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Abstract

The COVID-19 epidemic has intensified the use of online technologies in human communication around the world.
In higher education, online learning has become one of the main types of learning. Although technology (Microsoft
Teams, Zoom, etc.) for implementing this method of learning is created and has high functionality, nevertheless, a
full-fledged transition to online education requires the formation of the relevant competencies for both the teacher
and the student. An important aspect of online education that ensures its effectiveness is student’s engagement in
educational activities. The concept of engagement is well developed in pedagogical and psychological sciences.
Engagement can be studied at different scales of educational activity, has a variety of types and characteristics that
affect the features of the educational process. The article substantiates the possibility of studying short-term
(situational) manifestations of engagement based on the analysis of dynamic aspects of students' non-verbal behavior.
As noted in numerous studies in the field of social psychology, active group interaction leads to synchronicity of
verbal and nonverbal behavioral manifestations of group members. In learning activities, engagement also manifests
itself as increased synchronicity and cooperation in students’ and teachers’ behavior. Computer vision and artificial
intelligence allow for a constant dynamic assessment of student engagement and reflect its indicators on the teacher's
computer screen. Using this assessment as a feedback form will improve the quality of learning in digital

environment.
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1. Introduction

In higher education in Russia the COVID-19 epidemic has made online learning one of the main
types of education. The massive transition to the online learning format has become a great stress for all
participants in the learning process. Although the technology (Microsoft Teams, Zoom, etc.) for
introducing such a method of learning is highly functional, the transition to online learning requires the
formation of appropriate competencies for both the teacher and the student. As the study reveals
(Aleshkovsky et al., 2020) only 22.3% of students in Russian universities calmly perceived the need to
change the usual form of learning. Assessing various aspects of learning in the distance format, 57.0% of
the surveyed students noted that their motivation decreases, and 40.3% of the respondents also mentioned
a decrease in the effectiveness of their work.

Engagement is one of the important characteristics that ensure the effectiveness of the educational
process in the digital environment. Although the concept of engagement was initially developed in
relation to other types of activities, for example, to laboractivity (engagement of personnel), later this
concept was widely applied to the field of education as well (Kiseleva, 2017; Maloshonok, 2016;
Vekkaila & Pyhilto, 2016, etc.).

1.1. A variety of definitions of the concept of ""engagement"

Astin (1984) was one of the first to investigate the phenomenon of student engagement, which he
understood as a combination of physical and mental energy spent on acquiring experience. A similar
understanding was shared by Newmann (1992), another researcher of engagement. He defines student
engagement in academic work as a psychological investment and effort invested by a student in learning,
understanding, mastering knowledge, skills or the art of academic work (Kiuru & Popova, 2018;
Newmann, 1992). However, subsequent papers offered an ever-expanding list of definitions. Goffman
(2003) defines engagement as a psychobiological process in which the subject ceases, at least partially, to
be aware of the direction of his experiences and cognitive attention. This, in fact, means concentration,
engrossment. (Goffman, 2003). Schaufeli and Bakker (2004) consider engagement as a stable and deep
emotional-cognitive and motivational state that affects various mental processes that does not focus on
any particular subject, event, person or form of behavior, but describes a person's attitude to work as a
whole. Rothstein understands engagement as a personal quality of an individual that contributes both to
his adaptation to the external world through the study of his conditions, and his personal growth in this
environment (as cited in Kiseleva, 2018). At the same time, a number of authors consider engagement as
a characteristic of activity. In particular, McAllister defines engagement as the cognitive and emotional
participation of an individual in an activity (as cited in Kiseleva, 2018). Russian researchers Kiuru and
Popova (2019) consider engagement as a skill, studying it from the position of the "four K's": - creativity,
collaboration, critical thinking and communication. The format of the article does not allow us to consider
all significant approaches to the study of engagement in educational activities. The most complete and
extensive classification of approaches seems to be made by Kiseleva which considers engagement as a
multidimensional construct. At the heart of her classification is the psychological category within which

researchers studied engagement. In total, the author identifies 9 such categories: state; relation; attitude;
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identification/self-consciousness; concentration of attention; action; activity; emotion; personal
peculiarity (Kiseleva, 2018). This list demonstrates a wide variety of research approaches to the definition

of the concept “engagement”.

1.2. Types and characteristics of engagement

In addition to defining the concept of engagement, it is also important to take into account the
diversity of engagement types, as well as the presence of various characteristics that have a significant
impact on educational activities. Thus, researchers distinguish such types of engagement: intensive,
independent, joint, passive (Kiseleva, 2017); conscious, forced pseudo-engagement, passive engagement
and non-engagement (Kiseleva, 2017); academic, scientific engagement and extracurricular (Shcheglova
et al., 2019). The four factor model of student engagement can be consideredas a most complete modern
model. This model includes cognitive, psychological, academic and behavioral components (Vekkaila &
Pyhilts, 2016). Kiseleva (2017) identifies behavioral, emotional and cognitive, motivational and value
components of engagement. It is important to assess the degree of engagement. The researchers studied
the factors that increase engagement, such as the organization of the educational process (Shushlina,
2019), the peculiarities of the relationship between students and teachers (Kiseleva, 2017), the amount of
time spent on completing tasks and learning in general (Astin, 1984), extracurricular activities (Kiuru &

Popova, 2018).

1.3. The scale of engagement, the relationship with the educational institution

The authors not only define engagement in different ways, but also consider it at different scales in
terms of coverage of certain aspects of the educational process or educational institution. Most often,
engagement is defined at the behavioral level as engagement in the active life of the student group, the
university as a whole, starting from attending classes, completing tasks during classes, and ending with
extracurricular, research and social activities within the educational institution.

An article by Handelsman et al. (2005) examines student engagement in individual study courses.
According to the authors of this approach, it has the following advantages: 1) one study course is easier to
control by the university staff and, therefore, can be subject to change in a short time; 2) it is advisable to
observe the influence of the teacher on the student in the classroom, since students spend much less time
and effort on training in extracurricular time; 3) the level of student engagement varies both from one
course to another and on the same course over time (Handelsman et al., 2005; Maloshonok, 2016).

Nevertheless, most approaches to the study of engagement (Kiseleva, 2018; Maloshonok, 2016,
etc.) assume the consideration of this phenomenon in long-term perspective. This approach to the study of
engagement involves taking into account its long-term effects, such as the formation of new competences,
personal development and changes in motivation, value orientations. However, often researchers do not
pay much attention to engagement in the short term: engagement in educational activities in a separate
learning session (1.5 astronomical hours), when doing a class assignment, as well as engagement as a
dynamic characteristic, the indicators of which can vary from tens of seconds to several minutes at time

intervals.
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1.4. Ways to study engagement

Student engagement, as it was shown earlier, is a multidimensional theoretical construct (Kiseleva,
2018) and cannot be directly measured. Accordingly, when studying it, we can rely only on indirect
indicators. Maloshonok (2016), summarizing previous studies, identifies two methods of studying student
engagement: objective and subjective. Objective methods include observation and filling in diaries,
subjective methods include an expert survey of teachers, students’ self-assessment of their activities at the
university and in-depth interviews with students (Maloshonok, 2016). A methodology and procedure for
measuring student engagement was developed by analyzing the results of questionnaires (Duka & Stovba,
2016; Maloshonok, 2016), processing video streams from cameras installed in classrooms (Maloshonok,
2016).

Pace (1984) measures engagement through self-assessment of engagement in various learning
activities. This measurement happens as follows: the student is offered a list of activities, he or she has to
indicate how often he/she participates in each of them. As a result, you can calculate the engagement rate
for each student based on self-assessment. In total, author assumed 14 aspects of engagement in his
measurements (Kiuru & Popova, 2018; Pace, 1984). Pascarella and Terenzini (2005) used a 34-point
questionnaire. They identified five components of engagement: relationships with peers, relationships
with teachers in connection with learning, informal relationships with teachers, intellectual development
of students, and targeted commitments.

Voronina et al. (2019) describe the following approaches to the study of engagement in
cooperation with interactive applications: self-reporting, physiological approach, neuro-physiological
approach. Self-reports involve receiving information directly from the user, and they enable to draw a
conclusion about how much he/she was involved in the process of interacting with the application. The
physiological approach is based on the assessment of user engagement through the results of observations
of their actions and external manifestations of their behavior in the process of interacting with the
application. To assess engagement in such cases, methods of facial expression analysis (emotion
analysis), speech analysis and eye movement analysis (eye tracking) are used. The neurophysiological
approach uses data from respiratory and cardiovascular accelerations and decelerations, muscle spasms,
and other signals received from appropriate sensors mounted on the user's body to assess engagement.

So, based on the approaches described above, authors use different ways to research engagement.
As part of our research, we propose our own classification, in which the measurement methods are
grouped in the following manner:

1) methods based on the method of observing external manifestations of behavior (Maloshonok,
2016);

2) reflexive methods using self-reports, self-descriptions and self-assessment (Kiuru & Popova,
2018);

3) methods based on measuring personal properties and characteristics and their dynamics as
indirect indicators of engagement (Kiuru & Popova, 2019);

4) ways to correlate engagement with academic performance (Alexandrov et al., 2017).
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2. Problem Statement

In the previous section, we identified four theoretical aspects that need to be taken into account
when studying the phenomenon of engagement: the variety of definitions of the concept of engagement;
the scale of engagement, the relationship with the educational institution; the types and characteristics of
engagement; the ways to study engagement. Now we would like to define a framework in each of the
highlighted aspects that will enable us to outline the range of requirements to develop a research approach
to studying engagement in teaching students online. We have reinterpreted the technological features of
modern online platforms as conditions that largely determine the nature of learning activities in the digital
environment. In our study, we proceed from the definition of engagement given by Kiseleva (2018) as a
multidimensional construct that includes behavioral activity aimed at performing activities, emotional
reactions that occur during the performance of activities, cognitive and motivational processes that occur
during its performance, as well as understanding of this activity.

A key feature associated with modern online education is essential difficulty in organizing
feedback between the student and the teacher that significantly complicates communication. When
conducting online classes, it is of great importance for the teacher to receive prompt feedback on the
degree of student engagement in learning activities. Such feedback will allow the teacher to quickly
respond to changes occurring with the student group, to adjust their activity, the forms of presenting
learning material, to change the structure of the lesson, to plan the use of various educational
technologies. Currently, a student during online learning can turn off sound and video, which does not
allow the teacher to quickly assess the engagement of students and contact them, seeing difficulties. Even
on-screen images of students may not be very informative due to their small size and coverage of only a
small part of the student's behavior (usually only facial reactions).

These features determine the choice of the scale of educational activity that is necessary for the
analysis. The need for prompt feedback from the teacher in relation to the student means an assessment of
his behavior in the "micro-scale”" (from a few seconds to a few minutes) and "mini-scale" (part of the
lesson or the whole lesson). Most accurately, this phenomenon can be described by the concept of
“inclusion”. Kiseleva (2018) believes that inclusion is an independent phenomenon that characterizes
human behavior, and involves situational concentration of attention on the activity performed and the
manifestation of activity aimed at its implementation. Unlike engagement, inclusion, in her opinion, does
not involve consideration of the emotional, motivational and value component. In our study, we will
consider inclusion as a manifestation of engagement in the "micro-scale" and "mini-scale", in which
behavioral manifestations are most accessible to research. Thus, we do not agree with Kiseleva that
inclusion is a different phenomenon from engagement. Inclusion, in our opinion, also includes emotional,
motivational and value components, but it is difficult to assess and describe their manifestations when
analyzing short fragments of behavior. Short-term emotional reactions are supposed to be the most
accessible for identification, but the influence of motives, and especially value orientations, can be traced
only on a broader scale of analysis of educational activities. Of particular importance to us are the

dynamic characteristics of behavior (changes in gestures, micro-movements, verbal reactions), emotional
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response (primarily in the form of changes in facial expression), as well as manifestations of
concentration (eye concentration on the screen).

The most significant characteristic of engagement for the study is the engagement degree. This is
the most simple and elementary, as a rule, quantitative form of assessment, while it allows the teacher to
obtain generalized (integral) information about the engagement of both a group of students and each
student individually. At the same time, it should be taken into account that the engagement degree can
vary significantly depending on the organization forms of the educational process used. In particular, at a
lecture, engagement can be manifested in concentration on the material presented by the teacher and
illustrations to it, while at seminars and practical classes, answers to questions discussed in the classroom,
students' communicative activity, their emotional "responsiveness" to the educational situations offered
by the teacher can be considered as manifestations of engagement. Thus, it is necessary to take into
account the environment in which the classes are held, assignments are done, participating in various
educational activities is organized and their characteristic behaviors when assessing the degree of
students' engagement in educational activities in the digital environment.

The problem with choosing the method of studying engagement is that the most commonly used
ones, such as surveys and interviews, are not suitable for recording its manifestations in such small-time
intervals. Methods are needed that can quickly analyze and provide the teacher with information about the
students’ engagement degree, which can only be achieved by using automated assessment methods based
on quantitative calculations. As noted above, online learning in its current form makes it difficult for a
student to communicate with a teacher verbally. Based on the ideas listed above, our study emphasizes
the methods that allow recording and analyzing nonverbal behavior and its dynamics in short periods of
time, and presenting the obtained data to the teacher in a visual form. Self-assessment methods and other
methods can be used, but only as auxiliary ones, for example, to identify the personal significance of

educational activities and their content for students, to identify the motives of educational activities, etc.
3. Research Questions

The discussion proposed in this article is a kind of theoretical research, which is aimed at forming
an adequate approach to the study of student engagement in online learning. We believe that this
theoretical study precedes future empirical research, the results of which will contribute to improving the
quality of teacher-student interaction in the digital environment. Based on the problem statement, we
formulated research questions.

= What is student engagement in online learning as a theoretical construct?

=  What behaviour can be used to assess the engagement degree? What are the assessment

methods?
4. Purpose of the Study

To propose a methodology for dynamic assessment of student engagement in educational activities

in online learning based on non-verbal behavioral manifestations
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5. Research Methods

Taking into account the theoretical nature of the work, we used general scientific theoretical

methods: analysis, synthesis, abstraction, deduction, induction, definition of concepts, classification.
6. Findings

The framework specified by us when formulating the research problem is not a direct indication of
a specific research approach, and apparently allows us to develop different approaches with different
degrees of effectiveness in achieving the goal. In this article, we propose the use of a research approach
that can provide a new heuristic view of the phenomenon of engagement. We believe that it fits well into
the framework set by modern online education technologies. Therefore, although our research is
theoretical, we expect significant practical results from its application in the future.

The presence of a certain temporal and spatial structure is a distinctive feature of animal
communities. For example, fish in schools synchronize the direction and speed of movement with their
neighbors, and birds flying in a group synchronize take-off and landing. Similar synchronicity is observed
in group behavior of people. Louwerse et al. (2012) define synchronicity as a combined spatial and
temporal coordination of behavior. Personal interaction involves several channels - language, gestures,
and other behaviors. Within this framework, people can synchronize behavior with each other, which can
be one way to reduce the complexity of interpersonal interactions by gradually adapting to each other and
reducing the range of possible behaviors. Thus, by becoming more and more similar, the interlocutors
greatly simplify the cognitive load required to interact with each other (Fusaroli, et al., 2014).

The study of the phenomenon of synchronicity is most widely used in the study of dialogue. For
example, in the model of interactive matching synchronicity is described as consistency due to step-by-
step repetition of behavior at all levels of linguistic processing (phonetic, lexical, syntactic, semantic,
situational), and is supported by the coupling of gestures accompanying speech, body swaying, gaze, etc.
Research has shown that dialog participants who already use a certain syntactic structure are more likely
to create new sentences that use the same syntactic structure. Matching also manifests itself in more
subtle and rather nonverbal aspects, such as speech speed, pauses, tonality, while matching on one
communication channel in many cases seems to facilitate matching on others (Fusaroli et al., 2014).

The most common ways to explain synchronicity that occurs in human interaction use the concepts
of imitation and coordination. Imitation can be described as reproducing selected characteristics of
another person's behavior with a certain time delay. Examples of unconscious and unintentional imitation
can be seen in the case of a yawning person, when the yawn spreads to everyone in the room. There is a
correlation of frequencies between the interlocutors in random movements, such as shaking the leg or
rubbing the nose, even if neither of them is aware that they are imitating the other. It is noted that
newborns already copy the facial expressions of adults. Imitation has social advantages, apparently by
inducing an unconscious feeling of sympathy (Louwerse et al., 2012).

The concept of coordination usually refers to more complex and conscious activities. At the same
time, imitation is often automatic, and its sequence does not need to be consciously timed with the actions

of another person (Louwerse et al., 2012). In the case of coordination, there is a correlation between the

252


http://dx.doi.org/

https://doi.org/10.15405/epsbs.2021.06.04.29

Corresponding Author: Kamil Nasibullov

Selection and peer-review under responsibility of the Organizing Committee of the conference

eISSN: 2357-1330

actions of several people to achieve a common goal, which does not always consist in similarity. When
two people pick up a box, talk on the phone, or make financial calculations, they must perform different
actions according to certain time intervals, otherwise the box will fall, the conversation will fail, and the
financial transaction will not be completed. In the same way, people coordinate the turns of the dialogue
in the right sequence, for example, when one asks a question and the other answers its (Louwerse et al.,
2012).

We believe that the phenomenon of synchronicity can be considered as an explanatory mechanism
of engagement in the learning process. Student-teacher learning interaction is also obviously a type of
social interaction in which synchronicity can manifest itself, based both on imitation (presumably by the
student to the teacher) and coordination (for example, when performing cooperative learning
assignments). Numerous studies in the field of synchronicity study, as a rule, are aimed at studying
communication in social psychology (dialogue, group communication, joint activities), as well as carried
out in the field of clinical psychology (communication of the client and the psychotherapist, violations of
synchronicity in various mental disorders). The exception is the study (Lafrance & Broadbent, 1976),
which investigated the congruence of poses that participants take in the learning process. Therefore, this
idea has yet to receive its empirical confirmation when studying the phenomena of synchronicity in
various learning contexts. When creating a theoretical construct, thus, we will proceed from the fact that
synchronicity can be a marker (indicator) of the engagement degree of participants in the learning
process, that is, high synchronicity will indicate a high degree of engagement, and vice versa, low
synchronicity —non-engagement or low engagement. The advantage of this approach is the ability to study
engagement based on the analysis of not only speech signals, but also analyzing non-speech signals, such
as posture, gestures, thythm of movement, etc. As mentioned in the problem statement section, under
online learning, the possibilities of speech communication are very limited. Therefore, the importance of
analyzing and interpreting out-of-speech signals increases.

Initially, research in synchronicity studies relied primarily on expert methods, where external
experts determined the similarity of poses, gestures, etc., based on observation, usually relying on certain
forms of formalized description (Louwerse, et al., 2012). As a rule, these methods were very time-
consuming, and the analysis of even small fragments of behavior required considerable time. The use of
the expert method, therefore, does not allow for the rapid collection and analysis of information.
However, further research followed the course of increasing automation in data collection and analysis.
For example, this is the use of methods of so-called "computer vision". In the work by Alexandra Paxton
and Rick Dale (2013) tracked changes in pixels from one frame to the next as an indicator that the
interlocutors are synchronized in the general movement of the body. This method is also called "motion
energy analysis" and has become widely used in a wide variety of modifications (Ramseyer, 2020).
Another mathematical method that is becoming increasingly popular is based on a mathematical model
used to study nonlinear dynamical systems (Ramseyer, 2020). It is called the method of quantitative
analysis of cross-recurrence (CRQA - Cross Recurrence Quantification Analysis) and currently has
several modifications, including those adapted for the study of group processes (Dindar et al., 2019). The
method quantifies how often two systems exhibit similar patterns of change or movement (Fusaroli, et al.,

2014). Thus, developments in the field of studying synchronicity enable to approach the problem of
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automated analysis of human behavioral activity in group interaction. Despite the fact that this approach
has been used primarily in the field of social and clinical psychology, the study by Lafrance and

Broadbent (1976) in the field of education has shown encouraging results.
7. Conclusion

We believe that the field of student engagement research based on the phenomenon of
synchronicity of behavior has a great future in view of introducing new technological solutions.
Technology of neural networks can become one of the most effective technologies. Existing technological
solutions allow monitoring behavior based on the analysis of facial biometric indicators that reflect a
variety of emotions (Nezami et al., 2020, etc.). Applied means of digital monitoring (3D sensors
PrimeSense, APK "MindReader", ROFES-EO1C, Barrier-14, etc.) are widely used currently. We believe
that the use of automated assessment using computer vision and artificial intelligence technologies will
allow us to quickly assess the impact of pedagogical influences on student engagement and develop
teaching technologies that are adequate to the modern online environment.

In the empirical part of our study, we propose to use "Examus" - digital monitoring system which
is developed and trained on the basis of neural network technology, as a means of assessing engagement.
This system allows to quickly analyze the characteristics of facial expression and behavioral reactions of
a person sitting at the monitor, according to two main parameters: the type of emotions displayed by a
person and the level of concentration of attention.

The approach proposed in the study should be considered as a promising one to study student
engagement in the digital environment. Of course, it is not able to solve all the problems associated with
the study of engagement, but we assume that it will be successful within the theoretical framework
established by us. An important theoretical issue is also the justification of constructive validity, both due
to the variety of theoretical models of the phenomenon under study (as shown above), and in view of its
novelty — the direct identification of the synchronicity and engagement in the established educational
contexts. However, this approach has advantages as it allows to fill model representation of the behavioral
manifestations of engagement with static (through the identification of the compliance of behavior of
learning process participants at a specific point in time based on predefined schemes of behavioral
reactions) as well as with dynamic assessment (coincidence of tempo-rhythmic characteristics of

behavior).
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