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DEVELOPMENT OF A TRAINING SIMULATOR FOR SYSTEM ANALYSIS
IN THE FORM OF A CHAT-BOT

The strategic goal of educational institutions is the development of an electronic educational resource for learning,
where all participants in the educational process will have equal access to mastering and practical testing of the studied
materials. One of the effective methods for improving the assimilation of theoretical material and practical skills is the use
of exercise programs during the educational process. The article deals with the development of an educational simulator
for the distance learning course “System Analysis and Theory of Decision-Making . Methodology. Theoretical materials
of the distance course, the PyCharm integrated software environment, and the Python programming language have been
used. Results. In the work, a simulator program for the distance learning course “System Analysis and Decision Making
Theory” has been implemented. Design and development is carried out in the PyCharm integrated environment in the
Python programming language. The simulator program includes a theoretical reference, a condition of the problem,
which is a task, and a number of sequential questions to solve it. Scientific novelty. The developed sofiware product
performs educational and monitoring functions. The simulator is implemented in the form of a chat bot in Telegram. The
study proves that this application format is the most common among education seekers and does not require additional
instructions. The methodology for developing program elements also demonstrates the step-by-step process to creating
a simulator. Practical significance. The developed software product is implemented in the corresponding course of the
distance learning system on the Moodle platform of the Poltava University of Economics and Trade and is recommended
foruse by applicants in the specialty “Computer Science” in the educational process when studying the discipline “System
Analysis and Decision Making Theory”

Innovative teaching methods help applicants to fill knowledge gaps on their own without the use of additional
classroom time or the help of a teacher.

Key words: distance learning, simulator-bot, higher educational institution.
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PO3POBKA HABYAJIBHOI'O TPEHAXKEPY 3 CUCTEMHOI'O AHAJII3Y Y BUTJIAAI YAT-BOTY

Cmpameziunoio Memoio HABYANbHUX 3AK1A0I68 € PO3POOKA eNeKMpPOHHO2O OCBIMHBLO2O pecypcy Oasi HABYAHMS,
0e 6Ci YUacHUKU OCGIMHbLO2O NPoYecy Mamumyms pigHUll 0OCMyn 00 OCGOCHHA MA NPAKMUYHOI NepedipKU BUBHEHUX
mamepianie. OOHum 3 egheKmugHUx Memoois 01 NiOBULYEHHS 3AC60EHHA MEOPEMUUHO20 MAMepiany ma npaKmuidHux
6MIHb | HAGUUOK € BUKOPUCMAHHS NPOSPAM-MPEHAICEPIB Ni0 Hac HAGUANLHO20 npoyecy. Y cmammi po32isamnymo po3pooKy
HABUANLHO20 mpeHadicepy OUCIAHYIIHO20 HA8UANbHO20 Kypcy « Cucmemnull ananiz ma meopis nputiHAmms piieHsy.
Memoouxa. Buxopucmano meopemuuni mamepiaru OUCMAHYIUHOZ0 KYPCY, iHmMezpoeamne Npocpamue cepeoosuuye
PyCharm, mosa npoepamysanns Python. Pesynemamu. YV pobomi peanizoearno npozpamy-mpeHasxicep OUCmaHyiiHo2o
naguanvhozo Kypcy «Cucmemnuii ananiz ma meopis npuiinamms piuwenvy. IIpoekmysanns ma po3podxa 30iticnena
6 inmezpoeanomy cepedosuwji PyCharm moeoio npoepamysanns Python. Ilpoepama-mpenadsicep 6xniouae meopemuymy
0086I0KY, YMOBY 3A80aHHS, WO NPEOCMAsIAe coboI0 3a0ayy ma HU3KY NOCIIO06HUX 3anumans no ii pozesasannio. Haykoea
nosusna. Pospobnenuti npoepamuuii npoOykm GUKOHYE HABUANbHY ma KoHmpomowdy @gyukyii. Tpenasicep peanizosarno
¥y guensidi uam-oomy 6 meneepami. JlocniodcenHs 00800umy, wo came maxuii oopmam 000amxy € HatOiibw NOUWUPEHUM
ceped 3000y8auie ocgimu ma He nompedye OONOMINCHUX 8Ka3i60K. Memooonoeis po3poOKu eremenmis npozpamu makoxic
0eMoncmpye NOKpoKogicmb 6 cmeopenni mpenasicepy. Ilpaxmuuna 3uauumicmo. Pospobaenuti npozpamuutl npooyKkm
iMnIeMenmogano y GionogioHull Kypc cucmemu OUCMAanyitino2o Hasyanus ua niameopmi Moodle Ilonmaecvkoco
VHIgepcumenty eKOHOMIKU ma mopeieii ma peKomMeHO08aAHO O/ BUKOPUCIMAHHS 3000)68auam 0C8imu 3a CneyiaibHiCmio
«Komn tomepui naykuy 6 naguanrsnomy npoyeci nio uac gusyenns oucyuniinu « Cucmemuutl ananiz ma meopis npuiiHamms
piwensy. [nnosayiiini memoou HaguaHHs O0ONOMA2aloMb 3000y6a4aM OCGIMU CAMOCMINHO NIKBIOY8amu Npo2aIuHU
V 3HAHHAX 6€3 BUKOPUCTNAHHS 000AMKOB020 AYyOUMOPHO20 HACY YU UKIAOAY.

Knrouoei cnoea: oucmanyiiine Hagyamts, mpeHastcep-6om, UL HABYATLHULL 3AK1A0.

Formulation of the problem

Currently, there has been a fundamental change in the methods of dissemination and use of information, which has led
to the development of educational technologies and contributed to the active implementation of distance education — one
of the directions of reforming the education system in Ukraine [1].

Every modern teacher faces the problem of creating one’s own electronic resources that organically fit into the classical
system, improve and rationalize it, create new opportunities for the organization of parallel learning and knowledge
management, and also provide real opportunities for individual educational practices.

Creating a simulator for mastering educational material or solving problems allows providing effective and interactive
learning, a personalized approach, motivation, progress tracking and accessibility for users. It creates a favorable
environment for effective assimilation of knowledge and development of skills [2].
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Analysis of recent research and publications

An important task in teaching mathematical disciplines is a visual demonstration of problem solving. To solve this
problem, it is possible to develop and implement simulator programs in a distance course. The implementation of such
simulators is an actual direction of development and research for mathematical disciplines in particular.

Analyzing the existing software [3—7] (simulators, manuals, etc.), one can single out both the positives of each of them
and their shortcomings. It is very important to closely monitor what is happening in the world of web development: the
relevance of existing frameworks, the choice of the best among them, development and design trends. Relevant today are
the initial simulators implemented in the form of chat bots.

It is very important to carefully monitor what is happening in the world of web development: the relevance of existing
frameworks, the choice of the best among them, development and design trends. Educational simulators implemented in
the form of chat bots are relevant today.

The purpose of the work is to develop simulator software in the form of a chat-bot on the topic “Expert assessment of
the advantages in the problem of choosing a university” for the distance learning course “System Analysis and Decision
Making Theory”.

Presenting main material

The following statement of the problem is proposed: A Ukrainian family solves the problem of choosing a higher
educational institution for their child entering. The family formulates requirements in the form of criteria characterizing
certain qualities of universities.

Criterion 1: the presence of a large number of licensed universities in this specialty;

Criterion 2: distance from the place of residence;

Criterion 3: university’s image;

Criterion 4: the desire of friends to enter this exact university;

Criterion 5: convenience of transportation with the city where the university is located;

Criterion 6: the cost of contract training for the desired specialty;

Criterion 7: availability of a sufficient number of places in the dormitory;

Criterion 8: availability of budget places in desired specialties.

The main goal set by the family to solve the problem is formulated as follows: “choose a university that would best
meet all criteria at the same time.”

Three universities (A, B, C) with such characteristics were considered as alternative ones.

University A. It has the largest licensed volume, significantly larger than B and almost completely surpasses the level
of C. In terms of distance from the place of residence, A significantly exceeds B, and it is slightly worse than C. The
prestige of A among universities absolutely exceeds B and more than strongly exceeds C.

Regarding the preference of friends to enter the chosen university, A almost completely outperforms B and more than
strongly outperforms C.

The location of universities, in terms of transport links convenience, is very much dominated by university B. The
cost of contract training in the chosen specialty at the university A is twice as high as at B and C. The number of places in
the hostel is sufficient. In the specialty that is given preference, the A university has the smallest number of state-funded
places.

University B. The licensed volume is slightly smaller than that of A, but it significantly exceeds C. It is in the worst
conditions in terms of the distance from the place of residence. The prestige of the university is the lowest. The desire
among the friends to enter this university is the lowest. In terms of the convenience of transport connections with the city
where the university is located, it is also the lowest. The cost of contract training for the desired specialty is the same as
in C, and half as less as in A. The number of places in the dormitory is sufficient. In terms of the number of budget places
for the desired specialties, it is very much superior to the A university and not so much to B.

University C. It has the smallest licensed volume. In terms of distance from the place of residence, C has a slight
advantage over B. In terms of prestige, the C university exceeds B. At the request of friends to enter the chosen university,
C significantly exceeds B. In terms of convenience of transport connections with the place of residence, the location of
the university is significantly better than that of A and almost absolutely surpasses B. The cost of contract training for the
desired specialty is the same as in B and half as much as in A. The number of places in the hostel is sufficient. In terms of
the number of budget places for the desired specialties, the university is significantly ahead of others.

The final project of this work is the implementation of a simulator on the topic “Expert assessment of advantages in
the problem of choosing a university.” The main goal of developing the simulator is to help students master this topic and
help them carry out calculations in an accessible and most popular format.

Step 1. The panel displays a message containing the following text: Hello, I'm a simulator bot, I will help you
understand the topic “Expert assessment of advantages in the problem of choosing a university.” When you’re ready,
click ‘Get Started’ and I’1l provide you with the theoretical material.

The user clicks the Start button.
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Step 2. The user is presented with a file called Theory.docx, which contains the theoretical information contained
in the distance course. The user is introduced to the topic. Under the theoretical file is displayed: When the review is
completed, click the “Continue” button.

The student clicks Continue and proceeds to step 3.

Step 3. The message sends the Problem Statement.docx file, which highlights the condition of the problem on which
the student will work further. This file contains an inscription: Read the condition of the problem and click the “*Continue”
button, it is recommended to use Microsoft Excel for calculations. After reviewing the materials in this file, the student
presses the “Continue” button and proceeds to step 4.

Step 4. The following picture is displayed on the screen:

. convenience of [
the presence of . the desire . the cost of | availability oo
distance . transportation . availability of
. a large number L of friends . . contract of a sufficient
choice of . from the university’s with the city . budget places
L of licensed . to enter training for number of . .
university L place of image . where the g . in desired
universities in . this exact L the desired | places in the o
. . residence . . university 1s . . specialties
this specialty university specialty dormitory
located
the presence of
a large number
of licensed 1 5 3 7 6 6 1/3 1/4
universities in
this specialty

And the inscription is displayed: Calculate the components of the main eigenvector of the matrix Vi for the given series
and choose the correct answer.

Suggested answers:

* 1,578;

*0,364;

*2,649;

*2,053.

According to the calculations made by the user, he chooses the correct option. If this option is not the answer 2.053,
we go to step 5.

Step 5. The screen displays the following image containing the calculation formula and the inscription: You have made
a mistake, this formula will help you

Vi = "/[[;l:laij, i=12,..,n 1¢ [[;‘zlaij means the product of n factors

ayy .oy Ay
The suggested answer options do not change until the student chooses the correct answer.
When the student clicks on the correct answer, the program moves to the next step.

Step 6. The bot sends an image with the following message:

distance from
the place of 1/5 1 173 5 3 3 /5 1/7
residence

And below it displays the message: Calculate the components of the main eigenvector of the matrix Vi for the given
series and choose the correct answer

Suggested answer options:

*0,736;

*0,841;

* 1,651;

*0,956.

According to the calculations made by the user, he chooses the correct option. If this answer is not 0.736, then go to
step 5.

In steps 7—12 of the algorithm it is proposed to calculate the components of the main eigenvector of the matrix Vi for
this series. At step 13, the bot outputs the Vi vector. Next, steps 14-22 train how to calculate the components of the Pi
priority vector. The next steps include the calculation of the following quantities: the maximum eigenvalue (value) of the
matrix Amax; consistency index (CI); consistency ratio (CR).

Step 29. A message is displayed on the screen containing a Microsoft Excel file called Task.xlIsx. This file contains the
progress of solving problems. The following text is also displayed: Good job!
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Open the Microsoft Excel file to check yourself. Be careful! The results of some calculations in this file differ from
those presented in the distance course.

The final step. The “Start” button is displayed to the user. By clicking on it, the user ends work with the program or, if
desired, can go through these tasks again.

This algorithm was implemented in the Python programming language in the PyCharm development environment.
In order to start working with the simulator, you need to write /start in the line for entering messages. Immediately
after that, a message will appear, from which the user’s work with the simulator will begin (Fig. 1).

/start 1043

SECIENE
cl (_’\ @ 'I‘
<) ) A8 axNig
~ MNpueit, 7 60T TpeHaxep, 8 AONOMOXY BaM posibpaTtvcs y Temi
- "EkcnepTHe ouiHIOBaHHA Nepesar B 3aAadi npo Bubip BH3". Konn

6yaete rotosi HaxMiTs ‘Tlouat' | A HaAam BaMm TeopeTUYHWA
| marepian

10:43

MouaTtn

Fig. 1. Getting started with the simulator

After clicking on the “Start” button, the simulator will show the following message, which will contain the theory for
the topic “Expert assessment of advantages in the problem of choosing a university.” (Fig. 2).

The theoretical material and the condition of the problem will be presented to the student in .docx format, for easy
mastering.

When solving problems, the condition will be presented in the form of text and / or images (Fig. 2), after reading the
condition, the student must choose the correct answer, according to his calculations.

| Hasemicry
eenunor Baana | |
scryram a0

sicd Bapricms | Haamicns
aei | Biasanewicry rorpaHore | Aoc
Nluensia
Buip BHD e Lo
woro OBCay 3| apgmrpanses BH3 spyie
e LT

crediamakcTy

3 s i

MNopaxy/Te KOMMNOHEHTV FON0BHOMO BAACHOMO BEKTOPY MaTpuLl Vi

ANA aHoro pagy Ta o0epiTe NpaBubHy BiANOBIAL 10:59
@ Hanucatv nosigoMAeHHS... @
1,578 0,364
2,649 2,053

Fig. 2. Highlighting the condition of the tasks and the suggested answers

If the student chooses the wrong answer, the simulator highlights a formula that should help the student in calculations (Fig. 3).

|
o

i g - ~—

| ®

Y Vim n a;, i=12....n
¥ i

| pe A a;; 03navac 20BYTOK 1t MHOKHNKIE @1, . .. , Gn.
) =

By noMuanACs, LR GopMyna BaMm JOMOMOXe

11:05

@ Hanucatit NoBigOMAEHHS...

1,578 0,364

2,649 2,053

Fig. 3. Highlighting the formula to help the student
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When the student answers all the questions correctly, the program sends him a .xIsx file (Fig. 4), where he can check
the correctness of his thoughts during the calculations.

o 3apava.xlsx

lapHa po6ora! Bigkpwiite ¢paiin

Microsoft Excel, gns Toro, wob

nepesiputy cebe. byasTe yBaxHil

Pe3ynbTatit JeAKuX po3paxyHkis B

AaHomy daini BIAPIHAIOTLCA BIA TUX,

WO NPeACTaBNeHi Ha ANCTaHLIAHOMY

Kypci. °

Fig. 4. Sending a file with the extension .xlsx

The last stage of working with this simulator is to press the “Start” button (Fig. 5).

Ha noy4aTok

Fig. 5. Finishing work with the simulator

After clicking on this button, the student can complete the work or start it from the beginning.
Conclusions

Thus, a training chat bot in a telegram was implemented to study one of the topics of the educational component
“System Analysis and Decision Making Theory”.

Non-standard and interactive methods used in conducting classes motivate applicants for education to better study
disciplines and self-education, which ultimately is the main task of a modern teacher.

In the future, the created simulator program will be updated according to the curriculum of the discipline in accordance
with the new State Standards and will be used as a component of the educational information environment, which makes
it possible not only to approach the problem of effective integration of independent work into the educational process, but
also allows without additional costs of classroom time to fill gaps in the knowledge of applicants for education.

Bibliography

1. Bomxosa, H.II. [HTepakTuBHI TeXHONOTI{ HABYAHHS y BHINII IIKOJi: HABYAIFHO-METOAMIHIN mOciOHmK. J[Himpo: YHi-
BepcuteT iMeHi Anpdpena Hobemns, 2018. 360 c.

2. Jlomenxo, H. 3acTocyBaHHS HaBYAIPHIX KOMIT IOTEPHHX IHTEPAKTHBHHUX TPEHAXKEPIB 300yBauaMil BUIIOT OCBITH iHKe-
HEpHHUX CIIeIiaNbHOCTe! B yMOBax iH(GOPMAMiifHO-OCBITHEOTO CepenoBHIIa. [ledacoeiuni Hayku: meopis, icmopis, iHHO8a-
yiuni mexronoeii, 2018. Ne 2(76). C. 118-128. URL: https://doi.org/10.24139/2312-5993/2018.02/118-128 (maTa 3BepHEHHS:
18.05.2022).

3. Virk R. The Simulation Hypothesis: An MIT Computer Scientist Shows Why Al Quantum Physics and Eastern Mystics
All Agree We Are In a Video Game. Bayview Books, 2019. 330 p.

4. Introduction To Computer Simulations For Integrated Stem College Education. WSPC, 2019. 234 p.

5. Vlachopoulos D., Makri A. The effect of games and simulations on higher education: a systematic literature review.
Intertional Journal of Education Technology in Higher Education,2017,Vol. 14 (22). URL: https://d-nb.info/1141475928/34 (Last
accessed: 27.11.2020).

6. Yepnenxo, O.0., Yinikina, T.B., OnpxoBceka, O.B. Po3po0ka Ta BUKOpICTaHHS HABYATBHIX TPEHAKEPIB IIPH TTiATOTOBIII
¢axisiis Hanipssmy «Komr totepHi Haykmy». International scientific and practical conference *Mathematics, physics, mechanics,
astronomy, computer science and cybernetics: issues of productive interaction": conference proceedings, Yuly 9—-10. 2021.
Wiloclawek, Republic of Poland: “*Baltija Publishing'*, 2021. C. 55-59.

7. 0. B. OmpxoBcrka, 1. M. Onpxoserkuit, O. O. Ueprenko, O. I. Opixiscpka, O. FO. Cobibopers. TexHomoris mporpam-
HOI peanizamii TpeHaxepy 3 TeMu «CHCTeMH YHCIICHHS, apu(pMETHYHI OTepalii B Pi3HAX CHCTEMaX YHCICHHD AUCIUILTIHA
«ApxiTekTypa oduncmoBaTbHEX cuctem». BICHUK XHTY, Ne 3(82), 2022, C. 65-74.

201



BICHHUK XHTY Ne 2(85), 2023 p. IH® OPMAIIIHHI TEXHOJIOI'TI

References

1. Volkova, N.P. (2018) Interaktyvni tekhnolohii navchannia u vyshchii shkoli: navchalno-metodychnyi posibnyk
[Interactive learning technologies in higher education: educational and methodological guide]. Dnipro: Universytet imeni
Alfreda Nobelia. 360 p. [in Ukrainian]

2. Dotsenko N. (2018) Zastosuvannia navchalnykh kompiuternykh interaktyvnykh trenazheriv zdobuvachamy vyshchoi
osvity inzhenernykh spetsialnostei v umovakh informatsiino-osvitnoho seredovyshcha [The use of educational computer inter-
active simulators by students of higher education in engineering specialties in the conditions of an informational and educational
environment). Pedahohichni nauky: teoriia, istoriia, innovatsiini tekhnolohii, Ne 2(76). pp. 118—128. [in Ukrainian]

3. Virk R. (2019) The Simulation Hypothesis: An MIT Computer Scientist Shows Why Al, Quantum Physics and Eastern
Mystics All Agree We Are in a Video Game. Bayview Books, 330 p.

4. Introduction To Computer Simulations for Integrated Stem College Education. WSPC, 2019. 234 p.

5. Vlachopoulos D., MakriA. (2017) The effect of games and simulations on higher education: a systematic literature review.
Intertional Journal of Education Technology in Higher Education. Vol. 14 (22). URL: https://d-nb.info/1141475928/34 (Last
accessed: 27.11.2020).

6. Chernenko, O.0., Chilikina, T.V., Olkhovska, O.V. (2021) Rozrobka ta vykorystannia navchalnykh trenazheriv pry
pidhotovtsi fakhivtsiv napriamu «Komp iuterni nauky» [Development and use of educational simulators in the training of
specialists in the field of “Computer Sciences”]. International scientific and practical conference *Mathematics, physics,
mechanics, astronomy, computer science and cybernetics: issues of productive interaction’: conference proceedings, Yuly 9-10.
2021. Wloclawek, Republic of Poland: **Baltija Publishing™". pp. 55-59. [in Ukrainian]

7. O. V. Olkhovska, D. M. Olkhovskyi, O. O. Chernenko, O. H. Orikhivska, O. Yu. Sobiborets (2022) Tekhnolohiia
prohramnoi realizatsii trenazheru z temy «Systemy chyslennia, aryfmetychni operatsii v riznykh systemakh chyslennia» dystsy-
pliny «Arkhitektura obchysliuvalnykh system» [The technology of software implementation of the simulator on the topic “Cal-
culation systems, arithmetic operations in various calculation systems” discipline “Computer systems architecture”.]. VISNYK
KhNTU [KHNTU BULLETIN], Ne 3(82), P. 65-74. [in Ukrainian]

202





