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Problem-based Learning - Lessons Learned from an  

Undergraduate Operations Management Program 

 

This report describes the pedagogical experience in one application of Problem-Based Learning 

(PBL) in the teaching of Supply Chain Management in the undergraduate Operations 

Management program at the University of Dayton. Students are intellectually challenged to 

define and decompose unstructured problems in a web-based Supply Chain Game with a 

simulated scenario. In order to solve problems students are stimulated to look themselves for 

appropriate methods, which define their information requirements. Their ‘learning-by-doing’ 

process is supported by timely feedback on their intended SCM strategy. Even before the game 

starts they can adapt their market forecast, location planning and parameters for allocation, 

transportation, and inventory. Working in collaborative teams, students must turn knowledge 

immediately into action, i.e. to make strategic, tactical, and operational decisions. This PBL-

approach has been gradually refined over a period of three years. We present first results on 

evaluating its effectiveness. 

 

 



 

1 

1 PROBLEM BASED LEARNING IN BUSINESS EDUCATION 

“Problem-Based Learning” (PBL) was first applied in the domain of medicine at McMaster 

University in the 1960s (Barrows, 1985). Since then, this pedagogical approach has been success-

fully utilized in teaching such as pharmacy, dentistry as well as in science and engineering. These 

domains soon recognized that transferring knowledge just by presenting facts at a blackboard is 

not satisfactory. In Germany-speaking countries, PBL is considered to be the most important 

pedagogical innovation and is finding its way more and more into university education 

(Markowitsch, Messerer, and Prokopp, 2004, p. 90). 

PBL is now underway in a number of leading U.S. business schools. The typical PBL model 

challenges teams of students to work together in solving complex, unstructured business 

problems. The role of the instructor shifts from pure presenter to facilitator, motivator, enabler, 

coach or even psychological expert (see Duffy and Cunningham, 1996; Hmelo-Silver and 

Barrows, 2006). An important goal in this approach is to develop skill in problem definition, 

given only a ‘scenario’ and a set of ‘symptoms.’ Once students recognize the nature of the 

problem they see what domains of business knowledge are relevant and with faculty coaching, 

are pointed in the right direction through tutorials, discussions, and self-study. Proponents of PBL 

claim its advantage to be that since learning is goal-oriented, the learning is deeper. For a 

description of goal-based scenarios, see Schank (1994). Moreover, students develop expertise at 

problem definition and synthesis - important skills that are often neglected in university 

education. With PBL, students are challenged to defend their problem specification and approach 

through cogent written and oral presentations. They are challenged to learn theory, but always 

with a critical eye towards its applicability. For a review of the theory of PBL in business 

education, see Gijselaers (1995), Milter and Stinson (1995), Savery and Duffy (1996), and 
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Zumbach (2003). For an earlier example of its use in Operations Management, see Kanet and 

Barut (2003). 

In the PBL model, students are intellectually challenged to first define problems and then search 

for relevant theory. The goal of this project is to combine the case-oriented PBL approach with a 

competitive game. By itself, the case study approach is a highly effective pedagogical technique, 

but what the game approach offers is this and more. It has been repeatedly verified that the use of 

simulation games in business education enhances student learning of both theory and its 

application (e.g., see Faria and Weffington, 2005). Use of simulation games engages students to 

learn. It does this by virtue of its experiential PBL orientation; but in addition, simulation games 

provide an element of competition and direct, speedy feedback that further arouses motivation to 

learn.  

 

2 APPLYING PBL TO SUPPLY CHAIN MANAGEMENT STRATEGIES 

At the University of Dayton’s new undergraduate program in Operations Management, one of the 

required senior-level courses is “OPS 480: Supply Chain Management Strategies”. Since its 

inception four years ago, the number of students enrolling in this course has ranged from 18 to 

30. Enrollees for this course already have background in all the core business disciplines (e.g., 

accounting, economics, finance, management, marketing, quantitative methods) as well as 

advanced study in a number of Operations Management topics (e.g., business process flow 

analysis, production planning and control, project management, quality assurance, etc.). 

The overall goal of OPS 480 is to provide students the opportunity to apply their business know-

ledge base in the Supply Chain Management arena. To accomplish this, one of the course 
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requirements is for students to act as management of a fictive company faced with a variety of 

SCM related issues (see section 3.1.2). Teams of students participate in a web-based simulation: 

“The Supply Chain Game” (SC Game). This PBL-based part of the course constitutes roughly 

40% of the semester schedule.  

In using the SC Game as intended here, a number of learning goals are addressed (see Figure 1). 

Firstly, students experience in how to cope for themselves with a highly unstructured situation. 

As in a real consultancy project, students have to learn how to define a problem, how to 

decompose it, how to find appropriate methods in order to solve each individual sub problem, and 

how to search for relevant data. Finally, they have to communicate their solution to the problem - 

professionally and in a structured wayFigure 1: Learning Goals. Students get hands-on 

experience in various topics, some of which were covered in previous courses and others the 

students learn about in the current semester.  

a) Forecasting market opportunities

b) Deciding which markets to serve

c) Deciding when & where to build factories/warehouses

d) Setting service level objectives

a) Setting safety and reorder stock levels

b) Setting production lot sizes

c) Deciding shipping methods

d) Setting production capacities

e) Allocating warehouses to factories, regions to warehouses

a) Deciding shipping priorities

b) Monitoring and controlling shipments, capacity, new orders, 
inventory

c) Monitoring and controlling cash flow

1. Strategic

2. Tactical

3. Operational

 
Figure 1: Learning Goals 
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Depending on the success of this approach, a graduate (MBA) version of this course is 

envisioned for an additional 25 to 35 students per year. With the growth of world commerce and 

electronic data exchange, Supply Chain Management is becoming an extremely popular topic of 

Operations Management. 

 

3 THE MECHANICS OF THE SC GAME 

3.1 Description 

3.1.1 Software Provider 

The Supply Chain Game is a web-based simulation where students can expand and manage a 

network of factories and warehouses to supply markets in several regions. The game is provided 

by Responsive Learning Technologies, Inc. The company already won several prizes for Opera-

tions Management games. The SC Game was developed with faculty members at the Kellogg 

School of Management at Northwestern University. In the first six months of its commercial 

availability since mid-2005, the game was already in use by more than 20 U.S. universities. The 

software is extremely flexible in that the adopting instructor can create his own scenario and 

student assignments in which a fictitious company makes and distributes a single discrete product 

to one or more of five geographic regions.  

 

3.1.2 Company and Market 

The headquarters of Jacobs Industries, the name of the fictitious company, are located in the 

Northwestern region - called Calopeia (see Figure 2). The company produces an industrial 
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chemical that can be mixed by customers with air to form foam which has unique selling points: 

It is lightweight, stable over a very wide range of temperatures, a very efficient thermal insulator 

and a very efficient acoustic insulator. 

Jacobs sells to manufacturers of products that will pay a premium for foam insulators with these 

mentioned properties. All of Jacobs’ customers purchase the foam chemical as a substitute for 

competitors’ products. If Jacobs cannot meet a customer order when it is received, the customer 

makes its purchase from a competitor. Because of the superiority of Jacobs Industries’ foam, this 

does not result in a loss of future demand for the company. 

Air Conditioner Retrofit Kits Hardwood Floor Laminates

Premium Home Appliances

Insulation Products for Commercial BuildersPrivate Airplanes

Customers purchase the foam chemical and mix it with air.

Figure 2: Company and Product-specific Idiosyncratic Demand Pattern in Various Markets 
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Jacobs’ distribution network consists of a single factory and a single warehouse, both in 

Calopeia. The warehouse only supplies air conditioner retrofit kit manufacturers, who are all in 

Calopeia. Jacobs produces its chemical in batches, loads the chemical into small plastic drums, 

and then transports the drums to the warehouse by truck or by mail. The warehouse sends drums 

by mail to customers as orders are received. 

Jacobs’ management is thinking about the possibility of serving new markets with their foam 

chemical. Indeed their market study showed that there is a demand of foam products in various 

markets and that serving those markets is profitable. For example, in Sorange, foam could be 

used in hardwood floor laminates. Every region has a different demand pattern - as illustrated in 

Figure 2. However, serving those markets could be logistically complex. Some decisions to be 

made include the following (see Figure 3): 

 
 

1. Which new markets should Jacobs sell to?
2. When should Jacobs begin serving its new target markets?
3. Should Jacobs continue to serve its original market?
4. Should the factory in Calopeia be expanded?
5. Should factories in other regions be built?
6. Should warehouses in other regions be built?
7. How should Jacobs schedule production?
8. How should inventory in the warehouses be managed?
9. How should chemicals be transported from factories to warehouses?

10. Which warehouses should serve each target market?
 

Figure 3: Overview of Decisions in the SC Game 

 

End of life issues have to be considered. A new foam technology is in development that will 

render the current technology obsolete. Factories producing the new foam will come online at the 
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end of the SC Game. All customers are aware of the pending new technology, and as result, 

demand from all markets will systematically decrease. 

 

3.1.3 Students’ Consultant Role 

As can be seen from Figure 3 there are a lot of changes students can recommend as a consultant 

to Jacobs. Thus, students are involved in decisions regarding buying, making, moving, storing, 

selling in order to maximize the value of a company. However, they have some constraints - it is 

not possible to merge with other companies or simply hire a ‘3rd-party logistics provider’. It 

becomes apparent to the students that they are involved in similar decision making processes as 

those they can find every day in their edition of the Wall Street Journal. 

The aim of the SC Game is to maximize the cash position generated by the foam technology. 

There is a wealth of historical data (see Figure 4), which students can download and analyze to 

develop their supply chain strategy - even before they begin to play the SC Game. 

 

1. Overall team standings: ranking, current cash balance, …

2. History of all team actions

3. Income statement

4. Plots and downloadable data of a team: cash balance, 
demand, lost demand, work-in-progress inventories, 
warehouse inventories, shipments from factories to 
warehouses, shipments from warehouses to customers, …

1. Overall team standings: ranking, current cash balance, …

2. History of all team actions

3. Income statement

4. Plots and downloadable data of a team: cash balance, 
demand, lost demand, work-in-progress inventories, 
warehouse inventories, shipments from factories to 
warehouses, shipments from warehouses to customers, …

 
Figure 4: Overview of Data Available During the Decision Making Process 
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3.2 Pedagogical Sequence 

The following summarizes our specific application of the Supply Chain Game at the University 

of Dayton. Students receive a detailed description of the case study in their “SC Game Manual” 

(see table of contents in Appendix 1). 

 

3.2.1 Semester Schedule 

The course begins with a ‘kickoff’ meeting in which the assignment and the game software is 

introduced (see Figure 5). Teams of 3 to 4 students are formed. In the very first days, two trial 

games are played (section 3.2.2). They last for an evening and for a weekend. The game is then 

reset to depict the status of the company after two years of operation. At this point the game is 

‘frozen’ meaning that teams cannot implement changes but can download (e.g., into MS Excel) 

and analyze two years of daily activity of the company.  

Students then have two months in which to prepare the main deliverable of the assignment, inter 

alia, several ‘game papers’. This consists of a market analysis, a capital investment committee 

report, and a supply and operations plan. Students must outline and justify their plan of action in 

playing the game. The sequence of the papers reflects a typical planning process: First, students 

are confronted with the problem of forecasting demand for the company’s product. Once they 

have completed a report on their forecast they are then asked in another installment of the SC 

Game to develop a capacity plan for production, then later a production schedule, and later a plan 

for distribution, etc. The idea is to break the overall game scenario into a series of assignments 

that allow better control of student work as well as the opportunity for students to recoup a 

learning objective (damage control) so that early mistakes do not completely destroy the validity 
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of their subsequent analyses. Students’ ‘learning-by-doing’ process is supported by timely 

feedback.  

Along with their assignments students are provided with so called ‘technical briefings’ (see 

section 3.2.3). While using their computers during class exercises, they learn how to use MS 

Excel to solve supply chain problems.  

 

 

Upon completion of the game papers the actual play of the SC Game begins. The simulator is 

‘turned on’ meaning that teams can commence implementing their plans (building plants, ware-

houses, deciding batch sizes, transportation modes, etc.).  

Stander SymposiumWed 4/18/2007

Technical briefing IVTue 2/20/2007, 4:30-5:45 PM

Technical briefing IIIThu 2/15/2007, 4:30-5:45 PM

Technical briefing IITue 1/30/2007, 4:30-5:45 PM

Technical briefing ITue 1/9/2007, 4:30-5:45 PM

SC Game endsThu 4/19/2007, 7:30 PM

Game reports, Game presentationsFINAL PRESENTATIONSTue 4/24/2007, due at 4:30 PM

Feedback on Game Paper #1Thu 3/8/2007, 4:30-5:15 PM

Game Paper #2Wed 3/28/2007, due at 6:00 PM

Feedback on Game Paper #2Mon 4/2/2007

Game Paper #3Wed 4/4/2007, due at 6:00 PM

Feedback on Game Paper #3Mon 4/8/2007

SC Game Practice IIISC Game PracticeTue 4/10/2007, 4:30-5:15 PM

SC Game beginsThu 4/12/2007, 7:00 PM

Stander SymposiumThu 4/????/2007, 7:30 PM

‘Pizza Bash’ and AwardsWed 4/25/2007

Game Paper #1Wed 2/21/2007, due at 6:00 PM

Simulator is set up. Past data can be downloaded.Fri 1/19/2007, 7:00 AM

Register your team at responsive.netREGISTRATION FOR SC GAMETue 1/16/2007, 5:45 PM

SC Game Practice IISC Trial Game endsMon 1/15/2007, 10:00 PM

SC Trial Game startsFri 1/12/2007, 9:00 AM

SC Game Practice IINTRODUCTION TO SC GAMEThu 1/11/2007, 4:30-8:30 PM

Notes/assignmentsEVENTDate, Time

Stander SymposiumWed 4/18/2007

Technical briefing IVTue 2/20/2007, 4:30-5:45 PM

Technical briefing IIIThu 2/15/2007, 4:30-5:45 PM

Technical briefing IITue 1/30/2007, 4:30-5:45 PM

Technical briefing ITue 1/9/2007, 4:30-5:45 PM

SC Game endsThu 4/19/2007, 7:30 PM

Game reports, Game presentationsFINAL PRESENTATIONSTue 4/24/2007, due at 4:30 PM

Feedback on Game Paper #1Thu 3/8/2007, 4:30-5:15 PM

Game Paper #2Wed 3/28/2007, due at 6:00 PM

Feedback on Game Paper #2Mon 4/2/2007

Game Paper #3Wed 4/4/2007, due at 6:00 PM

Feedback on Game Paper #3Mon 4/8/2007

SC Game Practice IIISC Game PracticeTue 4/10/2007, 4:30-5:15 PM

SC Game beginsThu 4/12/2007, 7:00 PM

Stander SymposiumThu 4/????/2007, 7:30 PM

‘Pizza Bash’ and AwardsWed 4/25/2007

Game Paper #1Wed 2/21/2007, due at 6:00 PM

Simulator is set up. Past data can be downloaded.Fri 1/19/2007, 7:00 AM

Register your team at responsive.netREGISTRATION FOR SC GAMETue 1/16/2007, 5:45 PM

SC Game Practice IISC Trial Game endsMon 1/15/2007, 10:00 PM

SC Trial Game startsFri 1/12/2007, 9:00 AM

SC Game Practice IINTRODUCTION TO SC GAMEThu 1/11/2007, 4:30-8:30 PM

Notes/assignmentsEVENTDate, Time

Figure 5: Semester Schedule 



 

10 

Two weeks after game’s end, students are required to submit a final report and share their 

experiences in a meeting of all teams. The focus here is on reporting their strategy, what worked, 

what didn’t, and ‘lessons learned’. 

The procedure described here of first providing the problem and then the technical briefings 

differs from traditional pedagogical methods in which theory is first presented and then followed 

with application exercises. The weakness of this latter approach is that students tend to patronize 

the professor to force fit a given concept on a particular problem setting - something like the 

proverbial poor carpenter, who, armed only with a hammer, sees every problem as a nail. 

 

3.2.2 Game Schedule 

Students’ first requirement is to familiarize themselves with the game interface and data 

downloading capabilities. We therefore play a trial game as early as at the end of the ‘kickoff’ 

meeting. This enables students to capture the flavor of the SC Game as soon as possible (‘SC 

Game Practice I’ - see Figure 6). 

 

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 15000

640 730

analyse play
SC Game

1460

4/12/07 4/19/07

simulated
days

1 simulated day = about 14 minutes

analyse play
Trial SC Game

1/12/07, 9:00 AM
1/15/07, 10:00 PM

1 simulated day = about 56 minutes

analyse play
SC Game Practice I 1/11/07, 5:30 PM 1/11/07, 8:00 PM

1 simulated day = about 0,2 minutes

 
Figure 6: Game Schedule 
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A trial game starts after the first meeting and lasts for the following weekend. Students can 

analyze 640 days of the company’s historical data for one region and play for 90 simulated days, 

or 4 real days. It runs continually at the rate of 104 simulated days per real day, or 1 simulated 

day about every 14 minutes. Thus, students have to make decisions extremely fast. 

Typically, the SC Game begins at an arbitrary point in time (in our case at day 730), in which the 

students ‘inherit’ control of the company for the next 730 days, i.e. two years. The game 

concludes seven days and about half an hour after it started. As the game progresses, students can 

log in and monitor the progress of operation and change plans as actual events unfold. Each team 

is confronted with the identical series of events but their actions do not interact with other teams’ 

performance. However, teams can continuously monitor the standings (current cash balance) of 

all the competing teams, which has been found to add a degree of excitement during the course of 

the game. The team with the highest cash balance at game’s end is given special recognition (see 

section 3.2.6). 

 

3.2.3 Technical Briefings 

As students are presented with a series of assignments the plan is to provide them with ‘technical 

briefings’ on a variety of relevant theoretical concepts (see the example of forecasting via curve 

fitting in Appendix 2). Such technical briefings typically take one 75-minute class period and will 

be provided only after students have begun work on their problem analysis and see the need to 

learn a given concept. With this approach we hope that students can immediately turn their 

knowledge into action by playing the game. 
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3.2.4 Assignments 

The scenario(s) and the associated assignments are constructed in such a way so that students 

learn to recognize the layering of required decisions into the categories of strategic, tactical, and 

operational. For example, one of the first decisions to be made is to forecast product demand in 

the various market regions and make a decision on whether or not a given market is worth 

pursuing. This higher-level strategic decision then acts as a constraint on the lower level decision 

as to where factories and warehouses should be built. These decisions then act as input to the 

more tactical issues such as lot sizes, choice of transportation mode, safety stock levels, reorder 

points, and the like. Finally, because of the variability and uncertainty of product demand, 

operating policies and plans need to be devised in which corrective actions during the course of 

the game are thought through in advance. For example, expediting shipments until additional 

capacity is established, reverting to full truckload shipping as soon as capacity is available, and 

monitoring inventory levels near game’s end to avoid excess and obsolete inventory. 

In all, each student team must hand in several papers before the ‘real’ SC Game starts, and a 

report after the game has finished: 

1.  Game Paper #1 (Market Analysis): The team prepares a report to management, which 

provides an analysis of the potential markets for drums. It should have the look and feel of a 

professionally prepared report to management regarding potential drum sales. It should have a 

brief clarifying narrative; it should clearly state the market estimates for the upcoming two-

year period. Market estimates should be based on a clearly explained scientific approach, 

using all the available historical data and all the marketing information provided in the SC 

Game Manual. The report should include appropriate probability analyses. To qualify for the 

forecasting prize a team must provide a table with the total two-year demand for each region. 
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2.  Game Paper #2 (Capital Investment Committee Report): Purchase of capital assets (plant 

buildings, plant equipment, warehouses) is a capital investment, which requires approval by 

the firm’s capital investment committee. If the student team plans to make such capital 

purchases then a report to this committee is required. Like the market analysis, this should be 

a professionally prepared report to management clearly showing what capital investments are 

desired. Important here is an economic/financial justification and return on investment 

analysis that is clearly laid out. 

3.  Game Paper #3 (Supply and Operations Plan): Each student team must hand in a Supply and 

Operations Plan (allocation, transportation, and inventory planning). The document should 

include plans on how the team will react during the game. Operating parameters such as lot 

sizes, order points, and safety stock levels should be specified and justified. Specifications as 

to which markets will be served by which warehouses and which factories will supply which 

warehouses (and by what transport mode) should be provided and justified. Any special tactic 

students plan to use during execution of game (e.g., during beginning and or ending phases) 

should also be provided. Each team will begin the game with $10,000,000 cash balance. 

Finally, the team has to estimate what is Jacobs’ total cash balance by game’s end.  

4.  Final Game Report: The final game report, which is due after the game, should be a recap of 

what happened during the game. The report should at least include what the team has done 

(including a table with major actions and the corresponding days in the game), why the team 

deviated from its Capital Investment Committee Report and Supply and Operations Plan (if 

the team did so), what were the major mistakes, and what could have been done better. The 

final report should also include as an addendum a table with certain performance indicators 

such as forecast of total demand, average inventory, residual inventory, return on invested 
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capital, and ending cash balance. 

5.  Final Presentation: Lastly, each team should be prepared to give a 10 to 15 minute formal 

presentation. It must include a description of the team’s analysis and strategy and an explana-

tion of what worked and what did not during the game. 

 

3.2.5 Selected Tips 

In their SC Game Manual students are provided valuable tips regarding their deliverables. For 

example, we give them a model which might be useful when they prepare their written work (see 

Figure 7). The advantage of such a framework is that students pay attention to all important 

elements of a game paper. Students also find hints for their calculations. Furthermore, we give 

some rules for their meetings because they are proven to be efficient if they write down issues 

such as: ideas, fact you know, facts you need to find, learning issues and last but not least action 

items and dates. 

 

OPS 480 SCM GAME - TEAM MEETING RECORD 
Team Name:  Meeting  

Date: 
 

Meeting Leader:  Meeting 
Recorder: 

 

Ideas/Hypotheses Facts We Know Facts We Need 
To Find 

Learning Issues Action 
Items/Dates 

  
... 
 

 
... 

 
... 

 
... 

 
... 

Example: 
 
We seem to need 
a forecast by day 
for the next 480 
days. 

 
 
1. we have past 
demand 
2. The market 
info says it will 
be growing and 
be seasonal. 
 

 
 
Need to 
measure rate of 
increase in 
demand 
Need to 
estimate effect 
of seasons. 
 

 
 
Need to 
understand 
how 
seasonality can 
be incorporated 
into forecasts. 

 
 
Team to 
study 
Textbook X 
Ch z and see 
how this 
applies. 

Next Meeting: Date: 
 

Time: 
 

Location: 
 

a) Situation Analysis
b) Problem Definition
c) Evaluation Criteria
d) Alternative Courses of Action
e) Assessment of Alternatives
f) Decision Statement
g) Implementation

a) Situation Analysis
b) Problem Definition
c) Evaluation Criteria
d) Alternative Courses of Action
e) Assessment of Alternatives
f) Decision Statement
g) Implementation

1. Written Work

2. Calculations

3. Team Meetings

a) Sales during days 731-1460 
b) Return on investment
c) Average daily corporate inventories

a) Sales during days 731-1460 
b) Return on investment
c) Average daily corporate inventories

Figure 7: Selected Tips 
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3.2.6 Additional ‘Carrots’ 

It has been repeatedly verified that the use of simulation games in business education enhances 

student learning of both theory and its application (e.g., see Faria and Weffington, 2005). Use of 

simulation games motivates students to learn. It does this by virtue of its PBL orientation; but in 

addition, simulation games can provide an element of competition that also arouses motivation to 

learn. To add further to the competitive atmosphere, we created awards for student teams to try to 

achieve while playing the Supply Chain Game including:  

1.  Closest Forecast of Product Demand, 

2.  Highest Met Estimate of Cash at Game’s End, 

3.  Lowest Average Warehouse Inventory, 

4.  Lowest Inventory Balance at Game’s End, 

5.  Highest Ending Cash Balance (the Grand Prize). 

What is particularly commendable about the design of the game is that all these performance 

indicators, which represent realistic logistics goals, are easily measurable. 

 

3.2.7 Stander Symposium 

The Stander Symposium demonstrates the Marianist tradition at the University of Dayton: 

education through community. As an alternative day of learning once a year, students of all 

faculties present posters, participate as members of a panel discussion. Our students in Operations 

Management demonstrate the Supply Chain Game showing fellow students and interested parties 

how to forecast, plan factory and warehouse capacity and location, manage inventory and 

transportation. 
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3.2.8 Feedback 

An important feature in assuring that students understand the expected level of effort and 

performance is to provide a grading rubric. Therefore, we outline the various dimensions of 

performance and the grade one can expect for a given level of effort/performance as illustrated in 

Figure 8. This comprises analyzing, preparing, and presenting case results and mastery of 

learning objectives.  

 

0
(F - Insufficient)

1
(D - Poor)

2
(C - Fair)

3
(B - Good)

4
(A - Excellent)

1)
1.1) Organization/ 

Conventions/ 
Style/ 
Professional

Written work lacks clear 
structure or order. Grammar, 

spelling, punctuation and 
vocabulary usage contain 
major flaws that impede 
readability. Pages not 

numbered, tables & figures 
not professionally prepared 
and integrated. Reference 

list/citations not per standard. 
Tone is wildly inconsistent 

and/or inappropriate.

Written work demonstrates 
logical order and structure that 
may be formulaic inconsistent. 

Grammar, spelling, 
punctuation and vocabulary 

usage contain some flaws that 
do not impede readability. 
Page numbers, tables & 

figures and reference 
list/citations sometimes not 

per standard. Tone is 
sometimes inconsistent and/or 

inappropriate.

Written work demonstrates 
unified and consistent 

organization. Grammar, 
spelling, punctuation and 

vocabulary usage correct and 
appropriate. Page numbers, 

tables & figures and reference 
list/citations professionally 
prepared and per standard. 

Tone consistent and 
appropriate to assignment.

1.2) Situation 
Analysis/
Problem 
Description

Written work gives neither an 
overview of the problem nor a 

general discussion of the 
important issues.

Written work gives some 
statement of problem. Not all 

key issues are explicitly 
addressed.

Written work gives a crisp and 
clear overview of the situation. 
All important key variables are 

identified.

1.3) Analysis No analysis of the key 

elements of the game. No 

theoretical concepts used. 

Assumptions not justified. 

Lack of explanations.

Some points of the game 

analyzed, some mistakes in 

the calculations.

Detailed analysis. Useful and 
correct application of several 

theoretical concepts. 
Calculations shown clearly. A 

cash flow projection is 
included.

1.4) Strategy No clear strategy.
"We will see what happens"-
approach. Strategy not based 

on analysis.

Strategy is in some aspects 
clear, but not complete, e.g., 

the strategy has not been 
developed for the whole game 

but only for a part of the 
game.

Precise strategy. Exactly 
described what to do at which 

point of the game. Exit 

strategy included. Strategy is 

based on the analysis.

1 ) O ll P i k N I l bl i E ll i k W ll

Written Work

 
Figure 8: Grading Scheme 
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Furthermore, we developed baseline solutions (a type of answer key for the instructor) so as to 

enable objective assessment of student performance. The following Figure 9 shows how we 

assess the forecast accuracy of each student team. It should be noted that we do not hand over the 

exact number of forecast errors but only provide a general feedback, i.e. whether the students 

underestimated or overestimated the real demand. 

 

Calopeia 

• Calopeian’s demand follows a sine wave. The formula for such a curve is: 

btd
P

tAtY +∗++∗∗∗= )2sin()( 0θπ
 

• In our example: P = 365 days and d = 0 (because we have no long-term trend) 

• θ0 is expressed in radians. It is the parameter, which determines where the curve 
starts. In our example the curve starts at the trough and this equals a 270 degree 
angle. This equals 1.5*π radians and therefore θ0 equals 1.5. 

• The parameters A and b can be found using Solver, minimizing the sum of the 
squared errors. 

• The result should be similar to this: 
2( ) 30.85 sin( 1.5) 39.19

365
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Figure 9: Selected Baseline Solution (Market Analysis for One Region) 
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3.3 Playing the SC Game 

3.3.1 Parameter Settings 

To meet different demand patterns in five regions, student teams set production and inventory 

control parameters, transportation choices, and add new factories and warehouses. Therefore, in a 

first step students have to filter relevant information in their SC Game Manual for their decision 

making process. The following Figure 10 gives an impression. 

 

Production

Warehousing

Transportation
(Factory to Warehouse)

Transportation
(Warehouse to Customer)

2.5 Parameters in Selected Business Functions

2.5.1 Production

A factory can only produce one batch at a time. The more capacity a factory has, the faster it 
produces a batch of a given size. The cost of a factory building is $500,000 regardless of the 
factory capacity. The cost of factory equipment and fixtures is proportional to capacity: Capacity 
of one drum (i.e. one unit) per day costs $50,000. For example, the cost to build a new factory 
with a capacity of 5 drums per day is $500,000 + (5)$50,000 = $750,000. Adding an additional 
capacity of 2 drums per day later in the game would cost (2)50,000 = $100,000. 

It takes 90 days to either construct a new factory or to add capacity to an existing factory. The 
cost of the factory is incurred as soon as construction begins. Capacity cannot be retired. 

Production in factories is carried out in batches, where each batch is an integer number of drums. 
The size of one batch is the size of the order quantity from the warehouse that triggers the 
production. The cost to produce one batch equals $1500 (set-up cost) plus the number of drums 
in the batch times $1000. For example, the cost to produce a batch of 10 drums is $1500 + 
(10)$1000 = $11,500.

2.5 Parameters in Selected Business Functions

2.5.1 Production

A factory can only produce one batch at a time. The more capacity a factory has, the faster it 
produces a batch of a given size. The cost of a factory building is $500,000 regardless of the 
factory capacity. The cost of factory equipment and fixtures is proportional to capacity: Capacity 
of one drum (i.e. one unit) per day costs $50,000. For example, the cost to build a new factory 
with a capacity of 5 drums per day is $500,000 + (5)$50,000 = $750,000. Adding an additional 
capacity of 2 drums per day later in the game would cost (2)50,000 = $100,000. 

It takes 90 days to either construct a new factory or to add capacity to an existing factory. The 
cost of the factory is incurred as soon as construction begins. Capacity cannot be retired. 

Production in factories is carried out in batches, where each batch is an integer number of drums. 
The size of one batch is the size of the order quantity from the warehouse that triggers the 
production. The cost to produce one batch equals $1500 (set-up cost) plus the number of drums 
in the batch times $1000. For example, the cost to produce a batch of 10 drums is $1500 + 
(10)$1000 = $11,500.

Figure 10: SC Game Manual as a Data Source 
 

The focus of attention is in developing problem parameters that lead to realistic and sensible 

solutions. Parameters such as historical sales data, labor costs, production and transit times, 

distances to markets, etc., were carefully tested to assure that they do not lead to a trivial or 

nonsensical solution. Thus, the scenario assures realism.  
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Figure 11 gives an overview of parameter in the SC Game. 

 

Number of simulated days per real day

Total number of simulated days
Student access begins /ends on day

Initial cash per team

Interest rate per year (compounded daily.) 

New factories allowed? (yes/ no)

Factory capacity independent cost

Factory capacity cost per order per unit 

Factory capacity retirement value per unit per day
Factory capacity construction time

New warehouses allowed? (yes/ no)
Warehouse cost, construction time

1. Time and Administration

2. Financial

3. Facility Construction and Retirement

4. Factory Production and Shipping

5. Inventory Holding Costs

6. From-To Matrices for:

Changes to factory, warehouse settings allowed? (yes/no)

May factories serve remote warehouses? (yes/no)
Changes to fulfillment settings allowed? (yes/no)

Production cost per batch

Production cost per unit
Truck capacity

Factory work in process

Finished goods en route from factory to warehouse

Finished goods in warehouse

Trucking costs

Trucking times

Mailing costs
Mailing times
Outbound fulfillment costs

From: 
To: NW NE SE SW Isle

NW      
NE      
SE      
SW      
Isle      

Figure 11: Selected Parameters in the SC Game 

 
 

3.3.2 Student’s Perspective 

The following screenshot shows the start page after the student teams sign in - it represents their 

‘Management Cockpit’ (see Figure 12). They have an overview of different geographical regions, 

their headquarters, factories, and warehouses. If a team clicks on any of the links on the lower 

banner, they have access to a minor type of management report, can adjust certain decision para-

meters and compare their overall performance relative to other teams.  
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Figure 12: ‘Management Cockpit’ 

 

If a student team plans to build new factory or a warehouse, they just click on the desired region 

in their ‘Management Cockpit’ (see Figure 13). Then, the system will provide them with some 

details. For example, the cost of a factory building is $500,000 regardless of the factory capacity 

and the cost of factory equipment and fixtures is proportional to capacity: capacity of one drum 

(i.e. one unit) per day costs $50,000. It takes 90 days to either construct a new factory or to add 

capacity to an existing factory. The cost of the factory is incurred as soon as construction begins. 

Capacity cannot be retired.  

 
Figure 13: How to Add Capacity 
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Furthermore, the following three menus are sufficient to play the SC Game: 

1.  Headquarters menu: When clicking on the ‘headquarter’ symbol (see Figure 12), the young 

decision makers get access to their relevant data. They can both plot data such as end 

customer demand or cash balance and store raw data in MS Excel in order to analyze them 

with methods learned in their technical briefings (see section 3.2.3). Forecasting the seasonal 

demand shown in Figure 14, they might apply the curve-fitting method with a sinus-function. 

 

Figure 14: Headquarters Menu 

 

2.  Factory menu: Students can not only receive relevant data such as work-in-process 

inventories for their analysis but also modify decision parameters, e.g., for shipping and trans-

portation (see Figure 15): Finished drums are shipped from the factory to the warehouse as 

soon as production of the whole production batch is completed. The drums can be shipped by 

either truck or mail. One truck can carry up to 200 drums. The cost of full or less-than-full 
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truckload is the same. If drums are shipped by mail, the shipping cost is proportional to the 

number of drums being mailed. Drums are being shipped (either by truck or mail) to a ware-

house as soon as the production of the whole batch has been completed. Moreover, a short 

explanation of key terms is provided when students follow the links. 

 

Figure 15: Factory Menu 

 

3.  Warehouse Menu: On this website decisions can be made regarding the inbound shipment 

from factories (see Figure 16). Jacobs’ warehouses use a reorder point / order quantity policy. 

That is, drums are ordered from a factory as soon as the following two criteria are met: a) the 

inventory of drums is less than the reorder point, and b) there are no orders for drums 

currently outstanding. If the reorder quantity is set to 0, a warehouse stops ordering from a 

specific factory. If two or more warehouses order from a factory at the same time, then the 

factory will commence production for the warehouse with the highest ‘priority level.’ If there 

is a tie, then the warehouse that is closest to the factory gets priority, otherwise the choice is 
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random.  

Moreover, students can implement their decision as to which regions should be served by this 

warehouse. Regardless of the region, all customers will pay $1450 per drum. These must be 

shipped from the warehouse within 24 hours of receiving the order or the order is lost. Ware-

houses may partially fill orders and one order may be filled from multiple warehouses. All 

order fulfillments from the warehouse to the customers are by mail. The cost to fulfill an 

order from a warehouse to the customer depends on whether or not, if the order and the 

warehouse are in different regions on the continent (or not), or if the order is from Fardo and 

the warehouse is on the continent, or vice versa. Interest accrues on cash at 10% per year, 

compounded daily.  

 

 

 
Figure 16: Warehouse Menu 
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3.3.3 Administration’s Perspective 

The administrator menu comprises four areas (see Figure 17). First, base case scenarios or self-

developed scenarios can be selected. The simulator can be activated or suspended on the upper 

left side. Note that the administrator is able to log in to the management cockpits of each student 

team and follow their progress. He might also intervene in financial matters, e.g., could authorize 

loans. Thus, his role is similar to the head of a supervisory board.  

 

 
Figure 17: ‘Control Board’ for the SC Game Administrator 

 

4 Effectiveness of Problem-Based Learning 

The assessment of the effectiveness of the PBL-approach involves three measures. All under-

graduates were asked to complete the survey instrument but participation was voluntary. Feed-

back is recorded via peer review in several ways.  
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1. Pre-game and post-game measures provided by students: The first questionnaire was 

administered at the beginning of the semester. We tried to get a picture about: knowledge and 

problem-solving skills accomplished prior to OPS 480, preferred teaching styles, and the 

degree of satisfaction both in former and in the current Operations Management course 

regarding the SC Game and technical briefings. In order to know to what extent learning 

goals were achieved in the course, the students receive the same questions at the end at the 

SC Game. Students were to rate the various statements on a 1 to 5 Likert scale ranging from 

“strongly agree” to “strongly disagree”.  

 Similarly, student reactions are collected from the Department of MIS/OM/DSC’s exit survey 

and focus group interviewing procedure that we conducted with each departing class of our 

program majors.  

2.  Post-game measures provided by alumni: We target not only current course participants but 

also alumni because we aim to assess the level to which the SC Game experience has had a 

lasting impact on an individual career path. 

 

Figure 18 illustrates first results of our survey.  
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Selected results from questionnaires (5-item Likert scale; 24 participants in 2006; 17 participants in 2007):

Post-game measure (2006):

The SC Game was a valuable learning experience. strongly agree: 3, agree: 10, neutral: 2 

The technical briefings and in-class exercises were a valuable learning experience. strongly agree: 0, agree: 5, neutral: 7

Pre-game measure (2007):

I personally prefer …

… a teaching style that starts by explaining methods, exemplifying them in the strongly agree: 3, agree: 11, neutral: 1
next steps and then giving relevant assignments.

… this type of teaching style - it is valuable for life in business. strongly agree: 2, agree: 11, neutral: 3

I personally prefer …

… a teaching style that starts by letting you identify problems and then gives strongly agree: 3, agree: 5, neutral: 6
you the opportunity to find possible solutions, e.g. by using a web-based 
simulation such as the Supply Chain Game.

… this type of teaching style - it is valuable for life in business. strongly agree: 3, agree: 6, neutral: 5

I am satisfied with the technical briefings. strongly agree: 0, agree: 3, neutral: 9

I am satisfied with the SC Game. strongly agree: 0, agree: 1, neutral: 6

Selected results from interviews with undergraduates graduates finished the OM-program and Alumni:
Post-game measure (2006):

“MBA-like class; a class where you had to take it into own hands and really enjoyed that aspect of it; good for independent 
students […]”

“I enjoyed the SC Game and thought it was a really good class activity.”

“The SC Game practice round should have been longer.”

“The SC Game needs to be reevaluated. More time needs to be spent explaining how to play the game. Too many groups 
guessed for their decisions.”

“The SC Game could have been a more valuable learning experience if it was done two times. One time as a class, and a second 
in teams with different values and demand. The in class one could work closely with covered material and concepts.

“More structure for SC Game.”

Selected results from questionnaires (5-item Likert scale; 24 participants in 2006; 17 participants in 2007):

Post-game measure (2006):

The SC Game was a valuable learning experience. strongly agree: 3, agree: 10, neutral: 2 

The technical briefings and in-class exercises were a valuable learning experience. strongly agree: 0, agree: 5, neutral: 7

Pre-game measure (2007):

I personally prefer …

… a teaching style that starts by explaining methods, exemplifying them in the strongly agree: 3, agree: 11, neutral: 1
next steps and then giving relevant assignments.

… this type of teaching style - it is valuable for life in business. strongly agree: 2, agree: 11, neutral: 3

I personally prefer …

… a teaching style that starts by letting you identify problems and then gives strongly agree: 3, agree: 5, neutral: 6
you the opportunity to find possible solutions, e.g. by using a web-based 
simulation such as the Supply Chain Game.

… this type of teaching style - it is valuable for life in business. strongly agree: 3, agree: 6, neutral: 5

I am satisfied with the technical briefings. strongly agree: 0, agree: 3, neutral: 9

I am satisfied with the SC Game. strongly agree: 0, agree: 1, neutral: 6

Selected results from interviews with undergraduates graduates finished the OM-program and Alumni:
Post-game measure (2006):

“MBA-like class; a class where you had to take it into own hands and really enjoyed that aspect of it; good for independent 
students […]”

“I enjoyed the SC Game and thought it was a really good class activity.”

“The SC Game practice round should have been longer.”

“The SC Game needs to be reevaluated. More time needs to be spent explaining how to play the game. Too many groups 
guessed for their decisions.”

“The SC Game could have been a more valuable learning experience if it was done two times. One time as a class, and a second 
in teams with different values and demand. The in class one could work closely with covered material and concepts.

“More structure for SC Game.”
 

Figure 18: Sample of Student’s Feedback 

 

To sum up, students appear to prefer a teaching style that starts by explaining methods, exempli-

fying them in the next steps and then giving relevant assignments. A teaching style that starts by 

letting students identify problems and then gives them the opportunity to find possible solutions, 

e.g., by using a web-based simulation such as the Supply Chain Game, seems to be less popular. 

This results from the fact that this course format simply requires more time and efforts by the 

students. Consequently, the degree of satisfaction during the SC Game and its technical briefings 

is low.  
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We have observed that students have some difficulty to apply the know-how learned in technical 

briefings in the ‘right moment’ of their decision making process. Characteristically, one student 

team did not use the curve-fitting method to forecast a demand with a sinus-pattern (see 3.2.3 and 

Appendix 2) but with a several-degree polynomial expression. This functionality was found by 

the students in MS Excel. However, at the end of the SC Game the PBL approach was regarded 

as a valuable learning experience (see Figure 18).  

Since a few students seemed to be slightly overwhelmed to some extent by the SC Game, we 

decided to fine-tune the course format. Whereas students had to prepare one larger ‘strategic 

report’ in a prior semester, they currently have to write three small consecutive ‘game papers’ 

(see 3.2.4). Furthermore, we encouraged students to play an additional trial game which led to a 

deeper understanding. 

We plan to conduct surveys during and after each future instance of the course.  

 

5 CONCLUSIONS 

Although the use of the Supply Chain Game and this general pedagogical approach are still in 

development at Dayton, preliminary indications are that it significantly facilitates student 

learning. One feature that we have found important is to place the majority of weight on student 

evaluation on the aforementioned game papers and not on the actual game results. Students’ work 

is judged on the quality of analysis and the level of preparedness going into the start of the game. 

However, simply knowing that the game papers are to be subsequently implemented in the game 

provides additional consequence to its preparation. 
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In the PBL model students are intellectually challenged to first define problems and then search 

for relevant theory. By itself this is an effective pedagogical technique, but what the game 

approach offers is this and more: the added motivation provided by competition and the direct, 

timely feedback in seeing results of decisions in a simulated environment. Realistic, unstructured 

problems via such case studies give a purpose to learning. Thus, in the author’s experience, the 

PBL approach enhances deeper student learning of relevant concepts and their application. Based 

on our early success with the Supply Chain Game we plan to continue to develop its use in the 

teaching of Supply Chain Management at the University of Dayton. 
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Appendix 

Appendix 1: Table of Contents - SC Game Manual 

 

1 SEMESTER SCHEDULE 1 

2 UNDERSTANDING THE GAME 2 
2.1 Markets and Products - An Overview 2 
2.2 Objective of the Company’s Management 2 
2.3 The Markets 3 

2.3.1 Calopeia: Air Conditioner Retrofit Kits 3 
2.3.2 Sorange: Hardwood Floor Laminates 3 
2.3.3 Tyran: Premium Home Appliances 3 
2.3.4 Entworpe: Insulation Products for Commercial Builders 4 
2.3.5 Fardo: Private Airplanes 4 

2.4 End of Life Issues 4 
2.5 Parameters in Selected Business Functions 4 

2.5.1 Production 4 
2.5.2 Warehousing 5 
2.5.3 Transportation - Factory to Warehouse 5 
2.5.4 Transportation - Warehouse to Customer 6 

2.6 Your Consulting Task 6 
2.7 Incentives 7 

3 PLAYING THE SC GAME 8 
3.1 How to Get Started: Team Registration 8 
3.2 Trial Game 9 
3.3 SC Game Execution 9 
3.4 Bonus Points and Awards 9 

4 ASSIGNMENTS 9 
4.1 Game Paper #1: Market Analysis 10 
4.2 Game Paper #2: Capital Investment Committee Report 10 
4.3 Game Paper #3: Supply and Operations Plan 10 
4.4 Final Game Report 11 
4.5 Final Presentation 11 

5 SELECTED TIPS 11 
5.1 Written Work 11 
5.2 Calculations 12 
5.3 Team Meetings 13 

6 FORMAL REQUIREMENTS 14 

7 GRADING SCHEME 15 

8 TURNITIN.COM INSTRUCTIONS 16 

9 RELATED COURSE DOCUMENTS 16 
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Appendix 2: Example of a Technical Briefing (Forecasting via Curve Fitting) 

 

If there is logical reason to believe that a time series may follow some functional form it is a
simple matter to "fit" the series to the desired function. We illustrate with an example. 
 
Suppose we have the 10 quarterly (t = 0,…, 9) observations of a time series as seen in 
Table 1.  
 

After plotting the data, we suspect it follows a function of the form
 

Y(t) = Asin(2πt/T+θ0)+dt+b.   (1) 
 
Here A is the amplitude of the sinusoidal component with 
periodicity T and initial phase (angle) θ0 (in radians, where 2π
radians ≡ 360°). Figure 1 illustrates the role of the parameters A, 
T, and θ0. In the second and third terms of Expression 1, the
coefficient d is the slope of the underlying trend line and b is the 
"level" component (the Y intercept). For sales predictions, the
periodicity T would often be one year so as to cover an annual
seasonal cycle. So in the case above we set T = 4. By observing

the plot of sales (and thinking about any logical supporting explanation), we would likely 
infer that sales reported for period 0 is the end of the first quarter (i.e., 90° into the 360°
cycle). So we set θ0 to 90° = π/2 radians. We then can employ a search procedure to find
good fitting values for A, d, and b. This could easily be done with a Microsoft ® Excel
spreadsheet where the menu selection Tools/Solver is employed to find A, d, b, that
minimizes the sum of squared errors, i.e., Σ (Y(t)-S)2. 
 
Illustration of Sine Function Parameters: 

 

TABLE 1: 
Quarterly Sales Data 
Period Series (S) 
0 34 
1 10 
2 18 
3 22 
4 38 
5 12 
6 19 
7 26 
8 39 
9 14 
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