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Summary:

In this paper we present a multi-criteria evaluation of several possible
approaches to organization of studies. A wider use of modern information
technology has led to major changes in traditional education. One of them
is the development of serious games in order to simulate real business
work environment.

The traditional passive education approach trains people for some narrow
procedures, and then evaluates them based on their memories of what they
have been told. Even when students have successfully mastered facts and
procedures, their behavior in real life situations remains uncertain. Games
are trying to solve this problem, motivate and promote learning. Their
interactive aspect leads to high involvement of participants in game
activities, so they no longer have the sole purpose of entertainment, but
become a serious learning tool. The possibility to provide entertainment and
educational component separates these games from classical, fun games.
Also, participants are not passive players. Their decisions and actions
directly affect the flow of the game, leading fo good or bad results.

To evaluate game application in classroom, a multicriteria analysis was
used. It was used for the assessment of possible study forms in order to
use benefits of information technology for modernizing and improving
teaching and learning processes. The evaluation was made by observing
four alternatives, as well as six criteria. The aim of this paper was to make
these applications more effective where needed and to indicate
apossibility to use them elsewhere.

Key words: multi-criteria analysis, criteria, weights of criteria, games,
simulation.
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Introduction

In the last decade of the previous century, and especially in its last
years, the implementation of modern information technologies and
methods led to changes in many areas of teaching.

It is generally known that the acceptance of new opportunities and
challenges is dominated and forefront by young people. Also, the truth was
that decision-makers were generally the elderly, so this possibility of using
new technologies did not immediately come to full expression in all places;
however, sooner or later, people accept things which make their work
efficient.

The paper analyzes the situation in education, in one possible
direction in particular - using information technology in teaching through
games and simulations which are already been successfully used (there
are other approaches to information technology applications, for example
(Miljkovic et al, 2016, pp.1009-1032).

The aim of this paper is to highlight the way how teaching using
information technology can be more efficient (where already implemented),
and to point to a wide range of possibilities for their application in the areas
where information technology has not been used yet.

Games and simulations

One of the first computer applications were games created for fun.
Since such games immediately became popular, first they were used for
mass sales of computers and for the implementation of higher classes of
computers.

With the Internet expansion, Internet games appeared. Many serious
software companies developed Internet games because some of them
gathered millions of active players worldwide. Some well-known Internet
games are, for example, World of Warcraft, League of Legends, World of
Tanks, Runescape, Perfect World, Starcraft, Counter Strike, etc.

Internet games were followed by various services for usage,
distribution, promotion, different kinds of protection, etc. This game
industry is still very successful today.

Software companies tried to take advantage of the phenomen on that
the games are massively accepted by the young and the old alike, and to
create games not aimed to be fun only, but also to have another function,
such as education. This, too, was successful. Designers of computer
games are creating highly motivating environments which players both
enjoy and learn in. The concept of gamefication (Shank, 2013) is
introduced. This term means using game elements and mechanisms in the
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activities which cannot be strictly classified as games in order to easily
master such activities, i.e. to master them in a form of a game.

The factors that encourage the application of games in education

should be noted:

- Motivation is more easily accomplished because the learning process
as well as the adoption of certain procedures is replaced with natural
acceptance of the rules for the operation of the game you want to
play. So it could be used for performance assessment.

- Higher levels of learning are more easily accomplished with different
levels of play, as opposed to classical learning where books are
usually given in one, possibly two, or very rarely on many levels.

- The desire to master as many levels of the game as possible makes
learning fun for students, so motivation comes spontaneously.

Good teachers tend to make their stories and performances
interesting for their students and to involve them in the topic. In the case of
games, participants are spontaneously and automatically involved,
because of the very nature of games.

Participants are not passive game players, but they influence the
game outcome by taking actions and making decisions (obviously, in
traditional learning, that it is not possible) (Bhasin, 2014).

In many situations where there is a risk of harm to health or material
goods, games can replace practice in the real environment and be a good
precursor to practice in the real environment.

Many authors have noted that games can teach effectively about
various types of risks, or about their minimization without "collateral
damage in the first operating performances" that occursin traditional
learning. This can be seen in more detail in papers (Ambroseet al, 2010),
(Holmes, Gardner, 2006), (Tonks, 2002, pp.177-194).

Games can prepare for unexpected (stochastic) situationsin the
working environment (Trybus, 2015), (Geuting, 2000), (Lunce, 2004, p.29).

Many authors dealt with an analysis of learning through play and
achieving results in real life simulations with an understanding of situations
in real life (Fink et al, 2014, pp.141-152), (Finkelstein et al, 2005, pp.1-8),
(Hunzeker, Harkness, 2014, pp.513-517), (Leger et al, 2011, pp.39-53),
(Prensky, 2001, p.128). All previous authors prefer this way of learning to
the traditional way.

The paper (Buck, 2013) recommends this method of learning in the
following fields: engineering, economics, medicine, marketing,
management, political science, international relations, foreign languages,
etc.
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Multi-criteria analysis of studies and learning

In this paper, a multi-criteria analysis (optimization) will be used for
the evaluation of possible study forms that seeks to take advantage of
information technology in order to modernize and improve teaching and
learning process.

Evaluation is carried out so as to observe four alternatives, but there
may be more of them.

ALTERNATIVES

As

Teaching is classical during the entire studies.

Ay Aluntil the last semester when the simulations course is introduced

A3:

A4:

CRITE

RI

and then in the form of games students are doing case studies. At
the end of the semester, the case studies are evaluated as a
graduation thesis.

Teaching is classical during the first half of studies. At the
beginning of the second half of studies, the course on simulations
is introduced where the basic principles and their applications are
taught. After this course, other subjects are also taught using
games (simulations). In the last semester, students use case
studies to work with simulations (games) and that is considered as
a graduation thesis.

Teaching is classical just at the beginning of the studies and in the
courses where it is more convenient. During the first course in the
subject of information technologies, students are introduced to the
basic concepts of simulations and games. In the cases where it is
possible to make a combination of classical teaching and
computer games, as a rule, the learning process is faster and
more efficient. In the last semester, simulations are used with case
studies to give students real life practice.

A

Assessment of achieved average results in learning

Rating of courses (advantage for organizers)

Assessment of the acceptability of studying modes for students
Assessment of the opportunities to integrate graduates in the
future business environment

Assessment of time required to achieve the desired results in
learning

Rating the proficiency of students to understand risks when
making decisions in the real environment and to minimize risks.
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It should be noted that more criteria can be applied; for example, the
following criterion could be added:

Assessment of the acceptability of modes of studying by potential
students.

This criterion would be very important for decision-making of the
management of higher education institutions regarding types of studying.
However, it was not taken into account here since the authors did nothave
adequate data.

It would also be possible to reduce the number of criteria, or togroup
some criteria which are overlapping (for example C4, and Cg), but we
believe they are better organizedin this way, and any overlapping of the
criteria is eliminated by the appropriate choice of the weight coefficients.

The evaluation matrix was created in cooperation with the
management of the Faculty of Health, Legal and Business Studies,
Singidunum University, which introduced this form of study within its study
programmes (A2 alternative), based on the results of the research carried
out among the students for which this form of teaching was introduced
(research performed by the teaching staff who teach business
simulations).

The weight coefficients of criteria were determined andthe evaluation
was carried out using a new method presented in the article (Miljkovic et
al, 2017). The control of the results was performed using some other
methods of multi-criteria analysis given in the literature (Nikoli¢, Borovic,
1996), (Radoji¢i¢, Zizovi¢, 1998) and the results are in a line with the
previous ones.

Table 1 — Criteria values by alternatives
Tabnuua 1 — SHayeHus anbmepHamue fno Kpumepusim
Tabena 1 — BpedHocmu anmepHamusa o Kpumepujymuma

¢ | ¢ | o lcl| ol c
4 | 6 9 | 5 [ 7 | 4 | 4
4, | 7 8 | 6 | 8 | 5 | 7
4, | 8 7 7 [ 8 |7 [ 7
4, 9 6 | 9 | 8 | 9 | 8

If we assume that all criteria are equally numerically important, and
that they occur in the following order

C—->C —>C->C —->C —>C

then
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1
Pr=Pr=Ps=Ps=Ps = Ps :g ’
and the order of the alternatives is
A, >4, —> A4, > 4.
If we assume that the most important criteria is C, and that the
complete sequence of criteria is

C,>(C—->C->C ->C->C,

and that the criteria C,, C,, C3, C4 Cs and Cs have the same numerical
value, for example,

P, =09, p=py=p,=ps=p,=0,02.
we get the following sequence of the alternatives
A >4 —> 4 —> A4,

It is interesting that the same arrangement is obtained if
P, 20.58333... and 0, = P; =P, = Ps = Ps. Also, it can be easy to get 4,
before other alternatives 0,5 < p, <0.58333..., then that 4, is ahead of
other alternatives for ©, <0,5 and £, =P =P, = Ps = Ps .

If we assume that the most important is one of the following criteria:
C or G, or G or G, then 4, is the best alternative.

In the event that the order of the criteria is C;, — C, — C,, and then
the rest of them, one can find a situation that 4, is the best alternative; for
example, for p, =06, p, =018, p, =0145, p; = p; = p, =0.025, the
order of the alternatives is
A —> A4 > A >4

Conclusion

To implement computer games in teaching, it is necessary to have
prepared teaching staff for this and appropriate software (games and
simulations) which, as a rule, must continuously improve. These
improvements should be made by teachers that already work on existing
courses in a "classical way". The advantages of this mode can be seen in
business situations, management case studies, in various fields where
randomized situations can happen, like in medicine, veterinary medicine,
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agriculture, etc. Also, they can be applied in many other significant fields
such as military education, especially for training reserve officers.
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MHOIOKPUTEPUANbHbIM AHAJIN3 BO3SMOXXHOCTEN
MPUMEHEHNA KOMIMBIOTEPHbBIX NP B NMPOLIECCE OBYYEHUA

Manuwa P. Xwxosu4y, KamapuHa I'. INne4yny

YHuBepcuteT CuHrMayHym, r. benrpag, ®akynbTeT ynpaBneHus
3[paBoxpaHeHueM, busHeca 1 lpUanYeCcKMX Hayk, r. Baneso, Pecny6nuka
Cepbus

OBJIACTb: matemaTuka
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnunckmn

Pe3swome:

B OQanHOU cmambe npedcmasrieH MHO20KpUmepuarbHbil aHanus
omoerbHbIX 803MOXHOCMeU M0 op2aHu3auyuu obpa3osameribHbIX
npoepamm 8 BY3-ax. Bcrnedcmeue  wWUpPOKO20  MPUMEHEHUS
COBPEMEHHbBIX  UHQOPMAUUOHHBIX — MmexHoroeul,  mpaduyuoHHas
obpasogamernbHasi cucmema mpebyem 6onbwux nepemeH. OOHOU
cocmaserisirouwel makux repeMeH siersiemcsi eHedpeHue crieyuarnsHO
pa3pabomaHHbIX KOMIMbIOMEPHbIX U2p, CUMYIUPYOUWUX peasibHyo
Oenosyto obcmaHoekKy. TpaduyuUoHHbIe raccusHble obpasosameribHbie
rpoepamMmbl cocpedomoYeHbl Ha OmOesibHbIE U Y3KO HarpaesieHHble
3HaHUSI, 8 KOHEYHOM Umoee, ucribimyemble npedcmassisiom 3ay4YeHHbIe
3HaHUs1, MpuobpemeHHbIeHa OCHOBaHUU ycCribliuiaHHo20. OOHaKo makoz0
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poda yceoeHue 3HaHul, Oaxe 8 criydae, Koeda OHU XOPOWO YC80EHbI, HE
rpedycmampusarom mo8edeHYeCKUX acreKkmos, KaKk camMozo yyaule2ocs,
mak u e2o 6ydyujux denosbix napmHepos. C nmomMouwibto ugp co3daemcs
owywieHuUe ydyacmusi 8 peasibHbIX CobbIMUSIX, OHU JTydlWie Momueupyom
yvyawuxcss  u  Oenarom  rfpouecc  obydeHue  UHMEPECHBIM.
UHmepakmusHbIl  ¢hakmop uep npusodum K 8bICOKOU cmerneHu
aHeaXupoeaHHOCMU  caMuX  y4acmHUKO8, Mpu  3mMoM  acriekm
paseriedeHuUss OCMENeHHO orlyckaemcs, Oeflasd uepy Cepbe3HbIM
UHCmMpymeHmom 8 ripouecce obyqeHus. Om 06bIYHbIX KOMIbIOMEPHbIX
uep dudakmuyeckue, 8 repsyto o4epedb, OMIUYaOMCs Uesbio, Komopasi
3aK/o4aemcsi 8 yC80eHUU 3HaHul. B makoeo poda dudakmuyecKux
KOMIMbIOMEPHbIX Ugpax, y4acmHUK 3aHUMaem akmueHyr Mo3uyuro, makx
Kak om e20 peweHull 3agucum pasgumue U Ucxo0 uegpabil.

Kniouesble crioga: MHO20KpumepuarsbHbIU — aHanus, Kpumepuu,
Kpumepuu CcroXxHocmu, ugpbl, MOOeuposaHue.

BUWEKPUTEPUJYMCKA OLIEHA MOIYRUX NMPUMEHA
PAYYHAPCKUX NTAPA'Y HACTABIN

Manuwa P. Xwxosuh, KamapuHa I'. [Nnehuh
YHuepanutetT CuHrnayHym beorpag, ®akynTteT 30paBCTBEHUX, MPABHUX U
NnocnoBHUx ctyauvja, Barseso, Penybnuka Cpbuja

OBJIACT: matematuka
BPCTA UJTIAHKA: opyrnHanHu Hay4Hu YnaHak
JE3WNK YJTAHKA: eHrnecku

Caxemak:

Y pady ce Odaje esuweKkpumepujymMcka oueHa HEeKOIUKo moayhux
npucmyna opeaaHusosary cmyoduja. Saxeasbyjyhu cee wupoj ynompebu
caspemMeHux  UHGOpMayuoHUX  MmexHosoauja, mpaduyuoHanHu
06pa3osHU cucmem cyodyasa ce ca 6eslUKUM rpomeHama. JeOHa 00 Hux
je u pa3eoj 036urbHUX u2apa Koje cumysupajy pad peasiHux rocsio8HUX
OKpyXXetba.

TpaduuyuoHanHu, nacusHu rpucmyrn obpasosary obyyasa Hac 3a Heke
ycke npoyedype, a 3amumM epuuu esasyauujy Ha ocHogy Hawiee cehar-a
Ha OHO WMo HaMm je pedyeHo. Yak u kala cMmoO ycriewHO caemnadasu
YurbeHuue U rnpouedype, Hawe roHaware y pasumM XUSOMHUM
cumyayujama  ocmaje HerpoeepeHo. Uepe noKywaeajy Oa peuwe
npobniem, mMomusuwly U npPoMosuwy y4yerse. Hbuxo8 UHMepakmueHU
acriekm 00800u 00 BUCOKE yK/bydeHOCMU caMux YydecHuka y
aKmueHoOCmU uepe, ra OHe sulle Hemajy cepxy UCK/by4ueo 3abase seh
rnocmajy o3burbaH anam 3a yveme. OO0 KracuyHux 3abasHux uezapa
odeaja ux npgeHcmeeHo dpyea4uju Uusb, mj. Mmo2yhHocm Oa ce y4eCHUKy
uespe, noped 3abaese, npyxu U edykamueHa KomrioHeHma. Takohe,
YYEeCHUK Huje nacusHU uzpad eeh ceojum odrykama U rocmynuyuma
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OUPEKMHO MOXe ymuuamu Ha MoK uepe, dosodehu 0o dAobpux umnu
nowux pesynmama.

KrbyyHe peydu: suwekpumepujyMcka aHanusa, Kpumepujymu, mexuHa
Kpumepujyma, uspe, cumynauyuje.
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