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Abstract: Any person, not even a financier, should be knowledgeable in the field of personal finance management. As
a result of the survey, it was concluded that schoolchildren and students should be interested in the study of
personal finance, even within other disciplines in the form of separate sections. Successful personal experience
and knowledge of the teacher in the field of personal finance is an important component of the effectiveness
of the formation of competence of pupils, students, and adults in the field of personal finance. Business
simulators come in handy here. That is why the authors developed a business simulator for the development of
personal finance management skills, which was developed in the form of a web service. The article presents a
methodology for using the use of a business simulator with elements of machine learning to develop personal
finance management skills, its main components are given: content, purpose, forms, methods and means. The
main features of this simulator, which are presented in different sections of the simulator, are considered.
It is shown what skills of personal finance management are developed using this business simulator. Since
this simulator was designed to develop personal finance management skills, an attempt was made to apply
machine-learning elements to make this business simulator work even better. The proposed simulator can be
used in the future to teach the elements of personal finance management to people who are not sufficiently
knowledgeable in the field of such finance. Moreover, the web application can be useful even for school-age
children, so the simulator can complement the educational process within the economic courses not only in
higher education institutions but also in secondary education institutions of Ukraine.

1 INTRODUCTION not even a financier, should be knowledgeable in the
field of personal finance management. As a result, a

Almost every day, each person spends money on survey was conducted to find out certain aspects of

housekeeping, utility bills, payment for services and the financial literaf:y of ﬁr;t-year students as individ-
purchases. It also includes debts on loans, or just bor- uals who have their financial resources. In 2019, 167

respondents took part in the survey, in 2020 — 214 re-

rowed money from friends. Personal finance includes
spondents (first-year students of the Faculty of Infor-

all the funds available to us and the ability to man-

age them, so the topic of personal finance is relevant mation and Computer Technologies of the Zhytomyr

and worthy of attention for everyone who cares about Polytechnic State University).

their financial well-being. That is why any person, As a result, it was found that in 2019, 70.7%

of respondents consider themselves financially liter-

a(® https://orcid.org/0000-0001-7496-3553 ate, ready to consciously and effectively manage their
b hitps://orcid.org/0000-0001-6825-4697 own and family financial resources; in 2020 — 74.3%.
e https://orcid.org/0000-0002-4615-7578 At the same time, 29.3% of respondents in 2019 do
4@ htps://orcid.org/0000-0003-0985-4929 not consider themselves sufficiently aware in this re-
e(® https://orcid.org/0000-0003-2188-9219 gard; in 2020 - 25.7% (see figure 1, a).
f© https://orcid.org/0000-0002-6715-4667 It was also found that in 2019 45.5% of respon-
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Figure 1: Financial literacy education results.

dents studied the basics of financial literacy in at least
one form, in 2020 — this figure dropped to 19.6%, in
2019 54.5% - did not study in any form, in 2020 —
this figure is 80.4% (see figure 1, b).

In addition, by the results of the survey, it was
found that in 2019 14.4% of respondents at the high-
est level assess their level of readiness for conscious
and effective management of own and family finan-
cial resources, in 2020 — 10.7%, 38.3% of respon-
dents in 2019 —indicated the level of readiness “good”
and “satisfactory”, while in 2020 46.7% indicated the
level of readiness “good”, 35% - “satisfactory”. All
others either rated the level at the lowest level or an
unsatisfactory level.

As a result of the survey, it was concluded that
schoolchildren and students should be interested in
the study of personal finance, even within other dis-
ciplines in the form of separate sections. Successful
personal experience and knowledge of the teacher in
the field of personal finance is an important compo-
nent of the effectiveness of the formation of compe-
tence of pupils, students, and adults in the field of
personal finance. Business simulators come in handy
here.

1.1 Theoretical Background

The need for personal finance competency develop-
ment was analyzed in the research internationally.
The challenge is relevant for both developed and de-
veloping countries. Influence of the financial literacy
on the well-being of people worldwide and the need
to recognize it as the fundamental right and universal
need was discussed by Lusardi (Lusardi, 2019). An-
other research by Lusardi et al. (Lusardi et al., 2017)
shows that in the USA 30-40% of retirement wealth
inequality is associated with the level of financial lit-

eracy alone. As for the initial personal finance man-
agement, knowledge, and skills formation, the study
concludes significant influence of the high school fi-
nancial literacy courses on the lower default rates and
better credit scores (Urban et al., 2020).

Using business simulations in education is a
shared practice now. Simulations are being used in
practical training, such as flight or combat simula-
tions as well as in economic, managerial, and finan-
cial areas. Researchers study the pedagogical sig-
nificance of this type of technology-enhanced educa-
tional method. Hernandez-Lara et al. (Hernandez-
Lara et al., 2019) concluded the positive impact
of business simulations on the generic competen-
cies. Farashahi and Tajeddin (Farashahi and Tajed-
din, 2018) conclude the effectiveness of business sim-
ulations in their comparative study. The study of
business simulations in economic or finance evolves
with the evolution of technologies available to de-
velop immersive, attractive, and highly functional ex-
periences. The range of use-cases differs from ele-
mentary schools to life-long learning establishments.
Korgin (Korgin, 2015) provides evidence of the effec-
tiveness of the simulation games for kids with basic
arithmetical operations literacy. Palan (Palan, 2015)
studied the criterion and approaches to select business
simulation software for asset market experiments to
use in the higher education establishments.

The analysis provides evidence of the effective-
ness of business simulation usage in education in gen-
eral and the need to further development of business
simulation for the economy and finance literacy de-
velopment, assessment, and study of its behavioral as-
pects.

The purpose of the article is to describe the
methodology for using the business simulator with
elements of machine learning to develop personal fi-

93



AET 2021 - Myroslav 1. Zhaldak Symposium on Advances in Educational Technology

nance management skills.

2 RESULTS

The analysis of the analogues (Antoniuk et al., 2019,
2020) revealed that most part of the simulation soft-
ware is appropriate for a specific area of the finance in
the countries with developed financial markets. Based
on the conclusions above this work represents the ex-
periment in developing more generalized simulator
for the countries with less developed market of finan-
cial instruments.

That is why the authors developed a business sim-
ulator for the development of personal finance man-
agement skills (Antoniuk et al., 2022a,b), which was
developed in the form of a web service (10, 2020).

The methodology for using a business simulator
with elements of machine learning to develop per-
sonal finance management skills is presented in the
next part of this work.

The methodology for using a business simula-
tor with elements of machine learning to develop
personal finance management skills, like any other
methodology, includes the purpose and content of the
application, forms, methods, and tools.

It is focused on the expected result — the improved
personal finance management skills because of using
a business simulator with elements of machine learn-
ing.

The purpose of using a business simulator with el-
ements of machine learning is to develop personal fi-
nance management skills.

The content of using is the improvement of the
process of teaching normative disciplines using a
business simulator with elements of machine learn-
ing.

The proposed methodology includes the following
methods for using a business simulator with elements
of machine learning:

1. Adaptive learning. In the simulator, a process is
created in a game form, which in the literature is
called the examination cycle. At each stage of the
simulator, the user is faced with a list of prob-
lems corresponding to the current level of com-
petence. In the process of passing the simula-
tion, the user is allowed to use new tools avail-
able in the field of personal finance management,
which could not be effectively used at previous
levels of the formation of the relevant compe-
tence. This approach requires the user to itera-
tively master new knowledge, skills, and abilities
that are more complex from a theoretical and psy-
chological point of view, and the ability to use
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them in situations close to real ones. In the pro-
cess of passing the simulation and the correspond-
ing stages of the formation of competence, the
user gets the opportunity to work out tools and
situations that were previously unfamiliar to him
or are of additional interest to him, taking into ac-
count the stage of the life cycle, the field of activ-
ity or current problems and interests.

2. Situational modeling. The simulator proposed for
use in this work is based on a realistic simula-
tion of common and more specific situations in
the process of managing personal or family fi-
nances. The initial stage is modeling the creation
of a diversified currency and forms of storing the
user’s financial basket. In the future, to move
to more complex personal finance management
tools, credit and deposit operations with a dif-
ferent set of time parameters, payment schedules,
and forms of provision are added to the simulated
situations. The realism of the simulation is en-
sured by the presence of probabilistic events with
a positive or negative impact of different mone-
tary values on the user’s personal finances. Non-
financial investment transactions are the next step
in familiarizing and developing the user’s compe-
tence in the field of personal finance management.

Here are the main forms of conducting training
sessions using a business simulator with elements
of machine learning within the framework of this
methodology:

* Introductory classes for teachers and facilitators
on the functionality, modes, and features of us-
ing the simulator, the analytical capabilities of the
platform, and the means of scientific research on
the effectiveness and adaptability of the process of
developing user competence;

 autonomous and group independent work with the
simulator, aimed both at independent in-depth or
a convenient pace through the training and game
plot of the simulator and at the joint learning
activities of user groups and facilitators of such
classes either with elements of the competition or
without such elements;

an in-depth analysis of the situations of the sim-
ulator can take place in face-to-face or remote
format with individual students or groups. This
form of interaction is aimed at additional elab-
oration of situations, behavioral and psychologi-
cal aspects or financial instruments, the work with
which causes difficulties, misunderstanding, or at-
tracting additional interest of users.

The tools for developing personal finance man-
agement skills provided in the proposed methodology
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using a business simulator with machine learning ele-
ments include computers, smartphones, tablets with
Internet access, a business simulator with machine
learning elements; teaching materials.

The result of the proposed methodology: the skills
of managing personal money are formed at a high
level; acquired skills to successfully apply a business
simulator with elements of machine learning to per-
form practical work.

Within the framework of this methodology, we of-
fer different forms and methods of using a business
simulator with machine learning elements to develop
personal finance management skills: organization and
development of a business simulator with machine
learning elements to develop personal finance man-
agement skills; sessions of using a business simulator
with elements of machine learning to simulate socio-
economic situations that correspond to the topic of
the lesson; organization of thematic economic train-
ing using a business simulator with elements of ma-
chine learning; visualization of economic and behav-
ioral concepts; using a business simulator with ele-
ments of machine learning as a means of targeted in-
depth problem-based learning; using a business sim-
ulator with elements of machine learning as a means
of organizing an assessment.

At the same time, the organization and develop-
ment process of a business simulator with elements
of machine learning for the development of personal
finance management skills ensures the use of knowl-
edge needed to complete a project in the field of pro-
fessional activity of students of IT specialties as an
incentive for obtaining new knowledge in the field of
economics. In the process of developing a business
simulator with elements of machine learning, the ac-
quisition of skills and abilities is ensured, as well as
the formation of a personal attitude to the problematic
issues of the economic industry.

Sessions of using a business simulator with
elements of machine learning to simulate socio-
economic situations that correspond to the subject of
the lesson material provide students with interest, pro-
vide the necessary theoretical information in the field
of the lesson, organize the possibility of obtaining
skills in this topic, and initiate the formation of stu-
dents’ personal attitude to the socio-economic situa-
tion, considered by focusing on a specific economic
law, principle or concept, which reduces the complex-
ity of understanding.

The organization of thematic economic training
using a business simulator with elements of machine
learning contributes to motivation and increased at-
tention to the knowledge of the lesson material. Ob-
taining the skills and abilities of rational behavior in

the problematic area of training is an integral part of
the training, providing one’s own experience, close to
practice and the formation of a stable personal atti-
tude, provoked by the experience of mastering prob-
lematic material and the active generation of relevant
conclusions.

Visualization of economic and behavioral con-
cepts allows students to be motivated to perceive the
lesson material. When using a business simulator
with elements of machine learning with dynamic pa-
rameters or dynamic content, provides students with
the skills and abilities to manage an object of a socio-
economic nature. Visualization and selection of top-
ics relevant to the audience contribute to the formation
of one’s own attitude towards the object of knowl-
edge. The use of a business simulator with elements
of machine learning as a means of targeted in-depth
problem-based learning basically contains the need
for independent work on organizing such a lesson.
This approach allows for the development of per-
sonal finance management skills, initiating the inde-
pendent study of the lesson material. Supplementing
this method with an assessment in the form of an es-
say, including questions on the relevance of the sub-
ject of the simulation conducted for the student who
conducts it, and the group as a whole, contributes to
the formation of a personal attitude to the problems of
the studied material.

A separate object of study in the process of using
such a simulator can be the results of comparing the
optimality of decisions made by a person and a model
using machine learning algorithms. Such a compar-
ison complements the learning process with visual
data on the causes and consequences of applying var-
ious approaches to managing personal finances.

Consider the main features of this simulator,
which are presented in different sections of the simu-
lator (figure 2):

1. Current account management options.
Savings management options.
Deposit management options.

Credit management options.

Non-financial investment management options.

AN

Information on changes in current accounts that
have occurred in the last week.

7. Analytical information on the dynamics of
changes in current account funds, savings, and in-
vestments.

8. Information on current exchange rates.

9. List of recent transactions that have been made on
current accounts.
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Personal Finance - Week 1

Selected conditions A ®
Current account ~ Savings
Salary
4150008
- yAH 150008 - yAH
Spending per month
B Nextweek Nextmonth
Weekly update @ ~ Analytics

c Reset game N
150008

12,0002
Report results in 59 week(s)

9,000 Currency
Assessments in 23 week(s)

50002
BE= Usp

30002

0

nnnnn Output

© ~

Currency Operation Amount Balance

Transactions

- aH Salary 150008 150008

VIEW DETAILS

Exchange rates

~ Your deposits ~

08 © No open deposits

o start depositing press ‘Open deposit’ button below!

OPEN DEPOSIT

Your credits ~

(@ No open credits.
You are doing well!

‘TAKE CREDIT

Non financial investments ~

(@ No options available for now.

Figure 2: Business simulator.

Consider in more detail the section with current
account management options (figure 2, A). The “Cur-
rent account” section contains a list of current ac-
counts in the form: code and available amount.

The user has the opportunity to open a new ac-
count. To do this, click on the “Open account” button,
then a window will appear where you need to select
the currency in which you want to open a new account
(figure 3). Each user action in the simulator (for ex-
ample, opening a new account) is accompanied by a
message that appears in the lower right corner of the

page.

Open account

Currency

us -

Bl AUD - Australian Dollar PEN ACCOUNT

8 BYN - Belarusian Ruble

RUB - Russian Ruble

USD - United States Dollar

Figure 3: Example of opening a new account.

After opening a new account, the “Exchange” op-
tion will be available in the “Current account” sec-
tion, which allows you to exchange currencies at the
rate that can be viewed in another section “Exchange
rates” (figure 2, B).
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To exchange currencies, the user can enter the
amount he wants to sell and the amount in the cur-
rency to be purchased will be filled in automatically.
The user can also enter the amount to purchase and
the amount required for the purchase will be filled in
automatically. The user can also change currencies
and the amounts will be automatically transferred.

In the process of performing all actions by the
user, a real-time section is available with information
about changes in current accounts that have occurred
in the last week (figure 2, D). The user can choose the
currency of the account for which he wants to see the
relevant data (figure 4).

Exchange

4371.85 UAH ~

To

150 UsD ~
CANCEL EXCHANGE

Figure 4: Example of currency exchange.

In addition, in the simulator, there is a section with
analytical data on the dynamics of changes in current
account funds, savings, and investments since the be-
ginning of the simulation (figure 5). The user can se-
lect the currency of the account for which he wants to
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see the information. By default, to visualize the dy-
namics of funds in all accounts, the option “Accounts
total amount in USD” is selected, which displays the
total amount of funds in all accounts converted into
USD.

Analytics -

Accounts total amount in USD -

1,000 $ -

800 $

600 $

400 34

200 5

08 T T T T !
5 10 15 20 24
~Cy Current account O Savings (- Investments

Figure 5: Analytical information on the dynamics of
changes in current account funds, savings, and investments.

The user also can view transaction information on
all current accounts (figure 2, C). The corresponding
section contains a list of the last 5 transactions. In this
case, the user can view all transactions or filter them
by specific weeks in the details window (figure 6).

Transactions

Start week Endwee
21 24
Currency Operation Amount Balance
_—aH Transfer from savings 20008 2314.248
B= Uso Comp\el‘ed deposit 'Standard (3 200§ 200.84
= months)
BE= UsD Deposit 'Standard (3 months)’ 0428 0.84%
. AH Regular spending -12508 314248
. AH Regular spending -12508 1564.248
CLOSE

Figure 6: List of transactions with the filter by weeks.

At the beginning of the 4th week of the simula-
tion, a window with a test question appears, in which
the participant is asked what the amount is enough
to save for savings from a monthly salary per month.
This question is part of the assessment, and the user
is obliged to answer it.

To sometimes distract the user from financial in-
struments and bring more of the reality into the simu-

lation process, random events were added to the sys-
tem, including various diseases, repairs, the birth of a
child, and so on. Most random events last for some
time and additional costs for the entire period of va-
lidity. Some events are constant, so costs are made
every week, such as the birth of a child. You can’t
cancel any random event, you can just accept it and
close the window (figure 7).

4
s 30 T LT
T
u':ﬂ. L
—

1)

virus. The most common nclude: high
fever, runny nose, sore throat, muscle and joint

pain, headache, coughing, and feeling tired. These
symptoms typically begin two days after exposure

to the virus and mos

You incur additional costs for 1-2
weeks, see them in the "Weekly update”
section. Your first spending is -3386.68
2.

CLOSE

Figure 7: An example of a random event.

Upon reaching the 60th week of the simulation,
the user will be shown a page where the participant
can view analytical data on the dynamics of changes
in funds on all current accounts, savings, and invest-
ments since the beginning of the simulation (figure 8).
Funds on all accounts, savings, and investments are
converted into USD and shown in one chart. On this
page, the user can compare their results with the re-
sults of other participants in their country, as well as
from other countries, in addition, they can share their
thoughts or ideas about the simulator by filling in the
field at the bottom of the page.
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Your 60 weeks report is ready!

You results

2,100 $ 4
1,800 §
1,500 § 4
1,200 § 4

900 § 4

600 $ -

300 §

08
1 1

0 30 40 50 60

O- Current account Q- Savings -()- Investments

We need your feedback

Country results

UA - Ukraine -

1,800 § -

1,500 $ 4

1,200 §

900 § 4

600 §

300 5+

0% T T T T T J
1 10 20 30 40 50 60

(- Current account -~ Savings ~()- Investments

m SEND FEEDBACK

Figure 8: Example of simulation results.

The use of the Simulator facilitates forming of
the following knowledge, skills, and competencies as
well as the personal attitude towards:

» Using the diversified list of currencies.

* Forming widely-acknowledged standard of emer-
gency savings and assessing readiness for longer-
term investment.

» Using basic saving and investment instruments
available in a wide range of countries such as de-
posits (deposit certificates), real estate, and busi-
ness investments. Experiencing different types of
instruments and understanding their specific.

* Debt-management and forming personal behav-
ioral attitude to using debt as constructive invest-
ment leverage.

Since this simulator was designed to develop per-
sonal finance management skills, an attempt was
made to apply machine-learning elements to make
this business simulator work even better. This re-
quires the creation of a system that could determine
for the user an effective strategy of action in the sim-
ulator because the amount of real data of simulation
participants is extremely small for analysis and iden-
tification of hidden dependencies using cluster analy-
sis. This task is suitable for those that are solved by
the latest approach in machine learning, namely rein-
forcement training.
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Reinforcement learning (RL) is a type of machine
learning in which the agent directly examines envi-
ronmental data, receives rewards, and sets policies for
optimal action. The goal of RL is to find the optimal
policy that maximizes the expected amount of future
rewards (Sutton and Barto, 2015).

Reinforcement learning focuses primarily on how
to obtain the optimal strategy (Sutton and Barto,
2015) (figure 9). Ideally, the system should determine
what will be financially optimal, as well as understand
what is inherent in man, given its characteristics. For
example, if a person has never used investment instru-
ments, it is not worth building a strategy for him with
too aggressive investment behavior, because it is un-
likely that a person will follow it.

Reinforcement learning includes an agent, a set of
states S, and a set of actions by states A. By acting
a € A, the agent moves from state to state. Acting
in a certain state provides the agent with a reward.
The agent’s goal is to maximize his overall (future)
reward. He does this by adding the maximum reward
that can be achieved from future states to the reward
for reaching his current state, thus influencing the cur-
rent action with a potential future reward. This poten-
tial reward is the sum of the rewards of all subsequent
steps, starting from the current state.

Formally, reinforcement learning is modeled as a
Markov decision-making process (MDP). MDP pro-
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C A
[ ' D ‘ D
( Input Raw Data ) /—( Environment )ﬁ Output
Reward Best Action —
Y A
—_—
State Selection of
Algorithm \ B
T ( Agent )—/
L A

Figure 9: The principle of operation of the model of training with reinforcement (Sutton and Barto, 2015).

vides a mathematical basis for modeling decision-
making in situations where the results are partly ran-
dom and partly controlled by the decision-maker (Put-
erman, 2008).

One of the algorithms of reinforcement training is
Q-learning. The purpose of Q-learning is to learn a
strategy that gives the agent information about which
step is best to perform in a particular state S.

The algorithm contains the following elements:

* r; the reward received in the transition from state
s; to state St+15

* o — the pace of learning, which determines the ex-
tent to which new information will override old
information;

* vy — depreciation ratio, which gives the effect of
valuing rewards received earlier, higher than those
received later (figure 10).

Before training, Q is initialized with an arbitrary
fixed value (selected by the programmer), for exam-
ple, 0. Then, at each point in time t, the agent selects
an action a;, receives a reward 7, moves to a new
state ;11 (which may depend on both the previous
state s; and the selected action), and table Q is speci-
fied. The core of the algorithm is the Bellman equa-
tion as a simple update of values by iteration, using
the weighted average old value and new information
(Watkins and Dayan, 1992).

As a result, the open-source library SharpRL was
chosen (Jansson, 2015). This library provides ba-

sic functionality for developing a learning environ-
ment with reinforcement based on the Q-learning al-
gorithm. The program for defining personal financial
strategies is a console application. Running this pro-
gram involves setting certain parameters, including:

* number of simulation passes in training mode;

* the number of simulations in the mode of compli-
ance with the model policy after training;

¢ duration of the simulation in weeks;

* monthly income and expenses of the user in a
certain currency, which will be determined as the
main currency of this user.

At the end of the training process, the screen will
display the maximum reward that was achieved dur-
ing the program; data on the user in the last week,
which include: funds in current accounts, amounts
invested in deposits and savings of the user; the best
way that was found during the operation of the sys-
tem. Each step of the path is an action that is recom-
mended for the user to perform in a particular week.
For more information, user data is displayed next to
each step after performing the specified operation.

To have more opportunities to analyze the results,
the program saves them in a CSV file, which can
be used to compare the data with data from other
launches of the program.

The generated file has only two columns: the
first — indicates the week of the simulation, the sec-
ond — the reward received by the user this week.
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temporal difference
AN

Q"ew(st,at) eQ(st,at)+ o . Ty +

old value learning rate reward

discount factor

N

~y . maa,XQ(St_A,_l, CL) - Q(st’at))

. > old value
estimate of optimal future value

~
new value (temporal difference target)

Figure 10: Q-learning algorithm.

As aresult, the operation of the system with differ-
ent initial parameters was analyzed and it was found
that a small number of iterations is the cause of an un-
trained model, which results in unstable results. Ex-
periments were conducted and it was hypothesized
that the optimal ratio of initial parameters, namely:
the number of simulation passes in the training mode
and the number of simulation passes in the mode of
adherence to the model policy after training, is close
to 1000. It was found that best results. After attempts
to increase these figures, the results remained within
the statistical error. For example, figure 11 shows the
result of increasing the number of training epochs to
2000, which, compared to the results of 1000 epochs,
remained almost unchanged. As a result of the study,
it was concluded that with the current set of possi-
ble actions in the system (for example, to open a de-
posit of 10% of profits, etc.), increasing the number
of training epochs does not improve the result.

7000
6000
5000

4000
—100

500

Reward

3000
——1000

——2000
2000

1000

12 13 14 15 16 17 18 19 20 21 22 23 24

Week
Figure 11: Results with different number of epochs of train-
ing in the mode of adherence to the trained model.

To test the trained model, a method of comparing
the results of the system with the average values of
the results of the passage of real users in the devel-
oped simulator was chosen. Thus, it was decided to
take a certain period, for example, 54 weeks, and col-
lect user data using the available functionality of the
simulator. Based on the collected user data and the re-
sults of the trained model, several comparative graphs
with different indicators of income and expenses were
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constructed.
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Figure 12: Comparison of model and user results with pa-
rameters of UAH 10,000. income and 6,000 UAH costs.

It was found that for 54 weeks, the system shows
consistently better results than the average results of
users who underwent the simulation. From the graph,
you can see that the performance of the model is
growing from week to week, which means that the
system adapts to the environment.

After increasing the parameters of profit and ex-
penses, the difference in the graphs becomes more
significant in favor of the trained model. This is
shown in figure 13, 14, 15.
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Figure 13: Comparison of model and user results with pa-
rameters of UAH 15,000 income and UAH 9,000 costs.

Jumps can be seen in the graph showing the re-
sults of the reinforcement learning model. They can
be seen more often on charts where higher incomes
and a large difference between income and expenses.
This is the effect of specific rules that are described
to train the model so that the virtual agent system
follows the best path. For example, if an agent has
opened a deposit for 3 months, after this period the
deposit will be closed automatically and this closing
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Figure 14: Comparison of the results of the model and
users with the parameters of UAH 30,000 income and UAH
15,000 costs.
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Figure 15: Comparison of the results of the model and users
with the parameters of UAH 100,000 income and 30,000
UAH costs.

of the deposit will significantly affect the user’s re-
ward for this week. However, the system learns and
“understands” where to invest or save. As a result,
this leads to sharp increases in performance, as seen
in the graphs. In the graphs responsible for the results
of real users, such behavior is not observed, which in-
dicates the ignorance of users with effective ways to
manage personal finances within the developed simu-
lator.

3 CONCLUSIONS

Currently, economic processes are a new topic for re-
search into the possibilities of applying the full po-
tential of machine learning. Scientists from around
the world are just making the first attempts to repro-
duce such processes programmatically to use artificial
intelligence to find solutions and answer various eco-
nomic questions of humanity.

The proposed developed software package con-
sists of two parts: a personal finance management
simulator and a system for determining effective fi-
nancial strategies, which uses reinforcement learning
opportunities.

The proposed simulator can be used in the future
to teach the elements of personal finance management
to people who are not sufficiently knowledgeable in

the field of such finance. Moreover, the web appli-
cation can be useful even for school-age children, so
the simulator can complement the educational process
within the economic courses not only in higher edu-
cation institutions but also in secondary education in-
stitutions of Ukraine.

The prospects for further research include testing
the effectiveness of the proposed simulator of per-
sonal finance as a learning tool.

When constructing a methodology for using a
business simulator with elements of machine learning
to develop personal finance management skills, it is
advisable to take into account: various types, scopes,
methods of placement, and purposes of using busi-
ness simulators. The use of a business simulator with
elements of machine learning is expedient and con-
tributes to an increase in the efficiency of the educa-
tional process, the formation of personal finance man-
agement skills, and also forms a steady cognitive in-
terest in students in educational activities. The appli-
cation of the author’s methodology will improve and
supplement the educational process in higher educa-
tion by including a business simulator with elements
of machine learning.

In addition, the prospects for further study include
the selection of different simulators of this type, the
possibility of using simulators of this type to develop
the managerial and financial competencies of students
in various specialties, as well as the development of
an appropriate methodology and testing its effective-
ness. In the future, we plan to develop guidelines for
teachers on using a business simulator with elements
of machine learning to develop personal finance man-
agement skills in the educational process of higher ed-
ucation.
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