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Abstract: The COVID-19 pandemic has contributed to the accelerated spread of e-learning around
the world. In e-learning, self-regulation becomes more relevant than ever. Reducing the influence
of traditional features of the face-to-face learning environment and increasing the impact of the e-
environment place high demands on students’ self-regulation. The author’s self-regulation e-learning
model emphasizes the position of e-learning at the intersection of the electronic environment and
the learning environment. We observe a collision of the concepts of these two environments. The
Internet is a more common environment that provokes the use of unacceptable tools and hints, which
is a logical consequence of such behavior to pass the test, and not to gain knowledge. Therefore, the
most important thing is that students have their own goals and strategies, and use the large resources
of the electronic environment for development, and not for cheating. The authors conducted a
survey (N = 767), which showed that students rate their self-efficacy of online learning higher in the
e-environment than in the offline learning environment. Self-regulation indicators are the highest in
the field of environment, and the lowest when setting goals and in time management.

Keywords: self-regulation; e-learning; self-efficacy; electronic environment; learning environment;
higher education

1. Introduction

The COVID-19 pandemic has accelerated the existing trends of increasing the share
of e-learning in education worldwide. First of all, the problem of technological support
for fully online education has grown [1]. Students and teachers need fast and stable
networks, online communication tools, and digital educational resources [2—4]. After
solving the problems of creating, communicating, and providing technical support for
e-courses, it became necessary to take into account the level of technical competence,
the psychological aspects of online learning [5-7], and the peculiarities of learning in
an electronic environment to the extent that fully e-education can completely replace
conventional one [8].

At the same time, the discussion of the advantages and problems of e-learning in
higher education for students has a long history. The most obvious comparison of grades
between online and face-to-face learning does not show a significant difference [9-12], even
sometimes there are better grades in the online environment [13]. Since different factors
can influence grades, they cannot serve as a reliable basis for the comparison.

Among the factors that cause a cautious attitude to online learning, one of the most
important is that the completion rates are about 8-20% lower than in traditional full-time
courses [14-18]. The widely observed higher rates in favor of retention for face-to-face
learning compared to online learning could be caused by the features of online learning
itself or by characteristics of the students who sign up for online courses themselves [19,20].
In addition, higher rates of attrition are observed in online courses [21,22]. One of the main
problems is students” perception of isolation and lack of communication [16,23]. Online
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courses “can appear to be an impersonal exercise, which leads students to feel ‘eSolated’
from instructional staff” [24,25].

Thus, the quality of interaction between teachers and students is considered as one of
the most important factors [26-28], which is associated with the involvement of students
in their educational activities [29,30].

Researchers reveal different forms of engagement such as affective, behavioral, and
cognitive [31,32]. In addition, it would be possible to take into account the academic
participation, which refers to academic identification (for example, communication with
teachers) and participation in learning (for example, time to complete tasks, rather than
skipping classes) [33].

The lack of direct communication between students, teachers, and peers requires spe-
cial characteristics. Online students should have so-called “self-traits”, that are connected with:

- Self-determination (competency, autonomy, and relatedness) [34,35];

- Self-regulation [36-39] that associated with planning, management, and control of the
learning process [40];

- Self-discipline [26];

- Self-efficacy [41-44] that is associated with self-directed behavior and autonomy [45] or
students” confidence in their abilities to successfully fulfill educational
requirements [46];

- Emotional intelligence [47].

In addition, students must be familiar with information and communication technolo-
gies and satisfied with the program [48-50].

One of the main advantages of online learning is flexibility [51] but this requires
good time management skills [52]. Rochester and Pradel found out that online students
appreciate the flexibility in the course and convenient access to various types of educational
materials, but they report some problems with understanding the course content [53].

Self-regulation is currently considered one of the factors associated with the educa-
tional process. At the same time, the widespread use of e-learning highlights the problem
of self-regulation. It requires a new approach that takes into account the specifics of the
digital environment.

This study aims to develop the self-regulated model for e-learning, taking into account
the specifics of learning in a digital environment and evaluate the model based on empirical
data. Within the framework of this study, the following tasks were set: To identify the key
factors affecting self-regulation in modern conditions; to identify possible relationships
and contradictions between the traditional components of self-regulation and those that
are directly related to the online environment, to make a quantitative assessment of them
on the basis of the empirical research; to identify interrelationships of key factors and to
show the features of the influence of the electronic environment on self-regulated learning.

1.1. Self-Regulated Learning Model

Self-regulation is a core aspect of human functioning that helps facilitate the successful
pursuit of personal goals [54], at the same time there is no simple and straightforward un-
derstanding of this multidimensional concept [55]. Historically, self-regulation in education
was viewed from cognitive-behavioral [56] and cognitive-development perspectives [57].
Social cognitive researchers paid attention to social and motivational factors [58]. Self-
regulation was viewed through the prism of metacognition [59,60]. Nowadays, the theory
of self-regulation combines cognitive, motivational, social, and behavioral factors taking
into account the cultural organizational, and contextual variables [61].

Zimmerman described self-regulation as the degree to which students “are metacog-
nitively, motivationally, and behaviorally active participants in their own learning pro-
cess” [62,63]. Self-regulation is a mode of volition in which learners form goals following
their needs and preferences (self-determination) and flexibly resolving action-related con-
flicts oriented at self-maintenance [64]. Students use various cognitive, metacognitive,
and self-regulating learning and resource management strategies as part of their learning
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behavior [65]. Self-regulated learning is flexible and adaptable, students tend to construct
their own repertoire of strategies [66]. Pintrich notes that students actively create their
meanings, goals, and strategies based on information available in the external environment,
as well as in their minds [67].

Researchers reveal personal, environmental, and behavioral determinants of self-
regulated learning [68]. Triadic model associates behavior with personal and environ-
mental factors. Strategy use is shown as follows: from Person to Behavior and further
to Environment. Feedback comes to Person from Behavior and Environment. In ad-
dition, it unites covert self-regulation, behavioural self-regulation, and environmental
self-regulation. [62,69]. So self-regulation will be the degree of self-influence on the imme-
diate learning environment and behavior [70]. It includes self-generated thoughts, feelings,
and actions to achieve one’s learning goals [71].

In the next stage, motivational factors were added to the model, and above all self-
efficacy. Zimmerman and Moylan [70] demonstrate a dynamic cyclical model of self-
regulation. It includes the performance phase with self-control and self-observation; the
self-reflection phase with self-judgment and self-reaction; and the forethought phase with
task analysis and self-motivation beliefs. And self-motivation beliefs include self-efficacy;,
outcome expectations, task interest/value, and goal orientation [70].

Self-efficacy is often considered as the main factor that affects self-regulated learning.
According to psychologist Albert Bandura, who originally proposed the concept, self-
efficacy is a person’s belief in own capability to successfully perform specified tasks [58].
Zimmerman and Moyla point out that self-efficacy is a source of motivation that precedes
efforts to learn and affects students’ preparation and their willingness to self-regulate their
learning [70]. The empirical research show that self-efficacy is directly associated with
self-regulated learning strategies [72,73], and both self-efficacy and self-regulated learning
strategies contributed to the prediction of students’ proficiency [74-76].

Pintrich developed four phases-model of self-regulation. The phases are forethought,
planning, and activation; monitoring; control; and reaction and reflection. Each of them
has four different areas for regulation: cognition, motivation/affect, behavior, and con-
text. The author gives a conceptualization of the goals of academic achievements that
students can accept in a classroom environment and their role in constraining self-regulated
learning [67].

Boekaerts’s self-regulation model divides the process into two parts: mastering stu-
dents’ skills and well-being between which students could switch. The ability to prioritize
goals and overcome obstacles determines the choosing path. This model connects students’
perceptions of the environment and different strategies of self-regulation. The model com-
bines task-in-context, (meta) cognitive strategy use, and motivational beliefs, taking into
account such factors as appraisal, assessment, affect, and learning intention [77]. Boekaerts
and Rozendaal emphasize that learning environment influences cognition and feelings
(self-efficacy, value, etc.) [78].

Most modern researchers do not single out self-regulation as an autonomous mul-
ticomponent phenomenon, but consider it among other factors affecting academic per-
formance. For example, Sadi and Uyar offer the model that connects self-efficacy (SELF),
rehearsal (REH), elaboration (ELAB), organization (ORG) and critical thinking strategies
(CRITIC), metacognitive self-regulated learning strategies (MSR), time/study environ-
mental management (TSEM), and effort regulation (EFFORT) with learning achievements
(ACH) (Figure 1).
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Figure 1. Modeling of the relationship among self-efficacy (SE), rehearsal (REH), elaboration (ELAB),
organization (ORG), critical thinking (CRITIC), metacognitive self-regulated learning strategies
(MSR), time/study environmental management (TSEM), effort regulation (EFFORT), and achieve-
ment (ACH). Source Sadi and Uyar [72].

The structural model explains the relationship between self-efficacy in learning and
academic performance, self-regulated learning strategies, and achievements of high school
students. The results of the study show that factors such as metacognitive self-regulating
learning strategies, self-efficacy in learning and productivity, organizational strategies,
time/study management and effort regulation have a significant positive impact on aca-
demic success [72].

1.2. Self-Regulated Learning Models in E-Learning

E-learning means a special educational environment. The lack of presence of teach-
ers and peers reduces the impact of social interaction. The existing social influence is
carried out through communication mediated by technical means. At the same time, the
student is in a familiar home environment, and immersion in an electronic educational
environment requires the student’s own efforts. Shea and Bidjerano call this state “learning
presence” [79]. So, the value of self-regulation is increasing. Therefore, there is a need to
reconsider the existing models of self-regulation and apply them to e-learning. The new
learning format requires not only taking into account changing conditions but including
factors that were not of great importance for self-regulation in the traditional learning
format. Although similar trends are observed at all levels of education, the most extensive
and studied experience is in higher education.

There is a lot of empirical research about the importance of self-regulation and self-
efficacy in online courses [80-83]. In 2009, Barnard et al. offered the model of online
self-regulation that included environment structuring, goal setting, time management,
help seeking, task strategies, and self-evaluation [84]. A systematic review identifies
the factors that were researched in the context of self-regulated learning in the online
environment. They are metacognition, time management, effort regulation, peer learning,
elaboration, rehearsal, organization, critical thinking, help seeking [85]. At the same
time, the division of the environment into an online environment (extending far beyond
learning) and a traditional learning environment (that can contain both online and offline
elements) becomes reasonable. In many studies, such a division occurs for self-efficacy. For
example, Tladi offers to distinguish distance learning self-efficacy and computer and online
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technologies self-efficacy [44]. However, the influence and capabilities of the electronic
environment are underestimated. Internet is the usual living environment for young
people. On the one hand, it means that this environment can serve as an additional
powerful educational resource. On the other hand, it is distracting and time-consuming.
Electronic and learning environments intersect and create a common e-learning space that
is characterized by e-learning immersion (see Figure 2). The degree of e-learning immersion
depends on both factors: the learning and the Internet environment, as well as the physical
environment. Working in the e-learning system provided by the university requires that the
student has certain conditions and technologies at home. Not only computer equipment,
Internet connection, and other necessary devices, but even ergonomic factors such as
furniture, lighting, noise, temperature, and chromatography can cause difficulties in e-
learning [86]. The electronic environment not only limits the possibilities of the teacher’s
direct influence on immersion but also can offer new ways of engagement (interactive
elements [87], augmented [88] and virtual reality [89], mobile technology [90], etc.).

e-enviroment

distracting \ supportive

R university

Learning environment

Figure 2. E-learning as a fusion of electronic and learning environment.

Boekaerts’s model (Figure 3) demonstrates how feedback can influence the choice
of a student’s strategy. Boekaerts emphasizes the emotional part of self-regulation in
learning [78]. Assessment and appraisal determine whether the students seek to avoid
negative consequences and choose a coping strategy instead of a growth strategy.

In an e-environment, there are many ways to improve the quality of tasks performed
using unacceptable methods. Moreover, if the goal of students is to get good grades, then
various compensatory mechanisms and ingenuity begin to act. Moreover, the information
resources of the digital environment allow students not to remember, but to quickly search
for the necessary information, which sometimes leads to a violation of academic integrity.
This is the strategy of avoiding problems (“well-being path”), which is connected with
feedback in the form of marks, which can either be part of the e-learning system or teacher’s
assessment. Especially in the case of automatic assessment in an e-learning system (for
example, MOOC) the student may feel that the purpose of his/her behavior is to pass the
test, and not to gain knowledge. According to the logic of the electronic environment, the
easiest way to pass the test is to use the Internet to search for information or find help from
a peer. Conversely, students consider the need to memorize the information provided by
the e-environment itself in order to pass the test as a waste of time and resources. Moreover,
those who choose the “path of growth” sometimes find themselves at a disadvantage,
receiving lower grades than those who have taken advantage of the Internet environment.



Educ. Sci. 2021, 11,785

60f23

In this case, the social environment encourages the choice of a “well-being path” that
becomes a social norm. Researchers note that the development of youth’s cognitive activity
forms is accompanied by the mobility and flexibility of their value [91], therefore, academic
dishonesty in the electronic environment can become a social practice [92]. Performing
tasks in an electronic environment turns into a struggle between teachers who are looking
for ways to get rid of students’ cheating [93,94], and students who, in turn, are looking for
new ways to do this [95].

E-environment

unauthorized means and assistance ]

system feedback |

Growth

Well-being

Assessment

Figure 3. The dual processing self-regulation e-learning model.

According to Boekaerts” idea [78] Figure 3 demonstrates the possibility of choosing
one of two paths: growth or well-being. Also, different forms of feedback and assessment
in the online environment affect this choice (own verification of answers using the search
engines, automatic answer check in the LMS, teacher evaluation and system feedback).
Perhaps the e-environment requires a different approach to feedback, and the role of
formal assessment is overestimated [96]. The electronic environment is conducive to
seeking feedback opportunities. All behavior in the Internet environment leaves a digital
footprint [97]. Data mining technics can be used as system feedback for students. Data from
an e-learning system can serve as a starting point for self-monitoring itself. Gamification of
this process allows students to launch additional mechanisms of motivation.

Self-regulated learning in the online environment has different dimensions. The self-
regulated e-learning model presents two environments (Figure 4). Moreover, it includes
dimensions such as goals, strategy, interests, environment, resources, and time, which
were in the model of Zimmerman and Moylan [57]. Cognitive factors in the formation of
self-regulation correspond to the cognitive activity of the subject in the assessment of events
and imply the ability to navigate in the information field. Affective factors correspond to
an emotional assessment of the situation, the specifics of which determine the individual
reaction of the subject to the information impact [98]. As we can see in Figure 4, self-
efficacy has two parts. One of them is traditionally connected with confidence in learning
abilities. Another part is self-efficiency in human-system interaction. The experience of
forced online learning during a pandemic shows that technological and human-machine
interaction problems often came to the fore [4]. Factors such as self-regulation of the
environment and self-regulation of resources go beyond the educational environment.
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When studying online, the student interacts with the Internet environment in a broader
context, for example, using resources outside the given educational system. Self-regulation
of time is a factor of particular importance in an online environment that tempts with
a variety of activities (communication on social media, watching video content, playing
video games, etc.). Working in the Internet environment, it is difficult not to be distracted
by its various appeals. Competent distribution of time between learning, communication,
entertainment requires self-regulation skills. Efficient time management in online learning
environment is associated with high academic performance [65,99]. The study of self-
regulation strategies revealed the dependence of academic performance on the feedback
provided by the teacher. At the same time, the electronic environment allows students to
use the advantages of learning analytics for self-control.

e-enviroment

Self-efficacy in technology

Self-efficacy on content J

Learning environment

Figure 4. The self-regulated e-learning model.

2. Materials and Methods

Higher educational institutions of St. Petersburg in March—April 2020 were among
the first in the Russian Federation to switch to distance learning due to the threat of the
spread of coronavirus infection. In this study, we interviewed students of various levels
of education at St. Petersburg University, Peter the Great St. Petersburg Polytechnic
University, The Herzen State Pedagogical University of Russia, as well as students of
lyceums that are divisions of the universities represented. These universities are the largest
in the humanities, technical and pedagogical fields not only in St. Petersburg but also in
Russia. Before the total transition to distance learning, most students had some experience
of electronic form of education in the blended learning format.

Initially, we conducted a qualitative study in each of the represented universities
(St. Petersburg University, Peter the Great St. Petersburg Polytechnic University, The
Herzen State Pedagogical University of Russia) in the format of focus groups. In to-
tal, 108 students took part in it, which were divided into nine groups. We have formed
three groups in each of the universities. Table 1 shows the demographic characteristics of
the participants. Each group included 12 people to clarify the judgments presented in the
quantitative assessment of the level of self-regulation in the electronic environment based
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on a questionnaire. The recordings of group discussions were processed using content
analysis. We have included frequently occurring words and phrases in the list of possible
answers for the main blocks of the questionnaire.

The sample is representative and consisted of 767 respondents, of which 351 re-
spondents are men, 416 are women. Total of 51 respondents study at university schools,
681—undergraduate students, 29—graduate students, 6—postgraduate students (Table 2).
More than 315 thousand people study at St. Petersburg universities according to higher
education programs in the 2019/2020 academic year. Thus, observing a confidence level
of 99 and a confidence interval of 5%, we obtain the minimum required sample size of
664 respondents (767 in the study). But we also would like to note that this study is only
a part and the first stage in the project (Figure 5), which provides comparative (within
the framework of partnerships with universities National Taiwan Normal University,
University of Geneva, Sultan Qaboos University) and longitudinal methods.

analysis of self-regulation
models in a traditional
educational environment

identiﬁmﬁuﬂ of

identi ion of
self-regulation key

preliminary stage of the study

self-regulation key factors
in the digital educational

building a self-regulation working out the questions
model in a digital educational for identification of the level

environment of the key factors

surveying Russian students

of coherency of issues that have the highest correlation between
within factors and lowest values factors

identification of coherence, conflict and specifics of self-regulation in
the Internet environment

Clarification of the questionnaire, conducting research in a number of countries.
Comparative analysis of self-regulation in the electronic environment in different
countries. Building the self-regulation model, recommendations.

Figure 5. Stages of the study.
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Table 1. Demographic profiles.

Profiles Description Number of Respondents
Male 50
Gender (Male/Female) Female 58
Levels of education
(Undergraduate
student/Master Undergraduate student 90
student/Postgraduate)
Master student 12
Postgraduate 6
Table 2. Demographic profiles.
Profiles Description Percentage (%)
Male 45.76
Gender (Male/Female) Female 5404
Levels of education School 6.65
(School/Undergraduate Undergraduate student 88.79
student/Master Master student 3.78
student/Postgraduate) Postgraduate 0.78

Moreover, to have an idea about the respondents, you should specify information
about the percentage of courses that they took online and about the time spent on them
(Figures 6 and 7). Most of the respondents almost completely switched to the online format,
which is 40.3%, and 22.5% of students indicated that the percentage of online courses
was 81-90%. As for the time spent, it nearly coincides with the usual full-time training,
although 102 respondents indicated 11-20 h a day.

40.30%

22.50%

18.40%
8.20%

6.70%

3.90%
m B

91-100% 81-90%

71-80% 61-70%

51-60% below 50%

Figure 6. The percentage of online courses.
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hour

Figure 7. The average number of hours per day for online.

In this paper, we used an interdisciplinary approach that allowed us to consider
self-regulation in the learning process from the perspective of communication theories,
pedagogy, and sociology of education. In addition, we used such research methods as
the construction of logical circuits, graphical interpretation of theoretical information, and
empirical data. As one of the effective research methods, we used a sociological survey
of students, which was conducted on an Internet page specially created for this research.
The use of the latter helped to collect the main part of the information on the research
topic. In addition, statistical and mathematical methods were also used in the processing
of questionnaires and responses of respondents.

A survey with a 5-point Likert-type response format, the values of which range
from “completely agree” (5) to “strongly disagree” (1), was conducted in April 2020, which
allowed the majority of respondents to get a clear idea of this learning format. The question-
naire consisted of 9 blocks (each of which contains from 4 to 9 statements), dedicated to such
problems as Self-directed Learning Strategy, Self-directed Learning Interest, Self-regulated
Learning, Self-efficacy of Online Learning on human-system interaction, Self-efficacy of
Online Learning on content. The respondents took part in the study voluntarily and were
invited to it through a mass e-newsletter.

In this study, with the help of Alf Cronbach, we checked the questionnaire. The total
value for all 9 blocks of questions exceeds 0.67, which indicates a high internal coherence
which is presented in Tables 4, 6, 8, 10, 12, 14, 16, 18 and 20. The collected data were
analyzed using output statistics (Pearson correlation coefficient for calculating the corre-
lation value between two variables) using the statistical analysis program SPSS 20. The
results of the study are anonymized in terms of the students names and any other links
that may identify the individual. Ethical approval was received from the Ethics Commis-
sion founded in the Institute of Humanities, Peter the Great St. Petersburg Polytechnic
University, which is ruled by the code of ethics of the Russian Society of Sociologists.

3. Results

We presented statistical analysis and data from questionnaires with applications for
nine researched blocks in the tables. Moreover, we indicated the results obtained from the
respondents as a percentage. Table 3 shows the block of answers “Self-regulated training
(General)”. The least support was given to the judgment about the purpose of learning,
timing, and deadlines (“I always set a goal and make a schedule”—2.8), although this
aspect is extremely important for self-organization. The value 2.9 corresponds to the
decision to adjust the usual individual exam preparation plan. Respondents most often
chose to study the so-called “weak” topics that cause them difficulties (I would spend more
time reviewing weak topics—3, 4). A similar judgment about the study of “weak” topics
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has a rating of 3.2. The problems of adjustment and setting goals do not cause a strong
response from respondents, but show values above average values («<When setting a goal,
I take into account the possible deadlines for achieving short-and long-term goals—3.1»,
«I would adjust my routine exam preparation program to pass it successfully»—3.2). The
field of goals is disclosed in the next block and correlates with the above estimates of
judgments. Table 4 shows summary of self-regulated learning (general) block statistics.

Table 3. Self-regulated learning (general).

Self-Regulated Learning (General) 1 2 3 4 5

I always set a goal and make a schedule 16.3 27.2 28.5 17.4 10.6

When setting a goal, I take into account the possible deadlines for achieving 102 26 26.5 26.0 146
short-and long-term goals.

I would adjust my routine exam preparation program to pass it successfully 14.1 20.1 35.3 19.2 11.2

I would adjust the goals that I need to achieve based on my abilities. 9.4 19.2 31.4 26.9 13.1

I would put more effort into wo.rkmg thrqugh we.a.k topics. For example, I would 133 153 5.8 5.9 19.7
revise the topic of writing

I would spend more time reviewing ‘weak” subjects 8.6 15.8 26.4 22.1 271

Table 4. Summary of self-regulated learning (general) block statistics.

Average Minimum Maximum Scope Variance Alf Cronbach Number of Points

3.110 2.787 3.431 0.644 0.051 0.861 6

Table 5 shows the block of answers “self-regulated learning (goals related)”. It contains
the lowest indicators of all the blocks presented above. The lower indicator of the statement
“before learning online, I would test out the learning system” (the average value of 2.5)
shows more confidence in the respondents’ abilities. The answer with the highest score
is “after learning online, I would adjust learning methods based on learning outcomes.
For example, taking notes during class” (average value 3.0). Perhaps this is due to the
experience of passing online courses and having a clear idea of certain easily eliminated
shortcomings. Students also note the peculiarities of their perception and physical or
emotional state, while correcting their own goals due to a possible loss of concentration.
The judgment on the recording of lectures received a rating of 2.9, not much behind the
first place in this block. The general state of health, or for example a feeling of fatigue, was
estimated on average to be lower and amounted to 2.7. Table 6 shows summary of statistics
of the self-regulated learning (goals) block.

Table 5. Self-regulated learning (goals).

Self-Regulated Learning (Goals) 1 2 3 4 5

Before learning online, I would test out the learning system. 27.1 24.2 30.6 10.8 7.3
To study online, I would pay attention to whether I am in a good condition

. . ) 20.9 22.4 30.6 16.6 9.5
or not. For example, a feeling of fatigue, overeating
During online courses, I record a lecture so as not' to miss important 17.0 203 305 183 14.0
content due to a lack of concentration.
After learning online, I would adjust learning methods based on learning 127 191 35.6 19.9 128

outcomes. For example, taking notes during class

Table 6. Summary of statistics of the self-regulated learning (goals) block.

Average Minimum Maximum Scope Variance Alf Cronbach Number of Points
2.779 2.472 3.010 0.539 0.057 0.673 4
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The “self-regulated learning (Environment related)” block, presented in Table 7, as
well as the “self-efficiency of online learning on human-system interaction”, has the highest
average value of 3.25. At the same time, the respondents supported such judgments
as «before the start of online classes, I mark the time of classes in advance and come in
time», «during online classes, I notice and try to correct any interference in the system that
prevents us from perceiving the speech of others. For example, the echo of the speaker
into the microphone» (average value 3.4). The lowest value is 3.0 for the statement “before
online classes, I would check how suitable the place is for studying”, which indirectly
indicates that online learning is not associated with the physical learning space, but rather
focuses on the difficulties that may arise in the “virtual space”. Another similar judgment
has almost the same average value «before starting online classes, I would adapt the space
for studying so as not to be distracted by unimportant questions»—3.2. Table 8 shows
summary of self-regulated learning (environment-related) block statistics.

Table 7. Self-regulated learning (environment-related).

Self-Regulated Learning (Environment Related) 1 2 3 4 5
Before online classes, I would check how suitable the place is for studying 15.2 221 28.0 201 14.6
Before the start of online classes, I mark the time of classes in advance and come in time 9.8 15.2 26.0 214 27.6

Before starting online classes, I would adapt the space for studying so as not to be
distracted by unimportant questions.

11.9 18.8 27.3 20.4 21.6

During online classes, I notice and try to correct any interference in the system that
prevents us from perceiving the speech of others. For example, the echo of the speaker 9.5 171 25.8 21.2 26.4

into the microphone

Table 8. Summary of self-regulated learning (environment-related) block statistics.

Average

Minimum

Maximum Scope Variance Alf Cronbach ~ Number of Points

3.244

2.970

3.418 0.448 0.42 0.809 4

Table 9 shows the results of the “self-regulated learning (Time related)” block. The
highest average indicator of 2.9 falls on arguments such as “after an online lesson, I would
start improving my action plan”, “before starting an online lesson, I would prefer to prepare
well for it. For example, I try to finish my other things before classes start”. The lowest
average indicator of 2.6 is for the phrase “to study online, I would put virtual classes in
the schedule every day”. The average value of the judgment on the inclusion of such an
activity as the revision of lecture material in the schedule was slightly higher—2.7. Thus,
from the respondents” answers, we see that daily classes are inferior to clear planning and
preparation for such a type of study as online. Table 10 shows summary of statistics of
self-regulated learning blocks (time-related).

Table 9. Self-regulated learning (time related).

Self-Regulated Learning (Time Related) 1 2 3 4 5

Before starting an online lesson, I would prefer to prepare well for it. For example, I try to
finish my other things before classes start

To study online, I would put virtual classes in the schedule every day 264 220 280 14.1 9.5

156 224 293 203 125

After learning online, I would plan out a schedule so that I could focus on the revision of material. ~ 20.1  26.1 281 16.6 9.0
After an online lesson, I would start improving my action plan 158 227 314 199 10.2

Table 10. Summary of statistics of self-regulated learning blocks (time-related).

Average

Minimum

Maximum Scope Variance Alf Cronbach Number of Points

2.761

2.584

2919 0.335 0.024 0.839 4
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Table 11 is devoted to the block “self-regulated learning (resource-seeking related)”.
From the point of view of resources, the least excitement among students is caused by
difficulties with the Internet: “before online classes, I would ask to help solve any problems
with the Internet”, which is an average of 2.5. Statements such as “after an online lesson,
I would ask my fellow students about the content of material that I do not understand”,
“after an online lesson, I would use available resources (for example, online learning sites)
to improve learning efficiency” (the average value is 3.1 and 3.0, respectively), indicate a
search for any available resources, including the environment of fellow students. But the
tips and ideas of fellow students regarding improving the effectiveness of online learning,
on the contrary, were rated low by respondents (2.6). Table 12 shows summary of statistics
of self-regulated learning block (resource-seeking related).

Table 11. Self-regulated learning (resource-seeking related).

Self-Regulated Learning (Resource-Seeking Related) 1 2 3 4 5

Before online classes, I would ask to help solve any problems with the Internet 27.2 25.4 28.0 13.9 5.6

After an online lesson, I would use available resources (for example, online learning

After an online lesson, I would ask my fellow students about the content of material
that I do not understand
I would ask my fellow students to give some ideas or recommendations for

14.6 18.7 32.8 20.5 13.3

sites) to improve learning efficiency

12.4 18.6 29.2 22.6 17.3

23.8 234 26.8 16.7 9.3

improving the effectiveness of online learning.

Table 12. Summary of statistics of self-regulated learning block (resource-seeking related).

Average

Minimum Maximum Scope Variance Alf Cronbach Number of Points

2.807

2.454

3.137 0.684 0.098 0.743 4

Table 13 shows the data of the “self-efficiency of online learning on human-system
interaction” block. In four out of six statements, the average indicator is 3.3: «As long as I
try hard enough, I can solve all human-system interaction problems I have during learning
online», «<whenever new human-system interaction problems arise, I can solve them on my
own», «in my opinion, all that is required is to make more effort to solve human-system
interaction problems», «<when I encounter human-system interaction problems, I can find
ways to solve them». These answers of the respondents indicate to us a high level of
confidence in solving problems that arise in the human-system field. The lowest value
is associated with the occurrence of unexpected problems such as “I am confident that I
cope with unexpected problems of human-system interaction”, which is 3.1 on average.
Moreover, from the point of view of the coverage of the problem field, the answer “In
a word, I can safely cope with problems while studying online” is gaining an average
value of 3.2. Which generally demonstrates a small gap in estimates, but still focuses our
attention on greater confidence in judgments concerning the human-system interaction.
Table 14 shows summary of statistics of self-efficacy block of online learning on human-
system interaction.

Table 13. Self-efficacy of online learning on human-system interaction.

Self-Efficacy of Online Learning on Human-System Interaction 1 2 3 4 5
As long as I try hard enough, I can solve all human-system interaction problems I have during learning online ~ 11.2 153 303 209 222
Whenever new human-system interaction problems arise, I can solve them on my own 8.4 197 303 216 200
In my opinion, all that is required is to make more effort to solve human-system interaction problems 8.0 19.0 301 220 21.0
I am confident that I cope with unexpected problems of human-system interaction 10.2 19.0 340 197 171
When I encounter human-system interaction problems, I can find ways to solve them 8.8 188 292 218 214

In a word, I can safely cope with problems while studying online. 10.1 184 303 199 213
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Table 14. Summary of statistics of self-efficacy block of online learning on human-system interaction.

Average

Minimum Maximum Scope Variance Alf Cronbach Number of Points

3.248

3.146 3.292 0.145 0.03 0.926

6

Table 15 shows the data for the “self-efficacy of online learning on content” block. The
average values for the presented statements fluctuate on average about a value equal to 3.
The largest deviation is 3.2 for such statements as “Facing a homework assignment that
is difficult to complete, I can find a solution”, “While online study I am sure that I can
find solutions for completing my homework”. Both of them are related to homework and
indicate the respondents’ confidence in their abilities in this type of learning activity. More-
over, three judgments are marked with the same average value of 3.1, which emphasize
the importance of overcoming difficulties and diligence: «As long as I try hard enough,
I can understand the concept of online education», «I would overcome any difficulties I
might encounter, for example, problems with understanding the content», «In short, I can
confidently overcome the difficulties of online learning». The opinion “studying online, I
can independently understand any new concept of the course” received the least support
(the average value is 2.9). Table 16 shows summary of statistics of self-efficacy block of

online learning on content.

Table 15. Self-efficacy of online learning on content.

Self-Efficacy of Online Learning on Content 1 2 3

4

5

As long as I try hard enough, I can understand the concept of online education. 120 175 308
Studying online, I can independently understand any new concept of the course 125 243 339

I'would overcome any difficulties I might encounter, for example, problems with

understanding the content. 89 183 359

While online study I am sure that I can find solutions for completing my homework. 84 174 323
When I encounter a homework assignment that is difficult to complete, I can find a solution. ~ 8.2  19.0 29.7
In short, I can confidently overcome the difficulties of online learning. 107 169 335

23.3
19.5

23.1

26.9
27.2
25.0

16.3
9.8

13.7

15.0
15.9
14.0

Table 16. Summary of statistics of self-efficacy block of online learning on content.

Average

Minimum Maximum Scope Variance Alf Cronbach Number of Points

3.248

3.146 3.292 0.145 0.03 0.926

6

We propose to consider the “self-directed learning strategy” block, presented in
Table 17. The opinions supported by the majority of students are of interest. Thus, the
main strategy is related to the search for information on the Internet (average value 3.5),
but a little fewer respondents supported the judgment “I would look for solutions on
my own when I am having trouble using the learning system” (average value 3.4), and
the least popular answer (average value 2.5) is “frequent access to course materials”.
Regular information search (3.0) and the effectiveness of curriculum development (2.5)
in this block of judgments have average values. This block shows us a fairly significant
difference between the lowest and the most highly valued judgment per unit. Table 18

shows summary of statistics of self-directed learning strategy block.

Table 17. Self-directed learning strategy.

Self-Directed Learning Strategy 1 2 3

4

I often preview the course. 28.2 23.8 294
I would study the course to regularly search for information. 10.6 229 329
I could come up with a study plan effectively. 19.1 21.7 30.3

I would look for answers on the Internet when I have problems understanding the content of a lecture. 5.6 16.6 27.5
I would look for solutions in my way if I have problems using the training system. 8.5 14.6 29.8

11.2
21.3
19.5
25.8
234

7.3
12.3
9.4
24.6
23.7




Educ. Sci. 2021, 11,785

15 of 23

Table 18. Summary of statistics of self-directed learning strategy block.

Average

Minimum

Maximum Scope Variance Alf Cronbach Number of Points

3.024

2.456

3471 1.014 0.178 0.770 5

Table 19 shows the self-directed learning interest block. The answers related to self-
study and independent research received the least support (for example, I like to explore
everything on my own, when new concepts and new things appear. I like to study on
my own—2.9). At the same time, respondents point out that they want to complete the
task to the end, no matter how difficult it may be. Furthermore, in such a way that they
can complete it among the first students who have done it (the average value for these
two statements is 3.3). The judgment about the individual search for answers in case of
misunderstanding of complex concepts received an average rating (3.0). Table 20. Shows
summary of statistics of self-directed learning interest block

Table 19. Self-directed learning interest.

Self-Directed Learning Interest 1 2 3 4 5

I'like to explore on my own when there are new concepts and new things. 156 243 295 197 108

When there is something that I am interested in, I would try to figure it out no matter how

difficult it is to understand. 7:6 178 289 255 203
I like to study on my own. 128 247 302 221 102

While learning something new, I like to understand it before everyone else. 88 167 284 246 216
When I have problems understanding some concepts, I like to look for answers on my own. 123 20.1 324 220 132

Table 20. Summary of statistics of self-directed learning interest block.

Average.

Minimum

Maximum Scope Variance Alf Cronbach Number of Points

3.097

2.860

3.335 0.475 0.50 0.849 5

Figure 8 shows a diagram that displays the average values for each of the topic blocks.
The highest indicators are associated with self-regulation in the field of environment,
and self-efficiency on human-system interaction, which demonstrates the dominance of
e-environment.

Table 21 shows the correlation coefficients between the main blocks to refine the
research model. We found high correlations on the Chaddock scale (0.7 < r < 0.9) between
the blocks self-regulated learning (goals) and self-regulated learning (resource-seeking
related), self-efficacy of online learning on human-system interaction, and self-directed
learning interest. It is also worth highlighting self-regulated learning block (environment-
related), which has high and ultra-high connections with almost all blocks, excluded
self-directed learning strategy. The authors indicate the presence of correlation coefficients
of more than 0.9 between several blocks. This is the basis for completing the model at the
next stage of the study.
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Table 21. Correlation coefficients among variables of the study.

Self-Self- Self-Regulated self-Reg}ﬂatEd Self-Regulated Self’Reg}ﬂated S?If-Efﬁcac.y of Self-Efficacy of Self-Directed Self-Directed
Regulated . Learning . Learning Online Learning on . . . .
. Learning . Learning . Online Learning Learning Learning
Learning (Goals) (Environment- (Time-Related) (Resource-Seeking Human-System on Content Strate Interest
(General) Related) Related) Interaction 8y
Self-regulated - 0. 958 ** 0.899 ** 0.821 % 0.729 % 0.687 ** 0.659 ** 0.657 ** 0.960 **
Learning (General)
Self-regulated - 0.961 ** 0.903 ** 0.823 ** 0.762 ** 0.699 ** 0.655 ** 0.890 **
Learning (Goals)
Self-regulated
Learning - 0.960 ** 0.896 ** 0.831 ** 0.770 ** 0.648 ** 0.804 **
(Environment-related)
Self-regulated
Learning - 0.955 ** 0.889 ** 0.831 ** 0.634 ** 0.715**
(Time-related)
Self-regulated
Learning - 0.959 ** 0.904 ** 0.623 ** 0.606 **
(Resource-seeking
related)
Self-efficacy of Online
Learning on - 0.951 ** 0.630 ** 0.597 **
human-system ’ ’ ’
interaction
Self-eff_lcacy of Online B 0.615 * 0583 **
Learning on content
Self-directed Learning . 0.634 **

Strategy

** Correlation is significant at the 0.01.
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the mean of the respondents’ answers
obtained using the 5-point Likert-type Self-directed Learning

response format

Self-efficacy of Online - 32 Y _ Selfdirected Learning
Learning on content / i

Self-efficacy of Online
Learning on human-
system interaction

Self-regulated Learning!
(Resource-seeking
related)

Self-regulated Learning/

Strate
3.3 1~

3. Iterest

Self-regulated Learning
(General)

| Self-regulated Learning
(Goals related)

Self-regulated Learning
(Time related) (Environment related)

Figure 8. Characteristics of self-regulated e-learning.

4. Discussion

Reducing the influence of the characteristics inherent in the traditional learning envi-
ronment, and at the same time increasing the impact of the electronic environment, both
factors place high demands on students’ self-regulation. Self-regulation in e-learning can
be considered as a number of mutually influencing factors. Some of them are traditional for
any educational format, others change in accordance with the online environment, and oth-
ers are unique for it. Education affects the cognitive and affective spheres. Self-regulation
correlates with goals, strategies, and interests in learning. Interaction with the environment,
resources, and even time management take specific forms in the electronic environment.
In addition, self-efficiency plays a special role in human—machine interaction. This study
confirms the relationship between the listed indicators of self-regulation in the electronic
environment. In addition, we can conclude that a high degree of self-regulation in the
electronic environment turns out to be quite difficult to achieve for students. Students are
least capable of pre-setting goals and planning time, which requires special immersion in
learning environment.

In the model presented in the article, we focused on the conflict between traditional
education and practice in the online environment. The survey results show that the
students are most successful to overcome the difficulties of e-learning related to self-
regulation, at environment part and human-machine self-efficiency. So, the electronic
environment can sometimes dominate the learning one (which is confirmed by the higher
rates connected with the electronic environment). The retention of traditional forms of
assessment and evaluation is in contradiction with the usual features of existence in the
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electronic environment. The contradiction between the “growth” and “well-being” paths
(described at the model of Boekaerts [78]) even more provokes the choice of a simpler
solution at the electronic environment. At the moment, teachers and IT specialists are
formally struggling with the problem of students searching for answers on the Internet
and unauthorized cooperation with peers. But it is more important that the student has
self-learning goals and self-learning strategies, and uses the great opportunities of the
electronic environment for development, and not for cheating. “Learning to learn” is one
of the key competencies in future work [100-102].

The e-learning environment is strikingly different from the traditional learning envi-
ronment. One of the features of the online environment is the ability to record the student’s
activities. Self-learning data can serve as a way of self-control. Many parameters can be
explored to evaluate the characteristics of educational strategy, which can allow students
to analyze learning in an online environment. For example, Tracker prototype widget
designed to compare behaviors of learners [103], ProSOLO software provides tracking of
students’ learning processes and course competencies [104], NoteMyProgress presents the
number of entries, number of interactions with the different visualizations and functional-
ities, frequency of entries [105]). Visual learning analytics could show the students time
dynamics of their e-learning [106,107]. Moreover, learning analytics system could generate
recommendations [108]. However, e-learning environment potential has largely not been
employed widely [109,110]. Technological solutions can be proposed to optimize the search
for appropriate educational resources [111].

This study is the first stage of scientific work devoted to self-regulation in the electronic
environment. In the study, authors evaluated key factors, identified correlations that
serve as a basis for the development of the issues and improvement of the presented
model. Further research will allow us to compare the strongest and weakest factors of self-
regulation in a dynamic perspective and in different countries. The relative technical ease
of switching to online education during the lockdown is sometimes misleading. The idea
that the electronic environment does not affect the essence of the educational process seems
to us wrong. In fact, further in-depth research is needed to clarify how e-environment
changes traditional learning models.

At the same time, the results of empirical research have shown that the model used
for evaluating e-learning needs further clarification and development. In the electronic
environment, it is necessary to separate the processes that help and hinder educational
self-regulation in order to see the real picture of the educational process. The components
of self-regulated learning (most notably General, Goals and Environment) need to refine
the assertions used to survey to avoid similarities. In further studies, it is necessary also to
clarify the direction of the influence of self-regulation factors on each other.

5. Research Limitations

Our research has some limitations. We conducted studies in one major Russian city. It
is necessary to expand the sample for further analysis of self-regulation in the electronic
environment. In addition, we did it in the situation of transition to fully e-learning during
the pandemic. Adaptation to new conditions and the psychological state of students could
affect the results. Moreover, we depended on the students’ assessments and opinions,
which may be slightly biased in some perspectives.
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