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The establishment of scientific foundations for the integration of information
technologies and innovative educational processes in student learning activities
entails the necessity of creating a basis for transitioning from information processes
to information technologies. The research aims to study the effectiveness of
innovative information technologies in higher education and assess student
involvement in using innovative information technologies. The study relies on
the experimental survey method to assess respondents’ involvement in the use
of innovative information technologies. In addition, the modeling method was
used to increase students’ motivation to study through visualization and other
modern technologies. A training program based on visualization and innovative
information technologies aimed to study their impact on the teaching process
in higher education was developed. The study results show that visualization
technologies improve students’ intrinsic motivation to learn. The practical
significance and further research prospects are due to the possibility of applying
the training program developed in the study in higher education. The program
can also become the basis for developing new training programs to study other
subjects asitis not tied to studying a certain discipline and requires only computer
skills.

information technologies, law, mathematics, motivation, visualization

1. Introduction

Visual information is perceived faster and more directly, as evidenced by the trend toward the
mass use of infographics and data visualization tools in pedagogical technologies (Velichova, 2018).
Mathematics in higher education is increasingly often taught based on the STEM methodology,
which involves direct participation in experiments, gaining knowledge through personal
experiments, and solving real problems (Mystakidis et al., 2022). Occasionally, a dearth of
laboratories and apparatuses hampers the complete realization of this pedagogical approach. In this
case, visualization can be used as follows: pre-made infographics on the topic being studied;
machine visualization and 3D modeling of mathematical models, phenomena, formulas, and
educational materials in the form of videos and three-dimensional cartoons (a higher level of
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memorization and understanding); students can perform tasks aimed at
the visualization of educational materials (Aldalalah et al., 2019).

Innovative information technologies that can be used in the
learning process are three-dimensional visualization and animation,
the ability to view educational materials on mobile devices and online
learning platforms that are widely used in universities and colleges,
visual presentations made by students, etc. Today schoolchildren are
characterized by clip thinking. Consequently, individuals tend to
experience greater ease in assimilating information when it is
presented visually, such as through diagrams, tables, videos, or audio
recordings. These allow the presentation of educational materials
graphically, which contributes to students’ creative thinking
development (Nardi, 2014; McLachlan and Webley, 2021). The
possibilities of using symbols and diagrams to teach mathematics have
also been studied (Presmeg, 2020).

Visualization technologies are also commonly used in law studies
(McLachlan and Webley, 2021). For example, the effectiveness is
characterized by the use of contract comics in law teaching, which
visualizes laws. Information technologies make it possible to focus on
the individual approach and ensure the variability of the educational
process (Maharg, 2016). Individualized learning, implemented with
the help of a computer, takes into account each student’s knowledge
and tracks their academic performance. The interactive and innovative
nature of this training promotes contact between a teacher and a
student while improving information perception and cognition skills.

The pandemic has intensified the use of information technologies
in education (Dwivedi et al, 2020). Distance learning was
implemented with the help of special software that allows theoretical
material visualization through screen sharing (Schneider and Council,
2021). As an illustration, Google Classroom facilitates the
establishment of a virtual educational environment, wherein each
subject can be taught individually, granting access to both teachers
and students (Ramadhani et al., 2019). The Google Classroom
platform offers functionalities enabling instructors to upload
educational resources, pre-recorded videos, audio tracks, and design
assessments. Nevertheless, it should be noted that this platform falls
short of providing a comprehensive video-based solution. Another
group of online learning platforms (Zoom, Skype, and Google_Meet)
has an advantage in the context of educational material visualization
through presentations and online classes (Katz and Kedem-Yemini,
2021). There are also online learning platforms (Coursera and edX)
that offer various online courses and can be used to visualize
theoretical materials (Mutiga and Hullinger, 2021). For example, when
teaching mathematics, the Desmos application is used. This is a
graphical calculator for calculating data, and drawing pictures (Liang,
2016; King, 2017). Also, the 01math platform hosts tasks of various
complexity levels while adapting to students’ knowledge. Thus, the
platform advantage is the focus on personalized learning (Hosseini
et al., 2021). The Moose Math application is aimed at improving
practical mathematical skills, which makes it possible to study
mathematics in a playful way (Laato et al., 2020).

In the educational process, visualization contributes to the
development of professional competencies and technical skills, as well
as memory, imagination, understanding, and critical and strategic
thinking (Wang et al., 2019). Modern trends in higher education
institutions (HEIs) are associated with providing students with
teaching methods that can lead to skills development and foster their
creative and individual thinking (Akhmedov, 2022). Simultaneously,
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educators should be knowledgeable about innovations in

communication and information technologies, which can
be subsequently utilized in various research areas. Concurrently, the
implementation of new technologies in course delivery grants HEIs
competitive advantages.

The primary challenge of implementing innovative information
technologies is the financial constraints and limited government
support for higher education institutions. These factors have led to the
search for innovative means of survival and attracting new students to
the classroom as potential users (Szymkowiak et al., 2021). The
integration of innovative communication technologies utilizing ICT
through computers, mobile phones, and telephone lines for access and
management of electronic data on the Internet enables active student
engagement in the learning process, provides lifelong learning
opportunities, and grants a competitive advantage to institutions that
have not fully realized the possibilities offered (Castro and Tumibay,
2021). Higher education institutions have the potential to incorporate
ICT for effective communication and promotion of their services,
aiming to attract both current and prospective audiences. Additionally,
integrating innovative technologies enables these institutions to
provide cutting-edge tools and resources for their educational
processes (Miranda et al., 2021). While virtual and online learning
experiences cannot fully replace the benefits of physical engagement,
they can greatly enhance the overall learning journey. To foster a
culture of innovation in higher education, it is crucial for institutional
leadership and organizational structures to actively support and
encourage such initiatives (Susilawati et al., 2021). However, upon
reviewing the existing literature, it becomes evident that there is a
scarcity of studies examining the effectiveness of innovative
information technologies, particularly in visualization, within the
domains of mathematics, pedagogy, and legal sciences in higher
education. Future research endeavors are anticipated to provide
deeper insights into this subject matter, addressing existing gaps and
enhancing our understanding of its broader implications.

1.1. Literature review

The rapid development of science and technology and the
pandemic require the use of modern teaching methods and
approaches. In particular, this relates to mathematics education (Bray
and Tangney, 2017). Traditional methods (writing notes and learning
textbook paragraphs, followed by their retelling) have become
outdated and lost their effectiveness in modern realities. Today,
visualization and innovative information technologies are being
updated. They make it possible to present educational materials as
widely as possible and to visualize them to facilitate students’ learning
(Martin-Gutiérrez et al., 2017). Applications such as Zoom, Discord,
WC Online, Blackboard Collaborate Ultra, GoBoard, Google
Hangouts, Skype, Penji, and BrainCert (Johns and Mills, 2021) are
used to teach several disciplines online. The advantages of online
learning encompass multiple facets, including the opportunity for
learners to revisit lectures on multiple occasions, a concentrated
emphasis on the cultivation of practical skills, and the utilization of
visual aids to enhance the comprehension and assimilation of
educational materials. Modern online learning platforms used in
higher education combine education management systems and
applications such as Moodle, Blackboard, Canvas, Brightspace, and
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others. Thus, the educational material can be presented in the form of
text, graphics, and video (Trenholm and Peschke, 2020).

Researchers from Bangladesh proposed the use of the flipped
classroom method. According to this approach, theoretical material is
studied as homework, while classroom classes are aimed at the
practical application of the knowledge gained (Al Mamun et al., 2022).
The flipped classroom model is also considered in the context of the
Massive Open Online Courses (MOOCs) platform, which hosts
online learning courses (Wang and Zhu, 2019). The advantage of both
models is their focus on practice, the availability of an online
assessment, and the possibility of uploading video and audio content.
Vietnamese researchers highlight the impact of the Industry 4.0 model
on higher education, which ensures its informatization, digitalization,
and expansion of functionality (Tri et al., 2021).

Researchers point to the effectiveness of virtual reality in learning
by implementing an interdisciplinary approach in the context of the
Science, Technology, Engineering, and Mathematics (STEM) model
(Mystakidis et al., 2022). The STEM model is distinguished by its
exploration of subjects across four distinct knowledge domains
accompanied by the cultivation of professional skills and competencies
encompassing critical thinking, academic proficiency, and other
relevant attributes (Loyalka et al., 2021). Regarding STEM education,
the examination of mathematics through an experimental framework
is given due consideration (Maass et al., 2019). Moreover, this study
examines the utilization of animation, drawings, and videos as
instructional aids in university-level subjects, emphasizing the
imperative to integrate contemporary technologies, particularly
visualization, into the learning process (Salim and Tiawa, 2015).
STEM education makes it possible to improve mathematical literacy,
technological pedagogical knowledge, and mathematical thinking
skills (Yildirim and Sidekli, 2018). An illustrative instance is the
Geogebra application, renowned for its remarkable efficacy in
facilitating the study of mathematics. The software allows users to
design 3D drawings without using rulers and compasses (Celen,
2020). The SimReal+ interactive application is designed to visualize
educational materials with the help of drawings, animations, diagrams,
and other interactive technologies (Hadjerrouit and Gautestad, 2019).
In addition, the SimReal+ application contains a graphical calculator,
video tutorials, broadcasting capabilities, and video and interactive
simulations for teaching mathematics (Hadjerrouit, 2017).

Artificial intelligence (AI) is used to visualize theoretical material
(Yu, 2020) in higher education. This contributes to the expansion of
teaching methods taking into account an individual approach to each
student’s knowledge level and the use of information technology
(Surden, 2019; Hwang and Tu, 2021). Chinese researchers have
developed an education system based on the VisMis visualization
platform (Zhu et al., 2018). Researchers from Colombia have studied
the features of using visualization in teaching gifted students in the 3D
computer environment (Benedicto et al., 2015).

Researchers from Norway have studied the possibilities of
artificial intelligence and emotional intelligence technologies in legal
education (Carrel, 2019). The findings demonstrate that information
technologies play a dual role, not only aiding students in
comprehending laws but also significantly enhancing their
professional competencies and skills, particularly in the realms of
decision-making and problem-solving. It is highlighted that
visualization increases students’ motivation to learn. Additionally, it
facilitates the rapid acquisition of theoretical knowledge and fosters a
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dynamic interplay between theory and practice, prioritizing the
practical application of the acquired information. The advantages of
the training course are an adequate pace of work, simplicity,
interaction, etc. Researchers from Israel have considered visualization
effectiveness in mathematics in the context of self-efficacy and
problem-solving skills (Kohen et al., 2022).

1.2. Problem statement

The article aims to study the effectiveness of innovative
information technologies, in particular visualization, for teaching
mathematics, pedagogical education, and legal sciences in higher
education. The study objectives are as follows: based on a survey, our
aim was to identify students” involvement in innovative information
technologies, to compare indicators among students of 1-3 years of
study, analyze students’ motivation to study and the impact of
visualization on increasing motivation, and to develop a training
program based on innovative information technologies.

2. Methods and materials
2.1. Sample

The study involved 62 students from three educational institutions:
Kazan Federal University (Elabuga, Russia), Financial University
under the Government of the Russian Federation, and a teacher
training college located in Israel (Kfar Saba) (a total of 186 students).
The sample was formed through a random selection process, taking
into account the stipulated criteria of equal representation among
male and female participants, as well as individuals from the 1st, 2nd,
and 3rd year of study from each respective university Students were
selected at random and invited to participate. In the event of refusal,
an offer was extended to other students, following a similar random
sampling procedure. This process was repeated until the sample was
fully formed. If we consider the total number of students in each
university and college across the 1-3years of study, the acceptable
sampling error should not exceed p=4.87. In other words, as long as
the sample falls within these limits, it can be deemed representative of
the study.

2.2. Intervention

There were three stages in the study. In the first stage, a training
program “Innovative information technologies in Education” was
developed (Figure 1). The course “Innovation and Information
Technologies in the Learning Process” was exclusively undertaken by
participants assigned to the experimental group. The only requirement
was computer skills, as during the training program development, the
emphasis was not on the subject the students studied but on teaching
innovative information technologies.

The training course consisted of the thematic module
“Innovative and information technologies” divided into classes
aimed at familiarizing students with modern technologies,
developing professional competencies, and increasing motivation
to learn (Table 1). To partake in the training program, respondents
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University
teachers

FIGURE 1

Structure of the training program based on innovative information technologies.

TABLE 1 Content of the training program based on innovative information technologies.

Thematic module Thematic module components

“Innovative information Innovative and information technologies:

technologies in the learning process”
- visualization

- online whiteboard

- desktop computers and laptops
- projectors

- 3D printing

- emotional intelligence

- artificial intelligence

- virtual reality

IENS Resources used

- Forming the skill of working - Computer with Internet access,

with modern technologies in headphones, and interactive whiteboards

the learning process; - “Data Analysis with Python” on the

- Increasing motivation to learn Coursera platform (Coursera, 2021b)

- “Introduction to Mathematical Thinking”
on the Coursera platform
(Coursera, 2021c)

- “Handbook of Research on Barriers for
Teaching 21st-Century Competencies and
the Impact of Digitalization” (Dhir, 2021)

- “Emotional Intelligence” (Goleman, 2020)

- “Artificial Intelligence for all” on the
Coursera platform (Coursera, 2021a)

- “Virtual Reality” on the Coursera platform

(Coursera, 2021d)

merely required access to a computer to view educational materials
and videos and utilize learning platforms. The human resources
involved in the learning process are the students (the respondents)
and the university teachers participating in the experiment. All
classes were conducted in university classrooms. For convenience,
the students were divided into several groups of 10-15 people. The
training process took place over 2 weeks. The educational material
aimed to familiarize learners with innovative information
technologies and the possibilities of visualization in the

learning process.

Frontiers in Education 04

The training process by the program developed took place at the
second stage of the study. The training program was uploaded on the
Moodle distance learning platform. Access to the program was given
to teachers and all students. To get acquainted with the program and
view all its components, it was necessary to register with a Google
account. An invitation to join the program and an access code was
emailed to everyone who entered their data. To log in to the system,
each teacher or student was required to enter the email address
specified during registration and the access code. The training
program, the educational material, and links to all websites for
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familiarization with innovative information technologies or
downloading applications needed for training were posted on the
platform page.

2.3. Research design

The study relies on the experimental survey method to assess
respondents’ involvement in the use of innovative information
technologies. In addition, the modeling method was used to increase
students’ motivation to study through visualization and other
modern technologies.

The survey was conducted immediately before the intervention
with a training course (pre-test) and immediately after the end of this
course (post-test). In this case, two tests were carried out. The first is
The Self-Regulation Questionnaires Learning Self-Regulation
Questionnaire (SRQ-L) (Williams and Deci, 1996; Black and Deci,
2000) aimed at identifying extrinsic or intrinsic motivations and its
strength for adult students. This method of studying intrinsic
motivation and various types of motivation is widely known and often
used in practice and academic research. Its advantage is that it has
several specialized and well-validated robust options for classrooms,
schools, universities, or business applications. The second test asked
participants to rate: “Does the use of visualization affect motivation to
learn?” on a 5-point Likert scale (where 1 point was “does not affect
motivation at all” and 5 points was “very strongly motivates”). To
determine the presence of statistically significant changes in the results
before and after the intervention and the presence of differences
between the control and experimental groups, the Student’s t-test was
used. To check the normality of the distribution in the sample, the
Shapiro-Wilk test was used for the pre-test results in the experimental,
control group, and the entire sample as a whole. The results of both
types of tests were checked by a two-tailed Student’s ¢-test. Testing was
carried out in the classroom after the completion of classes with the
direct participation of assistants trained by the researchers to control
and assist in the test performance.

To establish the presence of consistent changes in the quality of
students’ motivation, Pearson’s direct correlation compared the results
of the pre-test and post-test SRQ-L for the same participants. As per
the researchers’ observations, the presence of a correlation signifies a
connection between the changes in individual student outcomes. This
correlation, when examined alongside a ¢-test, may reveal statistically
significant differences; however, it also indicates a consistent alteration
in the motivation levels of a significant number of students. A
correlation between test score changes for a large proportion of
students will show such a change. A study was also made on the
correlation between the subjective assessment of students during the
post-test and the results of the SRQ-L. This correlation was supposed
to show the awareness and accuracy of students’ self-assessment, or
vice versa, and the desire to indicate a positive result in the real
absence of it.

In the third stage, a survey was conducted. First, the respondents
were sent a Google form questionnaire, which consisted of the
following questions: “Which teaching methods are preferred in your
educational institution? (traditional/modern);” “Are visualization and
innovative information technologies used in the classroom?” “Assess

»

your motivation to learn (high, medium, or low);” “Does the use of

?”

visualization affect motivation to learn?” “What motivation factors, do
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you think, affect the learning process?” There was no time limit to
complete the questionnaire.

2.4. Statistical processing

The respondents’ answers were processed in Statistica and
Microsoft Excel; charts reflecting each question indicator were created.

2.5. Ethical issues

The experiment was conducted in compliance with all ethical
standards and anonymity; there were no requirements to provide
confidential information (first name, last name, place of residence,
etc.). The respondents gave their written consent to conduct the
experiment and process data. The survey participants were asked to
indicate their year of study at the time of the experiment. The
integration of a new academic discipline into the experimental group
was meticulously planned and incorporated into the class schedule to
ensure minimal disruption to the ongoing educational process. The
use of the experimental intervention did not adversely affect
participants’ academic performance or interfere with their studies.

3. Results

The normality of the distribution by the Shapiro-Wilk method is
shown for the experimental group where W=1.783; for the control
group, W=1.567; for the entire sample, W=1.271. Thus, it should
be recognized that within the sample as a whole and in each of the
groups (control and experimental), the distribution is close to normal,
and the Student’s parametric t-test can be applied in this case. A
comparison of the results of the test of internal motivation for students
before the intervention showed no statistically significant differences
between the groups (p=1.256); the average values are within the
standard deviation. At the same time, after the intervention, the post-
test shows the presence of significant differences (p=0.001) (Table 2).
This result allows us to suggest that the use of the proposed course
really increased the intrinsic motivation for learning as a result of
gaining knowledge and skills in using tools and methods of
information visualization. The comparison of the results of the
experimental group pre- and post-test also demonstrates the presence
of significant changes (p=0.000) with a significant increase in the
average test score (from 24.17 to 34.59 points out of the 49.00

TABLE 2 Two-tailed student’s t-test results for pre- and post-test of
SRQ-L comparisons.

| " Mean SD df t  p
Pre-test | Exp. 24.17 114 185 7.893 1.256
Cont. 23.02 1.22
Post- Exp. 34,59 1.34 1.973 0.001%
test Cont. 25.12 1.46
Exp. Pre-test 24.17 1.14 92 1.987 0.000%
Post-test 34.59 1.34

#p<0.05.
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maximum allowable). This indicates that the differences with the
control group were not random because the changes in the
experimental group are also significant (Table 2).

The results of a survey with a subjective assessment of the impact
of knowledge about visualization on learning motivation are similar
to the results of the first test. The pre-test showed no statistically
significant differences between the groups. Post-test indicates a
statistically significant difference (p=0.011). For the experimental
group, the difference between the results of the subjective assessment
of participants pre- and post-test also appears to be significant
(p=0.002) (Table 3). Thus, it can be said that the subjective assessment
of the increase in motivation for learning with the development of
knowledge and skills in information visualization also steadily
increases significantly in the group that underwent such training
(from 3.11 to 4.04 points out of the 5.0 maximum possible).

Pearsons correlation between pre-and post-test results gives a
value of r=0.565 for the control group (medium correlation strength)
and r=0.861 (strong correlation) for the experimental group. The
correlation between pre-and post-test results for the experimental
group indicates an even stronger direct correlation, r=0.941. This
means that the majority of participants in the experimental group

TABLE 3 The results of a two-tailed student’s t-test to compare the pre-
and post-test of a survey on the subjective assessment of motivation
(5-point Likert scale).

10.3389/feduc.2023.1190150

consistently increased the values of motivation. The comparison of
post-test results for SRQ-L tests and subjective assessment of
motivation shows r=0.816. Based on the results, it can be concluded
that there is a strong correlation between a more objective assessment
through the SRQ-L test and a subjective assessment. In other words,
students in the experimental group are cognizant of the change in
their intrinsic motivation and comprehend its underlying source.
Their assessment is not only the result of a desire to demonstrate
performance improvement but may objectively correspond to it.

The figures show the descriptive statistics results for additional
surveys. Figure 2 demonstrates the responses to the question “Which
teaching methods are preferred in your educational institution?
(traditional/modern)?” A significant proportion of first-year (56%) and
second-year (55%) students acknowledged the prevalence of
traditional teaching methods, suggesting a lack of progress in the
integration of innovative information technologies within
contemporary higher education. Accordingly, 44% of first-year and
45% of second-year students mentioned a preference for modern
teaching methods in their educational institutions. Among the third-
year students, these figures are 51% (traditional) and 49% (modern).

The respondents” answers to the second question “Are visualization
and innovative information technologies used in the classroom?”
show that the majority of first-year (55%), second-year (53%), and
third-year (57%) students selected the option of “Yes, but rarely” while
the majority of fourth-year students (60%) ticked “Yes, often”

(Figure 3). The “Yes, often” indicators among the first-, second-, and

I S i ¢ P third-year students were as follows: 35, 34, and 33%, respectively.
Pre-test | Exp. 31 0.28 185 7893 1256 Figure 4 shows the respondents’ answers to the question “Assess
Cont. 3.02 0.18 your motivation to learn (high, medium, or low)” The majority of
Post- Exp. 4.04 0.16 1.974 0.011% first-year students (62%) assess their motivation to study as high. At
test Cont. 14 022 the same time, motivation decreases in accordance with the year of
study. A considerable portion of second-year (57%) and third-year
Exp. Pre-test 311 0-28 2 1.987 0.002% (61%) students exhibit a predominantly moderate level of motivation.
Post-test 4.04 0.16 The other motivation indicators were as follows: 30% of first-year
#p<0.05. students have medium and 8% have low motivation; 23% of
First-year students Second-year students Third-year students
= Traditional = Modern
FIGURE 2
The responses to the question "Which teaching methods are preferred in your educational institution? (traditional/modern)".
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First-year students

FIGURE 3

Second-year students

Third-year students

" Yes, often = Yes, rarely = No

The respondents’ answers to the question "Are visualization and innovative information technologies used in the classroom?".

First-year students

FIGURE 4

Second-year students

whigh = medium = low

The respondents’ answers to the question "Assess your motivation to learn (high, medium, or low)".

second-year respondents have high and 20% have low motivation;
30% of third-year students have high motivation and, accordingly, 9%
have low motivation to study.

The results of the question “Does the use of visualization affect
motivation to learn?” show that the majority of the respondents
(first-year students — 65%; second-year students — 56%; third-year
students — 50%) believe that visualization affects their motivation to learn
(Figure 5). However, the “No” indicators were obtained: first-year
learners — 35%; second-year learners — 44%; third-year learners — 50%.

Frontiers in Education

The respondents’ answers to the question “What motivation
factors do you think affect the learning process?” are described in
Figure 6. Among the first-year students, the most common answers
were “self-development” (56%), “motivation” (43%), “interesting
subjects” (38%), and “knowledge” (36%); the second-year students
noted, “knowledge” (46%), “self-development” (49%), “motivation”
(52%), and “diploma” (38%); third-year students indicated “application
of knowledge in practice” (63%), “knowledge” (60%), “self-
development” (52%), and “diploma” (37%).
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Second-year students

= Yes ®mNo

FIGURE 5
The respondents’ answers to the question "Does the use of visualization affect motivation to learn?".

First-year students Second-year students

. Self-development = Motivation = Knowledge

* Interesting subjects - Knowledge

= Motivation  Diploma

Third-year students

= Application of knowledge in practice
= Knowledge
- = Self-development

- Diploma

FIGURE 6
The respondents’ answers to the question “What motivation factors, do you think, affect the learning process?".

in education not only in China but also in other countries. For

4. Discussion example, Turkish researchers studied the self-efficacy of teachers
in the context of modern technology applications (Dogru, 2017).

The analysis of the results obtained shows the relevance of ~ As a result, a self-efficacy scale was developed, and it was
studying the effectiveness of innovative information technologies ~ concluded that modern technologies are highly effective in
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training. This is consistent with the findings of the present
study’s experiment.

The features of using modern technologies in legal studies were
analyzed by Polish researchers (de Aratjo, 2021). The results show that
new technologies contribute to the development of information skills
and professional competencies in law, in particular civil, family,
corporate, and arbitration proceedings. The researchers noted that the
ability to present information as well as current research increased
motivation and engagement in law education.

The impact of information technologies on the management of
computer science classes has been analyzed (Barinova et al.,, 2018).
The research advantage is the study of the impact of modern
technologies and information visualization on the effectiveness of the
learning process, in particular, students’ academic performance. The
effectiveness of information technologies in monitoring the learning
process was confirmed. The described method can be applied not only
in monitoring the study of computer science but also in other
subject areas.

English researchers have studied the features of interactive
visualization and personality-oriented education (Firat and Laramee,
2018). Based on the analysis of the results, it was concluded that
interactive visualization facilitates the perception of information and
the educational process. It is preferable to classify potential resources
for the study of modern technology applications in the learning
process by thematic groups. There was a similar study in the USA,
which confirmed the impact of interactive visualization on students’
motivation to study (Schweitzer and Brown, 2007). The researchers
also described a method for involving students in the educational
process—active learning based on visualization.

In Spain and the USA, self-organized maps (SOM) were developed
to visualize theoretical materials (Qian et al., 2019). This approach
stands out for its utilization of self-organized maps, which enhance
the learning process, effectively save time, and aid in organizing and
delivering information in a more accessible manner. SOM (Self-
Organizing Map) is a machine learning technique that employs
dimensionality reduction based on property similarities to visualize
the relationships among materials in a multidimensional dataset. In
this study, Self-Organizing Map (SOM) was employed to investigate
the correlations among 21 material properties in a dataset consisting
of more than 398 commercial materials. The trained SOM model was
visualized using U-matrix maps, clustering maps, and heat maps. The
clustering and heatmaps derived from SOM were employed to identify
unique materials and establish correlations between material
properties and the underlying material structure.

Many learners must cope with a visual barrier that they are not
even aware of (Parzysz, 1988). The use of digital tools to investigate and
study 3D objects could help students overcome visual obstacles.
Komatsu and Jones (2020) reported that students with limited spatial
vision managed to deal with mathematical problems using
technological tools. In their study, they employed Dynamic Geometry
Environments (DGE). The authors analyzed lessons with students from
a secondary school (aged 14-15; 9th grade). As a result, they revealed
that the incorporation of Dynamic Geometry Environments (DGE)
helped students in their ability to generalize the concepts they had been
taught. While initially unable to achieve generalization when using
DGE, the authors later succeeded through a combination of paper,
pencil, and innovative technologies. That is to say, the use of
technological tools combined with adequate meditation by a teacher
has an important role in closing gaps.
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Chinese researchers studied the effectiveness of 3D printing in
teaching mathematics and concluded that this type of visualization
improves thinking skills and understanding of instructional materials
(Sun and Li, 2017). The innovative teaching method was implemented
during the study of geometry by students. Following a mathematical
equation and the representation of the Mdobius strip in MATLAB
3DMAX, and other software tools were utilized to create 3D models,
enabling the visualization of the three-dimensional form of the
Mébius strip. From the exploration of mathematical equations to the
completion of printed works, although more demanding and rigorous
compared to traditional mathematical education, this approach proves
highly beneficial in terms of the depth and breadth of learning.
Throughout the learning process, students demonstrated their creative
abilities, which were not necessarily confined within the boundaries
of mathematical disciplines. This instructional approach lays a robust
groundwork for the exploration of mathematics and other academic
disciplines in subsequent years, contingent upon students acquiring a
sound comprehension of spatial concepts and graphics. The
mathematics textbook itself offers various types of instructional
activities and specific materials for teaching, but it may not fully meet
the practical needs of teaching. Teachers can utilize 3D printing
technology to facilitate the teaching of spatial concepts and graphics,
employing 3D printed instructional materials to enhance visualization
in mathematics education. Within the mathematics classroom,
students have the opportunity to cultivate their spatial learning
models, a practice that has the potential to enhance student
engagement, foster enthusiasm, and ignite their curiosity and capacity
for innovative thinking. Additionally, students can employ physical
models to verify the accuracy of their graphical representations,
thereby enriching their learning experience.

In addition, Australian scholars considered visualization in the
context of enhancing students’ spatial thinking and math performance
(Lowrie et al, 2019). The study results show that visualization
technologies improve students’ academic performance and motivate
them to study. This study aimed to investigate the effectiveness of a
spatial visualization intervention program in enhancing students’
spatial thinking abilities and mathematics achievement. The
participants consisted of 327 students from 17 classes across 10
schools, with nine classes assigned to the experimental group and
eight classes serving as the control group. The intervention program
was implemented by classroom teachers over 3 weeks, while the
control group received traditional mathematics instruction. Compared
to the control group, the intervention group participants exhibited
notable enhancements in their spatial cognitive skills, specifically in
the domains of spatial visualization and spatial orientation. The
intervention group also exhibited significant improvements in their
mathematics test scores; participants in the intervention group
outperformed their counterparts in the control group in geometry and
word problem tasks but not in mathematical questions requiring
graphic decoding (non-geometry-related graphical tasks). These
findings provide evidence that the spatial thinking enrichment
program implemented by teachers within their classrooms can
enhance both spatial thinking abilities and mathematics achievement.

The practical significance and further research prospects are due
to the possibility of applying the training program developed in the
study to teach mathematics and legal sciences to university students.
Also, the training program can become the basis for the development
of modern programs to study other subjects as it focuses on innovative
and information technologies rather than disciplines. Based on the
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results obtained, the impact of innovative information technologies
can be studied in different universities around the world in a
comparative context.

5. Conclusion

The experiment findings indicate the need to introduce innovative
information technologies into curricula and training programs. A training
program that aimed to introduce innovative information technologies of
information visualization into the learning process was developed. A total
of 186 participants took part in the study, consisting of three groups
comprising 62 students, each from two universities and a college. They
were divided into experimental and control groups, from which the
experimental group received intervention in the form of a training
program “Innovative information technologies in Education” developed
by the author. The Self-Regulation Questionnaires Learning Self-
Regulation Questionnaire (SRQ-L) was used to assess change in intrinsic
motivation. Statistically significant positive changes in the intrinsic
motivation of students in the experimental group were ascertained
through the utilization of the Student’s #-test, both in comparison to the
control group and in comparison to the pre-test results of the experimental
group. There is also a strong correlation between participants in the
treatment group between their test scores, which further captures that the
positive changes are the result of the proposed intervention. It was found
that in the learning process, modern technologies are used by 44% of
first-year, 45% of second-year, and 51% of third-year students; 60% of
fourth-year respondents reported that visualization and innovative
information technologies are used in the educational process. The
majority of the respondents (first-year students — 65%; second-year —
56%; third-year students — 50%) believe that visualization affects their
motivation to learn. Among the first-year students, the most common
answers were “self-development” (56%), “motivation” (43%), “interesting
subjects” (38%), and “knowledge” (36%); the second-year students noted,
“knowledge” (46%), “self-development” (49%), “motivation” (52%), and
“diploma” (38%); third-year students indicated “application of knowledge
in practice” (63%), “knowledge” (60%), “self-development” (52%), and
“diploma” (37%). The practical significance and further research prospects
are due to the possibility of applying the training program developed in
the study to teach mathematics and legal sciences to university students.
Also, the training program can become the basis for the development of
modern programs to study other subjects as it focuses on innovative and
information technologies rather than disciplines. Based on the results
obtained, the impact of innovative information technologies can
be studied
comparative context.

in different universities around the world in a
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