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6.4 Software package mathlab in linear algebra teaching

Using of mathematics software packages 1s one of indicators of the professional
leaming level of university graduates i information computer technologies (ICT). The
problems of linear algebra are easy to algomthmmze To increase the efficiency of
students’ professional competencies formation, 1t makes sense to talk about algorithms
in the form they would be performed by a computer. The ICT use i linear algebra
teachmng 15 becomung relevant. The main types of educational software are electronic
textbooks. mathematics software packages and momtoring software. Electronic
textbooks are used at lectures. There are textbooks with built-in knowledge control
tools. Some textbooks contamn practical tasks. However, there 1s no educational virtual
environment for practical tasks. Mathematics software packages Mathematica, Maple.
MathCAD. Matlab are used at practical classes. They will automate arthmetic
calculations and enable students to focus on the essence of method In some
mathematical packages. mcluding Matlab, tools for the distance development of a Web
application focused on complex calculations were developed.

Momitoning software diagnoses checks and evaluates the knowledge. abilities
and skills of the student. The linear testing algorithm 1s the simplest. For each student,
a test vanant 1s generated in a random order from a task repository. At linear and
randomuzed testing. all participants have test questions of the same complexity. For
example, the Google Forms service 1s widely available; it allows randomizing
responses and uploading data 1 Excel format.

The programmung language Matlab was developed by Cleve Moler. the Dean of
Computer Science Department of New Mexico Umversity i the late 1970s
(Wikipedia). John Little together with Cleve Moler and Steve Bangert rewrote Matlab
i C programming language and founded The MathWorks. At the moment. Matlab 1s
a high-level language and interactive environment for developing algorthms,
calculations, visualization and data analysis. It was ongmally developed for control
systems desigming. Matlab has quickly gamed populanty in many scientific and

engineering areas. The Matlab package 15 effective in the educational process,
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particular, linear algebra teaching. In 2004, the Ministry of Education and Science of
Ukraine decided to implement it the semor classes and universities. According to the
UNESCO ICT Competency System. teachers who have sufficient competencies in ICT
using in their professional practice will be able to ensure a lugh level of educational
quality and effectively promote the students” ICT competences development (Terms
of use — CC BY SA).

The Matlab environment use in diploma theses and dissertations will increase
the complexity and importance of research. It will sigmificantly redistribute the
workload of teachers from homework tasks assessment to network project management
in the Matlab environment. For example, the Emndhoven Techmical University in the
Netherlands ( Technische Universiteit Eimndhoven), most parts of scientific and teaching
equipment are designed by students and produced within the educational process. So,
it saves funds for the purchase of laboratory equipment.

Matlab 1s one of the ICT student’s educational tools. On May 16. 2019, the First
International Scientific and Practical Conference “Matlab and Computer Computing 1n
Education, Science and Engmeening” were held at the Kyiv National Awiation
Umversity.

One of the key prionities of UNESCO 1n the education field 1s to assist UNESCO
Member States in developing a strategy and implementing a policy for informatization
of education: national education systems modermzing through the mtroduction of
mnovative models of management of educational mstitutions, as well as a strategy for
solving problems of improving the quality of education using of modem ICT and
advanced pedagogical methods into everyday teachmg practice. The IT development
and mmplementation in education 1s constantly bemng researched by scientists of
mtemational orgamzations: UNESCO. UN, European Umeon, Council of Europe and
others. The works of S. Peipert. M. Rezmik. E. Pataralan. E. Polat, A Khutorsky, B.
Yarmakhov, A Yastrebtsev, V. Bykov, N. Zhaldak N. Zgurovsky, V. Kukharenko, V.
Lapmsky, N. Morze, A Pilipchuk, S. Rakova, S. Semenkov, E. Slovak, A Stryuk, M.
Shishkina and other researchers are devoted to this 1ssue.
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The purpose of paper 1s to present the capabalities of the Matlab package in linear
algebra teaclhing using practical tasks.

Tvpical tasks of linear algebra are: finding a solution of linear equation systems.
calculating the values of determinants and the matnx rank finding a linear operator
matnx, studymng the roots of polynomials 1n one variable (Robert A Beezer. 2006).
Linear algebra tasks are easy to algomthmuze, but their implementation in the
mathematical package Matlab 1s possible.

Let’s consider matrices. Matnix elements are given in square brackets. Elements
of one line are separated from each other by a space or comma. Lines are separated by
a semicolon. To refer to a smgle matrix element. the matrix name and element indices
in parentheses should be specified.

Basic operations with matrices:

. A + B 15 addition of matrices A and B (operation 1s possible with the same
order of the matrices).

* A - B 1s subtracting of matrices A and B (operation 1s possible with the
same order of matrices).

. A * B 1s production of matrices (an operation 15 possible when the number
of columns of the matrix A is equal to the number of rows of the matrix B. The
operation 1s not commutative).

. A * In the element wise multiplication of the matrices A and B of the same
dimension.

. A / B element wise division of the matrices A and B of the same
dimension.

* A~k element wise raising of an array to k degree.

. A “transposition of matnix A

. A " —1 (or v (A)) calculation of the mverse matrix A — 1 (the mverse
matnx exists for square matrices whose deternunant 1s nonzero).

. det (A) calculating of the matnx A detenminant.

. size (A) defimtion of the matnix A dimension.

. trace (A) the sum of the elements on the main diagonal
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. sum (A) the sum of the elements in each matrnix A column.

. prod (A) 1s the product of the elements 1n each column of the matrix A
. diag (A) the column vector of the elements of the matrix A mam diagonal.
. sort (A) sorting of matrix A each column.

. max (A) calculating the maximum in matnx A each column.

. min (A) calculation of the mimimum 1n matrix A each column.

. mean (A) calculation of the average value in matrix A each column.

. rot90 (A) rotation of matnx A to the left by 90.

. fliplr (A) flip of matrix A from left to right.

. flipud (A) flip of matnix A from top to bottom.

. A (n. ;) =[] deletion of the row number n from matrix A

Let’s consider the example. Matrices are grven

-3 5 13 2 9 -8
ﬂz(ll -5 ?),Bz(l —15 14)

2 -1 -a 4 =12 3
Calculate
A+B. A-B. A'-B.B-A |A|. [B|. Al B’ Set the matrix in the command window
of the program
=18]

H arct e - I
4 [E o = [ Findl Fis
Pow  how  Maw Open LiGomgwe | WRELE | COCE| ENMPORMENT | RESCLACES
SOl Liwa Sorpd - -
ST [l ¢ o e e b b b Coresns b RATLAE 5
| i ok - )
[ e 7 »» mm[=3 § 131 1L =5 78 3 =1 =6l =

-5 B 1a

i1 -5 7

| i -5

e h=[Z 8 =O; 1 =15 147 & =12 1]

bt ® .
hiowe - s
s Y| ] a -
i -2 1 -1% L4
b E-_ = a -1z 1 =
o ol L sl 1 E

Figure 1. Initial data
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== mHo > &l
anE = ans =
1 14 5 51 —Z58 133
12 -Z0 1 ] =0 —-137
5 =13 -3 -=1 105 18
¥r A= > D
ans - ans =
] | z1 T &7 137
10 o -7 B (11 -1TH
-2 11 =3 138 T E0
1. S
| | 4] |
Figure 2. Sum and disparity result Figure 3. Multiplication result
[ ——————— —
7> d=tia) N
ans =
ans =
0,1341 00618 0,363
276 0.2e8% =0.0I%0 0, 5942
=0.0038 0.0I5% =0, 1%4%
x> dat (B) e
ARLE = mmnm =
3350000 0,3628 n.203%5 o, o177
[~ £-1-F O-RiZl =@, 108
0.1491& o.1770 0, 1150
E s | &
| | ] —

Figure 4. Result of finding the determinant Figure 5. Result of inverse matrix finding

In the example, the matrices are not shown. Operations are executable. Lmear
equation system. The system of linear equations 1s given:

Iflll.'I'l + I'.-I!-l:x: + "'+ RLHIH = Cl.
@z X; + Qzn Xy ot Anp Xy = Cay

A Xy T ApaXs + o+ Qupdy = G
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1y e Oyp
A=| - .« .« |— the matnx of coefficients;
Qpg e Opg

cJ.
C= ( ) — column vector of free members:

X,
X= ( ) — column vector of unknowns;

Given |A| = 0, the system has a single solution.

-3 5 13 46
A=(11 -5 T), C=(22).
2 -1 -6 —18

Let’s consider three ways to solve a system of linear equations using Matlab.

Example:

Table 1. Ways to solve a system of linear equations using Matlab

1 way. Using the built-in function

Function linsolve( A.C) == X=lnsolve(A.C)
X =
1.0000
1.0000
1.0000

2 way. Using matrix division right to left

The matrix determnant A 1s ==det(A)
calculated ==N=A\B
Vector X X=
1.0000
1.0000
1.0000
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3 way. Gauss method

Construct the extended ==P=[A. (]
system of linear algebraic -3 5 13 46
equations matnx using honzontal 11 -5 7 22
concatenation. 2 -1 -6-18
Reduce the matrix Pto a ==P = mref(C)
triangular form_ using the bualt-in P=
rref (P) function. 1.0000 0.0000 0.0000 1.0000

0.0000 1.0000 0.0000 1.0000
0.0000 0.0000 1.0000 1.0000

Assign the value of the last =X =P 4)
column of the matnix P to the X=
vector X 1.0000
1.0000
1.0000

If the course of the solution 1s not important. then the command “a'c™ 1s used.
To solve the system of linear equations by the Cramer method. it 15 necessary: to set
the mamn matrix of coefficients for unknowns: set auxiliary matrices; calculate
unknown systems of equations by dividing the deternunant of the corresponding
auxiliary matnix by the determinant of the mam matrix.

To solve lmear systems or nonlinear equations. Matlab has a special solve
function. It 1s necessary: to determune symbolic vanables. calculate unknowns by the
formmla [x1, x2, ...] = solve (‘equationl’. “equation2’, ). derive the found solution
with a given accuracy using the vpa function (vanable, mumber of characters).

The graphical method can be applied to systems of dimension 2 or 3. It 15
necessary: to set symbolic vanables. a function. design a function graph. add gnd lines
to the graph, use the graphic “magmfier” to scale the graph to achieve the required
accuracy in determiming the roots of the equation, the abscissas of the intersection
points of the graph of the function are the roots of the equation.
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To study the system of linear equations for compatibility and finding the only
solution, the script file can be developed:
disp ('System Compatibility Study’)
disp (")%s display an empty string on the screen
disp (Mam matrix:")
A =[-397 399 407; 405-399 401: 396 -395 -400]
disp (Number of equations:’)
n=length (A (:. 1))
disp ('Free member vector:")
C=[440. c. 22, c. -18]
disp ("Extended matrx:")
AC=[AC]
disp ("Extended matrix rank:")
rAB = rank (AC)
disp ('Rank of the main matrx:")
rA = rank (A)
% Compatibility Check
% if r (AC) 15 not equal to r (A). then the system 15 incompatible 1f tAC ~=1A
disp ('System 1s ncompatible:")
% if 1 (AC) =1 (A) =n. then the system has a unique solution
elseif (rAC —rA) & (tA —n)
disp ("The system has a single solution:")
X = lhinsolve (A. C)
disp ("Check:")
C =A*X
% if 1 (AC) =1 (A) <n. then the system has mfimtely many solutions
else (tAC —rA) & (rA <n)
disp ("The system has infinitely many solutions:")
end
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There 15 the development of educational courses with automatic venification of
homework, the mtegration of Matlab with modemn and inexpensive equipment. a large
number of leaming wvideo courses. documentation and many examples of code
(Garnison. D and Vaughan, N.. 2007). For example, Matlab Grader 1s a free teaching
and leaming environment based on Matlab. It designs the interactive learming courses,
automatically evaluates students” work 1n real time, views the results of students
completing mdrvidual tasks. compiles performance analysis for each student
establishes a weighted method for assessmg of test tasks. uses libranes of reusable
examples of courses and tasks, adapts courses for use outside the desktop for all users,
mtegrates courses into the learming management system. To develop the interactive
traimng courses. the teacher needs to create an account on www mathworks com. It
should be linked to the university’s license. After the registration, 1t becomes possible
to develop a new course or use the available layouts and adapt them to the
requirements. At a new learning course development. 1t 1s necessary:

. develop task’s descniption.

. write the supporting decision.

. make a blank for students.

. write tests.

. check your decision.

It 15 necessary to add students to the course. Students are notified by email and
recetve a lmk to access the course. They should log in using thewr mathworks com
account password and email address. Matlab also has the ability to develop the
mteractive courses in the Live Editor. This application allows creating lectures,
laboratory and practical works combmed theoretical matenial, mathematical equations,
program code and code execution results. Each block of the document can be launched
mdependently and visualized code execution immediately after its execution.

274 first-year students of the Faculty of Physics, Mathematics and Informatics
of Kherson State University took part in the pedagogical expenment on the
mtroduction of MATLAB 1in the course «Linear Algebran. During experiment the
following tasks were solved: study on formation of mathematical competence;

445



THEORETICAL FOUNDATIONS OF THE FUNCTIONING OF EDUCATION. WAYS TO
IMPEROVE THE EFFECTIVENESS OF EDUCATIONAL ACTIVITIES

disclosure of methodical features of teaching the course «Linear Algebray» with the use
of ICT; mtroduction of the MATLAB software environment in the process of leaming
linear algebra; assessment of the effective use of the environment in the discipline
teaching process.

At the theoretical stage, the cumcula mn the «Lmear Algebray discipline for
specialties were analyzed. The possibility of linear algebra elements using i the
studying process was exanuned. The methods for deternuning the effectiveness of
expenmental techmques were selected, as well as the forms of experiment conducting
and results controls were established.

At this stage there was compiling of theoretical material that must correspond to
the content of the curmculum, as well as the selection of problems mn linear algebra for
practical solutions that can be proposed dunng practical classes and which can be
mmplemented using the MATLAB environment During theoretical stage student
surveys. individual interviews and pedagogical observation were used.

The formative stage of the experiment 1s characterized by the introduction of the
MATLAB environment in the leaming of elements of linear Homogeneity and
representativeness of experimental and control groups participated as respondents,
regardless of their progress, interests, abilities etc. The homogeneity of the group was
confirmed with the help of Student’s t-test. The purpose of the formative experiment
was to determune the effectiveness of MATLAB and to confirm or simplify the
proposed hypothesis. The mam task of the experiment was to evaluate the efficiency
of student leaming with the implementation of the experimental factor. 1e. the
MATLAB environment, into the expenimental group and without the introduction of
the experimental factor in the control group. The experiment was conducted during
study hours. In the experimental group students used the MATLAB environment
duning studying the elements of linear algebra i the general course «Linear Algebras,
and students in the control group studied topics i linear algebra in the traditional mode
of learming. Depending on the changes in the amount of hours. the distribution of
practical and lecture classes may vary within the workload. Expected results of the

H5



THEORETICAL FOUNDATIONS OF THE FUNCTIONING OF EDUCATION. WAYS TO
IMPR.OVE THE EFFECTIVENESS OF EDUCATIONAL ACTIVITIES

expertment: as a result of using the MATLAB environment, the quality of learmng the
elements of linear algebra and the efficiency of leaming increase.

At the final stage of the expeniment. the results of the experimental research were
processed and generalized. and conclusions were formulated. The mmpact of
expenimental leaming was determined by the indicator of cogmitive (knowledge) and
activity (skall). Student’s t-test was used to identify the differences in the levels of
formation of mathematical competencies i linear algebra between the control and
experimental groups. The study under hypothesis Hy considered the statement that the
levels of formation of mathematical competencies in linear algebra in the samples
differ slightly. The results testify that the null hypothesis 1s rejected with a risk of
o=0.05. Therefore, 1t can be clammed that with a reliability of 0.95 between the
expenmental and control groups there are sigmficant differences in the levels of
formation of mathematical competencies i linear algebra after the expennment.

The results of the test tasks and the final mndependent study are shown in
diagrams 1.2 where the experimental group results are indicated in black.

B |
!
Ia

Figure 6. Results of cognitive component Figure 7. Results of activity component
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The analysis of the results of the pedagogical experiment revealed and mcrease
in the level of mathematical competencies in linear algebra in students of expenimental
groups because of the implementation of the MATLAB environment. The experiment
showed that the students of the expennmental group have a better understanding of the
basic concepts of the linear algebra course. typical algorithms for solving problems;

447



THEOERETICAL FOUNDATIONS OF THE FUNCTIONING OF EDUCATION. WAYS TO
IMPE.OVE THE EFFECTIVENESS OF EDUCATIONAL ACTIVITIES

the ability to determune the most appropriate solutions; to model independent leaming.
It can be stated that the expenimental learming of the linear algebra elements provides
a higher level of mathematical competence of students.

The effectiveness of information and communication technologies use in
teachmg Mathematics mn universities 1s achieved at the following conditions:

1. The availability and provision of positive motivation for leamung. cogmtive
activity of students through the use of mformation and commumnication technologies.

2. Willingness and ability of students to master new knowledge, sklls and
abihities m the use of mformation technology m educational and future professional
activities.

3. Organization of students’ self-activity using electronic tutorials, mcluding
theoretical, practical. test and control matenal. gndelines for solving computer-
ortented problems.

4. Ensuring interactive cooperation in the leaming process between students and
teachers through nformation and commumication technologies. Using IT for self-
orgamzation and self-monitoring of educational activities.

Introducing the capabilities of the Matlab package wnto the learming process
allows improving the students’ professional level and forming their interest in leamng.

One of the significant advantages of the Matlab system 1s its integration mto
almost all areas of modern science and technology. Matlab 1s a global standard in
higher education and research. The linear algebra teaching 1s based on the traditional
presentation of the matenal Matlab package application allows to increase the
educational process efficiency and to form competencies necessary m future
professional activities (Galat. A 2004).

Students are open to all kinds of technologies in Mathematics. This openness.
together with the availability of high-tech tools. 1s changing the approach to linear
algebra teaching.

Currently, m many educational mstitutions, the orgamizing forms of the
educational process are being reformed and distance learming 1s being mtensively
mtroduced. It requires the development of electromic textbooks and practical works.
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So, the task of mcreasing the laboratory works efficiency by working only with a Web
browser 1s actual. Tools for remote development have appeared in some mathematical
packages, including Matlab. Web application development 1s a special feature of
Matlab to use remote computing for solving tasks efficiency increasing. It greatly
facilitates teachers” work and plays an important role in improving the effectiveness of
educational organization tools and the distance leamng introduction. In the following
research. the question of online learming of linear algebra using Matlab will be studied.
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