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Abstract. In a post-industrial society, the quality of professional education becomes a leading factor in the formation
of human potential. One of the ways to ensure the effectiveness of this process is the use of innovative educational
technologies aimed not only at the formation of professional competences, but also at the development of creativity
which, in the future, will contribute to the search for non-standard ways of solving real problems. The purpose of the work
is to study the influence of interactive educational technologies based on the concept of design thinking on the success of
students of economic specialties and their internal motivation to study mathematical disciplines. The format of a business
game has been chosen as a method of implementing the concept of design thinking. It involved the construction of a
mathematical model of a real economic problem and the use of a mathematical apparatus to solve it. In order to evaluate
the effectiveness of gamification it has decided to distribute students according to academic performance and students
ranked classes according to their preferences using the method of hierarchies analysis. The experience of implementing
business games demonstrated by the example of the discipline “Operations Research and Optimization Methods”
confirmed the effectiveness of this technique in the process of studying the disciplines of the mathematical cycle precisely
due to the increase in students’ internal motivation. Compared to traditional teaching methods, the formation of students’
professional competencies has been enriched by the experience of solving transdisciplinary tasks. The results of the study
allow us to conclude that the professional competencies of future economists are significantly improved thanks to the use
of a business game in the learning process where a real economic problem is adapted to the topic of the discipline
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¢ INTRODUCTION

The leading paradigm of the development of post-indus-
trial society is the reorientation from the accumulation of
material goods to the development of human potential.
Human potential (accumulation of knowledge and skills)
and its subsequent transformation into human capital
(the applicati on of this knowledge in practical activities)
are considered as one of the main driving forces that en-
sure the success of not only an individual, but also an or-
ganization [1] and even the country as a whole [2]. Back
in 1965, the United Nations Development Programme [3]
was presented whose main task was and remains to ensure
the sustainable development of member-countries. And
human potential is the factor that determines the ability
for such development. Therefore, since 1990, the United
Nations Development Programme has been publishing a

report on the Human Development Index every two years.
One of the components of this integral indicator is the level
of education, which reflects the level of literacy of the adult
population, the level of involvement in the learning pro-
cess of school-age children (expected years of education
for school-age children). And since 2019, the Program has
been publishing a report on the human capital index which
reflects the quantitative indicators of education (expected
duration of schooling by the age of 18) and the quality of
education (scores of unified tests) [4]. The human capital
development project [5] and similar global initiatives de-
signed to promote larger and more effective investments
in people aim to ensure the economic growth of each coun-
try and overcome social inequality among different na-
tions. That is why, in recent decades, the attention of such
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international organizations as the United Nations Devel-
opment Programme, the United Nations International Chil-
dren’s Emergency Fund, the World Bank, the Organization
for Economic Co-operation and Development has been
focused on the problems of human potential development
and its further capitalization.

The quality of education is the determining factor
in the formation of human potential. It plays a leading role
in the formation and development of the modern knowl-
edge-based economy [6-8]. Many large companies, especially
those with a high level of added value, have come to under-
stand the vital importance of both individual and collective
human skills. This is understood by the employees them-
selves. Among the main reasons that prevent today’s youth
from developing entrepreneurial activity 34-38% of respon-
dents consider their own knowledge to be insufficient [9].
At the same time, the high level of initial knowledge that
a person acquires at the beginning of professional activity is
insufficient to ensure long-term success. Education is seen
as a primary requirement that helps meet many other needs
and improves the quality of life. However, the content of ed-
ucation should be aimed at the ability to learn new knowl-
edge, update it when necessary [10]. The needs of the inno-
vative economy require a person to constantly update their
knowledge, that is, to carry out lifelong learning. The mod-
ern education system was created back in the industrial
era, when a clear focus on acquiring a certain amount of
knowledge was important [11]. Modern problems, as a rule,
are interdisciplinary in nature. Therefore, students should
improve their analytical abilities, practice creative thinking
skills, learn to comprehensively justify decisions. Accordingly,
changing the very paradigm of education requires signifi-
cant changes in the educational environment [12]. And such
opportunities are provided by the wide application of digital
technologies. Digitalization makes education not only more
accessible in space and time for a wide range of the popula-
tion, but also allows creating an individual learning environ-
ment that increases a person’s involvement in learning and
improves their adaptability [13]. It is thanks to digitalization
that it becomes possible to study online in a virtual envi-
ronment adapted to the purpose of learning. Therefore, at
the stage of post-industrial development, when the repro-
duction and further improvement of human potential are
determined, first of all, by the level of education in the country,
to increase the quality of education at all levels is strategi-
cally important for the formation of the ability not only to
assimilate knowledge, but also to apply it creatively. This
determines the search for ways to improve the educational
process and the use of innovative technologies to increase
the effectiveness of learning in all educational fields and for
people of any age. This especially applies to the study of sci-
ence and mathematics disciplines, since these are the disci-
plines that determine the competence of a person who is ca-
pable of critical thinking and knows how to logically justify
decision-making. As a response to the need for fundamental
changes in the education system itself, the state of higher
education in recent decades can be characterized as a time
of reforming all aspects of its activity. At the same time, both
the ultimate goal of education and the methods by which
this goal is achieved undergo significant changes.

It should be noted that the active introduction of the
latest digitization-based technologies into the educational
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process has been observed since the beginning of the
21%t century, but this issue is gaining special relevance
right now, in the period of COVID-19 epidemic and the
widespread transition to distance learning associated with
it. And for Ukraine, these needs are intensified due to the
need to ensure the learning process in the conditions of
martial law in the country.

However, distance learning has its drawbacks. In
such conditions, the student mostly manages his/her own
education. Accordingly, the success of studies largely de-
pends on the internal motivation of the student, their fo-
cus on the result. Therefore, there is a need to develop and
apply such learning technologies that would maintain a
student’s constant interest in the disciplines under study,
would motivate him/her to persevere in learning, that is,
would contribute to the development of human potential.
And in the future, this would give an opportunity to cre-
atively implement the acquired knowledge at a higher level,
namely when solving problems within those disciplines
that correspond to the professional purposes.

The purpose of this article is to study the peculiarities
of the implementation of interactive educational technol-
ogies based on the concept of design thinking, in particular,
a business game, in the context of the development of hu-
man potential, as well as the impact of these technologies
on the formation of the internal motivation of students of
economic specialties to study mathematical disciplines.
For this, it was necessary to develop such a scenario of a
business game that allowed to combine the study of math-
ematical methods and their application in order to solve
real economic problems.

e THEORETICAL FRAMEWORK

One of the most important needs of our time is not only the
accumulation of knowledge, skills and abilities, but also
the ability to creatively use them in professional activities
that reflects the process of transforming human potential
into human capital. Therefore, important components of
the process of human potential formation are factors that
contribute to the formation of a creative personality, their
development and self-development. This approach is re-
flected in the concept of “design thinking”. This idea was
proposed by brothers Tom Kelley and David Kelley [14]
who taught creative thinking in solving transdisciplinary
problems to the students of Stanford University. The term
“design” in this context should be understood as “creating”,
“constructing”, and “design thinking” is considered as a
technique focused on the final product of knowledge and
on team cooperation in determining innovative solutions
to achieve the strategic and/or tactical goal of research. Al-
though this concept was primarily focused on improving
business efficiency [15], it is now becoming popular in the
organization of the educational process [16-18]. And it is
the teachers who become the developers of those educa-
tional technologies, with the help of which later students
construct their system of problem vision, and this system is
based on the acquired knowledge.

In general, design thinking or design-based research
is considered as a method of creating non-standard projects,
products and services, etc. This method is aimed at solving
specific problems based on the interests of the potential
consumer. And in this case, the consumer is a student who is
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a future specialist in a certain field of knowledge [19]. It is
noted that design thinking involves discussing the problem
in groups, when the teacher does not act as a Teacher or
Leader, but only as a facilitator, that is, a person who en-
sures the success of group communication. Design think-
ing includes a variety of creative strategies for managing
multi-stakeholder projects and facilitating organizational
innovation. It helps to overcome the ambiguities encountered
in such projects, to formulate the right questions, as well as
to determine the possibilities of accomplishing the task. In
fact, the concept of design thinking is an embodiment of the
central idea of connectivism according to which students
form a community that uses already known knowledge to
create new one. And the Internet, which contains a large
volume of all kinds of information, gives unique opportu-
nities for this. That is why online education has become so

. Generation of ideas

Analysis and synthesis

Intelligence Empathy

popular recently. So, on the one hand, e-learning creates
conditions for freer communication in groups, and on the
other hand, it requires the teacher to use such teaching
methods that would contribute to the involvement of all
students of the group in this process. In these conditions,
the teacher’s task is to develop and apply such interactive
methods that would form students’ internal motivation to
study. The result of applying design thinking in the educa-
tional process can have a synergistic effect [20]. That is, not
only the student as a user feels the benefits of this method of
learning, but also the self-organization of education itself
as a system of acquiring knowledge takes place.

The implementation of design-based research [21]
involves certain stages that must be followed when applying
this method in education. They can be presented in the
form of such a scheme (Fig. 1).

Own knowledge
. system

Prototyping Storytelling

Figure 1. Stages of the design thinking implementation

The first stage is empathy, that is, the creation of such
an atmosphere that would facilitate complete immersion
in the problem. For this, it is necessary to reject stereotypes
and be sensitive to new ideas. At the second stage, analy-
sis and synthesis are carried out, i.e., the information ob-
tained at the previous stage, is understood. The third stage
involves the generation of ideas aimed at solving the main
tasks within the limits of the investigated problem. In tech-
nical disciplines, new ideas can find their embodiment in
the creation of models (prototyping) and their testing, and
it is the fourth stage. In mathematical disciplines, simulation
modelling can be used to test the correctness of proposed
hypotheses. The final fifth stage (storytelling) is the gener-
alization of the obtained results.

Among the learning technologies actively used in
the educational process there are many interactive methods
that implement the concept of design thinking to this or that
extent. By its essence, design thinking has an interdisciplin-
ary nature and is carried out as a project activity. These re-
quirements are met by methods such as mind mapping (for
generating ideas as a basis for conducted research), brain-
storming (for generating new opportunities and alterna-
tive business models), workshop (where participants learn
through their own active work on a problem), testing key
hypotheses (for the formation of promising hypotheses that
contribute to the implementation of the concept), etc. [18].

However, it is game techniques that most fully cor-
respond to the principles of design thinking. This was even
reflected in the term “Game Design” [21]. Gamification of
the educational process allows for design-based research
in any field of knowledge. Therefore, gamification can be
considered as one of the leading trends in modern educa-
tion in general [22; 23], as well as the national education
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system in particular [24; 25]. Gamification, as a rule, is used
in school education, especially in the education of younger
students and, accordingly, is aimed at teachers of primary
school [26]. However, recently it has attracted attention in
the teaching of different disciplines in high schools, as well
as in business education. The expediency of using this edu-
cational technology in higher education was demonstrated
by the example of studying various disciplines, including
mathematical ones, though such examples are few [27; 28].

It is worth noting that the term “gamification of
learning” has a fairly broad meaning. In most cases, it is
about the use of computer games in education dedicated to
one or another topic of the discipline and even the creation
of game design of the discipline as a whole [21]. However, in
this case, the student interacts only with the computer pro-
gram, i.e. ready-made knowledge acquisition is offered, and
the game format makes the educational process less for-
malized, and therefore, more interesting and makes it eas-
ier to perceive the educational material. On the contrary,
the game as an embodiment of design thinking involves
close communication among the participants of the game
and working out common rules according to which the
game is played. This is the format of business games. And
precisely such games were introduced in our study to stim-
ulate the internal motivation of students and to improve
their professional competences when studying mathemat-
ical disciplines.

In the process of training future specialists in the
field of economics and management, mathematical disci-
plines are considered as a basis for further mastering the
methods of quantitative and qualitative analysis of eco-
nomic phenomena. Therefore, it is advisable to orient stu-
dents to the solution of complex transdisciplinary tasks at
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the very first stages of studying mathematical disciplines.
It is very important as, in the future profession, the manager
will not only research the problem and develop his/her solu-
tion, but he/she must also be able to listen to the objec-
tions of other participants in the discussion and justify and
explain the objective advantages of his/her decision. So,
the ability to work in a group can be considered one of the
professional qualities of a manager. Therefore, as interac-
tive techniques that will contribute to the formation of in-
ternal motivation for learning and the development of pro-
fessional competences, group business games have been
considered, with the content determined by the program
of the discipline, while e-learning provides communication
within the group of students and between students and the
teacher independently from their location.

The choice of game mechanics used in the e-learning
process should depend on the way of how this process is
implemented. It should be noted that online learning is
divided into two types: synchronous and asynchronous.
Synchronous class takes place in real time, for example, using
video conferencing or online chat to transmit voice, image
or alphabet. It is important that interactions occur simul-
taneously. So, although such a class is virtual, it provides
an opportunity for interaction between students and the
teacher, as well as between students themselves in real
time. With the asynchronous form of classes, the student
has the opportunity at any convenient time to review the
material that the teacher has prepared in advance. This
form of the educational process organization to a large
extent involves self-regulation of learning, so it requires
greater efforts from the teacher to motivate students.

e MATERIALS AND METHODS
An analysis of the results of a pedagogical experiment on
the introduction of game technologies and digitization
into the educational process at Simon Kuznets Kharkiv
National University of Economics has been carried out. In
order to develop students’ ability to think creatively, since
2008, the following forms of learning activation as de-
bates, cases, business games, etc have been practised when
teaching economic disciplines at S. Kuznets KhNUE. As a
rule, they were used at trainings or while teaching minors
to Master students. The effectiveness of this approach in
studying mathematical disciplines was demonstrated by
one of the authors by the example of teaching the discipline
“Economic-Mathematical Models and Methods of Property
Valuation” within the Master’s Program 071 “Accounting
and Taxation” [29; 30], taught by the Department of Higher
Mathematics and Economic-Mathematical Methods. That is
why, it was decided to apply this pedagogical experience
in teaching mathematical disciplines to Bachelor students.
The choice of game mechanics used in the e-learning pro-
cess depended on how exactly e-learning was implemented.
It should be taken into account that the use of game
methods in online learning involved communication in
both synchronous and asynchronous modes. Interaction
in the synchronous mode took place during the discussion
of tasks (production stage), directly during the game (main
stage) and discussion of its results (final stage) using video
conferences. So, although such classes are virtual, they
provide interaction between students and the teacher, as
well as between students themselves. The asynchronous
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form was used by students throughout the game to choose
a strategy and discuss individual elements of the game
between team members at any convenient time. The LMS
Moodle platform and Zoom Video Communications were
used to support both synchronous and asynchronous classes.
The MS Excel spreadsheet processor was used for calcula-
tions. This is a software product used for homework and
laboratory work in all disciplines of mathematics.

As part of the experiment, during the 2020/2021 and
2021/2022 academic years, students of the 1st and 2™ years
(approximately 300 students participated in the experi-
ment each year) were offered to perform transdisciplinary
tasks. The task involved solving an economic problem us-
ing the mathematical apparatus mastered by students at
this stage in accordance with the curriculum of the aca-
demic discipline. The experiment consisted of two parts.
The first part was a business game, and the second part
was an evaluation of the methods used in teaching math-
ematical disciplines. As an experiment, game methods
were introduced when studying certain topics of such basic
mathematical disciplines as “Higher and Applied Math-
ematics” (specialty 242 “Tourism”), “Probability Theory
and Mathematical Statistics” (specialties 122 “Computer
Science” and 075 “Marketing”), “Operations Research and
Optimization Methods” and “Econometrics” (specialty 076
“Entrepreneurship, Trade and Stock Market Activity”). For
this, one of the topics of the discipline was chosen, which
corresponded to the curriculum of the discipline and re-
flected the use of mathematical methods in real studies of
economic processes and phenomena. Practical classes on
this topic were conducted in the format of a business game.
Thus, in the discipline “Higher and Applied Mathematics”
when studying the topic “Function of Several Variables”,
students were offered the business game “Optimal Com-
position of a Mixture”. In the discipline “Theory of Prob-
ability and Mathematical Statistics” when studying the
topic “Basic Theorems of Probability Theories”, students
of specialty 122 were offered the business game “Think
Like Bayes”, and students of specialty 075 - the business
game “Paradoxes of Probability Theory”. In the discipline
“Operations Research and Optimization Methods” when
studying the topic “Transport Problem” students were of-
fered a business game “Appointment to a Position”. In the
discipline “Econometrics” when studying the topic “Mul-
tifactor Model” students were offered a business game “Is
this Sample Population Homogeneous?”. The content of the
tasks, the structure of the game, the rules of its implemen-
tation are the author’s developments.

In general, as any implementation of design thinking,
the scheme of the game consists of five consecutive stages
(see Fig. 1). At the empathy stage, students receive a task,
i.e., a topic on which they have to develop their own project,
statistical data (in part) and, overall, criteria that this project
is to meet. At the stage of analysis and synthesis, students
analyse the received information, propose and clarify the
project evaluation criteria and create a scale by which this
evaluation will be carried out. They determine what addi-
tional statistical data they need and search for these data.
When making the rating scale, students proceed from the
fact that the business game is considered as an indepen-
dent creative task and is rated at 8 points. The stage gen-
eration of ideas involves direct work on the project. During
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this stage, students search for the necessary information
and process it using the necessary mathematical apparatus.
If desired, the task can be performed either by each student
individually or by a group of 4-5 people. These subgroups
were offered either to choose for themselves the direction
of research or take the one proposed by the teacher, or
find their own direction that corresponds to the topic of
the game. At the prototyping stage, students present their
projects. These projects are discussed within the academic
group. The storytelling stage involves summarizing. The
students of the academic group themselves determine the
compliance of the projects with the requirements that were
formulated by them during the discussion of evaluation
criteria at the analysis and synthesis stage. And they also
evaluate the effectiveness of the application of the business
game in the educational process. At the same time, the
teacher acts as a facilitator.

The second part of the experiment on the intro-
duction of business games in the educational process (the
final stage) was the study of students’ opinion regarding
teaching methods. This was done through a questionnaire
in which students defined the most effective, from their
point of view, types of classes and ranked them. Both class-
room and online learning takes place in the conditions of a
traditional lecture-workshop system, using individual and
group work. According to the method of analysis of hierar-
chies, developed by Thomas Saati [31], students themselves
determined the ranks of the following classes: lectures (a,),
workshops (a,), laboratory work (a,), homework (a,), busi-
ness game (a,), writing a scientific article as an indepen-
dent creative task (a,). According to the method of analysis
of hierarchies, a pairwise comparison of all alternatives is
carried out and the result is recorded in the form of a ma-
trix A=(a,),,,.- According to the scale of relative importance,
the maximum score of 9 means the absolute preference of
the alternative written in the row of the matrix over the one
written in the column after the cell (i,j). For the elements
of this matrix, the condition is fulfilled: a,-a,=1 (vi,j). Based
on the matrix of pairwise comparisons, the vector of prior-
ities W=(w,w,,...,w ) is determined, and the consistency of
the matrix A is checked. For this, the geometric mean (1) is
calculated for each row of the matrix A:

a7 — N n
Wi = {1li=1%ij,

where a, (i= 1,_n,1 = 1,_n) are the elements of the matrix A.
And after normalization, components of the priority
vector (2) are defined:

i=1n, (n)

Wi =5 2

Tyw

The consistency of this reasoning has been verified.
To do this, the consistency index and the consistency ratio
were determined. First, the maximum eigenvalue 4__of the

inverse-symmetric matrix of pairwise comparisons is calcu-
lated according to formula (3):

Amax = Z?:le : (Z?=1aij) . (3)
Then the coherence index (4) is found:
CI(A) = 2mx, 4)

And the consistency ratio (5) is calculated:
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CR(A) ==, ®)
RI

where RI is a random preference consistency index, the

value of which depends on the size of the matrix of pairwise

comparisons and is determined according to the reference

table [31].

e RESULTS AND DISCUSSION

Let us consider the results of the first part of the experi-
ment, namely, the expediency of using a business game in
the study of mathematical disciplines. We emphasize once
again that although within different mathematical disci-
plines, business games were conducted on different topics
and involved the use of different mathematical apparatus,
in general, the rules for all games were determined accord-
ing to the same principles. According to the scenario of the
business game, the solution of a real problem was supposed
to be solved with the help of economic and mathematical
methods taught within the framework of the discipline. For
example, in the discipline “Operations Research and Op-
timization Methods”, when studying the topic “Transport
Problem”, the business game “Appointment to a Position”
was conducted. The assignment problem is one of the ba-
sic problems of combinatorial optimization. The name of
the task comes from a situation common in work of HR
managers, when it is necessary to select such specialists
among applicants for positions that would bring the great-
est efficiency to the company. The mathematical model of
this problem is also widely used in the optimization of the
distribution of indivisible resources: machines, buildings,
containers, vehicles as well as performers of certain work.
Such a problem is reduced to the transport problem, where
the criterion of efficiency is the overall efficiency of the or-
ganization, and comprehensive evaluations of applicants
for positions play the role of tariffs in the classic transport
problem. The objective function of such a problem is studied
to the maximum.

At the first stage (the empathy stage), students were
asked to consider the offers of several consulting agencies
for recruiting personnel for a company that sells household
appliances. Students searched for this information inde-
pendently using Internet resources and taking into account
their own experience and common sense. Next, the stage
of analysis and synthesis was carried out, where students
had to process the received information and, if necessary,
find additional information about the requirements that
applicants for the position should meet. So, in the process
of discussion, students first chose the positions that had
to be filled and then formulated a list of requirements that
applicants for these positions should meet. Then the se-
lection of parameters was carried out, according to which
the applicants should be evaluated. Then, according to the
results of the survey of applicants for each position, whose
roles were played by students from other subgroups, the
degree of their compliance with a certain position was de-
fined. When forming the list of questions that were asked
to applicants for positions, students relied on data from
consulting agencies. At the idea generation stage, the stu-
dents had to use the acquired information to build a math-
ematical model of the task of appointing applicants for
the position and with the help of the MS Excel software
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environment, determine the optimal plan for this task. At
the prototyping stage, students presented the optimal plan
for the distribution of applicants by position with the help
of which the company can achieve the highest efficiency
under the given initial conditions. At the final stage (story-
telling), each subgroup presented its vision of the problem,
defended its version of the solution and critically analysed
the proposals of other subgroups. Therefore, while analys-
ing such a transdisciplinary problem, students not only
mastered the principles of building mathematical models
of optimization problems and methods of solving them
according to a ready-made scheme, but also put forward
their own ideas and demonstrated creativity. Although
the algorithm for solving problems of this type is known,
the students came to their own conclusions when working
on the problem. In fact, for them it was a manifestation
of design thinking. It can also be noted that the principle
of conducting such business games is close to a workshop
that always involves collective work on a problem, and the
emphasis is on active cooperation within the group and a
joint search for a solution to a complex problem. The final
result is considered to be the construction of a managerial
decision model in a certain specific situation.

It has been given an example of business game im-
plementation for only one of the mathematical disciplines.
For other disciplines, the structure of the game was the same,
and the choice of the topic of the game was determined by
the mathematical apparatus studied within this discipline.

The most difficult to solve are the so-called “wicked
problems” that do not have obvious (unequivocal) solution
algorithms. Problems of this type were offered to the most

successful students of the second year of study. These stu-
dents have already acquired a certain amount of knowledge
in economics and management and could use it to analyse
the algorithm for building mathematical models. They
chose “wicked problems” voluntarily and their choice fully
coincides with the theory of Abraham Maslow [32], who
is considered the father of research into human potential
and self-actualization. Thus, according to the hierarchy
of needs proposed by him, self-actualization is the high-
est level of Maslow’s pyramid. As an example of tasks of
this type multi-criteria optimization tasks, a transport task
with intermediate points, dynamic programming can be
mentioned. These topics are included in the program of the
discipline “Operations Research and Optimization Methods”.
“Wicked problems” in the discipline of “Econometrics” in-
clude, for example, building an econometric model in the
presence of multicollinearity between external variables.
The second part of the experiment on the introduc-
tion of a business game as an element of design thinking in
the educational process consisted in studying the opinion
of students regarding the attractiveness of various meth-
odological elements of education from the point of view
of their effectiveness. The student survey, whose purpose
was to rank teaching methods according to their cognitive
properties, was conducted within each academic group.
The analysis of the results of the ranking showed that there
are two opposite principles according to which students
choose the most convenient learning method for them.
Some students (almost 30% of all respondents) prefer ac-
ademic teaching methods. An example of pairwise compari-
sons matrix for this subgroup of students is given in Table 1.

Table 1. Matrices of pairwise comparisons according to the preferences of students who consider
academic teaching methods attractive

a, 1 1/5 3 6 4 7 0.227

a, 5 1 6 6 5 9 0.472

a, 1/3 1/6 1 4 4 7 0.143

a, 1/6 1/6 1/4 1 1/5 4 0.044

a, 1/4 1/5 1/4 5 1 7 0.092

a, 17 1/9 1/7 1/4 1/7 1 0.022
4,.,=7, CI(A)=0.205, CR(A)=0.165

For the matrix of pairwise comparisons given in
Table 1, by formulas (1) and (2) the values of the compo-
nents of the priority vector are calculated. They are listed
in the last column of the Table 1. According to these values,
there are the following arrangement of alternatives (6):

A, > a; > a3 > as > a, > ag . 6)

Thus, this part of students preferred traditional forms
of education, i.e. workshops, lectures, laboratory work, and
creative tasks they ranked in the last place.

Let us check the consistency of this reasoning. To
do this, using formula (3), the maximum eigenvalue is
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calculated, which for the matrix given in the Table. 1, is
equal to 4 and by formula (4) the consistency index 0.205
is calculated. According to the reference table [31], it is
found that for a matrix of order n=6, the random consis-
tency index is equal to I=1.24. So, according to formula (5),
CR(A)=0.165 is found. Since CR(A)=0.165<0.2, the judgment
of students who prefer academic teaching methods does
not contain internal contradictions.

The rest of the students (approximately 70% of all
respondents) are interested in learning methods that give
more space for creativity. An example of pairwise compari-
sons matrix for this subgroup of students is given in Table 2.
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who prefer creative teaching methods

Table 2. Matrices of pairwise comparisons according to the preferences of students

a, 1 3 1/5 3 1/7 4 0.108

a, 1/3 1 1/5 2 1/9 0.060

a, 5 5 1 4 1/5 2 0.199

a, 1/3 1/2 1/4 1 1/9 1/5 0.034

a, 7 9 5 9 1 5 0.531

a, 1/4 1/2 1/2 5 1/5 1 0.068
4, =6.78, CI(A)=0.157, CR(A)=0.126

In this case, the following ranking results (7) were
obtained by the components of the priority vector:

(N

Students of this subgroup preferred those learning
methods that provided an opportunity to show indepen-
dence in searching for information and creativity in solv-
ing tasks. These students willingly accepted a business
game learning format. They were active at all stages of the
game and showed leadership qualities at the stages of de-
cision-making and discussion of results. It should be noted
that for this subgroup consistency ratio is CR(A)=0.126<0.2,
that is, the judgments of these students do not contain

as > as > a; > ag > a, > a,.

internal contradictions and are even more logical than
those of students who prefer academic learning.

The correlation between subgroups of students with
different opinions on teaching methods may be different
for different academic groups. In groups where the average
score in mathematical disciplines is 7 points or higher (on a
12-point scale), the second type of alternatives arrangement
dominates.

A more detailed analysis showed that students’
preferences regarding the forms of education are correlated
with their attitude to education and with their success. For
most academic groups, the distribution of students by aca-
demic performance can be considered bimodal (Fig. 2).
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Figure 2. Distribution by academic performance of students who participated in the business game

For the part of students who prefer tasks that require
creativity, the average score is high enough. So, Figure 2
shows that the mode of success distribution for this subgroup
is equal to 8 points on a 12-point scale. These are students
who perform creative tasks that include writing a scientific
article or participating in scientific conferences, they play
leading roles in business games, and in the 2021/2022 aca-
demic year they also take part in the Coursera educational
project. So, they are not only more motivated to study, but

also prone to independent acquisition of knowledge. On
the contrary, students of the subgroup for which the mode
of success distribution is 4.5 points have a tendency to use
ready-made algorithms, that is why they prefer lectures
and workshops. Such students do not seek to perform cre-
ative tasks and are passive when conducting business games.

Just to compare, let us make a success analysis of the
2018/2019 students who were not offered business games
when studying mathematical disciplines (Fig. 3).
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Figure 3. Distribution by academic performance of students who did not participate in the business game
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Figure 3 shows that the law of distribution can be
considered close to normal. The mode of success distribu-
tion of such students is approximately equal to 6.5 points.
This fact can be explained by the following. Students who
are prone to a creative attitude to learning, capable of gen-
erating creative ideas, do not have the opportunity to show
these qualities in the conditions of academic teaching
methods. So, the realization of such qualities during the
business game is another positive outcome of the applica-
tion of business games in studying mathematical disciplines.

A comparison of these results with the data of other
studies [33] shows that business games can be easily adapted
to the requirements of different specialties, that is why their
application in the process of training future managers is
more effective than that of cases or tests. It should be noted
that the business game in the format developed by the au-
thors involves active cooperation of the participants, but
this does not mean that it can be used only when teach-
ing in the classroom, i.e., in face-to-face communication.
Skype, video conferences and other simultaneous electronic
forms of communication can be used to organize commu-
nication. In the modern world, where people are used to
using gadgets, this form of communication does not affect
the quality of the educational process. In addition, the
digital literacy that a student acquires in the context of
e-learning not only improves academic performance, but
also contributes to better employment [34].

It is emphasised once again that among the require-
ments that project managers must meet, most sources list
both “hard skills” and “soft skills” at the same time. “Hard
skills” presuppose the presence of professional knowledge
and skills, which include knowledge of certain software, the
understanding of mathematical apparatus on which these
programs are based, and the ability to use it in solving eco-
nomic problems. On the other hand, “soft skills” include:
skills for solving transdisciplinary problems; teamwork;
adaptability and flexibility when looking for managerial
solutions; the ability to perceive feedback. It was for the
purpose of forming these “hard and soft skills” that the
business game was used as an element of the curriculum
in mathematical disciplines studied by future economists
and managers. The use of gamification elements of design
thinking in the educational process when teaching math-
ematical disciplines allows students to acquire not only
“hard skills”, but also “soft skills”. Therefore, the analysis
of the peculiarities of the development of human potential
caused by the introduction of interactive technologies into
the educational process testifies about the effectiveness of
the application of design thinking concept and its imple-
mentation in the format of a business game aimed at solv-
ing real tasks of the economy. These results correlate with
the proposals made by the authors of the work [9] in which
they emphasized the need to focus the educational process
on solving real economic problems, and the formation of
knowledge acquisition skills was regarded as a productive
force. All these will allow such a specialist to occupy a higher
socio-economic level in the future.

The obtained results are also well consistent with
the concept [35], according to which the mastery of in-
strumental methods of education and the integration of
differently oriented tasks contribute to the formation of
future specialist’s readiness to deepen his/her knowledge
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and improve his/her skills. This concept is gaining partic-
ular popularity in Eastern European developed countries.
Adapting the provisions of this concept to the modern
needs of society and strengthening it with gamification el-
ements of design thinking will allow building a model for
training a new generation of specialists in economics. And
design for learning is regarded as a concept of the educa-
tional process primarily focused on training specialists in
those fields of knowledge that require a research approach,
and is a methodology of the 215 century [36].

A business game as an implementation of design
thinking is a powerful addition to the recommendations
outlined in the study [37]. The study has reviewed practical
teaching and analysed the impact of collaboration, group
work, and problem-based approaches that use interactive
activities to increase student engagement. The format of
the business game can also develop the approach outlined
in the work [38], where the authors evaluated the effective-
ness of information, communication and electronic tech-
nologies integration in teaching and learning. Although
there is also the opinion that studies of the effectiveness
of training methods based on the concept of design thinking
are just emerging and their number is insufficient to draw
final conclusions [39].

Therefore, the results of the conducted experimental
research show that the design thinking technology provides
the principles of goal orientation, activity, person-oriented,
situational and competence approaches in the process of
learning mathematical disciplines and is a powerful factor
in the development of human potential. Innovative forms
and methods of design thinking contribute to the improve-
ment of the quality of learning mathematical methods, the
development of cognitive activity, the skills and abilities of
critical understanding of a problem, the acquisition of ex-
perience in independent processing of educational materi-
al, search work, i.e., those qualities that are necessary for
further self-education and self-realization. The competent
component of human potential in the form of motivation-
al-value, operational-cognitive and emotional-volitional
components of design thinking makes it possible to reflect
not only the formation of knowledge, abilities and skills
necessary for future economic activity, but also is important
for the formation of motivational, cognitive, strong-willed
and adaptive personality.

e CONCLUSIONS

In the context of the development of human potential, the
analysis of the features of the implementation of interac-
tive educational technologies based on the concept of de-
sign thinking, as well as the impact of these technologies
on the formation of the internal motivation of students of
economic specialties to study mathematical disciplines,
allows us to draw the following conclusions:

- it is expedient to enlarge the use of applied transdis-
ciplinary tasks in the study of mathematical disciplines,

— the use of a business game that employs design thinking
technologies makes it possible to encourage students to
participate in solving applied problems and stimulates bet-
ter interaction between students and the teacher,

- teamwork of students when developing a project on
the topic of a business game ensures the acquisition of
communication competences and stimulates the ability to
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generate own ideas, analyze them, be critical of comments
and find optimal ways to solve transdisciplinary tasks,

— the active use of modern information technologies, in
particular the LMS Moodle environment, in the implementa-
tion of design thinking technology tools allows students to cre-
ate their own learning environment and provide them with an
access to learning in synchronous and asynchronous modes.

Since real economic problems were chosen as the
topic of the business game, their solution helped students to
find out the feasibility of applying mathematical methods in
their future practical activity. This increases their interest
not only in studying the topic on which the game is con-
ducted, but also in the possibilities of using the mathemat-
ical apparatus as a whole. Therefore, the introduction of
a business game into the learning process increases stu-
dents’ motivation to study mathematical disciplines. The
results show that the use of elements of gamification as one
of the technologies of design thinking in teaching mathe-
matical disciplines allows students of economic specialties
not only to acquire certain competences of professional

training, but also to create prerequisites for their further
self-development while working at enterprises, organizations,
establishments, institutions.

It should be noted that our experience with the ap-
plication of a business game in the educational process
testifies about the rapid effect of the implementation of
such a method to improve the process of learning a certain
discipline. However, more research is needed to analyze the
long-term effect of this technique.

In the future, it is planned to introduce elements
of the business game not only when studying one of the
topics of a mathematical discipline, but also to extend this
approach to conducting laboratory work and workshops in
mathematical disciplines. Therefore, the content of the in-
dividual and independent work of students should be the
solution of professionally oriented and innovative tasks
that will contribute to the formation of practical skills of
how to apply mathematical apparatus to solving real man-
agerial tasks, acquiring the ability for creative thinking and
communicative competence in future economists.
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PO3BUTOK NIOACBKOro NOTeHUiany: AM3anH-MUCNEHHS K crnoci6
YAOCKOHaNeHHSA NpodecCiHNX KOMMNETEHTHOCTEN €KOHOMICTIB

IpuHa JleoHiniBHa Jle6epneBa, Jlapuca OnekciiBHa Hopik, CtenaH Ceprosud Jle6enes

XapKiBCbKMIN HalliOHaNbHUIM eKOHOMIYHUM YHiBepcuTeT iMmeHi CemMeHa Ky3Heus
61166, Nnpocn. Hayku, 9A, M. XapkiB, YKpaiHa

AHoTanis. YV TOCTiHIYCTpialbHOMY CYCHiIbCTBI SIKiCTb TpodeciiiHOl OCBiTM cTae MpOBigHMM (akTopoM (HOpMYyBaHHS
JIFOZICHKOTO TOTeHIiaTy. OmHUM i3 IUTAXiB 3a6e3meueHHs eheKTUBHOCTI I[OTO MPOLIECY € BUKOPUCTAHHS iHHOBALIIITHMX OCBITHIX
TEXHOJIOTiiA, SIKi CIIPSIMOBaHi He Jiuiie Ha opMyBaHHS MpodeciitHMX KOMITeTEHTHOCTEIA, aJie i Ha pO3BUTOK KPeaTUBHOCTI, 10
B TIOAQJIBLIIOMY CITPUSTUME TIOIIYKY HECTAaHAAPTHMX IUISIXiB PO3B’I3aHHS peabHMX 3aBIaHb. MeTO0 poOOTHM € JOCTiAsKEHHS
BIUIMBY iHTE€PAKTUBHMX OCBITHiX TE€XHOJIOTIi, 1[0 6a3yI0ThCS HA KOHIeIii design thinking, Ha yCIIlIHICTh CTYHEHTIB
€KOHOMIYHMX CITeliaJIbHOCTEel Ta iX BHYTPIITHIO MOTMBAIIIO 10 BMBUEHHS MaTeMaTUUYHUX OMUCLUMUIUIIH. Y SKOCTi MeTOIy
peavtizaniii KoHuemniii design thinking o6paHo (opmart AijioBOi Ipy, siKa rependavasia moodygoBy MaTeMaTUYHOI MOZIeTi peayibHO1
€KOHOMiYHOi TTpo6ieMM Ta BMKOPUCTAHHS MaTeMaTMYHOTO arapary i ii po3B’s3aHHs. [ OIiHIOBaHHS e(peKTUBHOCTI
reiimidikariii BM3HAUABCSI PO3MOALT CTYIEHTIB 3a YCITIIIHICTIO, & TAKOXK 3a JOIIOMOTOI0 METOAA aHai3y iepapxiii CTymeHT!
3MiMICHIOBAIM PAHKYBAHHS BU/IIB 3aHATH 3@ YIIOmMOGaHHSIMM. [TOCBiM BITPOBAIKEHHS TIIIOBUX irop, SIKMii TPOJEMOHCTPOBAHO
Ha MPUKIAAL JUCHMIUTIHM “JIOCTiPKeHHST oTtepalliil Ta MeToaM OnTuMisalii”, maTBepanB edeKTUBHICTb 3aCTOCYBAHHS IIi€i
TeXHiKM y Mpoleci BUBUEHHS OUCHUIUIIH MaTeMaTUUYHOTO MKy caMe 3aBISKM MigBUIEHHIO BHYTPITHbOI MOTMUBAITii
cTyneHTiB. TIOpiBHSIHO 3 TpaAMIIIITHMMY METOAAMM HaBYaHHS (PopMyBaHHS ITPodeciifHX KOMITETEHTHOCTEN CTYIEHTIB 6Yy/10
36araueHo JOCBiZIOM PO3B’I3aHHS TPAHCAVCIUIUTIHAPHMX 3aBIaHb. Pe3ynbTaTi JOCTiIsKeHHST JO3BO/SIOTh 3POOUTY BUCHOBOK,
1o mpodeciitHi KOMIETEHTHOCTI MaiiGyTHIX eKOHOMICTiB CYTTEBO YIOCKOHATIOIOTHCS 3aBASKM BUKOPUCTAHHIO Y TIPOIIECi
HaBUYaHHS IiIOBOI I'PH, B SIKiii peasibHa eKOHOMiUHa IIpobieMa afanToBaHa A0 TeMIM HaBUaIbHOI AUCIUIUTIHA

Kiio4oBi c;1oBa: eKOHOMiKa 3HaHb, SKOPCTKi Ta M’SIKi HABMYKM, aKTMBi3alliss HABUaJbHOT'O ITPOIIeCY, TPaHCAMUCIUIUTIHAPHI
3aBJlaHHsI, TEXHOJIOTii HaBUYaHHS, [iJIOBa rpa, reiimidikarris
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