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Abstract—The purpose of the study is to test the effectiveness of visualiza-
tion of learning and memorization in the educational process in higher educa-
tional institutions. The research was carried out in St. Petersburg State Universi-
ty of Architecture and Civil Engineering (St. Petersburg, Russian Federation)
among 1-4-year students as well as teachers. The sample included 200 students
and 35 teachers. The initial and final assessment of students’ professional
knowledge was carried out to confirm the hypothesis of the study that the appli-
cation of aforementioned methods should lead to an increase in the academic
performance of the experimental group. The experimental group was introduced
to visualization of learning and memorization, mainly, the use of mind maps
and charts in students’ professional training. Tasks were developed and used,
providing for the creation of mini projects, construction layouts with charts,
mental maps (reflecting the professional role of a specialist in construction and
architecture fields), features and stages of design, priorities of architectural and
construction activities. At the final stage, the final assessment of students’ pro-
gress in vocational training and a comparative analysis of the data were carried
out, conclusions were drawn about the advisability of visualizing the processes
of learning and memorizing in higher education. Teachers’ attitude towards the
active implementation of visualization of learning and memorizing was also
studied at the introductory and final stages. To determine teachers’ attitude
towards the active implementation of visualization of learning and memorizing,
the survey was conducted. The introduction of the above-mentioned tasks gave
the following results in the experimental group. Namely, there were high
growth rates of students with a high level of knowledge (11.5%), 16.4% - with a
sufficient level of knowledge and 13.7% - with an average level of knowledge;
there was also a decrease in the number of students with low grades (by 16.6%)
compared to the control group at the final stage. The number of teachers with
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positive-promising and positive attitudes towards visualization of learning and
memorizing increased by 14.3%, the number of respondents with positive-
neutral attitude decreased by the same percentage, and there was not a single
teacher who retained a negative attitude. The hypothesis of the study was fully
confirmed. The practical value of the results lies in the possibility of using the
questionnaire and developed tasks in the real educational process of modern
higher education institutions.

Keywords—Educational process, higher education, learning outcomes, stu-
dents, teachers

1 Introduction

The digital environment formed today is constantly expanding, covering all areas
of human life. Increasing information consumption does not necessarily have a posi-
tive effect on cognition. There is a need to train not only students but also schoolchil-
dren to use digital sources of information for learning and personal development. The
use of digital environment and mobile devices in teaching can begin from preschool
age and can be conditionally divided into the use of specialized training applications
[1] and the use of mobile and online technologies to simplify and intensify the transfer
of information during teaching and learning [2-4].

Various educational information sources and methods of obtaining and transmitting
information are available today and it is necessary to streamline and systematize
them. This tendency requires an active use of visualization methods for learning and
memorizing in the modern educational process. Such tools are even more relevant for
distance and blended learning [5]. Moreover, modern technologies and techniques
make it possible to achieve a high level of visualization of educational material, sav-
ing time for both students and teachers [6].

Data visualization technologies and the use of infographics are most naturally in-
cluded in learning, starting from preschool age, when a student is just preparing to
read and perceive information in text form [7]. Effectiveness of the use of visualiza-
tion and memorization technologies based on special visualization tools, for example,
mind maps, depends on the involvement of teachers and their readiness to master the
corresponding technologies [8]. The problem often lies in the fact that generations of
native digital people, who have been born and raised in a digital environment, are
better at using familiar technologies as other users. At the same time, they might not
know how to use these technologies for growth and learning, which trained teachers
should offer them [8,9].

Despite the widespread use of mobile devices and computer visualization or infor-
mation presentation tools [10], there is still relatively little research on the impact of
various technologies on the real effectiveness of the learning process and on the
academic performance of students. In this regard, the content of educational applica-
tions for children and effectiveness of their application are much better studied [11].
This study aims to identify the impact of computer visualization of information and
tools for structuring and memorizing data (mind maps) on students’ academic
achievements.
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1.1 Research outline

The Introduction contains a brief outline of the problem of using electronic teach-
ing aids and data visualization in teaching, as well as sets the task of research. The
Literature Review section introduces research on this topic and the current achieve-
ments. The section Methods and materials describes the research method and its
limitations. The Results section discusses the statistics obtained and the conclusions
drawn from them. The Discussion section provides an overview of comparative and
similar results from other similar studies.

2 Literature Review

2.1  Informational visualization in learning

Visualization of teaching material and application of mind-map-based memoriza-
tion methods were used even before the spread of computer technology. They demon-
strated a qualitative increase in the effectiveness of student learning [12]. Virtual
technologies make it possible to organize information visualization in a way familiar
to a modern person [13]. Modern researchers prove the need to use virtual technolo-
gies in education [14], which is confirmed by the modern goals of education, the need
to motivate educational activity, development of creative and cognitive activity of
students [15]. Scientists are unanimous that visualization helps to organize education-
al and cognitive activities of students at a high level [16] and provides training that
corresponds to the 21st century students’ way of thinking [17].

Scientists believe that the main goal of visualization is to support logical operations
at all stages of learning, to influence several channels of information perception by a
student, and to ensure increased attention and efficiency in acquiring and memorizing
new material [18].

The relevance of visualization is also growing due to the introduction of mobile
learning. Scientists note the positive impact of using tablet devices in the educational
process of higher education, in particular, they significantly affect attendance,
academic performance, and the quality of learning, since mobile learning tools not
only create a successful learning environment, but motivate students to independently
acquire knowledge outside the educational institution [2] and promote progressive
learning approaches [19]. Mobile learning overcomes the problems associated with
access to quality educational services [20]. Mobile learning has flexible tools to com-
plement existing technologies and expand teaching [3]. Another benefit of mobile
learning is that educational apps include interactive learning materials, simulations,
and learning games. These apps are fully consistent with the paradigm of collabora-
tive learning, they contribute to the realization of reflective exercises in training
sessions [4], they are a means of sustainable development, they also expand the access
to information without space-time restrictions [21]. Scientists from different countries
consider the prospects and problems of mobile education and e-learning both in de-
veloped educational systems and in backward ones [22], while calling mobile learning
an important promising component of educational technologies that affects the devel-
opment of technological infrastructure [23].
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With the increasing popularity of mobile learning, it becomes necessary to promote
digital educational software and the responsible attitude of education seekers to the
use of mobile devices in the educational process [24]. Despite the growing use of
mobile devices in education, researchers believe that mobile learning should be
optimally combined with traditional educational approaches that can be significantly
enriched by mobile means [25]. Empirical studies prove the effectiveness of mobile
devices both in learning and in combination of learning activities and informal
communication [26].

The visualization of learning and memorization processes is considered a condition
for the development of thinking [27] and a compact presentation of various kinds of
information. The visualization can be implemented for key educational tasks [12].

2.2 Mind maps as information visualization technology

Mind maps are considered the main means of visualization. Modern researchers
point out the uniqueness of this method, determine reasons, possibilities, prospects for
their use in higher education [28]. Mind mapping is a productive tool of visualizing
any information [29]. Moreover, this presentation of information simultaneously
reflects various correlations between concepts or components of the area under
consideration.

Some researchers and practicing scientists consider the use of video fragments as
part of the visualization of learning and memorizing, which can have a positive effect
on the quality of knowledge and the motivation to learn [30] as well as contribute to
the development of systematization and structuring of skills and creativity [31]. They
also consider the use of flash technologies as a means of visualization [32]; augment-
ed reality, which visualizes abstract concepts using 3D images [33].

Timeline and scribing are also effective means of visualization that simultaneously
consider the main priorities of modern teaching methods and the needs of the network
community [34]. There are also infographics, Glogster, ChroNOline, which, in addi-
tion to providing knowledge, also contribute to the development of student’s personal-
ity [35]. Visualization is considered a means of accessible presentation of educational
material, facilitating its perception, versatile comprehension of the material, develop-
ment of thinking and skills of non-standard problem-solving [5].

The largest number of studies on visualization of learning and memorizing is de-
voted to mind maps, which are considered as a means of developing logical thinking
[36], innovative thinking, motivation and development of students’ thinking through-
out life [37] as well as a means of collective knowledge construction [6]. The potential
of this tool is very wide, it allows one to present concepts and the relationship be-
tween them simultaneously. On the other hand, this vision can be expanded and re-
fined on numerous nested levels with text, video, sound files, etc., tied to each indi-
vidual concept in the mind-map graph [17]. This tool assumes both the simplest and
very complex and multilevel options for presenting information.

The methodology of using various types of mind maps in teaching, in particular,
concept mind maps, is currently developing [38]. The pedagogical experiments for
comparing the effectiveness of teaching are being conducted with and without mental
maps. The opportunities for students to assess the effectiveness of mind maps in the
modern educational process are also being provided [39].
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With pedagogical experiments, researchers establish new ways of visualization,
which they successfully test on practice, in particular, animated hints, which increase
students’ motivation, make the learning process creative and contribute to the devel-
opment of students’ creative abilities [40]. Scientists offer real examples of using
teaching visualization tools, namely, infographics for studying design [41] and share
their own developments in educational material visualization [42].

2.3  Mind maps in variety specializations

The possibility of using educational static and dynamic visualization to promote
health and science [43], the role of visualization for increasing teaching effectiveness
[44], and the dependence of teaching effectiveness on the quality of material visuali-
zation [45] were pointed out.

Some studies highlight the importance of charts as means of visualizing, which can
be used not only for technical specialties, but also arts and humanities [46]. Charting
is the use of graphical data visualization using mobile or computer apps. Charting has
perspectives in statistical graphics for data visualization [10].

There are several controversial works that prove the mediocre effectiveness of us-
ing such a visualization tool as mind maps in educational activities, where preference
is given to interviewing students as an effective means of measuring educational
achievement [47].

Online co-education, social online interactions are considered as prospects for fur-
ther visualization of the educational process, and the development of students’ reflex-
ivity is its main advantage [48]. Advanced scientists are currently developing, suc-
cessfully testing and implementing interactive visualization tools for learning man-
agement systems [49].

Visualization is relevant in view of the fact that the virtual environment and aug-
mented reality help to cope with problems that cannot be solved by traditional meth-
ods. Therefore, teachers should work on improving students’ visualization skills [50].
Visualization motivates students to learn, makes them more collaborative and devel-
ops critical skills [51]. Students can use visualization tools provided by teachers to
better understand the learning process and acquire new skills [13]. Scientists contrast
visual models using manipulation and computer software with traditional cramming
and memorizing [52].

All analyzed scientific works emphasize the importance of introducing visualiza-
tion of learning and memorizing that is one of the key challenges of modern higher
education.

2.4  Task setting

The analyzed scientific sources prove the need to introduce visualization of
learning and memorizing, determine the influence of visualization of learning on
educational achievements. It is necessary to establish clear relationship between the
visualization of learning and memorizing and students’ educational achievements,
their motivation to acquire professional knowledge, skills and abilities.

The purpose of the study is to test the effectiveness of visualization of learning and
memorization in the educational process of higher institutions.
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The study aims to:

o Analyze scientific works on the visualization of learning and memorizing.

e Develop and test the tasks for visualization of learning and memorizing.

e Determine the impact of visualization of learning and memorizing processes on
learning outcomes.

e Compare the obtained data with the available foreign experience, determine the
common and distinctive features.

e Draw conclusions about the effectiveness and further expediency of visualization
of learning and memorizing in higher education.

Novelty of the research refers to the development of a questionnaire on teachers’
attitude to the active implementation of visualization of learning and memorizing as
well as tasks for visualizing educational material related to the specialty that students-
respondents receive.

3 Methods and Materials

3.1 Research design and sample

The study was conducted at St. Petersburg State University of Architecture and
Civil Engineering. This is an appropriate and convenient institution to demonstrate the
effectiveness of visualization tools, since technical specialties and graphical technical
presentation of information prevail here. The respondents were 1-4-year students
(control and experimental groups). The total number of respondents was 200, 100
participants in experimental group and 100 — in control group. Students of different
course year were selected for the study to track the impact of visualization tools on
respondents with different background.

The hypothesis of the study is that the visualization of learning and memorizing in
higher education has a positive effect on students’ progress, contributes to students’
motivation for educational and cognitive activities.

The experiment was carried out for 3 months. Both groups studied under the same
current university programs. The experimental group undergone active introduction of
visualization of learning and memorizing, mainly, the use of mind maps and charts in
the professional training of students.

Based on a preliminary analysis of the academic success and level of assessment of
students before the start of the experiment participants’ academic performance was
divided into four levels: high, sufficient, medium, and low. The students’ results were
assessed with tests and situation-based assignments in the disciplines of professional
training developed by teachers of the control and experimental groups.

The teachers’ attitude to the active implementation of visualization of learning and
memorizing was studied using an online survey based on the questionnaire specially
developed by the authors (see Table 1 below). 35 teachers completed questionnaires
and submitted them by email.

At the final stage, the final assessment of students’ progress in vocational training
and a comparative analysis of the data were carried out, conclusions were drawn
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about the advisability of visualizing the processes of learning and memorizing in
higher education. Based on the results of the initial and final study of student perfor-
mance for each year of study, the percentage of participants in four levels of profes-
sional improvement was determined: High, Sufficient, Average and Low. The impact
of visualization and memorization tools on the academic performance of students was
determined by the change in the number of participants in these groups.

3.2 Ethical issues

All study participants were recruited on the basis of voluntary consent and
guarantees of non-disclosure of their personal information. When processing learning
outcomes, all participants received unique random identification codes by which the
information associated with them was identified. Thus, no personal data of the
participants was recorded or used.

Table 1. Questionnaire for determining teachers’ attitude towards active
implementation of visualization of learning and memorizing

Difficult
Statement/Answer Yes | Partly | No to
answer

1. T often practice visualization in my own teaching activities

2.1 am fully aware of the need to visualize the learning and memorizing
material

3.1 am able to recreate different ways of data visualization in real teaching
practice

4.1 can develop and implement an original methodological model of the
lesson using different visualization tools for educational material

5. I systematically work on improving my own materials on the visualization
of information

6. I can share my own experience on visualization of learning and memoriz-
ing material with my colleagues

7. 1 involve students in the search, selection and development of mind maps
and other visualization tools

8. I believe that the means of visualization develop thinking, memory, crea-
tivity of students

9. I have a large selection of student works using visualization tools for
learning and memorizing

10. Students positively respond about tools and methods I use to visualize the
learning and memorizing material within the training sessions

11. Visualization of learning and memorizing material is a guarantee of high
educational results

12. Visualization of learning and memorizing material helps to increase
students’ motivation for studying

3.3  Results’ implementation

For each answer of a respondent, the following points were given: ‘yes’ - 3 points,
‘partially’ - 2 points, ‘no’ - 0 points, ‘difficult to answer’ - 1 point. According to the
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points scored, teachers’ attitude to the active implementation of visualization of learn-
ing and memorizing was determined.

Positive-promising attitude: 30-36 points: Teacher uses in everyday teaching
practice the means of visualization of learning and memorizing materials, involves
students in collaboration when developing various means of visualization of educa-
tional information.

Positive attitude: 24-29 points: Teacher uses the means of visualization of learn-
ing and memorizing material, and is aware of its influence on the success of students
and their motivation for learning and cognitive activity.

Positive-neutral attitude: 18-23 points: Teacher recognizes the need of visualiza-
tion of learning and memorizing materials but is not professionally ready for this
work, although he/she is working for self-improvement in this direction.

Negative attitude: Less than 17 points: Teacher has a negative or indifferent atti-
tude to the visualization of learning and memorizing material, he/she is not ready to
create or use these materials and is not able to involve students in this work.

All participants were alerted to the goals of the research. They positively perceived
the introduction of visualization materials into the educational process and had no
objections. The administration of the educational institution met the needs of the par-
ticipants in the experiment and financed the access of teachers and students to paid
services and resources for creating visualization materials.

3.4  Statistical analysis

All the respondents were questioned using Google Forms. To process the results, a
Google Table (integrated with Google Forms) was used. The results of the question-
naire are presented in the table and diagram.

3.5 Research limitations

Age of the respondents: Students - 18-23, teachers: 29-48 years old. The research
was carried out within the educational process and was limited in time. In the course
of the study, visualization materials were introduced into an already modeled educa-
tional process without any adjustments to educational programs.

4 Results

In the control groups, the educational process took place as usual, and in the exper-
imental groups, the visualization of learning and memorizing material was actively
introduced through the use of mental maps and charting with the help of mobile plat-
forms. Students have been assigned creative tasks that develop thinking, and also
encourage them to use already acquired professional knowledge, skills and abilities.

Teachers involved students at various stages of training in the implementation of
visualization and the use of mobile learning tools. For example, teachers used mind
maps made by Google’s online applications to present educational material, as well as
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created mind maps with a 3d effect using the Mind Meister app. Students also
received individual mini-projects to create mind maps for future classes. They had the
opportunity to develop mind maps in a creative way using the Mapul app.

Based on self-study material, students created and shared reports using their mobile
devices with Canva presentations and Venn gage.

The following tasks were assigned:

1. To create a mini-project of one’s dream home using Piktochart infographics and
share it with one’s classmates on social networks.

2. To create a mind map that reflects the knowledge and skills of a modern competi-
tive architect using Google app.

3. To fill in the mind map, indicating the main stages of design and identifying the
key word hidden in the map.

4. To make a mental map reflecting the main priorities of architectural and construc-
tion activities, using the Mind Meister, share it with one’s classmates on social
networks and send to the teacher via Viber.

5. To design the layout of the future city using 3D modeling and charting with the
help of Google Charts and Piktochart.

All this makes it possible to involve students in the creation of didactic tools for the
visualization of learning, as a result, it contributes to their professional improvement,
the development of a creative vision of their own future in the technical direction, and
also strengthens their learning and cognitive motivation.

This approach had a positive impact on the educational results of the students from
experimental groups. The data of the input and output monitoring of educational re-
sults of the control and experimental groups of all years of study at the introductory
and final stages of the research are shown in Table 2.

Table 2. Results of students’ professional knowledge monitoring

Stages of Level of knowledge
;E:::i‘)‘;ho/ . High Sufficient Average Low Total
respondents Number % Number % Number % Number %
I year
CG-1
1 0 0 5 20 7 28 13 52 25
F 0 0 6 24 8 32 11 44 25
EG-1
1 0 0 5 20 8 32 12 48 25
F 2 8 8 32 12 48 3 12 25
II year
CG-2
1 1 4.2 8 3.6 11 46.2 4 16.8 24
F 2 8.4 9 37.8 11 46.2 2 8.4 24
EG-2
1 2 7.6 10 38 8 30.4 6 22.8 26
F 19 15 57 5 19 1 3.8 26
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111 year
CG-3
I 1 4 6 24 15 60 3 12 25
F 1 4 8 32 13 52 3 12 25
EG-3
1 1 4 6 24 14 56 16 25
F 4 16 10 40 9 36 2 8 25
IV year
CG-4
I 3 12.9 11 47.3 8 34.4 1 4.3 23
F 3 12.9 13 55.9 7 30.1 0 0 23
EG-4
1 3 11.1 10 37 12 44.4 2 7.4 27
F 7 259 15 55.5 14 51.8 0 27

According to Table 2, at the final stage of the research there was a large increase in
the number of persons with a high level of knowledge (by 8% in the first, by 11.4% in
the second, by 12% in the third and by 14.8% in the fourth year), a sufficient level of
knowledge (by 12% in the first, by 19% in the second, by 16% in the third and by
18.5% in the fourth year). There was also an increase in the average level of
knowledge (by 16% in the first, by 11.4% in the second, by 20% in the third and by
7.4% in the fourth year), as well as a decrease of respondents with a low level of edu-
cational results (by 36% in the first, by 19% in the second, by 4% in the third and by
7.4% in the fourth year). This proves the effectiveness of the work system proposed
by the authors. There were no statistically significant changes in the results of the

control group.
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The given diagram (Fig. 1) proves that in the process of active use of visualization
tools, teachers’ attitude to the visualization of learning and memorizing material has
transformed. Thus, at the final stage of the study, the number of people with positive-
promising and positive attitudes increased by 14.3%, the number of respondents with
a positive-neutral attitude decreased by the same percentage, and there was not a sin-
gle teacher who would retain a negative attitude towards visualization of learning and
memorizing material.

5 Discussion

The similar study was conducted among high school students in several schools in
Indonesia. Similarly, two classes were selected from each of the institutions, one used
visualization tools, and the second did not. This research has confirmed the effective-
ness of learning process visualization [53]. The study among Arab students emphasiz-
es the use of mind maps as a means of visualizing learning material.

Therefore, it has been proven that the use of mind maps helps students to general-
ize long-term lessons and increases students’ participation in lessons and peer com-
munication, which helps to consolidate scientific theories and concepts. Moreover,
this visualization method had a positive effect on the emotional state of students, as
they became more responsive and motivated due to positive contribution to the
learning environment [54]. This research is similar to the present one in the idea of
students’ involvement in the creation of tools for visualizing educational information.
The study by Ikhsan et al. [55] has found that the use of visualization techniques
simplifies memorization and relieves students’ anxiety and gives confidence in con-
nection with improved academic success, which is consistent with the results of the
present study.

Another study has set up the idea of a harmonious combination of various types of
visual information, due to which the quality of didactic materials used in the class-
room should be achieved. Namely, this is the use of interactive multimedia and visual
technologies that consider personal and individual characteristics of students [45].
The developed visualization tasks are also focused on the individual creativity of
students.

Finnish and Italian researchers carried out the experiment that involved the devel-
opment and implementation of effective visualization tools. The research was con-
ducted at the intelligent information systems laboratory of the Tampere University of
Technology (Finland). The researchers analyzed student activity with automatically
recorded user data and created interactive visualizations. It was not the structure of
information for memorization and not the information itself that was visualized to
facilitate learning, as in the case of the present study, but the learning outcomes for
changing pedagogical methods. The latter provide valuable information about the
learning process and student participation in training courses. At the Sapienza Univer-
sity (Italy), a tool has been developed that expands the navigation and search options
in a forum with the help of a thematic paradigm. The tool analyzes the content of a
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forum and automatically identifies topics for discussion [49]. These tools are aimed at
visualizing education processes and organizing the use of teaching methods.

Indonesian study, different in purpose, used mind mapping to measure students’
logical thinking based on criteria such as knowledge, communication, thinking, and
application. This study proved that the use of mind maps improves the quality of
learning [56] as well as students’ performance, as in the experiment conducted in the
present study. Unlike the present research, these tools are technical, they do not re-
quire creativity, critical thinking, and hardly effect motivation and learning outcomes.

Of fundamental importance is the scientific study conducted in secondary schools
in Indonesia. It involved the development and use of a virtual reality laboratory, since
it allowed manipulating objects on a virtual scene similarly to the real world. The
effectiveness of such programs and mobile applications has already been proven for
children [11,18]. The virtual reality lab was designed to improve students’ critical
thinking. The respondents to this study were divided into three groups: the first group
studied objects using a virtual reality laboratory; the second used virtual reality and a
real laboratory; the third worked only in real conditions. The results showed the high
quality of laboratory integrated hybrid learning with virtual reality. The experiment
proved a significant difference in the critical thinking of students of the first two
groups compared to the third one. Students of the first two groups were better at criti-
cal thinking compared to the third group [55].

The results prove the efficiency of using both visualization tools separately and in
combination with traditional teaching methods, so-called hybrid learning model,
which contains traditional and innovative methods, including visualization tools.
Thus, the hybrid learning model has a positive effect on learning outcomes, motiva-
tion of educational and cognitive activities, promotes creativity, logical and critical
thinking of students.

Most studies on visualization of learning and memorizing emphasize on its positive
effect on learning outcomes, creativity, critical thinking, motivation to study and de-
velopment of skills and abilities.

The role of the current research is in the expansion of ideas about visualization of
educational processes in higher education.

6 Conclusion

During the research a questionnaire was proposed to determine the attitude of
teachers to the introduction of visualization of learning and memorizing material, the
content of which relates to students’ specialty. 3-month training was conducted with
the use of information visualization by the mind-map method in experimental group.
After the introduction of tasks at the final stage, compared with the introductory one,
in the experimental group there were large rates of increase in a number of people
with a high level of knowledge, a sufficient level of knowledge, an average level of
knowledge, as well as a decrease of respondents with a low level of educational
results. There were no statistically significant changes in the results of the control
group. Besides, at the final stage of the research, the number of teachers with a posi-
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tive-promising and positive attitude to the visualization of learning increased by
14.3%, the number of respondents with a positive-neutral attitude decreased by the
same percentage, and there was not a single teacher who retained a negative attitude
to the visualization of learning and memorizing material. These results prove the ef-
fectiveness of the work system proposed by the authors and demonstrate effectiveness
of information methods visualization for improving academic performance. The
practical value of the results of scientific research lies in the possibility of using the
questionnaire and tasks developed by the authors in the real educational process of a
modern higher education institution, which wants to maintain a ranking position in the
market of educational service providers.
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