the main advantages of having a credit card are handling less cash
(28.57 %), a response mostly given by women, and the possibility of covering unforeseen events
(27.67 %), a response mostly given by men. Despite having a credit card, this population prefers to
use a debit card (57.14 %) and carrying out their financial transactions online (49.10 %).

4.7. Budgeting

Table 7 shows the behavior of the students regarding the management of their money from
the making of a budget.

Table 7. Budget indicators

Most Women Men Par-  partial/total
Item frequent tial sample
answer (309)
cases % cases % cases %

24. Do you tend to

keep a record of Yes 107 52.97 95 47.03 202 65.37
your debts,

expenses, income

and savings?

25. Do you know Yes 106 50.48 104 49.52 210 67.96
how to make a
budget?

26. Are the Yes 151 54.91 124 45.09 275 89.00
expenses made

during last month

within your

financial

possibilities?

27. Choose the

most important Food 107 54.59 89 45.41 196 63.43
priority in your

budget:

In relation to the issue of budgets, the results show the following: 65.37 % usually keep a
record of their income, expenses, debts and savings and 67.96 % indicate that they know how to
prepare a budget to plan the distribution of their money; 89 % made expenses that were within
their economic possibilities in the previous month and 63 % have as the most important priority in
their expenses the purchase of food. Regarding gender, the fact stands out that, in a very even way,
men and women know how to prepare a budget; however, there are more women than men who
keep track of their expenses and spend according to their capabilities.

4.8. Hypothesis testing

To test the hypotheses, the non-parametric procedure of Z proportions is used, in order to
contrast the five working hypotheses established for this study. Results are shown in Table 8.
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Table 8. Hypothesis test

X Z= P-p Critical P Va}h}e (- .
n nq Tue critical Decision
cases / va lue)
H Value n va
Hi1. College students know how to calculate interest payments.
Not reject Ho
H1i| 88 | 309 -7.566 0.0001 1.000
Reject Ho
Hi1 | 184 | 309 3.356 0.9996 0.000
Hi2. College students understand the effect of inflation.
Reject Ho
217 | 309 7.111 0.9990 0.001
H2
Not reject Ho
H2 | 152 | 309 -0.284 0.3897 0.610
Hi3. College students consider that saving provides financial security.
113 | 309 -4.722 0.3897 0.610 Not reject Ho
H3
Hig. College students make good use of their credit cards.
Hg4 | 112 [ 309 ] -4.835 | 0.0001 | 1000 | Notreject Ho
His. College students often make a budget to plan their expenses.
Hs5 | 202 | 309 5.404 0.9990 0.001 | Reject Ho
Hs5 | 210 | 309 6.315 0.9990 0.001 | Reject Ho
Hs5 | 275 | 309 13.710 0.9990 0.001 | Reject Ho
Hs | 196 | 309 4.722 0.9990 0.001 | Reject Ho

The summary described in Table 8 suggests the following: Regarding the test of the Hi1
hypothesis, which indicates that university students know how to calculate interest payments,
two items are used separately for their assessment (item 2 and item 3). [tem 2 questions the
relationship between the interest rate and the price of the bonds. In this regard, there is no
evidence to reject the null hypothesis, which suggests that the participants do not understand that
the interest rate and the price of bonds have an inverse relationship. The contrast of item 3
indicates that the null hypothesis should be rejected, since most of the students consider that as
mortgage paying time is reduced, less interest is paid.

For the Hi2 hypothesis test, which establishes that university students understand the effect
of inflation, item 1 and item 4 are used. Item 1 questions the effect of inflation on purchasing
power. The result suggests that there is evidence to reject the null hypothesis. This tells us that
most of the participating students understand the effect of inflation. In relation to item 4, which
asks if savings are protected against current inflation, the result does not give evidence to reject the
null hypothesis, which indicates that it is not clear to students that one way to protect wealth is to
invest in financial instruments that pay profits above inflation.

The Hi3 hypothesis test seeks to determine whether the student considers that saving is
important to having financial security, for which item 5 is used, which asks what saving is.
The result shows that there is no evidence to reject the null hypothesis, although of the 309 cases,
113 consider that saving gives economic security.

To test the Hig hypothesis, which states that university students make good use of their
credit cards, it is required that students have one. However, only a minority (36.25 %) have a credit
card. This prevents the development of the nonparametric test of Z proportions, which indicates
that there is no evidence to support the rejection of the null hypothesis.

Finally, for the Hi5 hypothesis test, which indicates that university students usually prepare a
budget to plan their expenses, items 24, 25, 26 and 27 were used. The result gives evidence of a
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rejection in all cases of the null hypothesis. This allows us to think that most students know how to
make a budget and are used to keeping track of their debts, expenses, income and savings.
In addition, the majority stated that the expenses they made during the past month were within
their economic means, which speaks of proper management of their income and expenses.

The results show that more business students respond well to the question about the effect of
inflation (70 %) than those who know the relationship between the interest rate and the price of
bonds (31 %). These results contrast with those of Lusardi, Mitchell and Curto (2011) and with
those of Klapper, Lusardi and Van Oudheusden (2014), who identified that only 54 % of young
Americans answered the question on inflation correctly; however, these studies are not comparable
on the interest rates results because they have questions of different levels of difficulty.

The results also show that 49.5 % of the participants have the habit of saving, a percentage
similar to that found in Paraguayan students by Ramirez and Vazquez (2021), low compared to the
percentage of students who save in Puerto Rico (Castro-Gonzalez et al., 2014) and high compared
to results such as that of Alvarado and Duana (2018) who identified that Mexican adolescents are
not interested in saving.

Regarding the perception towards credit, the results of the study are similar to those
identified by Mansilla, Denegri and Alvarez (2016) in Chilean students, who have a favorable
perception towards indebtedness and credit. As for credit cards, the fact stands out that students
prefer debit cards and only a little more than a third have at least one credit card. Of those who use
a credit card, 87.5 % do not have more than two, the percentage that pays before the deadline is
high, so as not to generate interest, and they pay the full amount (75.8 and 61.6 %, respectively).
According to the findings of Mendes Da-Silva et al. (2012) these practices reduce the possibility
that students engage in risky behaviors.

Finally, the finding reported by Moreno-Garcia, Garcia-Santillin and Gutiérrez-Delgado
(2017), in which they point out the low level of financial knowledge in young people on issues of
savings, credit cards, inflation and the calculation of interest rates, does not agree with the results
of this research, in which it was identified that among business school students there is a good level
of knowledge of the financial variables analyzed and acceptable behavior in terms of savings, use of
credit cards and budget preparation.

5. Conclusion

Considering the national and international evidence on the subject, the results of this
research indicate that business school students from Veracruz, Mexico have a high level of
knowledge regarding interest rates, inflation, investment and credit and show appropriate behavior
in terms of savings, credit card use and budgeting. However, it would be expected that the
percentages of correct answers would be higher considering that this population has received
training in mathematics, economics and finance. With regard to gender, there are more men who
answer the questions about inflation correctly and it is women who have better practices in the use
of their credit cards.

For future research, it is suggested to investigate the influence that family financial practices
have on young people and identify, depending on the program they study, whether the study-load
of mathematics and financial subjects influences their level of knowledge and behavior.
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Abstract

This paper considers the experience of Bauman Moscow State Technical University (BMSTU)
teachers on remote teaching chemistry hearing-impaired students under pandemic conditions.
The key challenge for these students in a general-type university with a verbal form of teaching is
the content accessibility of fundamental engineering disciplines, including chemistry. The statutory
activity of BMSTU guarantees vocational rehabilitation for this category of students through
inclusive education programs and special learning conditions, taking into account the individual
limitations due to hearing impairment. Special face-to-face conditions provide an accessible
learning environment through digital transformation of classrooms, the use of individual and
group audiological facilities as well as supplementary cognitive-technological chemistry course
accompanying the basic chemistry discipline. In the pandemic conditions, teachers were faced with
the challenge of transferring face-to-face chemistry courses into a content-accessible format of
webinars. Principles of designing webinars in chemistry for these students include taking into
account their cognitive features of information perception in virtual environment; creating
multimodal developmental environment in webinars; designing special teaching materials for
classes using cognitive technologies and an interdisciplinary approach considering UDL guidelines.
It is shown that the process of teaching chemistry to deaf and hearing impaired students in
specially designed conditions for webinars develops their cognitive abilities and does not reduce
their motivation to effectively acquire the university program in the discipline. Webinar technology
provides them with the opportunity to master new relevant skills. These findings have been
confirmed by the students’ results in chemistry in distance learning conditions compared to the
results in face-to-face learning conditions.

Keywords: hearing impaired students, cognitive limitations, content accessibility, cognitive
technologies, interdisciplinary approach, multimodal virtual environment.
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1. Introduction

Bauman Moscow State Technical University (BMSTU) is a general-type university with a
verbal form of education. BMSTU has been training engineers with hearing impairments of varying
severity (deaf and hard-of-hearing) since 1934. The key challenge for these students is the limited
content availability of educational resources on fundamental engineering disciplines, including
chemistry. This problem is mainly caused both the level of basic training of these students due to
the lack of special conditions in general education institutions, and the level of their individual
cognitive development due to hearing loss (Stanevsky, 2017). According to the International
Classification of Functioning, Disability and Health (International classification, 2001), cognitive
or perceptual skills include the ability to understand, integrate and process abstract information;
analyze and generalize; to draw appropriate conclusions. These complex processes cause
difficulties in deaf and hard-of-hearing students. They depend on a set of cognitive functions
important for learning process, including the ability to perceive and remember information,
concentrate, learn, and communicate verbally, and all of them are limited among these students
due to a hearing impairment.

In order to support students in their educational process, the statutory activities of BMSTU
include vocational rehabilitation and rehabilitation services (GOST, 2010) for them. This means that
any student with disabilities (hearing impairment) becomes a subject of educational activities and
adaptive rehabilitation services in order to realize his/her professional educational needs (Oreshkina,
Slitikov, 2020). Such services include the education of the deaf and hearing-impaired students through
inclusive (adaptive) higher education programs and the creation of special learning conditions taking
into account their individual cognitive limitations due to hearing impairment.

In face-to-face learning conditions, the problem of content accessibility of fundamental
engineering disciplines can be solved by creating an accessible multimodal environment through
special digital organization of classrooms, individual and group audiological (sound-amplifying)
means, additional cognitive and technological subject courses accompanied by sign-language
interpreting (Oreshkina, 2020). In destabilizing pandemic conditions, it became necessary to
transform classroom studies in academic subjects, including chemistry, into a distant format with
effective remote (online and offline) working conditions for deaf and hard-of-hearing students.

The purpose of this study to reveal the experience of BMSTU teachers on remote learning
chemistry of the deaf and hard of hearing students in the pandemic. This experience is based on
following;:

- considering individual cognitive limitations and peculiarities of information perception in
students with hearing problems of varying severity;

- special preparing educational materials for classes and presenting them to students taking
into account their individual cognitive peculiarities and limitations;

- organizing an effective interaction between students and teacher while classes.

2. Literature review

The prerequisite for inclusive education in Russia and in the whole world has been the
modern advances in science and technology. The UN Convention on the Rights of Persons with
Disabilities ratified by the Russian Federation on 15.05.2012. (Federal Law 46-FZ), obliges States
Parties to “ensure inclusive education at all levels”, “with effective measures for providing
individualized support”, in educational conditions which facilitate knowledge acquisition and social
development as much as possible through “reasonable accommodation”* and/or “universal
design™ of the educational environment. In this regard, according to (Alekhina, 2016), professional
education becomes inclusive when universities and colleges create conditions to support any
student. In the Russian Federation, all FSES of higher education include requirements for the

1 “Reasonable accommodation” means making necessary and appropriate modifications and adjustments,
where necessary, to ensure that persons with disabilities enjoy all human rights and fundamental freedoms
equally with others (Convention on the Rights of Persons with Disabilities, Section 2).

2 "Universal design" means the design of objects, environments, programs and services in order to make
them as usable as possible for all people without the need for adaptation or special design. It does not
exclude, where appropriate, assistive devices for specific groups of persons with disabilities (Convention on
the Rights of Persons with Disabilities, Section 2).
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implementation of inclusive programs (IP) such as increasing the period of study, adapting forms,
special procedures for mastering certain disciplines, providing adapted online educational
resources, etc. This raises a crucial question about the methods and technologies for implementing
these requirements.

A comparative analysis of approaches to creating an accessible environment for hearing-
impaired students at BMSTU and technical universities in Germany, USA and Japan is discussed in
(Oreshkina, 2016). It is shown that technical and technological solutions prevailed in technical
universities of these countries, the basis for implementation of which was created by legal support,
the most consistently and systematically developed in the USA. The Vocational Rehabilitation Act
of 1973 established the right of people with disabilities to equal access to vocational education.
The Americans with Disabilities Act of 1990 extended equal access to all aspects of American life.
In 1988 the Technology Related Assistance Act of 1988 was passed. Its 1998 version introduced the
term “universal design for learning (UDL)”, and in the 2004 version, it guaranteed a technology
support for people with disabilities in every state when receiving an education. In 2004 the
Individuals with Disabilities Education Act (IDEA) was adopted. In 2008, the Higher Education
Opportunity Act (HEOA) took into account the UDL principles. At the same time, information and
technical support networks for people with different disabilities have been formed in universities
and colleges nationwide to improve the accessibility of educational resources for this category of
learners in online and offline formats. 21st Century Communications and Video Accessibility Act of
2010 and the FCC Code of Practice of 2013 and the FCC Code of Practice of 2013 solve these
challenges by making a wide range of electronic devices and software more accessible to people
with hearing and visual impairments. Microsoft has carried out a number of technological
developments to make software accessible to people with disabilities of various nosologies.
For example, (Accessibility in education; Products and services; Special education...) are designed
to provide individualized support to learners with disabilities, including hearing and visual
impaired, as well as support to their teachers and parents in distance learning conditions.
In (Accessibility...), a set of technologies is provided to increase the accessibility of content for
learners with disabilities of different nosologies, including hearing impaired learners. For the
latter, the main technologies are presentations with real-time captioning and automatic generation
of video subtitles. The development includes ways to create content that is accessible to all
students, and tips for students to ensure their transition to distance learning. Six UDL principles
for distance learning are discussed in (Rappolt-Schlichtmann, 2020). It is shown that online
distance learning is a very special teaching environment. The use of digital materials and the
connection to the learning process by virtual conferencing is essentially a digital transformation of
the learning process. Both teachers and students may need additional time and support to learn
how to teach, study and interact effectively in a virtual conditions. According to (Hodnett, 2020),
when designing effective online learning, it is important to focus on making content accessible to
all learners. In this regard, guidelines are provided. In (Posey “Lesson”) the following options of
distance learning in accordance with the principles of UDL are outlined: consideration of students'
individual features, flexible optional approaches to each student; multiple ways of providing
learning content, barrier-free didactics. As mentioned in (Posey “Universal”), UDL is a powerful
approach to learning that allows the teacher to anticipate and plan the activities of all his/her
learners from the very beginning of the class with the confidence that online educational resources
are available for each student and all students are involved in the learning process. The leading
principles of UDL such as participation, presentation, action and expression are focused on
developing 'skilled', motivated, resourceful, ingenious, knowledgeable, strategic and goal-oriented
learners. In (Elliot et al., 2013), online tutoring for hearing impaired students in engineering
training programs in a virtual academic community is considered. Critical barriers in virtual
mastering fundamental engineering disciplines for these students are highlighted. According to
(Watson et al., 2007), deaf and hard-of-hearing students experience serious problems due to the
limited accessibility of educational content. Advances in technology provide them with a
substantial choice of support services, but individual differences still play an important role in how
clearly students understand the information. Therefore, all students receive a comprehensive
expert diagnosis, which identifies their individual differences and provides recommendations for
their individual support and guidance in the learning process. A modern approach to organizing
their learning includes digital transformation of the learning environment as well as academic
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support for students using cognitive technology. Flexibility and creativity are important aspects of
creating an accessible environment.

The partnership in the Project of creating Postsecondary Education Network International
(PEN-International 2001-2010) of universities and colleges in the USA, Russia, Japan, China, etc.,
training hearing impaired people, promoted the unique experience of technological support of such
students from universities and colleges of the USA to foreign universities and colleges. BMSTU was
a founder of this unique Project along with the USA, Japan and China and its active participant.
The Project created conditions for the exchange of local experience and technology transfer, which
contributed to the development of Bauman approaches.

3. Materials and methods

Results in chemistry of BMSTU hearing impaired students from 2018 to 2021 have been used
as the research material. Comparative analysis of results in face-to-face learning (from 2018 till
autumn 2019) and distance learning (from spring 2020 till autumn 2020, autumn 2021) has been
used as the research method.

The hearing-impaired students have been divided into two large groups: the hearing
impaired and the deaf (a hearing loss of more than 9o dB in the main speech frequencies is defined
as deafness). Some students focus on verbal communication, while others prefer sign language.
Some students use both depending on the situation. Hearing-impaired students may use sound
amplification devices (primarily hearing aids, cochlear implants) and/or lip-reading. The choice of
communication method does not always depend on the degree of hearing loss; sometimes it is
determined by the level of rehabilitation as well as previous phases of socialization. Thus, in terms
of special educational needs, each student with a hearing impairment is unique.

Different degrees of hearing impairment among students with disabilities lead to limitations
in the main life activity areas, including reduced ability to communicate, learn, self-control,
orientation in the learning environment, etc. (Ministry of Labor). The relationship between the
severity of hearing loss and the type of activity limitations is shown in Table 1.

Table 1. Relationships Between the Severity of Hearing Loss and the Type of Disability

Hearing Impairments, the
Possibility of Correcting

No and Combining Them Tyga O.f Activity Type of the Life Activity
. 1mitation
with a State of Speech
Function
Moderate hearing loss 1. The ability to communicate
1 with the possibility of between people through the
sufficient correction perception, processing, storage,
Moderate hearing loss repro'duct.ion and. transmission of
o with insufficient chemical information
correction 2. The ability to purposefully
Ability to: organize activities to acquire
1. Communicate; knowledge, abilities, skills and
2. Learn; competencies, to gain experience in

3. Navigate within | activities (including professional,
education process; | social and cultural ones), to apply
chemical knowledge in everyday life
and develop chemical abilities.

3. The ability to adequately perceive
the personality and the environment,
and to assess the situation in the
learning process.

Combination of hearing
impairment with a
3 moderate speech
impairment unrelated to
voice disorder
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Ability to:
. . 1. Communicate; 4. The ability to self-evaluate and
Severe hearing loss with ) : . ;
. g : . 2. Learn; behave appropriately, taking into
4 insufficient or impossible Navi . il and loeal | and
correction 3. Navigate; _ account social and legal, moral an
4. Control behavior | ethical norms.
independently
N . Ability to:
Coml?lnatlon Qf a hearing 1. Communicate;
impairment with a severe o Learn:
o speeclh ;ncllptalrmg nt 3. Navigate; 5. An individual's ability to carry out
unre (?. © do voice 4. Control behavior | every day learning activities
1sorder independently; independently.
5. Self-care (while
6 Deafness learning) process)

As shown in Table 1, the mentioned types of disabilities are cognitive in nature, have varying
degrees of severity and have a significant impact on the learning process of students with hearing
impairment at a general-type university, both in normal and remote conditions. The level of pre-
university training of these students in chemistry, largely due to the lack of special learning
conditions in general educational organizations, also affects the acquisition of chemistry in higher
education (Oreshkina, 2020).

The problem of content accessibility of both face-to-face and remote chemistry classes for
hearing-impaired students at BMSTU is being solved using results of comprehensive expert
diagnostic testing of students at the stage of their enrollment in inclusive programs (Oreshkina,
2018). Based on diagnostic results, cognitive disabilities and special educational needs of students
are identified and, according to GOST R 53873-2010 and GOST R 53874-2017, individual packages
of professional rehabilitation and habilitation services to support students in the learning process
are formed, and adjusted as the students’ progress along their educational trajectory (Oreshkina,
Gurov, 2020). The methodological approach to solving the problem of content accessibility of
distance learning in “Chemistry” is shown in Table 2. The development takes into account the
guidelines for creating an accessible environment (Guide...) as well as guidelines of Universal
Design for Learning (UDL). The proposed approach allows teachers to identify the cognitive needs
of students with hearing impairment and to develop special educational services considering their
individual characteristics and preferences.

Table 2. Methodological Approach to Solving the Problem of Content Accessibility of Remote
Classes in Chemistry for Hearing Impaired Students at BMSTU

Cognitive Manifestation of Special Educational
Functions Students’ Students’ Needs Services for Content
Disabilities Accessibﬂity
The ability to Difficulties in: High degree of | -  Multi-sensory  digital
perceive - perception of | perception and | learning environment.
information: information understanding of | - Assistive technical tools.
the ability to | (recognizing chemical information | - Cognitive learning
recognize and | words/terms quickly | from a screen in a | technologies.
interpret and accurately); webinar format. - Techniques to enhance the
information - interpreting perception of information in
information; virtual environment.
- limited vocabulary, - A high level of literacy in
rapid reading and chemical training texts.
writing skills. - Providing a thematic
glossary.
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Attention: Reduced ability to | Providing information | - Providing enough time to
ability to focus on important | in  advance about | perceive and respond to
concentrate, signals and | upcoming events and | information adequately.
switch, information  while | the time of action;|- Providing information,
distribute ignoring availability of signals | commands and instructions
attention. distractions. indicating the |in a form that attracts
beginning and the end | attention.
of an action.
Ability to learn: | Reduced ability to Considering individual | Developing special
ability to perceive and peculiarities of conditions for webinars,
acquire reproduce chemical | information including the creation of a
knowledge, knowledge, skills perception and multi-sensory learning
skills and and competencies as | processing. environment through various
competencies. required by the Possibility to perceive | methods of providing
educational educational educational information; use
standard. information from of special teaching methods
screen by the most and technologies, teaching
convenient way for a modes; assistive technical
student. means and technologies;
Semantic accessibility | assistance of other persons
of educational (besides teaching staff): sign-
materials in virtual language interpreter,
environment. technical specialist,
psychologist.
Ability to Difficulties in: The ability to choose | - A variety of ways and
remember - memorizing and | methods to obtain | formats of providing
information: reproducing information from the | information in a virtual
ability to information; screen (text, audio, | environment (text, audio,

register, store - weak actualization | video, sign language | video, sign language
and/or retrieve | skills; low “survival” | translation). translation).
information if of knowledge; - Work at an individual pace.

(including Russian
sign language).

literacy of  written
speech, understanding

necessary. - reduced level of - Cognitive education
mental technologies: formation of
performance. operational thinking;
transfer of information from
one form of its presentation
to another, etc.
Ability to verbal | Reduced ability to Ensuring the proper | - Service software, tablets,
communication: | establish contacts level of understanding | smartphones with speech
the ability to between people by and self-expression by | recognition function, etc.
reproduce and | perceiving, taking into account the | - Assistive technical means
understand processing and peculiarities of | and technologies of training
information. transmitting speech | communication, and communication.
information speech activity; | - Providing educational

information and instructions
in a form that is easy to

of symbols, | understand in the virtual
terminology, and | environment.
nomenclature.

4. Results and discussion

The problem of content accessibility of “Chemistry” for hearing-impaired students in both
face-to-face and distance learning conditions has been achieved by taking into account their
individual cognitive abilities and limitations identified during expert diagnostics of students at the
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stage of enrolment in inclusive programs (Oreshkina, 2020; Oreshkina, Gurov, 2020) as well as
their pre-university training level in chemistry.

Organization of distance learning classes in webinar format. During the pandemic
period, remote teaching Chemistry for students with hearing impairment was carried out in online
and offline formats. Students and teachers were provided with access to the electronic educational
literature of the MSTU publishing house, to materials developed by teachers for online classes and
independent work, posted on the digital platform “Electronic University” in the “Distance
Learning” module.

Online classes in chemistry have been given in webinar format using the domestic
“TrueConf” platform (TrueConf). Webinar is an effective multi-sensory digital environment, which
realizes both hearing and visual perception of educational information due to the possibility to use
different ways of presenting it to the students. Lectures and practical classes such as laboratory
works and seminars on chemistry have been conducted in webinar format. All types of classes have
been realized in oral and written form, supported by technicians and sign language interpreters,
with a balance between the presentation of theoretical knowledge and its practical application
(drawing up the results of laboratory experiments, solving problems on the topic).

Principles of designing effective webinars for hearing-impaired students include:

- taking into account individual cognitive peculiarities of students’ perception of information;

- multimodality: a variety of sources for providing educational information (text, articulation,
audio, video, sign language interpreting) and the correctness of their switching;

- effectiveness of communication between the teacher and students;

- content accessibility of learning materials to all students.

Taking into account the individual peculiarities of the perception of educational information
by hearing impaired students provides for a variety of sources for its supplying to students in the
classes (multimodality), including:

1) The teacher (his or her speech, facial expressions, articulation)- the main source of
chemical knowledge at webinars;

2) A sign language interpreter who transmits the teacher's speech literally through Russian
sign language, fingerspelling and articulation;

3) Text with equations and illustrations accompanied by the teacher's explanatory speech;

4) Video demonstration of selected pieces of thematic information with built-in subtitles
and audio support.

Deaf and hard of hearing students rely mainly on the visual channel of information
perception, through which they process all the information that comes to them not only in the
educational process, but also in everyday life. In webinars, different forms of visual information
can be presented at the same time: visual linguistic information (interpreting in RSL), visual
teaching materials and participants’ comments in “chat”. In this case, students are under increased
cognitive load due to the need to switch visual attention from a teacher or a sign language
interpreter to presented educational materials that leads to a decrease of lessons' effectiveness
(Online learning...).

In this regard, switching information sources by the teacher was carried out taking into
account the possibility of such students to focus an attention simultaneously only on one preferred
way to obtain information from the screen , such as:

- teacher (his sonorous speech, facial expressions and articulation);

- sign language interpreter (his hands and lips: gestures, fingerspelling and articulation);

- an educational text with formulas and illustrations or video with subtitles supported by
sonorous teacher’s comments, - without sign language interpreting.

Special significance on webinars was given to sound as a stimulus for hearing perception and
the need for its processing by the brain to better understand the meaning of the provided
educational information.

The teacher voices everything that he shows, writes, and draws. In this case, the content of
the teacher’s sonorous speech coincides both with the content of the text on the electronic
materials presented by him, and with the content of all explanatory notes, inscriptions, formulas
and drawings that he makes when analyzing students' works.

Experience has shown that synchronous voicing the information given by the teacher
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significantly increases its uptake by hearing-impaired students.

Communication of students and teachers in training sessions.

Involving students in the process of online classes began with the procedure for testing the
“TrueConf” system for its readiness for holding webinars: checking by the teacher the quality of
broadcast of audio, video, texts and presentations; as well as the possibility to use chat (text, video)
and group online discussions under the teacher's guidance.

Communication during webinars with the participation of deaf and hard-of-hearing students
is an effective multisensory experience in which the mechanisms of their hearing and visual
perception are implemented.

Communication between the teacher and students has been doing through voice and written
speech, using chat or email, the “Whiteboard” application, and the sign language interpreter, if it
was necessary.

At the webinar, the student was given the opportunity to complete assignments at an
individual pace and style. He could send the completed task to the teacher after the end of the
webinar and in this case, he always received a prompt response with a detailed analysis of the
errors. To send educational materials, assignments and instructions to students and receive
completed assignments from them, a digital platform was used, developed at BMSTU, which
ensured uninterrupted communication between the teacher and students both during webinars
and after them.

Clearly organized communication between the teacher and students during webinars
contributed to the effectiveness of the classes. It included a strict sequence of checking completed
individual tasks of students with their demonstration on the screen for analysis of errors and their
subsequent correction by students. At the same time, the teacher’s communication with both hard-
of-hearing and deaf students has been carrying out mainly in the “chat”; the statements of each of
the parties were reinforced by bringing clarifying formulas and reaction equations. It turned out
that sign language interpreting in this situation was not a support: it distracts students' attention.

Psychological and cognitive unpreparedness of some deaf and hard of hearing students to
work in the webinar format was revealed. As a rule, insecure students with poor reading and
writing skills, poor basic training in chemistry, rapid fatigability, poor self-organization skills,
suffering from the “scattered attention” syndrome, “dropped out” of group classes process and
there was a need in additional individual lessons with them. It was found that the effectiveness of
teacher-student communication is influenced by the students' reading and writing skills, their
psychological readiness to communication with the teacher; the teacher's ability to promptly
communicate with a particular student in the form of concise and single-digit oral and written
statements, as well as the qualification of sign language interpreter (Online learning...).

The role of sign-language interpreter in a webinar.

The role of sign-language interpreter in a webinar is to facilitate communication between the
teacher and hearing impaired students by interpreting sonorous speech into sign language and
vice versa. The restrictive aspects of sign language interpreting in subject areas STEM disciplines
are considered in (Oreshkina, 2018; Braun et al., 2018; Grooms, 2015; Marschark, 2005). During
the chemistry webinars, the following restrictive features of sign language interpreting were noted.

1) The quality of the demonstration of gestures, dactyl and articulation of a sign language
interpreter in online format is being affected by the speed of the Internet on the user's computer.
If the speed is not high enough, gestures on the screen are “blurred” into a “tail” and are not
perceived by the user.

2) A student who relies on sign language interpreting must simultaneously perform several
actions:

- To recognize information from a sign language interpreter;

- To analyze it and record important points;

- To read quickly and perceive text information from the screen;

- To follow participants’ comments in “chat”.

As noted above, a student finds it difficult to simultaneously look at the interpreter and
perceive the educational text from the screen. He/she is able to focus attention on preferred for
him/her source of information on the screen with the possibility of losing significant information
from the main source.
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In this regard, special requirements for work of sign language interpreters in webinars'
conditions have been determined.

The main source of chemical knowledge at webinars is a teacher.

Interpreters should request copies of training materials from the teacher in advance to be
able to familiarize with the content of the lesson and coordinate with him/her their inclusion in the
study process. The following situations should be taken into account. If on screen:

a) Only a teacher and a sign language interpreter, the sonorous teacher’s speech is being
accompanied by sign language interpreting;

b) Video clips with embedded subtitles and sonorous comments, participation of a sign
language interpreter is not required;

c) Text materials with formulas and illustrations against background of the sonorous
teacher's speech that explains their content, participation of a sign language interpreter is not
required.

Features of preparing didactic material for webinars in chemistry with the deaf and hard-of-
hearing students

Analysis of the problems of hearing impaired students in both face-to-face and distance
learning in chemistry showed that the main difficulties are related to the general problem of
perceiving and understanding the semantics of chemical information, including complex
symbolism, terminology and nomenclature, which is exacerbated by their individual cognitive
features and limitations. In online learning process, both voiced and textual information
perception impairments are particularly pronounced due to reduced speed of perception and
comprehension of incoming information, limited vocabulary, reading and writing skills,
communication skills and mental work capacity (Oreshkina, 2020). In this regard, a key feature of
webinars in chemistry for these students is their support by cognitive technologies, the main of
which are (Oreshkina, 2019):

- developing operational (algorithmic) thinking skills;

- transferring information from one form of presentation to another;

- formation of conceptual apparatus in chemistry subject area (glossary technology), etc.

These technologies are used in the development of content-accessible study materials for
classes in virtual environment.

Features of preparing didactic material for chemistry webinars. When preparing for the
lesson, the teacher performs:

- conversion of classroom chemistry course material into visual content for webinars, taking
into account the planned student activities in the classroom;

- online search and creation of video resources with subtitles for lectures and laboratory work;

- embedding videos of chemical experiments and subtitles, illustrations, photos in lesson
content;

- developing materials for practical exercises using cognitive technology and an
interdisciplinary approach.

Features of preparing teaching materials for lecture classes. Lectures’ materials
contain the main course outlines and concepts. They have been prepared and implemented by a
teacher in the format of short (10-15 min) segments-quanta. The text fragments accompanied by
sonorous teacher's explanations with sign language support are being combined with video
fragments with built-in subtitles revealing the semantic content. In this way, transferring
information from one form of its presentation to another are being realized. Each quantum begins
with a glossary and ends with test questions that students must write answers within a specified
period of time.

Features of preparing teaching materials for laboratory work. Laboratory work, as
a fundamental part of many science disciplines, is particularly important for the experimental
sciences, such as chemistry. It requires sufficient basic knowledge of the topic being studied for
understanding mechanism of chemical reactions behavior.

Description of laboratory works include two parts: theoretical part, which contains necessary
and sufficient description of theoretical basics on the study topic, and practical one, which includes
instructions on how to carry out a series of experiments. Teachers have developed special
workbooks to prepare students for works, their practical realization and registration of the results.
Each workbook contains template of report form, which include a front sheet with the list of basic
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concepts on the research topic that a student has to define while preparing for the work, and a
practical part, which the student fills out while doing laboratory work. The latter consists of a series
of experiments with a title and an algorithm for carrying out each experiment, including making
equations of the ongoing reactions, observations, completing result tables, graphing, drawing
conclusions, etc. The theoretical material on the topic of the upcoming laboratory work is sent to
students in advance to prepare for the lesson. During the webinar, the teacher consistently
demonstrates video clips of the experiments with subtitles and his/her own comments on them.
Students record their observations, write down the equations of reactions, and formulate
conclusions on the experiment results in the relevant sections of the worksheet. This is followed by
a group discussion of the results.

Features of preparing teaching materials for chemistry seminars. Teacher's
preparing for seminars includes developing practical tasks in “Chemistry” using cognitive
technologies and interdisciplinary approach. An extremely significant technology for practical
mastering chemistry by solving problems (as well as for doing laboratory work) turned out to be
the technology of developing operational thinking: forming skills and abilities to algorithmize the
process of solving a task.

From the course of computer science students know that an algorithm is a logical sequence of
certain actions, leading to the problem solution, and the process of algorithm creation
(algorithmization) is the decomposition of the problem into elementary actions or operations.
In this regard, the formation of logical-algorithmic thinking abilities includes (Leskovets, 2006):

a) Solving the task according to the algorithm offered by the teacher;

b) Solving the task according to the familiar algorithm (dynamic recognition of the situation);

¢) Solving the task according to self-created algorithm;

d) Creating several possible algorithms to solve the task and choosing the best one.

As a result, the skills expressed in the relevant competence, are being formed in students and
implemented in carrying out and design of laboratory works, home works, project-research
activities, etc. Applying this technology implements an interdisciplinary approach in which
students use two or more disciplines to extend their understanding of a subject or problem beyond
the limits achievable through a single discipline (Nyamapfene, 2020; Holley, 2017). This approach
enables students to integrate their skills, knowledge, experience and procedures from different
disciplines (chemistry, mathematics, computer science) to acquire new knowledge, understanding
and skills that allow explaining and solving problems in chemistry. Such approach also promotes
active, developing, independent learning (Ivankina, 2018).

Consider the use of the above-mentioned technology while preparing educational material for
a seminar that includes the analysis of tasks on the topic “Electrochemical processes in solutions.
Corrosion and protection of metals”. Task’s condition as follows:

“Determine the possibility of electrochemical corrosion of tin (Sn) in aerated aqueous
solution at T = 298 K, at pointed values of the activity of corroding metal ion am%*= 107® mol/l,

pH = 8.4, and standard electrode potential (pgn2+ = —0,136 V by calculations of electromotive force

Sn
(EMF) of corroding element and Gibbs energy A;G.ys of corrosion process. Give the equations for
the anodic and cathodic processes and the current-producing reaction. Take the partial pressure of
oxygen over the solution as standard” (Golubev et al., 2013).

According to (Golubev et al., 2018; Gurov, 2017) the possibility of electrochemical corrosion
is determined by following factors:

1) The change in Gibbs energy: corrosion is a spontaneous process accompanied by its loss
(Ar corrG298 < 0),

2) The sign of the electromotive force (EMF) of the corrosive galvanic cell (Ecgeen), which is
the potential difference between the cathode and the anode (Ecgeen = @x — @a). It is related to the
Gibbs energy of the reaction by the following equation: ZFEgen = —ArcorrG29s. Where Z is the
number of electrons involved in the corrosive current-producing reaction (the lowest total multiple
of the number of electrons in the anodic and cathodic processes); F is Faraday constant
(96500 Cl/mol Eq.). As Z and F > 0, corrosion is possible if Ecgcen > 0;

3) Comparing the cathode @k and anode @4 potentials: corrosion is possible if the cathode
potential is greater than the anode one: @k > @a.

1185




European Journal of Contemporary Education. 2022. 11(4)

Electrochemical corrosion of metal in an aqueous medium is possible if the following
conditions: 1) ArcorrG®298 = —ZFEcgeel < 0; 2) Ecgeell > 03 3) Pk > Pa.

Based on the above wording of the assignment, hearing impaired students will experience
difficulties in completing the task due to the uncertain sequence of operations. It is not possible to
calculate the EMF of the corrosion element and the Gibbs energy of the corrosion process without
prior calculation of the electrode potentials of the cathode and anode, and for this purpose, it is
necessary to write the equations of the anodic and cathodic processes. Therefore, it is important to
start the solution by writing these equations. The verbal algorithm for solving problems meeting
the above conditions includes the following logical sequence of actions:

1. Write the equations for the anodic process.

2. According to the corrosion conditions, write the cathodic process equation.

3. Write the equation for the total (current-producing) reaction.

4. Calculate the potentials of the anode and cathode electrodes under the given corrosion
conditions using forms of the Nernst equation adapted for T = 298 K.

5. Calculate the EMF of the corrosive element.

6. Calculate the Gibbs energy A/G.qs of the corrosion process.

7. Determine the possibility of metal electrochemical corrosion.

Students can easily follow this algorithm if they represent the semantic content of each
action. In this regard, the algorithm shown in Table 3 is useful. One column of the table presents
the verbal sequence of actions depending on the conditions, and the other column presents the
description of the content of each action in the chemistry language.

Table 3. Algorithm for Task Performance

No Sequence of Actions Content of Actions

Oxidation of the reducing agent (tin)

1 | Write the equation for the anodic process (-)A (0)A(Sn): Sn — 2e —» Sn2+

According to the corrosion conditions,
write the cathodic process equation (+)K.
As the medium is aerated and pH = 8.4
2 (alkaline), the cathodic process in the aqueous
solution will proceed with oxygen
depolarization:

Oxidant (oxygen) reduction
(+)K(Sn): O, + 2H.0 + 4e—~>40H-

Write the equation for the current-
producing reaction (CPR), taking into account CPR: 2Sn + O, + 2H.O — 2Sn(OH).;

3 the coefficients: Z=4
0,059
Calculate the anode potential (metal electrode) P =Pgp2e = (Pgnz+ = lga, .. =
according to Nernst equation adapted for T = . s sn
298 K, taking into account the activity of the ) 0.0591q10-°
corroding metal ions: —_0,136+2"9Y __ 3138
4 Calculate the cathode potential (oxygen
electrode) according to the Nernst equation 3 B B 3
adapted for T = 298 K, taking into account that | P~ @% =1,229-0,059pH +0,014719 po, =
the medium is aerated, pH = 8.4 and the
partial pressure of oxygen over the solution is =1,229-0,059-8,4+0,0147191=0,733 B
standard (1 atm):
5 Calculate the EMF of the corrosive element: Eege = xc — @ = 0,733 ~(-0,313) =
=1,05B >0
Calculate the Gibbs energy A.G.qs of the _ _ _
6 corrosion process, considering that ArGags = —ZFE = ~4:96500-1,05 =

Z = 4: =—-405300 J = —405,3 kJ <0
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Conclusion: electrochemical corrosion of
tin is possible because the following
conditions are met:

1) A corrGagg < 0; 2) Ecge > 0;

3) Px > Pa

Draw a conclusion about the possibility of
electrochemical corrosion of tin by fulfilling the
criteria:

1) Ar corrG298 < O; 2) Ecge > O; 3) (PK > (pA

This algorithm realizes the technology of transferring information from one form of
representation to another and helps students understand the content of particular actions.
Then a verbal algorithm can be offered to students. They recognize commands and are able to
execute them in the chemistry language. Algorithmization of solving process is based on the
students' knowledge/understanding of terminology, which is facilitated by glossary technology
(Oreshkina, 2019).

These technologies proved the effectiveness in teaching chemistry in a webinar format during the
pandemic. In all types of classes, students’ cognitive problems have been identified and successfully
solved. The teacher performed a multifunctional mission, acting as a teacher, moderator, tutor,
consultant and team leader. The teacher created and supported a positive environment in which all
participants acted as a team and shared responsibility for the final results, confirming (Karpov, 2017;
Patton, 2020).

These technologies meet the principles of universal design: they enhance the acquisition of
information in chemistry, not only for hearing impaired students, but also for non-disabled students.

Approaches to assessing the progress of hearing-impaired students in a distance
learning environment are similar to approaches used in traditional learning conditions.
The BMSTU has a module-rating system for monitoring and evaluating students' knowledge.
It provides evaluation of students' progress in all modules of chemistry course by summing up the
points set for each type of required activities within the modules in accordance with the curriculum:

Carrying out and defending:

- laboratory work (3-5 points);

- homework assignments (10-15 points);

Activity during webinar (1-3 points), etc.

Assessing compulsory tasks performed by hearing impaired students is being carried out
according to generally accepted criteria and taking into account the peculiarities of the developing their
speech activity (Oreshkina, 2020). Intermediate certifying based on the results of semesters in the
discipline takes in the form a credit (1%t semester) and distributed examination (2"d semester). As the
assessing scale it is adopted a 100-point system with a gradation of marks in accordance with the
Regulations on current control and intermediate attestation of BMSTU. A student who has completed
all the scheduled tasks and tests receives a final grade for the semester according to the scale in Table 4.

Table 4. Module-Rating System for Monitoring and Assessing the Knowledge of Hearing Impaired
Students in Chemistry

Rating Credit score Distributed exam score?
85 — 100 pass excellent

71 — 84 pass good

60 — 70 pass satisfactory

0—59 fail poor

1A distributed examination is a type of intermediate assessment in which a student receives the
entire set of points (100 points) for the current control activities.

Students' participation in webinars and their performance results are stored in the unified
information system of BMSTU “Electronic University” (Moskalenko, 2010) and are available to
students. The comparative results of academic performance in chemistry in face-to-face (2017-2019)
and distance (2020—2021) learning conditions during the pandemic are presented below:
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Table 5. The comparative results of academic performance in chemistry in face-to-face (2017-2019)
and distance (2020—2021) learning conditions during the pandemic

. 2019/20 2020/21
Academic year 2016/17  2017/18 2018/19 (spring) (autumn)
Average sum of points 74,0 79,0 82,0 82,0 80,0
Average score 4 4 4 4 4

Analysis of learning outcomes showed that effective webinars in chemistry with hearing-
impaired students require the comprehensive solution: taking into account their individual
perception of information in a virtual environment; creating content-accessible multimodal
environment for all students by preparing special study materials based on cognitive technologies
and interdisciplinary approach; involving all students in online learning process and keeping them
active throughout the session by taking an optional approach to each student and ensuring a
positive, creative atmosphere. According to the students themselves, this approach to remote
learning the discipline “Chemistry” fully justified itself: students were able to understand goals,
objectives and content of the classes, the teachers' guidelines, were able to understand the meaning
of tasks and perform them according to established requirements. They felt steady help and
support from the teacher and perceived all webinar' participants as a single team. A positive
atmosphere and mutual support contributed to the success.

5. Conclusion

Distance learning is a very specific environment for teaching and learning “Chemistry”. Using
digital materials and integrating them into the learning process through a virtual conference in
webinar format is essentially a digital transformation of the learning process. Both teachers and
learners need to be able to teach, learn and interact effectively in a virtual environment. Organizing
learning process of “Chemistry” in webinar format for hearing impaired students is a forced
measure that imposes a number of limitations. Students are not able to perform real laboratory
works in a chemistry laboratory under the teacher's supervision, thus preventing them from
developing skills to make experiments. For hearing impaired students, direct contact with a teacher
to guide and correct their steps in the chemistry learning process is essential. Face-to-face classes,
where students work within sight of the teacher and each other, create a “cumulative” effect in the
acquisition of new knowledge, which is not sufficient in the distance format.

BMSTU’s experience confirms that development of accessible training materials for all types
of classes and for all involved students based on considering their peculiarities of information
perception from the screen is very important for conducting effective webinars on chemistry for
this category of students. However, checking students' laboratory works and practical assignments
with analysis and correction of mistakes is a significant additional load for the teacher, and
supporting positive and creative atmosphere in webinars causes psychological stress. In general,
the effectiveness of remote learning is being determined by the ratio of achieved results and labour
input of all participants involved in the process.

Creating accessible multimodal environment in webinars for hearing impaired students by
taking into account individual cognitive features of information perception and using cognitive
learning technologies, based on interdisciplinary approach, does not reduce their motivation to study
chemistry, develops their cognitive abilities and thus helps to make their performance in chemistry in
remote learning equal to their performance in face-to-face classes. Current cognitive learning
technologies based on interdisciplinary approach are an innovative development of BMSTU
professors. They comply with the principles of UDL: facilitate the acquisition of information in
chemistry not only by hearing-impaired students, but also by non-disabled students.

Webinars provide students with the opportunity to learn new professional skills that they can
later use in their academic and professional careers.
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Abstract

This article discusses some aspects of engineering education in the context of sustainable
development. It is provides a brief analysis of the concept of sustainable development, examines
the role of the engineer in modern society, and lists the key engineering competencies formulated
by the most respected organizations in the field of engineering education. An approach to the
formation of competencies of technical university graduates from the viewpoint of professional
ethics of engineers is analyzed. The article also reveals the essence of professional ethics and
presents examples of ethical codes of engineering societies in different countries. A comparative
analysis of the Russian Federal State Educational Standards of the third generation in the specialty
“Mining Engineering” from the position of ethical principles of professional activity of a mining
engineer has been carried out. It is concluded that the requirements for the preparation of the
modern mining engineer in terms of sustainable development and trends in the formation of the
FSES of the third generation in the specialty “Mining Engineering” contradict each other.
The article analyzes the results of questioning of first-year engineering students of Saint-
Petersburg Mining University (Russia) of the norms of engineering ethics. The issue of insufficient
ethical training of specialists in technical universities is raised. Attention on improving educational
programs in technical areas and specialties is focused, as well as conducting further research to
study the possibilities of the educational environment in the formation of moral and ethical
competencies of future engineers.
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1. Introduction

The term “sustainable development” first appeared in the 1987 report “Our Common Future” of
the UN World Commission on Environment and Development (UN Documents: Resolution..., 1987).
According to this report, sustainable development provides a balance of interests of generations within
the framework of the ecological paradigm (Yurak at al., 2020). Sustainable development means a
model of human development in which current problems are solved without harming future
generations (Litvinenko at al., 2020). The result of sustainable development is a stable economy based
on the latest scientific developments and technological improvements, capable of adapting to the
environment without destroying essential natural resources (Nedosekin at al., 2019).

The key figure in the concept of sustainable development is the engineer, because it is the
engineer who, more than anyone else, is responsible to society for the creation of material goods,
progress of human civilization and environmental protection (Goman, Shchetinina, 2019;
Sudarikov at al., 2022). In order to achieve sustainable development using environmentally
friendly technologies, it is necessary to expand the humanistic component of engineering education
(Komissarova, Shcherbakova, 2017; Bakeeva at al., 2019; Mikeshin, 2021).

In view of the foregoing, the most influential organizations in the field of engineering
education have outlined trends in the development of the system of the requirements for the
engineer of the XXI century — students and graduates of technical universities need to form the
following in-demand cross-industry professionally relevant skills and competencies:

- communicative competencies, including the ability to communicate with different target
audiences, knowledge of several foreign languages, and intercultural features of communication;

- critical thinking and the ability to solve non-trivial problems;

- ability to work in a team in any position — from project manager to vendor;

- information management and lifelong learning skills;

- mastery of methods of techno-economic analysis;

- mastery of methods of ecological support of production and engineering protection of the
environment;

- compliance with ethical norms and moral principles — the ability to comply with ethical
norms and standards in professional activity and social interaction (Lider et al., 2020).

Based on the analysis of key engineering competencies of leading foreign universities, as well
as the requirements for engineering competencies by certification bodies in Japan, Canada,
the USA and the European Union, researchers (Rudskoy et al., 2020) have divided engineering
competencies into the following categories: application of fundamental and specialized knowledge;
analytics and decision-making; innovative development; leadership and teamwork; creativity;
professional ethics, etc. The paper (Litvinenko at al., 2022) compares the competencies required by
some international standards and the UK standard. The authors point out that the competency
systems considered focus on engineering knowledge and its application for innovative purposes,
mastery of standards and regulations, development of communication skills, ethical behavior,
and commitment to sustainable development.

In Russia, in accordance with the Asia-Pacific Economic Cooperation (APEC) Professional
Engineers Certification and Registration System and APEC Engineer Standard, the following
categories of universal and professional competencies of an engineer are provided: meaningful
application of universal and local knowledge; analysis of engineering problems; social
responsibility; compliance with laws and regulations; ethics of engineering activities;
communication; lifelong learning; engineering assessment; search and implementation of
innovations (Perechen' universal'nykh..., 2011).

A comparative analysis of key engineering competencies shows their semantic identity,
despite the differences in names. This fact testifies to similar directions in the improvement of
engineering education in Russia and in foreign countries, therefore, it is advisable to apply
international experience to improve the quality of training of engineering personnel.

Trends in the formation of the FSES. Professional ethics

Currently, the educational activities in Russian universities are based on the Federal State
Educational Standards (FSES) focused on the competence approach. The essence of the
competence approach lies in the fact that each current FSES provides a list of general cultural,
general professional and professional competencies, i.e. certain properties that a specialist
(bachelor, master) trained according to this standard should have. The Russian educational space
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continues to research in the field of improving of higher education and professional competence of
graduates (Sevostyanov, 2018). The structure of FSES is being amended and revised; the transition
to FSES HE 3++, focused on professional standards, has taken place in the following field of study;
have been developed and are planned for implementation FSES 4.

At the same time, such innovations in higher education have resulted in the exclusion from
standards or modification of some of the most important requirements for the level of graduate
knowledge and competencies. As you know, in FSES 3+ the number of declared competencies has
been significantly reduced. In FSES HE 3++ there is a new name of competences — universal
competences, which is an extension and a slightly different formulation of general cultural
competences of FSES HE 3+.

In the paper (Rudskoy et al., 2020), based on the results of the analysis of published projects
FSES HE 3++ in the area of engineering education, the authors identify 11 categories of general
professional competencies: fundamental training, specialized competencies (competencies directly
related to the training specialization), analytical, organizational and management, research,
pedagogical, entrepreneurial competencies, etc. The authors also include professional ethics,
a competence that is especially relevant, in our opinion, in the context of sustainable development,
among the general professional competences that are common to the field of engineering education
and technical sciences. Indeed, a modern engineer, along with the profound scientific and technical
knowledge necessary to perform the functions associated with his or her professional activities,
must know and comply with the norms of professional ethics (Verax, 2017).

Let us specify that professional ethics is a system of moral principles, norms and rules of
behavior of a specialist, taking into account the peculiarities of his or her professional activity and a
specific situation (Fleddermann, 2012). Engineering ethics is a set of ethical standards that apply to
engineering (Martin, Schinzinge, 2010). Contemporary codes of ethics of engineering communities
include norms regulating the “engineer — society”, “engineer — employer”, “engineer — customer”,
and “engineer — other engineers” relationships. Thus, according to the US engineering community
codes of ethics, engineering activities have a direct and significant impact on the quality of life for
the entire community. Accordingly, the engineering profession requires impartiality, honesty,
fairness, and must ensure the protection of the environment, the safety and well-being of society.
Engineers must observe high principles of ethical behavior in accordance with the standards of
professional standards (Michelfelder, Jones, 2013).

Codes of ethics for Russian engineers are set out in the APEC Engineer's Code of ethics and
the Code of ethics for scientists and engineers developed by the Russian Union of Scientific and
Engineering Public Organizations (RusUSEPO). According to the basic positions of professional
ethics, a Russian engineer must be fair, polite and honest, communicate respectfully and without
conflict with clients and employers, maintain secrecy, inspire colleagues and adequately respond to
legitimate criticism, and strive to minimize the negative impact of technology on people, society
and the environment. A professional engineer should not take part in an engineering project or a
scientific or technical task if the project or task could be detrimental to society or the environment
(Kodeks professional'noy..., 2011).

2. Materials and methods

The following methods were used in the work: theoretical analysis and generalization of
scientific and methodological literature in the context of the professional ethics of future engineers,
a survey of first-year engineering students.

In order to identify competencies that are directly related to the moral and ethical principles
of the mining engineer’s professional activity, we analyzed the educational standards for the
specialty “Mining Engineering”.

We emphasize that mining, as an integral part of the global economy, includes all types of
technogenic impact on the earth’s crust, mainly the extraction of minerals, their primary
processing and scientific research related to mining technology. A modern mining engineer is a
specialist of the widest profile, who skillfully apply the latest information technologies, robotic and
unmanned machines, remote sensing methods and classical knowledge of subsurface structure,
geophysics and geotechnology (Trushko, Protosenya, 2019). This predetermines the attractiveness of
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the profession of mining engineer, similarities in the key areas of mining technology development,
as well as training systems in the leading mining countries of the world (Kuleckij et al., 2021).

A comparative analysis of curricula and programs of Russian and foreign universities, as well
as opportunities for obtaining the qualification of “Mining Engineer” showed that the general idea
of professional competencies required for a modern mining engineer is similar all over the world
(Sishchuk et al., 2020). The differences lie in the proposed forms, training schemes and time to
achieve the required level of competence. For example, universities in European countries, as well
as the US, Canada, and Australia have a multi-level system of mining education: a bachelor —
amaster — a doctor of philosophy. In Russia, in accordance with the federal state educational
standard “Mining Engineering”, provides for monoengineering (without division into a Bachelor’s
and Master’s programs) training of specialists in 12 specializations with a training period of 5 and a
half years (Kazanin, Drebenstedt, 2017).

3. Results and discussion

The results of the comparative analysis of the Russian federal state educational standards of
the third generation for the specialty 21.05.04 “Mining Engineering” (specialist level) in the context
of moral and ethical principles are shown in Table 1. It should be noted that in the structure of the
FSES of the third generation, the wording (content) of some competencies is repeated from
generation to generation, i.e., there is a certain continuity.

To reduce the length of the table, it contains a list of categories and codes of competencies,
as well as the content of only some categories of competencies, which, in our opinion, most fully

reflect the norms of professional ethics of a mining engineer.

Table 1. Comparative characteristics of FSES (ethical aspect)

“specialist”)
(FSES..., 2011)

FSES Category/ Competence content
Competence code

FSES 3 | General cultural | - readiness to cooperate with colleagues and work in
(Federal State | competence (GCC) a team (GCC -4);
Educational 17 items in total - ability to negotiate, establish contacts, eliminate
Standards for (resolve) conflicts of interest (GCC -5);
Higher - to carry out their activities in various spheres of
Education in public life on the basis of moral and legal norms
the following accepted in society (GCC -8)
field of study | General professional | - knowledge of methods of rational and integrated
(specialty) competence (GPC) development of georesource potential of the subsoil
130400 8 items in total (GPC-8);
“Mining - knowledge of the legal basis for subsoil use and
Engineering” safety of work in mining, mineral processing,
(qualification construction and operation of subsurface structures

(GPC -16)

level), (FSES...,
2016)

FSES 3+ | General cultural | - ability to use the basics of legal knowledge in
(Federal State | competence (GCC) various spheres of life (GCC -5);

Educational 4 items in total - readiness to act in non-standard situations, bear
Standards for social and ethical responsibility for decisions made
Higher (GCC-6)

Education in | General professional | - readiness to lead a team in their professional area,
the  specialty | competence (GPC) tolerant of social, ethnic, religious and cultural
21.05.04 4 items in total differences (GPC -3);

“Mining - readiness to use scientific laws and methods to
Engineering”) assess the state of the environment in the
(specialist functioning of production for operational

exploration, extraction and processing of solid
minerals, as well as in the construction and
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FSES C Category/ Competence content
ompetence code
operation of subsurface facilities (GPC -6)
Professional - readiness to demonstrate skills in development
Competence (PC) plans of measures to reduce the technogenic burden
6 items in total on the environment during operational exploration,
extraction and processing of solid minerals, as well
as the construction and operation of subsurface
facilities (PC -5)
FSES 3++ | Universal competence | Communication. UC-4. Ability to use modern
(Federal State | (UC) communication technologies, including in foreign
Educational 3 items in total language(s), for academic and professional
Standards for interaction
Higher Intercultural interaction. UC-5. Able to analyze and
Education - consider the diversity of cultures in the process of
Specialty intercultural interaction
“21.05.04 General  professional | GPC-17. Ability to apply methods to ensure
Mining competence (GPC) industrial safety, including emergency situations,
Engineering”) | 6 items in total during operational exploration, extraction and
(FSES..., 2020) processing of solid minerals, construction and
operation of subsurface facilities
Professional PCI-9.1. Knowledge of strategy of complex and
competence (PCI) - | effective development of underground space, ways
established by the | and technologies of safe development and use of
educational subsurface area
organization
independently
1item in total

As can be seen from Table 1, the total number of competencies that are directly related to the
moral and ethical principles of a mining engineer’s activity tends to decrease. So, if FSES HPE for
the specialty 130400 “Mining Engineering” provided 17 general cultural and 8 professional
competences (25 in total), then FSES 3+ contains 4 general cultural, 4 general professional and
6 professional competences (14 in total), and FSES HE 3++ contains 3 universal, 6 general
professional and 1 professional competence (10 in total).

As a result, it can be concluded that the requirements for the preparation of the modern
mining engineer in terms of sustainable development and trends in the formation of the FSES of
the third generation contradict each other. In addition, we must note that at the moment
engineering ethics, as a relevant applied discipline, in technical universities is only in its
development stage. Very few educational programs explore normative and ethical aspects in
combination with engineering and social sciences (Van den Hoven, 2016).

As part of this study, in order to determine the level of knowledge of basic principles of
professional ethics, a survey was conducted among first-year engineering students of Saint-
Petersburg Mining University (Russia).

90 students-future engineers took part in the empirical study: 47 students of mining faculty
(31 boys and 16 girls of 17—19 years old) and 43 students of faculty of geological prospecting
(28 boys and 15 girls of 17—19 years old). Qualification of graduates — mining engineer (specialist)
and mining engineer-geologist (specialist) respectively. As it is seen from the sampling group,
the most part of the students are lads. These figures correspond to the general data on the sphere of
national engineering education systems.

The survey included questions about the norms of engineering ethics, ways of forming
professional and ethical principles, etc. (Ovchinnikova, Bykova, 2019).

According to the results of the questionnaire survey, 35 % of students of mining faculty and
40 % of students of geological prospecting do not know the meaning of the term “engineering
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ethics”. 42 % of respondents were at a loss to answer the question “Give the definition of the term
“engineering ethics”.

Table 2 presents the results of a comparative analysis of the opinions of freshmen on the norms
of the professional ethics of the engineer. Students were required to rank the 15 moral and ethical
qualities proposed in the questionnaire according to the following principle: the most important quality
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was assigned number 1, the second most important quality was number 2, and so on.

Table 2. Results of questioning of first-year students

B Mining engineers

B Mining engineers-geologist

Fig. 1. Ranking the norms of engineering ethics
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Standards of Mining engineers Mining engineers-geologist
engineering ethics n =47y n =43
Average Rank Median Average Rank Median
Honesty 10,49 5 5 10,11 5 5
Diligence 11,2 3 6 10,63 4 4
Punctuality 7,7 9 8 8,34 8 9
Organization 10,91 4 4 10,7 3 4,5
Tactfulness 5,98 11 11 7,1 11 11
Decency 6,9 10 11 7,26 10 10
Responsibility 11,8 2 6 10,96 2 4
Professionalism 12,84 1 1 13 1 2
Mindfulness 8,08 6 5 9,93 6 7
Politeness 5,4 13 12 6,08 15 11
Sociability 4,49 14 11 6,85 12 13
High self-discipline 7,85 8 10 7,66 9 8
Self-criticism 4,39 15 11 6,64 13 12
gﬁgﬁfgﬁe (;e to 5,48 12 10 6,44 14 11
Discipline 7 7 9 8,62 7 7,5
Ranking the norms of engineering ethics
Discipline
Adherence to principles
Self-criticism
High self-discipline
Sociability
Politeness
Mindfulness
Professionalism
Responsibility
Decency
Tactfulness
Organization
Punctuality
Diligence
Honesty
0 2 4 6 8 10 12 14 16
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The empirical data obtained in the course of the experiment were analyzed using the methods
of mathematical statistics. To interpret the results, we used the nonparametric Student's t-test to
compare the medians of two independent samples. The calculated value of Student's t-criterion is
0.96. The critical value of Student's t-test is 2.048 at a significance level of a = 0.05. Therefore,
the differences between the samples are not statistically significant.

Consequently, if at the level of comparison of individual factors there are slight differences in
ranks (Table 2), then in general the understanding of the norms of engineering ethics among students
of mining faculty and geological exploration faculty does has no significant differences (identical).

Thus, first-year students consider professionalism, responsibility, organization, diligence to
be the most significant norms of engineering ethics. At the same time, such significant moral and
ethical qualities as politeness, integrity, communicativeness, and self-criticism received a low
rating and maximum numbers, respectively (Figure 1).

This fact indicates the need to include the course “Engineering Ethics” in the educational
programs of technical universities as an optional course or a separate unit within such disciplines
as “Introduction to Specialty”, “Mining and Industrial Environmental Sciences”, etc. To achieve a
new level and quality of engineering education, the need to explore the potential of the educational
environment in the formation of moral and ethical competencies of specialists in the field of
engineering, a key profession in the concept of sustainable development, acquires particular
importance (Ali et al., 2021; Fernandez-Lopez, 2022).

4. Conclusion

The transition to sustainable development has posed new challenges to the system of higher
mining education (Sigareva et al., 2018). On the one hand, globalization and the rapid development
of technology are constantly increasing demands on the quality of labor of the mineral sector and
the constant improvement of their skills (Kretschmann et al., 2020). On the other hand,
the transition to sustainable development implies the need for rational use of raw materials and
protection of the environment. This requires improving the training of mining engineers in order to
develop innovative competencies of future miners (Sveshnikova et al., 2022).

The training of Russian engineering personnel in accordance with international requirements
and standards within the framework of the competency-based approach is directly related to the
formation of ethical principles of future engineers’ professional activities. Analysis of the FSES of
the third generation in the specialty “Mining Engineering” revealed a tendency to reduce the
number of competencies aimed at the formation and development of professional ethics.
In addition, the results of the study revealed a lack of knowledge of basic standards of engineering
ethics among first-year students of the Mining University.

In the conditions of sustainable development of the mineral sector of the industry, joint
efforts of all stakeholders are required, so that the formation of moral and ethical principles
occupies an important place in the training of future mining engineers.
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Abstract

The article considers a blended teaching of English to non-English major students in the
Russian Arctic. The relevance of this study is due to the fact that new technologies are being
introduced into the education system in order to improve the quality of education. Blended
learning is understood as a hybrid learning integrating online education and in person education.
The article provides an overview of the research conducted on blended learning abroad in the
context of English as a foreign language (EFL). It presents a blended learning model that consists
of 3 blocks: methodology, learning process and assessment of learning outcomes. In general, this
model consists of face-to-face instruction and digital platform Skyes. The pilot training was
conducted to prove the effectiveness of the discussed blended learning model. 100 non-English
major bachelor students of the 1%t year students from the North-Eastern Federal University,
the Arctic State Institute of Culture and Arts and the Arctic State Agrotechnological University took
part in the pilot training. The students were divided into 2 experimental and 2 control groups of
25 students. The students of the control groups attended traditional classes with a distance
learning format while the students of the experimental groups studied English in a blended
learning format. The pilot training lasted for one semester. During the training 4 English skills
were tested in students: 1) listening 2) vocabulary 3) grammar 4) reading. The results before and
after the pilot training are presented. The results of pilot training prove the effectiveness of the
implemented blended learning model in comparison with face-to-face instruction.

Keywords: blended learning, EFL, face-to-face instruction, blended learning model, English
skills, e-learning.
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1. Introduction

Modern language education, including teaching English as a foreign language (EFL), is being
transformed based on the active use of new information technologies (online tools, web
technologies and Internet technologies). This transformation of the education system in general,
and EFL learning process, in particular has been accelerated in terms of COVID-19 pandemic. With
the development of new learning tools, the modes of learning are likewise changing. In this regard,
blended learning has become a popular mode of teaching at universities worldwide.

As the researchers testify, blended learning has grown into a significant factor for the
development of higher education by integrating features and benefits of technology and traditional
learning education (Zhang, Zhu, 2018). Blended learning being understood as web-based and face-
to-face instruction exemplifies an entirely new model that can transform both teaching and learning
(Moskal et al., 2011: 13; Horton, 2002; Osguthorpe, Graham, 2003). Similarly, blended learning refers
to an in-person education combined with online opportunities, and the online materials are presented
either in a distant way or in the traditional classroom (Thompson et al., 2019).

The increasing volume of online teaching suggests that online course delivery formats will be
used significantly in higher education. As it is stated in the research, the growing number of
students taking online courses implies that blended learning will increase in proportion in higher
education (Aslanian, Clinefelter, 2013). The educational system under reform necessitates a
development of a blended learning model which affects training process, learning outcomes and
perspectives of learning. This leads to a paradigm change in the EFL learning and teaching and
reflects a significant influence of innovative approaches (Dziuban et al., 2018).

In the field of teaching EFL, the practitioners are challenged with finding an effective way to
create a blended learning environment for students at the tertiary level. Blended learning
represents the use of new educational methodologies and activities, which accentuate student-
centered active learning along with a more traditional approach which is a teacher-centered
approach (O’Connor et al., 2011). More specifically, blended learning is regarded as an “enriched,
student centered learning experiences made possible by the harmonious integration of various
strategies, achieved by combining face-to-face interaction with information and communication
technology” (Torrisi-Steele, 2004: 366). As a teaching method, blended learning offers students
flexible class schedules, network development, collaborative work with peers, active and reflective
learning via the use of technology (Villalon, Rasmussen, 2017). Blended learning implements the
advantages and teaching/learning processes of synchronous and asynchronous distance teaching
so that learners and teachers and students can engage in educational activities in synchronous and
asynchronous online situations (Bosch, Laubscher, 2019).

In terms of EFL education, blended learning is interpreted as more “individualized learning
experience, more personalized learning support”, “independent and collaborative learning”,
“student engagement in learning”, more practice of the target language beyond the classroom,
and flexible study (Marsh, 2012: 4-5). Thoroughly blended learning is “a hybrid model of
e-learning that allows coexistence of conventional face-to-face teaching methods and e-learning
activities and resources in a single course” (Littlejohn, Pegler, 2007: 26). A successful blended
learning model comprises an initial face-to-face meeting, weekly online assessments and
synchronous chat, asynchronous discussions, e-mail, and a final face-to-face meeting with a final
examination (Martyn, 2003).

An effective way to implement blended learning is to develop a teaching model. The model
includes face-to-face learning activities between teachers and students in the classroom and online
activities. Outside of the classroom, students can access additional curriculum resources and do
homework through the Internet platform (Sharpe et al., 2006). Teachers can also develop and
upload instructional materials including text, audios, images, videos, and animation files on the
Internet platform preliminarily so that students can start studying at their own pace (Bosch,
Laubscher, 2019; Dziuban et al., 2018).

Recent research studies have explored the effect of blended learning on students’ attitude,
motivation to learn English and their academic performance at the universities. A study on
students’ attitude towards asynchronous distance learning and blended learning was conducted at
a Turkish university. The first group was trained in asynchronous distance learning, the second
group was trained in blended learning. The results demonstrated that the first group of students
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was dissatisfied with the teaching content in asynchronous distance learning. The second group of
students was satisfied with their courses via blended learning (Gunes, 2019).

As it was found out, blended learning positively influences students’ learning performance as
well as motivates them to practice the language more authentically by giving them enough time and
space inside and outside the classrooms. This learning flexibility grants them a dynamic language
input and upgrades their language proficiency (Oweis, 2018). Moreover, students’ positive
acceptance of a blended learning enhances their motivation and achievement in comparison with
offline classes (Akkoyunlu, Soylu, 2016). Similarly, when learners have a positive attitude towards
the implementation of blended learning approaches in their classrooms, they show better academic
achievements in English courses (Akbarov et al., 2018).

The main goal of the EFL pilot teaching to be discussed in this article was to assess the
effectiveness of blended learning model implementation into teaching practice at the tertiary level.
To achieve this goal, the pilot study represents a quasi-experimental training that uses a pretest-
posttest research design to measure the progress in the participants’ performance. The four English
language skills were tested: Listening, Reading, Vocabulary and Grammar.

The relevance of this pilot training is due the fact that the latest transformation in the higher
education system requires development of the effective blended learning model in the EFL setting.
Students’ increasing the level of EFL competence at the tertiary level should be optimized through
the integration of a blended learning model and traditional training in the education process.

While teaching students in the pilot training, we put forward two hypotheses:

Hypothesis,. There is no difference in test scores between students who were trained in a
blended learning context and students who took conventional distance learning.

Hypothesis;. There is a significant difference in test scores between students who were
trained in a blended learning context and students who took conventional distance learning.

The scientific novelty of this pilot study is the development of the EFL blended learning model for
non-English major students (Engineering students) when teaching English at a university.

2. Materials and methods

Participants and Context

A group of 100 EFL university learners who participated in the present pilot study are
bachelor students of the North-Eastern Federal University, Arctic State Agrotechnological
University and Arctic State Institute of Culture and Arts, Russia. The participants are majoring in
Engineering and predominantly native speakers of Yakutian language attending a “General
English” course. For the purpose of pilot training, students with the Pre-Intermediate level (A2) are
selected as this level proved to be the most common according to the results of the placement test.
Subsequently, the 100 students of Pre-Intermediate level are divided into an experimental group of
50 students and a control group of 50 students in the first year of compulsory EFL learning.
Specifically, 10 of the participants are females and 90 males, all aged 18 to 22.

Research Method

The present study includes pilot teaching of Engineering students; analysis of EFL pilot
teaching; methods of observation — direct observation of students’ performance, control of the
students’ progress; diagnostic method: sets of tests (placement test and progress tests); methods of
mathematical statistics, qualitative analysis of the pilot study data and summarizing the outcomes
of the pilot training.

The teaching of English as a foreign language is based on communicative approach (Wilkins,
1983; Candlin, 1976; Widdowson, 1978; Humes, 1971), competence-based approach (Egbert,
Shahrokni, 2019; Dragoo, Barrows, 2016; Henri et al., 2017), and the theory of learner autonomy
(Holec, 1981; Little, 1991; O’Leary, 2014).

Instruments

The instruments of the pilot training were two sets of tests held at the beginning and at the
end of semester. Two sets of tests were utilized. Each set of tests contains a pretest and a posttest.
The first set of tests (Language Hub placement test) was employed to determine the participants’
English proficiency level, with the mean score of 27 (that is A2 CEFR level).

The second set of tests (progress tests) was made by teachers in “Test Generator” on units o