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ABSTRACT

We discuss the use of two online simulations as a part of our core undergraduate and graduate business
operations classes. We have found the games, Littlefield Technologies, to be of pedagogical value, as
they canengage students in the material due to the competitive nature of the game, as well as the ability
to see consequences of their actions. Students are able to apply what they have learned in the class to a
more realistic sceario than textbook problem®espite the additional work and challenges associated

with ensuring all students register on time and engaging everyone, we feel the games are worthwhile. We
provide some strategies for facilitating the smooth and successflten of the simulations.

1 INTRODUCTION

Most simulation academics in business schools must, at some point in their careers, teach a core
operations/operations management ¢lafiker at the undergraduate or graduate l&ietulationper se
is not oftena topic in these classes, which (rightly) focus more on the basics such as inventory
management or forecasting

In this paper, we discuss the use of Responsive.bittlefield Technologies simulations in these
core classes. Over the last 10+ years, thousands of undergraduate and graduate students hedle compet
with one another to apply the material they learned in class to a more realistic setting than standard
textbook problems.

Section 2provides background information on our students and university, as well as eebieef
of the use of games in perations Rsearch (O.R.)education. Section 3ntroduces Littlefield
TechnologiesIn Section 4 we outline strategies for improving student success in the dgaeaton5
discusses the benefits and Sectidhéchallenges of using the games in the class. Seciomiarizes
student response to the game. Section 8 concludes the paper.

2 BACKGROUND

21  San Francisco State University

San Francisco State University (SFSU) is an urban, pubjiea#-university serving approximately
30,000 studentsSFESU 2015a As part of the California State University (CSkystem,the SFSU

mission includes a “commitment to quality teaching and broad access to undergraduate and graduate
educaton” (SFSU 2015ph One of the CSU’s core values is accessibility, as stated in its mission: “To
encourage and provide access to an excellent education to all who are prepared for and wish to participate
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in collegiate study(CSU 2015) This means that students at a CSU campus come from all walks of life,
at varying levels of academic preparedness, and with varying levels of parental or economic support.

The College of Busines€0B) at SFSU is the largest college on campus, with approximately 6,000
undergraduatstudents. Each student is required to pgesiar-level core operations class, DS 4The
required topics in the course are forecasting; capacity planning; inventanagement;linear
programming project management; and quality management. The standard class size is 55
students/section, and most instructors teahskctions/semesteit the graduate level, approximately
25 students/semester take the graduate eguitvaburse, BUS 786.

Instructors of DS 412re faced with two main challenges: The first is the general apprehension with
which most students approach “mathy” classes. Many students have had unpleasant experiences in
previous quantitative courses, and DS 412 has the reputation of being one of the two hardest classes in the
COB. The second challenge is that the majority of students work, some full-time, in order to put
themselves through school. The combination of this and taking a full load of classes leaves students with
little time to devote to their studies and to the practice necessary for most to master quantitative material.

As a result of these challenges, instructors try to find “fun” ways to engage students, both to capture
their attention and to @rcome their fear of quantitative analysis. One such way is the use of simulations
and games in the classroom.

2.2  Teaching O.R. Using Games

Games and simulation have been used to teach O.R. for decades. Ezz et ppr(R@d2 an extensive
overview of the history of management education using simulation and games. The earliest and perhaps
most weltknown game is the beer game, introduced in the early 1960s at MIT, basetkantkeduced

in Forrester (1958 New games are being developaary day, for exampl@Costantino et al. 2012.ee

2011); most of these games likely do not make it to the literafline Production and Operations
Management Society (POMS) maintains a list of teaching simulations (2@tk)ding (descriptions

taken directly from the POMS site):

o LINKS, “a sophisticated, teafimased, competitive management simulation designed in a
modular fashion to permit application énvariety of educational/instructional contexts. (...)
Examples of simulations include: supply chain management, service operations management,
and enterprise management.”

o SimQuick, “an Excel spreadsheet (with some macros) that allows the user to model simp
processes including waiting lines, inventory, supply chains, manufacturing, and projects with
uncertain task times.”

e BusSim, “three simulations that relate Operations Management content to real world
applications”: “a manufacturing based simulation tfuatuses on the operations function,

(...) a manufacturing based simulation that teaches broader management responsibilities
(...and) a service based trucking industry simulation.”

One of the more popular games used in teaching O.R. is Littlefield Techmso{ogitittlefield
Laboratories), which won the 2004 Production and Operations Management Society (POMS) 2004
Wickham Skinner Teaching Innovation award (Wood 20a4)as received a fair amount of attention in
the literature in the intervening yearglghrotra 2007;Miyaoka 2005 Snider and Balakrishnan 2013
Wood 2007) We have been using this game in our courses for over a decade because of its relative
simplicity, effectiveness, and low cost ($15-20/studedtfortunately, we have not used any other
simulations and are therefore unable to provide a comparison between them.
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3 LITTLEFIELD TECHNOLOGIES

3.1 The Basic Games

We use two games in our core classes, Capacity Management and M&agfimyer Responsiveness.
Both rely on the same system setup, a simplified Digital Satellite System receiver manufacturing facility
Figure 1 shows a screenshot of the hooreen students are taken to upon login. It depicts stat®n,
4-stage process through which jobs move. Upon arrival, boards are stuéation 1 and then proceed

to Station 2 for testing. At Station 3, they are tuned, and théradoto Station 2 for final testing before
being shipped to the customer.

Revenues are based on how quickly orders can be fulfilled. If they are met within a certain minimum
guaranteed time, Littlefield receives full compensation. The compensation decreases linearliyaup unti
predefined maximum time, at which point Littlefield earns nothing.

Students gain control over the system after a warmup period of 50 simulated days. They are in control
for 168 simulated days.€., through day 218), at which point the simulation executes another 50 days.
The entire facility is shut down after simulated day 268. The goal is to end the simulation (on day 268)
with the most orfrand cash (compared to the other tealayh team starts with a cash balance of $1M,
which it can use to purchase inventory and machines. Unused capital earns interest at a compounded
annual rate of 10%.

B

Hiation 2

Sration 1
BOARD STUFFING TESTING

suons| [ERES] |

THE SHOPF FLOOR

Figurel: Screenshot of Littlefield Technologies home screen.

The system parameters students over whictestschave control depend on the game being played,
and are discussed in Sections 3.1.1 and 3.h2both cases, students are given access to graphs and
downloadable time series data for:

Job arrival data

Raw materiak inventory

The gueue size and utilization for each station
Number of completed jobs

Average revenue earned/day
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3.11 Capacity Management

The Capacity Management gamdyigically played after we have covered forecasting, capacity planning,

and queueing theory. Students are responsible for purchasing the correct number of machines for each
station to ensure customers receive orders within the quoted lead time. In aldeyotostudents should
forecast the peak demand for the system; determine the service rates at each station using system
utilization and job arrivals; and use a combination of queueing theory and breakeven analysis to
determine how many machines to pussagiven purchase prices and the amount of time remaining.

Students are told that the job arrival rate will be increasing linearly for the first five months. After a
month of stable demand, it will decrease linearly until the end of the simulation. Each station begins with
only one machine. When students gain control of the factory, station 1 is nearing 100% utilization,
causing increasing delays in delivering product on time.

Students are able to purchase and sell machines at each station, and tohehseigace priority on
Station 2 between FIFO and favoring jobs at steps 2 (initial testing{fima#itesting) The sales price of
machines is less than 10% of the purchase price, making indiscriminate buying and selling of machines a
costly experimentThe ideal course of action is to immediately forecast peak demand and determine the
required capacity. Purchasing the capacity before it is necessary is worthwhile as the revenues gained by
being able to meet demand far outweigh the opportunity cost of lost interest on capital.

The following topics are taught prior to playing this game. In forecasting, we teach linear trend
regression and smoothing models. In capacity management, we cover how to calculate capacity needs
from demand and processing times. And in queuing theory, we cover utilization and the nonlinear
relationship between utilization and waiting time.

3.1.2 Managing Customer Responsiveness

Managing Customer Responsiveness is played afenave completed the Capacity Management game
and coverednventory management and JustTime. In addition to determining the capacity at each
station, students are now also responsible for setting the reorder point and reorder quantities for raw
materials; choosing between three customer contracts that offer different levels of lead times and prices;
batch sizes; and borrowing cash, should the need @ffgetypically do not use the latter two options for
our undergraduate courses.)

In contrast to the Capacity Management game, the exppatiearrival rate in thissersion of the
game is constanimaking forecasting straightforward. In return, studemtgst execute more complex
analysis to determine the capacity required for the different contract lewltduding whether it is
financially viable to increase capacity to those levels, given the remaining systenT hieye must
compare the potential increase in revenue against the cost of the machines required to achieve the
promised delivery time.

Students must also find an appropriate reorder point and reorder guhetige we cover the
Economic Order Quantity (EOQ) and reorder point models prior to playing this §diethe initial
settings, the system runs out of inventory each order cycle, which has significant financial implications
for the factory if students have chosen a more aggressive contract for their customers. Each order has a
fixed ordering cost of $000, which makes placing frequent ordeiise.( setting too lowa reorder
guantity) a costly undertaking.

3.2 Administration

There is some administrative overhead associated with playing these games. Students must either be
assigned to groupdor example based on schedRoeder and Saltzman 2014); seltselect into

groups. Each student must then purchase an access code online and register for the game, as a member of
his/her group.
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The instructor is able to change system parameters including:

Job arrival rates

Initial number of machines at each station

Service rates

Machine purchase and salvage prices

Rate of simulated time. Typically, 1 simulated day = 1 real hour; this means that the simulation
runs for exactly oneatendar week.

Alternatively, the instructor can select from sevemaparedscenariosoffered byResponsive.net
The authors find it useful run different versions of the simulation from semester to semester so that
students who seek out solutions from previous semesters are less likely to be successful than if the same
scenario was run every semestdre versions differ in the service rates at the three stations, which leads
to different optimal capacity levelsR¢sponsive.nealso offers a version of the game identical to
Littlefield Technologies in all but name, Littlefield Laboratories. All system processes and parameters are
the same, but the product is different.)

In an ickal case, students can be taken to a computer lab for the beginning of the simulation. This
ensures that groups are able to meet in person at least one time, and that everyone is able to understand
how the game works. Depending on the course’s schedule, this may not be possible.

4  STRATEGIESFOR IMPROVING STUDENT SUCCESS

Giventhe busy nature of our students, we have developed a few stratefzietitate their success in the
simulation.Many of the strategies dovetail with thasescribedn Snider and Balakrishnan (2013).

4.1 Grade Not Based on Performancein Simulation

While students’ grades can be based on a variety of measures, depending on instructor preéerence, w
choose to grade students not directly on their performance in managing the factory. Rather, we base their
evaluation on areportthe group turns in a week after the simulation has finished. Individual student
grades may be adjusted based on team member feedbaakampleusing the online tool CATME
(Ohland et al. 2012).

We have students turn in different types of reports in our classes. The first author requires-a higher
level execuve summary, the second a report based on the template outlined in Snider and Balakrishnan
(2013) In both cases, students are given templates or grading rubrics to help in writing an effective
report. The first author awards 0.5 of 10 points for the simulation for students completing the grading
rubric as part of their deliverableStudents are graded not only based on the content of their reports but
also on the grammar and writing. Where necessary, we provide students with information on campus
writing resources.

While students’ performance on the simulation is of secondary importance, as we consider it a
learning tool not an assessment mechanism, it can be useful to provide some incentive to students to try to
achieve good results. For example, the top team in tiss oy earn an extra point (out of 10) for
“winning” the game.

4.2  Setting Early Deadlines

The main administrative task associated with running the simulation is having students purchase their
access codes, form groups, and register each group member. Teostudants complete each step before

the simulation begins, we try to set early deadlines so missing a deadline does not immediately imply
significant consequences. The first author also awards extra credit points for students meeting the earliest
deadline for registration.
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43  Preparingfor the Game

In addition to reviewing the purpose and mechanics of the game before playing it, we have found it useful
to have students prepare beforehand by completing a homework assignment in which they forecast
demand (for the Capacity Management gamB).do this, they are given demand data from the first 50

days of the simulation and are asked to plot the data, identify any data pattern present in the data, select an
appropriate forecasting method, and forecast out a number of periods. We have found that this pre-
assignment helps the students get started with analysis of the data immediately after the game begins.

44  Group Dynamics

Because students are working in groups, we have found it helpful to provide students tips on how to
interact with their groups in order to improve the group’s effectiveness. These tips include determining:

e The process for making decisions (deciding as group or assigning certain members to make
certain decisions).

¢ The means of communication (meet physically or via phone/chat or email).

e The frequency of checking the factory and making decisions.

In addition, we review general communication courtesy, such as acknowledging receipt of messages
even if one has nothing to contribute to the conversation. We have found that this process is valuable for
students, as many have not considered the implications of effectively working in groups, despite being
required to do so in many of their business cla®¥esause of the limited time available, we do notehav
the opportunity to devote (more) time to teaching students explicitly about group work and maximizing
the team’s effectiveness.

45  Debriefing After Game

After the simulation has ended, students are eager to hear the strategies other teams have employed,
especially the winning team. We have32teams describe the approach they took, and discuss as a class
what did and did not work. In the future, we might consider a more formal approach to debriefing, such as
the one suggested in Pavlov et al. (2015).

Some common lessons that come out during the debriefing session and during less formal
conversations with students are:

e The importance of taking action early and proactively, rather than reactively. Especially for the
first game, it is critical to have sufficient capacity in place before it becomes necessary. The
teams that did not do so are never able to catch up to those that did.

e The danger of operating at 100% utilization.

e Good team communication is a significaattor in the team’s ability to succeed.

e Even though more machines are necessary, it may not make financial sense if there is not enough
time left to recoup the capital investment.

e If a systemis “in trouble,” (e.g., operating at capacity), it must be stabilized before other changes
are made: For the second game, teams often choose the contract with the shortest lead time (and
highest possible revenues) before addressing the stockout and additional capacity problems. This
results in a prolonged period ttme in which the factory is not making any money.

5 BENEFITS

The literature has shown many benefits from using games in the classroom (Wood 2007). In our specific
case, there are two main advantages.
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5.1  Increased Engagement

Because of the competitive nature of the game, sstndents find themselvedrongly drawn to the
game, compulsively checking their status. Especially in the second game, many of them actively try to
apply the material they have learned in class to improving their system’s performance.

Anecdotally, students have reported liking the ability to see the consequences of their actions. Rather
than just being marked “correct” or “incorrect,” they experience what the result of a lesdehlan-
decisionwas. Because other teams are also competiney can compare their current status with that of
other teams. The simulation also includes a default “do nothing” team, so students can see whether their
actions have been more or less beneficial than a hands-off approach.

5.2  MoreRealistic Application

One of the challenges in an overview class is that there are many required topics, which leaves little room
to go into depth. Textbook problems, especially if using online homework systems, can be very simplistic
— and thus quite unrealistic.

The simulatio allows a direct application of material learned, but in a more realistic setting: Rather
than being presented with equation parameters, students must independently derividhiheam be
nontrivial: To find the service rate at station 1, students must estimate the arrival rate and utilization,
solve the utilization formula for the service rate, and do the calculation. Some students struggle with these
seemingly simple tasks because they are not accustomed to having to download (messy) data and use a
spreadsheet to do calculatiorBecause the simulation is not being presented in a specific chapter (for
example, the Inventory Management Chapter), students must also first determine the type ofg)roblem
facing them.This in itself requires a level of curiosity and proactiveness that we do not ask of our
students often enough.

While students are grappling with determining the right model and applying the appropriate formulas,
they are also faced with having to think more deeply about the possible conssgaktiteir actions.

Groups have overpurchased machinery, leaving them with insufficient money to buy raw materials. They
have stabilized the bottleneck at one station, not realizing that it may shift the bottleneck to elsewhere in
the facility. One very common mistake in the first game is to notice the problem with job lead times and
purchase additional machines at station 2, because each job goes through the station twice for testing.
They do not consider that multiple visits perde not imply a problemindeed, station 2’s utilization is

quite low, at around 50%, before the unnecessary additional capacity is purchased.

6 CHALLENGES

While there are benefite using simulation in a class like thtkere are also challenges.

6.1 Administr ative Over head

The adninistrative overhead of running the simulation can be significant. At the beginning of the
semester, students are confronted with a variety of different “codes” (simulation access code, simulation
course code, online textbook code, add code) and can become confused. Ensuringosthgantshase
the access code and register with their team can require patience.

As is often the case with student groups, some team members are more engaged than others are. This
can become frustrating when groups are trying to coordinate meeting times to play the game or write their
reports.
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6.2  Student Engagement

While many students become enthusiastic players, a not insignificant number are too busy and fail to “see
the point” of playing. This can lead to discontent within the group, especially if some members feel they
are contributing more than others in the group are.

6.3 Increased Instructor Workload

The final challenge is that of increased workload for the instructor. In addition to the administrative tasks,
the simulations generate additional deliverables from students, deliverables that must be graded. This can
be especially onerous for instructors that do not have the support of teaching assistants or graders.

7  STUDENT RESPONSE

While there are always students who do not feel the activity worthwhile (from course evaluations,
“Getting rid of the simulations. | didfsic] get much from them”), the students that engage develop a
much deeper and richer understanding of the course material, and are glad to have had the opportunity to
apply what they learned in this way. From the course evaluations at the end of the semester, in response to
the prompt “The most effective attributes (characteristics) of the instructor’'s teaching were,” students
wrote: “She had us use simulations that helped us understand how each new thing she taught was used
and everything was clearly explain&tthe simulations assignment which really got us involved in the
activities of Operations Management by being participants,” and “the Littlefield Labs simulations were
excellent exercises that helped incorporate each topic learned in the course.”

We have not recently conducted formal surveys to systematically assess students’ perceptions of the
games. Miyaoka (2005) reports on the results of a survey conducted in 2004:

The students were asked to indicate how strongly they agreed with three statements with
5 representing “strongly agree” and 1 representing “strongly disagree.” The three
statements and the average results of 67 evaluations are listed in [Table 1]

Table 1 Average of student ratings in response to survey questions, from Miyaoka (2005).

Question Averageresponse
These games contributed to my understanding of capacity manageme 4.1
inventory management.

In these games, | frequently found myself actively thinking abousitmelation 4.2

game and what decisions | should make.

As a result of these simulation games, my interest and curiosity about ope 3.9
management has increased.

8 CONCLUSION

Despite the additional administrative overhead and the additional grading, we feel that the benefits
outweigh the drawbacks of using the simulation in our operations cl&¢k#s.Littlefield Technologies

might not be the right choice for every operatiolass, we encourage instructors to consider it and other
ways to engage students in ttiassroom.
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