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Abstract

Regular inventions and development in all areas of information technology provide new ways and
opportunities for progress in teaching and education methods. They can improve teachers’ skills to present
information interactively if compared to conventional methods. This method can help students by providing
them information through channels and methods that may be easier for comprehension, processing, and
searching/retrieving. The aim of the study is to formulate an applied implementation of student professional
competence development in vocational training by means of multimedia technologies a case study of
mathematical subjects. The shell software is designed in Borland Delphi 7 development environment.
While embodying the training system, theoretical and data-aware and developmental methods are used.
The paper reports on an approach to teaching mathematics courses by integrating significant multimedia
technologies into the learning process. It is found out that multimedia technology applied in teaching
mathematics within the higher education curriculum is a way to enhance the effectiveness of using
information technologies in learning activities. The findings show that the appropriate involvement of an
animated effect in the resources can assist cognitive processes that focus on selecting information,
producing presentation models, and reasoning, thereby contributing to studying capacity. The application
of the developed software improves student professional engagement.
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1. Introduction

One of the most important objectives of the Development Concept of Education in the Kyrgyz
Republic (Kyrgyzstan) for 2012/2020 is to use new opportunities for educational information technologies
in learning. The use of up-to-date information technologies in learning experiences allows one to arrange
training promising and dynamic and makes a vast data flow studied more available.

The introduction of electronic resources into teaching and learning activities, including multimedia
learning system (MMLS), makes the studies more intense, gives opportunities for individualization of
learning, promotes the visual aids’ illustrative purpose, combines theoretical skills with hands-on
experience, increases and keeps up students’ learning motivation. The declared issue is reviewed in many
studies.

Vagg et al. (2020) studied medical students’ attitude to the use of various multimedia learning tools.
Malhotra and Verma examined (2020) the ways of applying multimedia presentation attributes and
therefore used for engineering educational objectives. Park et al. (2019) argued that multimedia
technologies have a positive impact on the user’s perception of learning convenience, followed by a better
adoption of multimedia technologies for learning.

The results of the study by Mutlu-Bayraktar et al. (2019) showed that most part of the cognitive load
studies conducted so far in the multi-media based learning environment used STEM subjects.

Educators often use multimedia technologies when teaching their subjects on purpose. Yohannes et
al. (2016) described an approach to teaching mathematics courses integrating meaningful multimedia
technologies to stimulate the learning activities. Jian-hua (2012) studied the effective combination of
University physics and multimedia used to optimize teaching physics as a basic elementary college course.

Zhang (2012) proved that the use of multimedia technologies in education allows teachers to model
the final results and help students apply the knowledge absorbed from textbooks, thereby compensating for
the shortage of conventional teaching methods. Kolmanic et al. (2013) presented a SIN multimedia training
tool, which was developed for the computer-assisted theoretical knowledge transmission during fire guide

training, where emergency response was visualized in a student-friendly environment.
2. Problem Statement

The problem of teaching and learning mathematics can be regarded as a series of issues, such as of
regular method admission, the lack of a teacher’s creativity, and complex illustrations (Pardimin et al.,
2018).

The present-day technological systems have opened up a world of opportunities for educators at all
levels and in all fields. This research concerns the part that technological resources can take in encouraging
or promoting the cognitive processes that make understanding and learning possible. In particular, they are
supposed to explore within the cognitive theory of multimedia learning and the cognitive load theory
(Mayer & Moreno, 2002), the advantages of minor adaptions to multimedia resources. In this case, applying
an animated effect to a handwritten text referred to mathematics can be an excessive and too high quality

of training (Oksiiz et al., 2009).
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The article suggests a teaching aid as represented by mathematics Multimedia Learning System

(Atkinson, 2005) as a way to make student professional competence more effective.
3. Research Questions

When designing MMLS in mathematics, it is necessary to take into account the importance of this
subject when students study general professional and specific courses. Mathematics is considered to be the
basis of scientific knowledge in technical university as it allows students to gain insight into different kinds
of the Natural Sciences and solve their problems, and cognize a specific character of common laws or
patterns (Semenova, 2007).

The study describes MMLS software intended for teaching students mathematics. It is generated
according to the didactic principles of selecting the content of educational materials. These are purposeful
nature, scientific character, intelligibility, regular character and consistency throughout (arrangement of
ideas for presentation) (Atkinson, 2005). The program has a simple and user-friendly interface. It makes

training more effective and advanced navigation system for quick access to the content involved.
4. Purpose of the Study

The research aims at embodying the method of mastering student professional competencies that go
into professional higher education through multimedia technologies and supported by the resources on the

subjects related to mathematics.
5. Research Methods

The software shell was designed using Borland Delphi 7 environment.

When designing the presentation of the aids content in the system, the authors used academic and
information and developmental methods. Theoretical methods comprised formal characterization,
induction, and deduction. The authors selected those methods among information and developmental ones
that let students receive educational information ‘out-of-the-box’. These are a teacher’s presentation (a
lecture, a story, an explanation, a conversation); the speaker’s presentation (educational video); self-
controlled reading of the textbook through the training software (programmed learning) (Semushina &
Yaroshenko, 2001).

The pedagogical experiment on testing was held in the 2016/2017 academic year. 22 students
majored in Applied mathematics and Computer science and 16 Software engineering students from the
Kyrgyz State University of Construction, Transport and Architecture n.a. N. Isanov participated in the

study. Five lecturers of mathematics from various universities also took part in testing the software.]
6. Findings

To embody the content of the software system, the authors chose a University mathematics course

that includes Linear algebra and Elementary mathematical analysis sections.
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The components of the system are interconnected and located in a common shell. The multimedia
learning system covers several modules:

= atheoretical module that contains lectures on the course units;

= a presentation module, where the topics are displayed graphically;

= amodule of hand-on activities for solving the course problems, to perfect the content studied;

= amodule of test questions and self-study for each section.

The designed shell implements technology for preparing various types of tests. A student can check
the progress level of the content studied individually with the tests. Therefore, there is constant feedback
provided in this way. It can increase personal learning skill achievement. The testing system of the software
allows an educator to evaluate the correctness of the student’s answers to the questions suggested. After
testing had been completed, information about the results was provided. To avoid the possibility to
remember correct answers, the authors used a database of assignments, where the options are randomized
and taken as an acceptance sampling.

The theoretical module includes topics that correspond to the syllabi and curricula composed
according to the State Educational Standard of Higher Education in the Kyrgyz Republic. The demo part
was addressed to the high-quality interpretation of the topics discussed.

During the study, the authors selected practical multi-level and multi-choice tasks and
demonstrations/showcases for each topic.

When developing the interface of a multimedia learning system, the authors were guided by the
principle of simplicity and operation comfort of the program. A user who logged in as an administrator
could view the rating log and the group table. To get to know the theoretical materials of the course, a user

selects the topic from the suggested sections in the main menu (Figure 1).

File Advanced Testing Printing Help

Topic#l TOPIC 1. MATRICES. ACTIONS ON MATRICES
Topic2 Basic concepts

A matrix of size m*n is a rectangular table of num
Topick3

mn 1. Linear Aleehra

Figure 1. Window to view selected topics of lectures

A visual representation of the theoretical material on the selected topics can be clicked on the menu
item Advanced tab — Demonstrations (Figure 2a). After the selection, a visual representation of the topic

appears on the screen (Figure 2b).
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Figure 2. Selection box Demonstration: Linear algebra

After studying the theoretical material, a student can get to practice using the Practice command in

the Advanced menu (Figure 3).

File Advanced Testing Printing Help

Practice: Linear Algebra I
£ Fractice: mathanalpsic I
& Decision:
% Control questions "
E Demonstration: the basics of A. Kramer's method
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bl e o
Control questions r d=| S21 |=T=2F+5=(-5)={-1)+2=(-X)=1-
B independentuork o
t
| i ~242(-5)-3:5+(-3)~T+1=(-1)=42+25-6+20 +
2 Topick4
+45+ 7 =133
Topicss
. =)=
Topické Ar=| 1121 |=2:2:3+00=(-5)+(-1)+14=(-T)=1~
14 -1

Figure 3. Practice view window

A student who had studied the theoretical material could take a test, where a database of randomly

selected 20 out of 50 questions for each examinee was offered (Figure 4).

Question 1. Find C=24-3BT if

o e 25 G|

LI S

S
T e o D] SR VY e
Answwer options:
1.a
5
3.c
4.d
VWariants
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k1
cl
d]

Current question
1

Figure 4. Test window
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After passing the test, a tester posted grades according to on a five-point scale. The scores entered
in the records. The Assessment Log/Records form is available for an educator or administrator only (Figure
5).

‘4 Rating Log =
# - Full Name -~ Group - | Testl - | Test2 - |TestDate -
1 Andshev M. PInl-16 unsatisfa unsatisfa 30.04.2017

2 Badygov D. PInl-16 unsatisfa unsatisfa 25.04.2017
3 Kasynbek B. PInl-16 good good 28.04.2017
4 Konyshev T. Pinl-16 good good 02.06.2017
E Kim A. PInl-16 satisfactc satisfactc 02.06.2017

Selection by group Selection by test date

- 1TR1T ;|
First half results Frint Delete
Select Cl
Second half results . Remove the filter osE

Figure 5. Window for viewing students’ grades according to test results

The illustrating part of the software in Linear algebra and Elementary mathematical analysis sections
is made up of elements of computer-generated imagery. It helps students to master the missing material
individually, perform practical activities and get prepared for the class, report, or exam effectively. If a
student does not understand any part of the training content, he/she can revise that fragment. Reproduction
of the training content for many times allows one to implement the tutoring mode of this module, which is
used for individualization of learning. Step-by-step presentation of solutions for typical problems is one of
the most important stages of training: it forms students’ knowledge - acquires new theoretical knowledge,
new techniques and methods for solving problems. The content of this module implements the
methodological component of developing professional direction of teaching mathematics at a higher level
than with traditional teaching technologies, due to software capabilities, audio support, interactivity, and
organization of tutoring mode without a teacher’s participation.

During the pedagogical experiment, the authors determined average scores in groups before and
after applying MMLS in mathematics. Before applying it, the average score of applied mathematics
students was 3 points and 4.1 points after using it. Before applying the system, the average score of Software
engineering students was 2.8 points and 3.8 points with it. The authors emphasize the number of those
students who achieved top marks increased by 36.6% and others by 35.7%.

A more detailed observation showed that there were significant positive changes in the components
of professional competence. These were the ability to use mathematical Sciences in solving professional

problems; the ability to perceive, generalize and analyze information, set a goal and choose ways to achieve
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it; the ability to acquire new scientific and professional knowledge using present-day educational and
information technologies.

The survey of students proved a positive attitude to the program as convenient — 60%; the interface
is quite good - 77%; the content is easy to learn - 92%; it helps in learning the content - 86%; hand-on tasks
are difficult - 78%.

The authors surveyed educators who teach linear algebra and mathematical analysis. The results are

shown in Table 1.

It could be seen from the responses that educators took a favorable view of the designed MMLS.

Table 1. Survey findings of mathematics teachers

Questions Answers

The content module of the subject is at a higher level than with conventional

A th . . . . .
ssess the program technologies of teaching mathematics due to the rendering capability of

interface . . . o
educational information and animation.
MMLS meets the requirements of the State Educational Standard of Higher
Assess the possibility of Professional Education.
using it in one’s teaching It was positively evaluated as one of the modern teaching means of

mathematics to improve student professional competence.
The testing module provides a step-by-step improvement of academic
Assess the test tasks achievement, contributes to generating teaching effects, taking into account
the results of testing learning activities.
After having applied the system, the authors noted that students mastered
Assess the changes in both theoretical and practical problems; developed the ability to formulate
students’ achievements professional competencies, visualize and solve mathematical problems.

7.  Conclusion

Multimedia Learning System develops students’ skills in setting and solving mathematical
problems. Its use as a learning tool lets one treat academic interaction between students and instructors in
a new manner. It also allows each student to live up to their intelligent potential as much as possible.

The usefulness of the software is that it can be used not only to inform on facts supplied with visual
aids but also to illustrate particular processes that cannot be presented using standard teaching techniques.

Multimedia Learning System can be successfully integrated with learning, and hence it will enhance

the skills and call for an advanced learning differentiation.
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