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Abstract. Research background implies changing the mechanisms of 
subject-to-subject interaction, control, and feedback when transiting to 
distance and mixed learning; one of the areas of difficulties that arise 
during such transition is the search for a way to partially compensate for 
difficulties using new visual didactic tools. Research goal includes 
searching for new visual didactic tools based on cognitive visualization of 
knowledge that support and guide educational cognitive activity, 
interaction, and feedback in the context of distance and classroom learning. 
The authors use a method for analyzing the development of visual tools 
based on the criterion of implementing cognitive principles of knowledge 
representation; a method for logical and semantic modeling of knowledge 
using universal educational actions; a method for constructing visual tools 
based on graphical visualization of logical and semantic modeling of 
knowledge presented in natural language (the language of study). New 
visual didactic tools developed by the authors, and implementing 
illustrative and regulatory functions, are proposed to be called “visual 
didactic regulators of logical and semantic type” and used for subject-to-
subject interaction in distance learning. The basis of such tools is also the 
logical and semantic models proposed by the authors, whose usefulness 
has been confirmed by long-term testing in the classroom training; 
currently, regulators are used in distance learning as an experiment. 
Keywords: classroom and distance learning, subject-to-subject 
interaction, visual didactic regulators, logical and semantic modeling. 
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1 Introduction 

1.1 Research background 

When transiting to distance learning, along with organizational, informational, software, 
and hardware-related difficulties, the consequences of the loss of well-thought-out and 
well-developed methods of educational work that are effective in the in-class learning were 
revealed. The educational activity is reduced to the assimilation of disciplinary knowledge. 
At that, the subject position of the student becomes beyond the framework of pedagogical 
management of the educational process, and team discussion of the object under study is 
curtailed. In this context, the role of didactic tools that reflect the structure of the content of 
educational material and/or educational activities, support and guide educational cognitive 
activity, that is, have regulatory properties, increases. It can be assumed that such tools will 
be useful in the interaction of teachers and students in the new environment, and thus their 
research and development is appropriate. 

1.2 Review of the theoretical base of the research 

Scientists' discussions of multidimensional problems of distance learning have intensified 
in recent years. Thus, A. Baldiš justified the coordination of research in pedagogy with 
changes in the digital environment and social behavior of its participants [1]. Criticism of 
decisions made in distance education technology is necessary according to B. Williamson, 
R. Eynon, and J. Potter [2]. A.I. Oliveira, R.F. Behnagh, L.Ni, A.A. Mohsinah, K.J. 
Burgess, and L. Guo recommend mastering technological tools as tools for cognition and 
constructing reality [3]. S. Schwartz points out the inadmissibility of overloading teachers 
[4].  

The problem of subject-to-subject interaction is being also investigated, for example by 
M. Alhih, E. Ossiannilsson, and M. Berigel, who identified an increased need for 
educational process subjects in various types of interaction, namely student-to-student, 
student-to-teacher, and others [5]; S. Telhaj associated the increase in student performance 
with the presence of successful peers [6]. C. Roddy, D.L. Amiet, J. Chung, C. Holt, L. 
Shaw, S. McKenzie, F. Garivaldis, J.M. Lodge, and M.E. Mundy studied the success 
factors of intensive online learning at additional requirements for students and teachers [7]. 
W.N. Tasnim, W. Hussin, J. Harun, and N. A. Shukor justified the need to encourage active 
students’ interaction [8]. It can be seen that the subject-to-subject interaction factor will 
increasingly determine the effectiveness of resources and the distance learning system in 
general as technical issues are resolved (the convenience of digital platforms, the speed of 
network communication, etc.). 

 Similar problems of distance learning are being studied by Russian scientists, and one 
should expect solutions that will become suitable for use in practice. It should be noted that 
the current task of forming an adequate materialized mental image of the studied 
knowledge in the learning process was considered earlier. For example, R.M. Asadullin 
demonstrated on the example of Waldorf pedagogy that the picture of pedagogical reality 
represented a holistic multidimensional image [9]; T.A. Tyutyunnikova associated 
holographic projections method with the implementation of vitagenic education and 
transformation of subject-to-object relations to subject-to-subject relations [10]; 
multidimensionality as an objective feature of reality was implemented in didactics of V.E. 
Shteinberg based on cognitive knowledge visualization [11], which, as was shown by N.N. 
Manko, developed the principle of visual clarity in teaching and transformed illustrative 
learning tool into means of supporting cognition and development of thinking [12]. The 
latest results are included in the global visualization trend, which is actively developed by 

2

SHS Web of Conferences 98, 05022 (2021) https://doi.org/10.1051/shsconf/20219805022
Education and City 2020



 

 

1 Introduction 

1.1 Research background 

When transiting to distance learning, along with organizational, informational, software, 
and hardware-related difficulties, the consequences of the loss of well-thought-out and 
well-developed methods of educational work that are effective in the in-class learning were 
revealed. The educational activity is reduced to the assimilation of disciplinary knowledge. 
At that, the subject position of the student becomes beyond the framework of pedagogical 
management of the educational process, and team discussion of the object under study is 
curtailed. In this context, the role of didactic tools that reflect the structure of the content of 
educational material and/or educational activities, support and guide educational cognitive 
activity, that is, have regulatory properties, increases. It can be assumed that such tools will 
be useful in the interaction of teachers and students in the new environment, and thus their 
research and development is appropriate. 

1.2 Review of the theoretical base of the research 

Scientists' discussions of multidimensional problems of distance learning have intensified 
in recent years. Thus, A. Baldiš justified the coordination of research in pedagogy with 
changes in the digital environment and social behavior of its participants [1]. Criticism of 
decisions made in distance education technology is necessary according to B. Williamson, 
R. Eynon, and J. Potter [2]. A.I. Oliveira, R.F. Behnagh, L.Ni, A.A. Mohsinah, K.J. 
Burgess, and L. Guo recommend mastering technological tools as tools for cognition and 
constructing reality [3]. S. Schwartz points out the inadmissibility of overloading teachers 
[4].  

The problem of subject-to-subject interaction is being also investigated, for example by 
M. Alhih, E. Ossiannilsson, and M. Berigel, who identified an increased need for 
educational process subjects in various types of interaction, namely student-to-student, 
student-to-teacher, and others [5]; S. Telhaj associated the increase in student performance 
with the presence of successful peers [6]. C. Roddy, D.L. Amiet, J. Chung, C. Holt, L. 
Shaw, S. McKenzie, F. Garivaldis, J.M. Lodge, and M.E. Mundy studied the success 
factors of intensive online learning at additional requirements for students and teachers [7]. 
W.N. Tasnim, W. Hussin, J. Harun, and N. A. Shukor justified the need to encourage active 
students’ interaction [8]. It can be seen that the subject-to-subject interaction factor will 
increasingly determine the effectiveness of resources and the distance learning system in 
general as technical issues are resolved (the convenience of digital platforms, the speed of 
network communication, etc.). 

 Similar problems of distance learning are being studied by Russian scientists, and one 
should expect solutions that will become suitable for use in practice. It should be noted that 
the current task of forming an adequate materialized mental image of the studied 
knowledge in the learning process was considered earlier. For example, R.M. Asadullin 
demonstrated on the example of Waldorf pedagogy that the picture of pedagogical reality 
represented a holistic multidimensional image [9]; T.A. Tyutyunnikova associated 
holographic projections method with the implementation of vitagenic education and 
transformation of subject-to-object relations to subject-to-subject relations [10]; 
multidimensionality as an objective feature of reality was implemented in didactics of V.E. 
Shteinberg based on cognitive knowledge visualization [11], which, as was shown by N.N. 
Manko, developed the principle of visual clarity in teaching and transformed illustrative 
learning tool into means of supporting cognition and development of thinking [12]. The 
latest results are included in the global visualization trend, which is actively developed by 

 

 

T. Buzan [13] and J.D. Novak [14], as well as by other scientists who implement and 
develop their ideas when solving various applied problems [15-17]. Currently, concept 
maps, used widely in teaching and research, when analyzing problems and generating ideas, 
are contributing to the development of visual literacy of users.  

However, many visual tools have not been sufficiently studied as semiotics objects and 
from the standpoint of universality; they have not been sufficiently tested at various levels 
of education, even though the activity regulators were a mature and researched 
phenomenon used in the form of meanings, values, goals, and rules in various industries 
[18-20]. Representational tools as didactic regulators, especially visual ones, have not been 
studied enough for educational activities, as proven by searching in the electronic scientific 
library Elibrary.ru and the Internet. 

1.3 Justification of the research novelty 

The review of literature sources shows that the traditional educational process aimed at the 
subject-based development of students in the distance learning system significantly loses its 
pedagogical potential. This results in the necessity to search for tools, including visual ones 
that promote subject-to-subject interaction, independent learning activities of students, and 
the development of self-organization, self-management, and self-control skills. 

1.4 The research hypothesis 

The research hypothesis is that visual tools used in distance learning technologies along 
with illustrative functions should perform regulatory functions; be designed using the 
knowledge modeling method and universal learning actions; have a universal and 
convenient visual form. Tools, such as didactic visual regulators should become an 
important element of distance and classroom learning technologies, while their application 
will be appropriate at various levels of the education system. 

1.5 The research goal 

The research goal is to analyze the development of visual tools and determine the direction 
of their improvement as a means of cognitive visualization of knowledge presented in the 
language of study, having informational and regulatory properties, that is, supporting and 
directing educational cognitive activity, as well as interaction and feedback in the context 
of distance and classroom learning. Such tools complement well-known visual conceptual 
and graphical solutions, such as mental maps, frames, structural and logical schemes, etc. 

1.6 Research objectives 

In line with the set goal, the following objectives should be solved: to clarify the 
development direction of visual tools as means of cognitive visualization skills; to identify 
the factors of supplementing information properties by the regulatory factors, and 
determine the factors of the transformation of the representational attribute into the visual 
attribute; as well as to clarify features of the construction of the new teaching methods and 
applied aspects in the context of digitalization of education. 
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2 Methods 
The authors used the following methods: a method for analyzing the development of visual 
tools based on the criterion of implementing cognitive principles of knowledge 
representation, and logical and semantic modeling of knowledge using universal 
educational actions; a method for constructing didactic regulators based on combining the 
content component, i.e. the result of logical and semantic modeling† of knowledge and the 
graphic component. 

2 Results 

The analysis of the visual didactic tools‡ development has allowed distinguishing four 
integrated stages:  

a) using images and concepts in the teaching process (J.A. Comenius, 1633);  
b) creating semantic networks (C. Peirce, 1909), developing a method of logical and 

semantic modeling of text to be processed by computer (M.M. Subbotin, 1956);  
c) creating frames (L.M. Marvin, 1974); inventing memory maps (T. Buzan, 1968);  
d) developing logical and semantic models and regulators on their basis (V.E. 

Shteinberg, N.N. Manko, L.V. Vakhidova, 1988-2020).  
Using development means allows improving structuring, namely, introducing 

conditional images and symbols of elements and links; using cognitive principles of 
knowledge representation, namely, structuring content, linking structure parts, curtailing 
designations of parts and reducing them to keywords; applying visualization of logical and 
semantic modeling of knowledge using coordinate-matrix graphics; using universal training 
actions, such as splitting topics into parts, ranking parts, highlighting nodal content 
elements, ranking elements and placing them on coordinates, identifying links between 
nodal elements, and curtailing coordinate designations, nodes, and links. Comparing visual 
tools by the criterion of applying logical and semantic modeling operations using universal 
training actions has shown that the above operations were less implemented when building 
structural diagrams and reference signals; they were implemented to a greater extent when 
building semantic networks, frames, graphs, and mental maps; and to a full extent – when 
building logical and semantic models based on coordinate-matrix graphics. Combining the 
structured content of the displayed knowledge and the graphical coordinate-matrix basis 
allowed developing visual logical and semantic models and further, on their basis, visual 
didactic regulators of the logical and semantic type (Fig. 1).  

The characteristics of logical and semantic models and graphic archetypes were studied. 
At that, models were studied as a semiotics object [21]. Visual concept-regulators of logical 
and semantic type were designed for solving project tasks. Their main feature is the matrix 
of professional growth of a teacher (or any other specialist), placed in the fourth quadrant 
(Fig. 2). 

 
† Logical and semantic modeling of knowledge is a method of modeling knowledge by decomposing 
the object or process under consideration, whose description is presented in natural language (the 
language of study), using a package of universal learning actions (the language of study) 
‡ Visual didactic regulators of the logical and semantic type are a visually perceived image of a 
conceptual and graphic means of visualization, designed by the method of logical and semantic 
modeling of knowledge with the placement of modeling results, namely, nodal elements of content 
and their relationships, denoted by keywords, in a reference-nodal coordinate-matrix system 
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Fig. 1. Visual didactic regulator: “Family budget” business game. 

 
Fig. 2. Visual concept-regulator “Professional self-efficacy of a teacher (08)”. 
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Such regulators are used when creating computer programs with an interactive interface 
designed to form the professional self-efficacy of the teacher and use it in the system of 
full-time, corporate, and individual training [22]. 

3 Discussion  
The use of visual didactic regulators of the logical and semantic type in in-class learning, as 
well as at remote classes with students and undergraduates of the pedagogical profile 
contributes to the interaction of the teacher and students, which confirmed the formulated 
hypothesis and allowed continuing experimental work. The similar regulators on the 
sending and receiving sides of the distance learning system contribute to the 
synchronization of subject-to-subject interaction and communication. Such regulators were 
used as navigators in the content of learning material during the remote implementation of 
case programs in students' education. They contributed to the improvement of subject-to-
subject interaction and receiving feedback [23]. To form the teacher's readiness to use new 
didactic tools, the training program, named “Visual didactic regulators of the logical and 
semantic type” (VDR-LST) was developed [24]. 

The demand for new didactic tools by teachers is illustrated by searching the Internet for 
the tags like “visual didactic regulators” and “logical and semantic models”; as well as a 
selection of educational and methodological developments posted on the cloud service.  

4 Conclusion  
The results of the study have shown that representational conceptual and graphical tools are 
developing toward improving the basic information and regulatory properties, whose 
improvement is achieved using cognitive principles of knowledge representation and 
logical and semantic modeling of knowledge using universal educational actions. 
Regulators based on the integration of logical and semantic modeling of knowledge and 
coordinate-matrix graphics complement the known representational tools by using universal 
educational actions, visual convenience, and greater versatility in their construction.  

The developed regulators should be used in distance and classroom learning 
technologies to activate subject-to-subject interaction, as a tool for the educational 
cognitive activity of the student with increased requirements for self-organization and self-
control, as a means for communication and navigation in the content of learning material 
and educational activities, as well as an interactive interface when creating computer 
programs.  
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