Risk pooling simulation game

by Perpustakaan Referensi

Submission date: 24-Apr-2024 11:56AM (UTC+0700)

Submission ID: 2360109618

File name: A_new_simulation_game_for_risk_pooling_learning_process.pdf (726.84K)
Word count: 2836

Character count: 14545



O
O
c
()
.
(¢},
Y
c
@
o
&
<

Proceedings

IP
ublishing

gESEARGH ARTICLE | MARCH 07 2024
A new simulation game for risk pooling learning process

|. Gede Agus Widyadana &&; Michael Gilbert; Cherry Chandra; Tiffany Victoria; Josephine Anastasia;
Fransiskus Rodriggo; Devon Antonio

‘M) Check for updates

Conf. Proc. 2934, 050007 (2024)
https Jidoi.org/10.1063/5.0180593

@ CrossMark
|4
port

View
Online  Citation

JANVA /\A/\ Boost Your Optics and
= e ,,,.,m[lfi[aI.,_."" : Photonics Measurements

| &v e eve.ven 8

Lock-in Amplifier , |_|
; '\ - — :
N# Zurich Find out more B T S =
N\ Instruments IRIDLEROLD L .

Boxcar Averager

62:0¥L0 +EO0T UDIBW |2




A New Simulation Game for Risk Pooling Learning Process

I Gede Agus Widyadana '®, Michael Gilbert', Cherry Chandra', Tiffany Victoria',
Josephine Anastasia', Fransiskus Rodriggo', and Devon Antonio'

Author Affiliations
! Faculty of Industrial Engineering, Industrial Engineering Department, Petra Christian University, JI.
Siwalankerto 121-131, Surabava 60236,
Indonesia.

Author Emails
“Corresponding author: gede(@petra.ac.id

Abstract. The effective leaming process is an interesting research topic and one interesting leaming process is simulation
games. In this research, a simulation game about risk pooling using Anylogic isamlyzed_ In the game, students learn how
to set minimum and maximum stock for factories, distributors, and retailers in centralized and decentralized systems, the
game is played by 20 undergraduate students where half of them have learned supply chain have of them have not learned
about it. The experiments give some interesting results where the game cannot show the benefit of a centralized system
compared to the decentralized system, but the game can improve student decision making to set stock level since they can
make a better decision on the fifih trial than the first trial.

INTRODUCTION

Learning method through simulation has been applied widely for undergraduate and postgraduate program. This
learning method is one of the effective methods to make students understand the material in the class. Proserpiao and
Gioia (2007) show that the learning process for the current generation is more effective using visuals, it should be
interactive and focus on problem-solving. One type of learning method is using game simulation. A game simulation
is done by mimicking real conditions and students will be asked to act as if they apply their knowledge in a real system.
Simulation games are applied widely to teach in undergraduate and postgraduate programs and one popular game that
has been applied especially in supply chain or logistic courses is Beer GamefEBarkar and Kumar (2016) found that
simulation games help students to have more understanding of the basics of supply chain management and supply
chain disruption. Beer game is an effective tool to study the concept if system thinking since it can be visualized
clearly (Goodwin and Franklin, 1994). Pariafsai et al. (2016) found that virtual project-based simulation has high
potential effectiveness as a learning tool. He applied virtual project-based simulation can improve his knowledge and
skill in construction management. The simulation can train students can improve their skills in construction
management students and they can learn the effect of small mistakes that risk finances and safety. Game simulation
can improve students’ decision-making skills for complex systems in operation management (Pasin and Giroux, 2011).
Even though there is positive feedback for simulation game effectiveness as one of the learning methods, not many
teaching materials can use simulation games as a teaching method and a new game simulation should be analyzed its
effectiveness as a teaching method. Therefore, in this research, we develop a game simulation method and analyst its
effectiveness. We develop a game simulation method for learning the risk-pooling concept.

The risk pooling conceptis a concept to centralize stock in one location instead of put stock in some location as a
decentralized system. A risk- pooling system can be used to decrease inventory, The benefit of risk pooling compared
to a decentralized system is increasing significantly when demand variability is increasing (Berman et.al.2011) and
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there are some interesting risk pooling research such as Nadeem (2016), Salimi, and Vahdani, (2018) and Oeser and
Romani (2021). However not in every situation centralization is better than decentralization, therefore making correct
decision making is very important. The simulation game is developed using Anylogic Software and the effectiveness
of the game will be analyzed with an experiment using undergraduate student, Industrial Engineering Program, Petra
Christian University. The first section of this paper introduces the gap in the research. The second section shows the
simulation game and design experiment that will be conducted. Results and discussion will be shown in section three

and section four gives the conclusion.
RESEARCH METHOD

The risk pooling simulation game is developed using Anylogic simulation software and the supply chain system
consist factory, distributors, and retailers. The decentralized system is shown in Figure 1. Figure 1 shows that there is
one factor that supplies products to three distributors and then the distributor delivers the item to each retailer. The
centralized system is shown in Figure 2, where a stock of three distributors is centralized in one distributor. The game
players have to decide the minimum and maximum stocks for the factory, distributor, and retailer with the objective
to minimize each cost. The total cost is equal to the ordering cost and inventory cost where the ordering and the
inventory cost can be set by the game administrator. The game administrator also can set the demand rate for every
retailer, maximum factory production rate, and initial stock. The replenishment system at the factory, warehouse dan
retailer is automatically generated when the stock level reaches minimum stock and order as much as the differences
between maximum stock and current stock. By setting the different minimum levels and maximum levels for the
factory, distributor, and retailer, and running the simulation that represented 200 days, the players will know the total
cost for the factory, distributor, and retailer.
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FIGURE 1. Decentralize system game.
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FIGURE 2. Centralized system game.
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The experiments are conducted for undergraduate students Industrial Engineering program, at Petra Christian
University. There are ten teams where five teams have already taken a supply chain management course (Team B)
and know about risk pooling whereas five other teams never know about risk pooling, centralization, and
decentralization supply chain (Team B). each team has two students, so they can discuss their strategy. Each team will
play to manage the centralization and decentralization system. They will be chosen randomly which system he or they
run the first time, centralized or decentralized system. Every player will run five times for every system. After they
run the simulation game, they will be given some questions about the centralized and decentralized system. There are
sonfisflhypotheses that will be proofed in this paper which are:

gere 1s no significant difference of team A and team B total costs in a centralized system

There is no significant difference of team A and team B total costs in a decentralized system

There is a significant difference between decentralized and centralized system cost

There is a significant difference between the first trial and the fifth trial

RESULT AND DISCUSSION

The game res@ for each team for centralized and decentralized supply chain for five replications for each team
and each strategy can be seen in Table 1 for the decentralized method and table 2 for the decentralized system. Where
team 1 to 5 are the student that has been learned risk pooling and teams 6 to 10 are the students that have learned risk
pooling.

TABLE 1. Centralized Simulation game costs.

Total cost
Replication Team1 Team2 Team3 Teamd4 Team5 Team6 Team7 Team8 Team9 Team 10
1 686075 81834 88111,5 BRI11,5 66465 73239 928765 BR111.5 6352095 55828
2 64630 85641 861465 80233 65266 93021,5 83692 TRES0 58662 54788
3 T6380 82817 861465 737135 68496,5 82820,5 851005 806015 63215 560375
4 63746 84827 861465 T0686,5 579955 743295 77951 591375 539835 562315
5 62900 7362l 83630 66834 60257,5 59511 715275 63130 472615 4718535
TABLE 2. Decentralized Simulation game costs.
1 Total cost
Replication Team 1 Team2 Team3 Team4 Team5 Team6 Team7 Team8 Team9  Team 10
1 55828 61978 61978,5 619785 709135 75482 51651 59238 64684 67704
2 54788 65275 60620,5 683495 69188 45190 50504 89930 54742 505175
3 560375 TO6RE 63692 603995 71756 45964 458655 640225 399725 428115
4 562315 75439 663775 56993 46849 47095 38010 595955 38244 37333
5 471855 60404 66844 56084,5 46819.5 47052 366635 46261 45890,5 381035

According to the results, we have to prove our hypothesis. In the first hypothesis, there is found that there are no
total cost differences between the team that has learned risk pooling and a team that has not learned the supply chain.
Detailed data analysis can be seen in Table 3. A different result is found for a decentralized system where there are
significant differences between the total cost of team A and team B. Team A where student have learned about risk
pooling and supply chain have better total cost than students who have not learned about risk pooling and supply
chain, This is meant that the students that have learned about supply chain have a better strategy to set minimum and
maximum stock and get better total cost than the student that has learned about the supply chain. This meant that the
students who have learned about supply chains can implement their knowledge about inventory decisions in the game.

TABLE 3. Total cost differences for centralized.

Statistic
Sample N Mean StDev SE Mean
Team B 5 69449 9390 4200
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Team A 5 57723 10529 4709

Paired t test
Mean StDev SE Mean 95% Cl1 P-Value
11725 14485 6478 (-6260, 29711) 0,145

TABLE 4. Total cost differences for decentralized.

Statistic
Sample N Mean StDev SE Mean
Team B 5 60304 9550 4271
Team A 5 47294 4983 2228

Paired t test

Mean StDev SE Mean 95% CI P-Value
17510 11676 5222 (3013, 32007) 0,028

The total cost comparison of a centralized and decentralized system is shown in Table 5 for students that have
learned the supply chain and Table 6 for students that have not learned about the supply chain. The results show that
there are no significant differences between centralized total cost and decentralized total cost for students that have
learned the supply chain and students that have not learned the supply chain. Those results are not desired for the game
simulation. Since theoretically where the supply chain only considers inventory and back-ordering cost, the centralized
system should give a better result than the decentralized system since using a centralized system, the demand variation
in distributors can be absorbed.

TABLE 5. Total cost differences for student have leamned supply chain.

Statistic
Sample N Mean StDev SE Mean
Centralized 5 57723 10529 4709
Decentralized 5 47294 4983 2228
Paired t test
Mean StDev SE Mean 95% CI P-Value
14929 12503 5591 (-595, 30453) 0,056

TABLE 6. Total cost differences for student have not learned supply chain.

Statistic
Sample N Mean StDev SE Mean
Centralized 5 69449 9390 4200
Decentralized 5 60304 9550 4271

Paired t test
Mean StDev SE Mean 95% CI P-Value
9144 10077 4507 (-3368, 21657) 0,112

The last hypothesis is analyzed using a regression test and the results are shown in Tables 7-10. The results show
similar conditions where there all slopes are negative. This is mean that there is a trend for students to have lower total
costs as they try more. The total cost for the fifth trial is lower than the total cost of the first trial. Both students have
learned or have not learned supply chain give the same results that they can learn to improve their decision where they
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play the game five times. The result also shows that the regression equation model is quite fit fits the data since the R
square value are quite high, where the lowest R-squared score is 79.25% for a centralized system of the students who

have not learned about the supply chain.

TABLE 7. Regression test for centralized system of student have not learned supply chain.

Equation: mean cost = 81555 - 2206 rep

Coefficient
Term Coef SE Coef T-Value P-Value
Constant 81555 1826 44,66 0,000
Slope -2206 551 4,01 0,028
S R-sq R-sq(adj) R-sq(pred) P-Value
1740,96 84.25% 79,01% 61,24% 0,028

TABLE 8. Regression test for decentralized system of student have not learned supply chain.

Equation: mean cost = 81555 - 2206 rep

CoefTicient
Term Coef SE Coef T-Value P-Value
Constant 70599 1777 39,73 0,000
slope -1831 536 -3,42 0,042
S R-sq R-sq(adj) R-sq(pred) P-Value
169430 79,56% 72,75% 44,55% 0,042

TABLE 9. Regression test for centralized system of student have learned supply chain.

Equation: mean cost= 82133 - 4414 rep

CoefTicient
Term Coef SE Coef T-Value P-Value
Constant 82133 3562 23,06 0,000
slope 4414 1074 411 0,026
S R-sq R-sq(adj) R-sq(pred) P-Value
3396,39 84,91% 79,89% 50,64% 0,026

TABLE 10. Regression test for decentralized system of student have learned supply chain.

Equation: meaaosl= 68112 - 5604 rep

Coefficient
Term Coel SE Coef T-Value P-Value
Constant 68112 3083 22,09 0,000
slope -5604 930 -6,03 0,009
S R-sq R-sq(adj) R-sq(pred) P-Value
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2939,63 92,37% 89,83% 75,29% 0,009

CONCLUSION

In this research, a simulation game about centralized and decentralized supply chain systems is developed. The
supply chain system consists of one factory, three distributors dan three retailers. In a centralized system, three
distributor stocks are centralized to one distributor. The game is built using Anylogic software. The game is tested on
students that have learned and have not learned about the supply chain. The students play in a team where each team
consists of two students. Every team plays both centralized and decentralized systems and they are assigned to play
centralized or decentralized for the first game randomly. All teams are asked to set minimum and maximum stock to
minimize total stock where the total stock consists of inventory holding cost and backorder cost.

The simulation game experiments show interesting results. Students who have learned supply chain significantly
have better costs than students who have not learned supply chain for decentralized systems. However, in the
decentralized system, the differences are not significant. All teams also have no differences in total costs for
centralized and decentralized systems. This result is not expected since it does not show the benefit of a centralized
system to reduce total costs. On the other side, the simulation game effectively increases the understanding of players
to set better minimum and maximum stock levels since the total cost decrease as they try the game up to five times.

The experiment shows that the simulation game can improve the sffflent decision-making process for determining
minimum and maximum stock however it cannot show the benefit of a centralized system more than a decentralized
system. Therefore, it is interesting to find factors that make students cannot use the benefit of a centralized system in
the game for future research. The other future research can focus on the learning process of the game for postgraduate
students and professionals.

REFERENCES

1. O. Berman, D. Krass, and M. Mahdi Tajbakhsh. On the benefits of risk pooling in inventory
management. Production and Operations Management, 20(1):57-71, 2011.

2. J.S.Goodwin, & S. G. Franklm, (1994). The beer distribution game: using simulation to teach systems
thinking. Journal of Management Development.

3. S.P.Nadeem (2016). Risk pooling, a technique to manage risk in supply chain management, LSCM
Regional Conference and International Seminar 2016. Logistics and Supply Chain Management
Publication (pp. 86- 93). Bishkek: Kyrgyz Russian Slavic University.

4. G. Oeser, & P. Romano, (2021). Exploring risk pooling in hospitals to reduce demand and lead time
uncertainty. Oper Manag Res, 14, 78-94. DOI: 10.1007/s12063-020-00171-y

5. F. Parafsai, (2016). Effectiveness of a virtual project-based simulation game in construction
education. International Joumal of Scientific Research in Science, Engineering and Technology
(ILISRSET), 2(5), 377-393.

6. F.Pasin, & H. Giroux, (2011). The impact of a simulation game on operations management education.
Computers & Education, 57(1), 1240-1254.

7. F. Salimi, & B. Vahdani, (2018). Designing a bio-fuel network considering links reliability and risk-
pooling effect in bi-refineries. Reliability Engineering and System Safety 174, 96-107. DOL
10.1016/).ress.2018.02.020.

8. S.Sarkar, & S. Kumar, (2016). Demonstrating the effect of supply chain disruptions through an online
beer distribution game. Decision Sciences Journal of Innovative Education, 14(1), 25-35.

050007-6

B6Z:0F.L0 ¥EO0T YIBN |2




Risk pooling simulation game

ORIGINALITY REPORT

9% 6% /% 3%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

WWW.coursehero.com

Internet Source

2%

Abdullah Noor Shahida, Hussain Suhaila,
Syamsul Harun, Illias Suhaimi. "A study on the
effect of using palm oil as a base fluid for
nanocoolants”, AIP Publishing, 2024

Publication

2%

erl.ucc.edu.gh:8080

Internet Source

2%

-~

Shu-San Gan, Siana Halim, Della Suci
Anggraini. "Hierarchy of reuse options in
smartphone selection and strategies to
support circular economy", AIP Publishing,
2024

Publication

(K

e

Submitted to Northcentral

Student Paper

T

Li Xiao, Ce Wang. "Multi-location Newsvendor
Problem with Random Yield: Centralization
versus Decentralization", Omega, 2022

Publication

<1%



www.uwspace.uwaterloo.ca <1 o
0

Internet Source

=

erepository.uonbi.ac.ke <1 o
0

Internet Source

B www.scmglobe.com <1«
0

Internet Source

Exclude quotes On Exclude matches <5 words

Exclude bibliography On



