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Technology for training on modeling of economic tasks
in the informatics course

Abstract: Currently, the main direction of modernization of Kazakhstan education is the assurance of its
new quality. One of the most important issues in high school education is the issue of motivation. Learning modeling
and its application in the course of informatics assists to approximate the subject to real life, to study the life process-
es, and also to see its practical value, that is, to contribute to achieving the goal of education — training of a person for
future activities in society. Currently, a relatively simple Excel processor is used for relatively simple processing of
numerical information and for modeling of the economic tasks. The purpose of this article is to show the features of
the development of the methodological material under the title “Modeling of the economic tasks in Excel”.

In the article we used the following research methods: analysis of scientific, methodical literature and the
publications in periodical journals, summary and systematization of the accumulated pedagogical experience of the
teachers, the methods of experimental research, including observation of the educational process in the schools of the
Republic of Kazakhstan.

Key words: technology for training, education, modeling, economic tasks, Excel.

DOI: https://doi.org/10.32523/2616-6895-2018-125-4-47-55

Introduction. Currently, the main direction of modernization of Kazakhstan education is
the assurance of its new quality. This can be achieved by improving the methodological system
of training by including relevant content and using the modern teaching techniques.

One of the most important issues in high school education is the issue of motivation.
Learning modeling and its application in the course of informatics assists to approximate the sub-
ject to real life, to study the life processes, and also to see its practical value, that is, to contribute
to achieving the goal of education — training of a person for future activities in society. Modeling
provides a general algorithm, both for the study of objects, processes, phenomena, and for the
study of the educational material. Modeling makes it possible to influence the different types of
thinking of the student, but the formation of thinking is “a process of cognition connected with
discovery of the subjectively new knowledge, solution of the problem-tasks, the creative transfor-
mation of reality”.

In the informatics course, not sufficient time is devoted to modeling of economic tasks, so
not many tasks like these ones have been developed accordingly in the textbooks.

We should note the importance and prospects of this area. In this regard, it becomes nec-
essary to perform the detailed analysis of the main components of the methodological system for
modeling study in order to implement the integrative connections between the informatics and the
disciplines of the financial and economic cycle and, accordingly, formation of skills and experi-
ence required for the school students in future professional activities.

The following intellectual skills and their components can be distinguished as general
methods of learning activities that students should master in the study of the economic tasks mod-
eling:

e ability to solve problems (posing a question, finding the necessary information to
solve a problem, analysis of the problem situation, making a hypothesis);

e ability to make the mathematical modeling (definition of data, conditions and bound-
aries of the search for solutions, translation of the problem into the language of
mathematics, application of the adequate mathematical apparatus, interpretation of
the solution);
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e ability to think logically (deductive and inductive reasoning, the combination of
logic and intuition, argumentation of findings and conclusions);

e communicative skills (reading, writing, using the mathematical symbols and formu-
las, preparation of schedules, schemes and diagrams);

e ability to apply the new information technologies.

Forming of the specified types of educational activity of the school students, we thereby
contribute to development of such general intellectual methods as comparison, synthesis, analy-
sis, abstraction, which are in the base of the modeling process technology.

Currently, a relatively simple Excel processor is used for relatively simple processing of
numerical information and for modeling of the economic tasks.

Application and mastering of the Excel spreadsheet processor will make it possible to
maximally realize the interdisciplinary connections of the informatics, on the one hand, and the
economics, on the other hand. It will also serve as the means of professions guidance and for the
purpose of establishing the education profiles at the senior level of the school.

The teachers of the informatics science have the task related to development of the meth-
odological device for teaching the modeling of economic problems in the Excel environment in
the informatics course.

This problem is widely studied in local and foreign literature.

In his study, Kiyko P.V. (2017) reviews the theoretical and practical issues of teaching
methods based on econometric modeling, reveals the features of econometric modeling models
based on formulas and functions built-in the Microsoft Excel spreadsheet, applies the interactive
teaching methods to study econometric modeling, in parallel with formation of economic thinking
[1].

Gonzalez-Ruiss proposed a methodological strategy for training in modeling the dynamic
scenarios from the multi-parameter data tables using Microsoft Excel as a technological tool [2].
The article provides the step-by-step guidance on how to improve teaching and learning methods
for developing the financial models, which can also be used in other areas. The technology identi-
fies the most important aspects of the financial models development, so that students and teachers
can focus on a more pedagogical approach that promotes introduction of the technological tools in
the classroom. This work plays a key role in teaching of financial modeling, since it provides rel-
evant elements leading to development of the systematic thinking among the university students
on the basis of cognitive activity. In addition, various contributions to research on the educational
and methodological process in modeling are discussed in this paper. The financial assessment of
the airport was used as a case study for validation of the proposal. As a result, this article enhances
the role of computing tools and the involvement of students/teachers in development of the sys-
tematic thinking and cognitive skills.

Popovich at the 28™ Conference of the Information Systems teachers, ISECON 2011 and
the 4™ Conference on applied research of the information systems, CONISAR 2011; Wilmington,
North Carolina; United States; from November 3, 2011 to November 6, 2011, presented the paper
“Improving the skills of students’ counting using the combined MIS/DS course with application
of the traditional and online teaching methods” [3].

This document describes the process designed to develop the quantitative course and
the Excel-based course that combines BOTH the results of the information management system
(MIS) modeling and decision making (DS) modeling and establishes the foundation for high-
er-level quantitative courses, such as operational management, finance and strategic management.

It is possible to adopt this foreign experience for teaching of the economic problems mod-
eling in the schools of our country.

The purpose of this article is to show the features of the development of the methodologi-
cal material under the title “Modeling of the economic tasks in Excel”.
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Methods. In the article we used the following research methods: analysis of scientific,
methodical literature and the publications in periodical journals, summary and systematization of
the accumulated pedagogical experience of the teachers, the methods of experimental research,
including observation of the educational process in the schools of the Republic of Kazakhstan.
The stating experiment was performed which resulted in the following conclusions:
- in the informatics course, not sufficient time is devoted to the issue of economic tasks
modeling, therefore not so many similar tasks have been provided in the textbooks
- the capabilities of Excel, such functions as PS, IF, CDF, SUMM IF, SUMM IF IMN,
SUMM PR are used to the limited extent. They are actively used in the practice of banks and other
financial organizations.
Results. According to the standard program, the Section “Modeling” is studied within the
structure of the modern informatics course (find the program, preferably the last one).
In this article, let’s review the methodological approaches to the study of the economic
problems modeling in Excel.
Solution of the economic problems is based on the special methods of financial calcula-
tions, the range of which is quite wide.
As an example of solving the economic problem in Excel, let’s take the analysis and plan-
ning of the credit operations.
Analysis and planning of the credit operations is one of the most important and widespread
tasks in the banks’ practice. There are three areas of solution:
* development of the loan repayment plan adequate to the terms of agreement;
« assessment of the loan cost, taking into account all payments and receipts;
« analysis of the effectiveness of the operation for the creditor and the loaner.
The essence of credit operations planning is to develop the terms of the loan and its re-
payment schedule. The term and amount of the loan, the duration of the grace period, the amount
and type of the interest rate, interest payment methods and the methods of loan repayment are
determined in the planning process.
As a rule, repayment of loans for a period of more than one year is made by the equal
payments evenly distributed in time. This method of repayment is often referred to as loan depre-
ciation.
The main task of loan income planning is reduced to calculation of the component ele-
ments of payments and their distribution over time. In practice, two repayment methods are com-
monly used:
e repayment of the main loan in equal amounts;
e repayment of the whole debt in equal amounts.

Let’s introduce the following symbols:

D is the amount of loan;

r is the loan interest rate;

n is the total loan period;

m is the number of interest charges periods in a year;

t is the period;

SDt is the payment on the main loan in the period t;

SRt is the loan interest in the period t;

CFt is the value of periodic payment in the period t;

Dt is the debt balance at end of period.

Task 1. According to the client we have the amount of loan is 10000000, the loan interest
rate - 17%, the total loan period — 10, the number of interest charges periods in a year — 10 and
the period -8. We need to find the payment on the main loan in the period t, the loan interest in the
period t, the value of periodic payment in the period t, the debt balance at end of period.
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We use formulas and model the problem in Excel (picture 1).

1. Payment on the main loan in the period t (picture 2): SRt = b

n
. . . . D
2. Loan interest in the period t (picture 3): SRt = —*r
n
3. Value of periodic payment (picture 4):
CFt = SRt + SD¢
4. Debt balance at end of period (picture 5):
D =CFt*n—CFt*t
A B C
Amount of loan D 10000000
Loan interest rate r 17%
Total loan period n 10
Mumber of interest charges periods in a year m 2
Period t t
Payment on the main loan in the period t SDt 1000000
Loan interest in the period t SRt 340000
Value of periodic payment in the period t CFt 1340000
Debt balance at end of period Dt 2680000
Picture 1. Model the task 1 in Excel
A B C
1 Amount of loan pJ[ 10000000}
2 Loan interest rate r 17%
3 Total loan period n 10
4 Number of interest charges periods in a year m 2
5 Period t t
6
7
8 Payment on the main loan in the period t SDt‘:Cl,,"C3|
9 Loan interest in the period t SRt 340000
10 Value of periodic payment in the period t CFt 1340000
11 Debt balance at end of period Dt 2680000

Picture 2. Modeling formula of payment on the main loan in the period t
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A B C
1 Amount of loan D 10000000
2 Loan interest rate r 17%
3 Total loan period n 10
4 Number of interest charges periods in a year m 2
5 Period t t
6
7
8 Payment on the main loan in the period t SDt[ IODDODDI
9 Loan interest in the period t 5Flt| :CS*CZ*CA|
10 Value of periodic payment in the period t CFt 1340000
11 Debt balance at end of period Dt 2680000
Picture 3. Modeling formula of loan interest in the period t
A B C
1 Amount of loan D 10000000
2 Loan interest rate r 17%
3 Total loan period n 10
4 Number of interest charges periodsinayear | m 2
3 Period t t
6
7
8 Payment on the main loan in the period t 5Dt 1000000
5 Loan interest in the period t SRt| 340000
10 Value of periodic payment in the period t CFt| =C9+C8| l
11 Debt balance at end of period Dt | ZEEDDDDI
Picture 4. Modeling formula value of periodic payment
A B C
1 Amount of loan D 10000000
2 Loan interest rate r 17%
3 Total loan period n 10
4 Number of interest charges periodsinayear | m
5 Period t t
6
7
8 Payment on the main loan in the period t 5Dt 1000000
| Loan interest in the period t SRt 340000
10 Value of periodic payment in the period t CFt| 1340000
11 Debt balance at end of period Dt ‘:CB*CID-CS*Cld l

Picture 5. Modeling formula of debt balance at end of period
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To verify the correctness of the solution, we shall use the following formulas.
Task 2. Calculate the amount to be stored on the deposit so that 400,000 tenge could
be resulted after four years. The interest rate is 20% per year. Interest is calculated quarterly.
Let’s show the initial data in Table form (picture 6).

Total number of periods (kper) 16
Current amount of deposit

A B

1 Future amount [FA) 400 000p.
2 Interest rate (per year) 20%
3 Periodic payments (pay) 0%
4 Mumber of payments per year 4
5 |Period of deposit, years 4
]

7

Picture 6. Model the task 2 in Excel

Since the interest rate does not change during the entire period, we use the PS function
(rate; kper; pay; fa; type) (picture 7).

PS is one of the financial functions that returns the present (to the current moment) value
of loan or investment based on a constant interest rate. The PS function can be used both for peri-
odic fixed payments (for example, for mortgages or other loans), as well as for future value, which
is the purpose of the investment.

PS (rate; kper; pay; fa; type)

Rate is the interest rate for the certain period. For example, if a car loan is received at 10
percent per annum and payments are made on a monthly basis, the interest rate per month will be
10%/12 or 0.83%. As the value of the “rate” argument it is necessary to enter 10%/12, 0.83% or
0.0083 in the formula.

Kper is the total number of payment periods for annuity. For example, if a loan is received
for 4 years to buy a car and payments are made monthly, the loan has 4*12 (or 48) periods. As the
value of the “kper” argument it is necessary to enter the number 48 in the formula.

Pay is payment made in each period and not changing throughout the entire period of rent.
Usually, the “payout” argument is included in basic payments and interest payments, but other
fees or taxes are not included. For example, a monthly payment on a four-year loan of 10,000 R at
12 percent per annum will be 263.33 R. As the value of the “payout” argument, the number 263.33
should be entered in the formula.

fa is the required value of the future amount or the balance after the last payment. If the
argument is omitted, it is assumed to be 0 (the future amount of the loan, for example, is 0). Let’s
suppose it is required to accumulate 50 000 R. for payment of a special project for 18 years: in
this case, the future amount is 50 000 R. Then, assuming that the specified interest rate will remain
unchanged, you can determine what amount should be stored up each month.

Type is the number 0 or 1, means the date of payment (table 1).

Table 1.

dr
— =D
dt

Filling in of arguments:
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1. Rate is 20%/4, since the interest is calculated quaterly.
2. Kper is 4*4 (total term of deposit * number of charge periods per year).
3. Pay is 0. We do not write anything, because the deposit will not be replenished.
4. Typeis 0.
5. FA is the amount we want to receive at the end of the deposit term.
[P —— - - |5 s
nc
Crasxa 5 | = 005
Hnep 54765 =] - 15
mar -
B  £BE1 | = 410000
Tm | -
= -1332494,6033

BCIBAUaET NoMEERD BHHYIO [ TEyLLEMY MOMSHT Y] CTOHRICTE MHESCTHLM - DEWYID CyMMY, KOTOPaA Ha HICTORLMA
HOHEHT DAOHILEHHS PARY Byo s srnnaT .

Picture 7. Using the PS function

The depositor needs to invest this money, so the result is negative (picture 8).

A B
1 Future amount (FA) 400 000p.
2 Interest rate (per year) 20%
3 Periodic payments (pay) 0%
4 | Number of payments per year 4
5 Period of deposit, years 4
6 Total number of periods [kper) 16
7 Current amount of deposit -183 245p.

Picture 8. Model the task 2 in Excel

To verify the correctness of the solution, we shall use the following formula: PS = FA/
(1+rate)*rer. Let’s substitute the values: PS =400 000 / (1 + 0.05)'° = 183245.

So, Microsoft Excel solves several economic problems, including analysis and planning of
the credit operations, the analysis of operations with securities, calculation of asset depreciation
parameters, etc.

The following results were obtained during the study:

1. Tasks have been developed for the senior school for modeling of the economic processes,
which are used directly in the work of banks.

2. The following intellectual skills and their components can be distinguished as general
methods of learning activities that students should master in the study of the economic
tasks modeling:

e [] ability to solve problems (posing a question, finding the necessary information
to solve a problem, analysis of the problem situation, making a hypothesis);

e [] ability to make the mathematical modeling (definition of data, conditions and
boundaries of the search for solutions, translation of the problem into the language
of mathematics, application of the adequate mathematical apparatus, interpretation
of the solution);
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e [] ability to think logically (deductive and inductive reasoning, the combination of
logic and intuition, argumentation of findings and conclusions);

e [] communicative skills (reading, writing, using the mathematical symbols and
formulas, preparation of schedules, schemes and diagrams);

e [] ability to apply the new information technologies.

3. A stating experiment was carried out to establish the actual state of the studied object, a
statement of the initial parameters. The main goal was to fix the realities. They will be the
starting points for the transformative experiment, which aims to create and test the effec-
tiveness of new methods that can improve the achieved level.
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A.A. Kaparaesa, JI.b. Paxum:kanoBa
on-Dapabu amvindasvl Kasax ynmmuix ynusepcumemi, Armamei, Kazaxkcman

Nudopmaruka KypcbhbIlHIa IKOHOMHKAJIBIK ecenTepli Moae/baeyre
OKBITY T€XHOJIOTHSCHI

Annorauus. Kazipri Tanga Kasakctanasik 0i1iM O6epyai *KaHFBIPTYABIH 0acTbl OarbIThI
OHBIH KaHa CamachlH KaMTaMachl3 eTy 0oibn Tabbutaasl. JKorapel MekTenTeri OinimM Oepyneri
€H MaHbI3/Ibl pobIeManap bl 0ipi — BIHTATAHIBIPY Maceneci. Moaenbaeyre OKbITY JKOHE OHbI
UH(POpPMATHKa KyPChIH/Ia KOJIJIaHy MOH1 3ep/Ieiey 1l IbIHABI eMipre )KaKbIHIACTBIPyFa, OMIpIIiK
MPOIECTEPIl 3ePTTEyTe, COHMA-aK OHBIH KOJIaHOAIBI MOHIH KOPYre KOMEKTECe i, SSFHU OLTiM
Oepy MaKcaThIHa KOJ )KETKi3yTe — aJaMHbIH KOFaMIaFbl 00JalllaK ic-opeKeTTepre JaibIHIaTybIHA
pIKNaT erefi. Kaszipri yakbITTa CaHIBIK aKMapaTThl CaJbICTBRIPMANbl TYPAE KEHUI OHICyTe,
HYKOHOMUKAIIBIK €CENTeP/Ii MOACIBACY YIIIiH iC )KY3iHae Oanamacki3 Kypau petinae Excel kecremnik
npoleccopsl mananansutaasl. byn makamanslH MakcaTsl «Excel opTackiHIa 3KOHOMHKAIIBIK
ecenTepii MOJICNbICY» TaKbIPHIOBIHAAFBI QIICTEMENTIK MaTepHAIbI d31pJIeyIiH epeKIIeTiKTepiH
KepceTy.

Makanana 013 Keneci 3epTTey 91iCTepiH MaiJaTaH IbIK: MEP3IM/Ii 0aChLUTBIMIAP 1A FHUTBIMH,
omicteMenik oAeOMeTTep MEH >KapHsIaHBIMAAPAbI TalJay, OKBITYIIBUIAPJABIH KHHAKTAIFaH
NeIarOrMKAJIBIK TOKIPHOECIH KOPBITY >KOHE JKYHelley, SKCIEPHUMEHTTIK 3epTTey oficTepi,
conbiMeH Oipre KP MekTenTepiHe oTin )kaTKaH OKy OapbIChIH OaKbLIay.

TyiiiH ce31ep: OKBITY TEXHOJIOTHUSACHI, OLTIM, MOJIEINB/IEY, SKOHOMUKAJIBIK TarChipMaiap,
Excel.
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A.A. Kaparaesa, JI.b. Paxum:xanoBa
Kaszaxckuu nayuonanvhwlti ynusepcumem umenu anb-Papadu,
Anmamet, Kazaxcman

TexHosorust 00y4eHHs1 MOACJIMPOBAHUIO IKOHOMHYECKHUX
3aj1a4 B Kypce HHPOPMaTUKHU

AnHoTanusa. B Hacrosiee Bpems TIaBHBIM HAMNPABICHHEM MOJCPHU3AIMHM Ka3aXCTAHCKOTO
o0pa3oBaHus SBIIETCS 0OcCIeueHre ero HoBoro kavectBa. OMHa U3 BOKHEHUIIMX MPOOJIeM B 00ydeHHUN
B CTapliei mkojie - npobaema mMotuBanuu. OO0y4eHHEe MOICINPOBAHUIO U €r0 MCIOJIL30BAHUE B Kypce
HH(POPMATHKH TOMOTAeT MPUOIM3UTh U3yUeHHE MPEAMETa K PeaTbHOM JKU3HHU, U3YUCHHUIO JKU3HEHHBIX
MPOIIECCOB, & TAKXKE YBUACTh €€ MPHKIAJAHOC 3HAUEHHE, TO €CTh CMOCOOCTBOBATH JOCTHIKCHHUIO IENU
00pa3oBaHus - MOJTOTOBKH YeIOBEKa K OyAyIleil IesITeTbHOCTH B OOIIIECTRE.

JIist  OTHOCHUTEIBHO HECIOXKHONH O0OpabOTKH YHCIOBOH WH(POPMAIMM ¢ MOJCITUPOBAHHUS
OKOHOMUYECKUX 3aJau MPAKTHYCCKH Oe3aJbTePHATHBHO HCIOIB3YETCS TaOIM4HbBIN mporeccop Ex-
cel. Ilenb maHHOW CTAaThU - MOKa3aTh OCOOCHHOCTH Pa3spabOTKM METOAMYECKOTO MaTephalia 1Mo TeMe
«MogenupoBaHue DKOHOMHUYECKHMX 3amad B cpene Excely. Mcmonb30BaHbI CISAYIONIHE METOJBI
HCCIICIOBAHUS: aHAIM3 HAyYHOW, METOMUYCCKOW JHTEpaTyphl W MyOJUKAlMid B MEPUOTUUECKON
neyaT, 000OIICHHE W CHCTEMATH3AIMsI HAKOIJICHHOTO IMEJarorHYecKoro OMBITA YYHUTEICH, METOJBI
IKCTICPUMEHTATIBHBIX UCCIICIOBAHHI, B TOM YKCIIe HAOMIOIeHHE 3a YIeOHbBIM mpolieccoM B mikoiax PK.

KioueBble cJIoBa: TEXHOJNOTHS OOydeHUs, 0Opa30BaHHE, MOCTHPOBAHUE, IKOHOMHUCCKHE
3agaun, Excel.
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