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I ntroduction

The Beer Game is the most widely known game in the field of system dynamics. It has been
played by thousands of people al over the world for most 50 years. System dynamicists claim that it is
one of the best ways to introduce newcomers to the field in an environment that is fun and engaging for
learning. Over the years, the Beer Game has provided “a laboratory for exploring how structure
influences behavior” (Senge 1990, p. 45) and how delays in the system lead to instability. Additionaly,
since the System Dynamics Society started selling Beer Game boards as part of their servicesin 1992, the
game has represented a very important source of income for it.

Because of the importance of the game to the system dynamics community, we decided to
exploreits origin and changes over its history. Some questions that have guided our inquiry include:

Where did the Beer Game come from?

Who invented the Beer Game?

Why has the Beer Game become such a powerful way to communicate very important lessons
that the system dynamics field has to offer to the world?

How can we, as afield, learn from the ‘Beer Game’ experience to create more games that engage
people and deliver powerful insights?

Most of the references to the Beer Game indicate, “it was first developed in the 1960’ s at the
Massachusetts Ingtitute of Technology’s Sloan School of Management.” (Senge 1990, p. 27) However,
detailed specifics about its origin are seldom mentioned or explored.

According to Forrester (2005), the real-life problem that originated the thinking behind what
became the Beer Game was a recurring problem at a Genera Electric appliance factory. Forrester
explains.

“What is now called the Beer Game arose out of discussions with some
people at General Electric, [during 1956-57] who were troubled by why
their household appliances factory in Kentucky had huge swings in
production. They would be working seven days a week, three shifts, one
year and then have half the people laid off two or three years later. They
would blame such production fluctuation on business cycles, but that was
not entirely persuasive.”

After meeting with managers and executives from GE, Forrester, using concepts from
servomechanisms and control theory, generated the first smulation in system dynamics by handwriting
the relationships between variables on a sheet of paper in anotebook. In this simulation, Forrester (2005)
explains.

“There were columns for employees, production rate, and backlog and
inventory; each line was aweek. Each week the inventories, backlog, and
production rate from the preceding week would be used to decide what
change to make in production in the current week. The new production
rate would lead to the inventory and backlog they would have in the next
week, and so forth down the page.

It became evident that even with a constant demand from the market the
system would still create the ingtability the company had been
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experiencing. That was the start of the system dynamics development.
We converted that notebook exercise into what now is known as the Beer
Game, it was then the household appliance game or the production-
distribution game.”

Today, the Beer Gameis a‘physical simulation’ game® (using boards, paper dips, chips, etc) that
alows individuas who play it to experience a smplified multi-echelon production-distribution system. In
this physical smulation, the players find themselves immersed in a smulated environment that reflects
real-life conditions and, at the same time, is smplified in such away that it can be seen in its entirety by
looking around the table. The physical format of the Beer Game (herein called board-based format) is the
most commonly used format. Furthermore, many experts think that it is the only format that truly alows
the participants to experience all the features that areal system hasto offer (Forrester 2005; Meadows
2005).

Gaming environments should create great emotional involvement by the participants, and at the
same time, hopefully, not teach anything that is incorrect in the process (Forrester 2005). According to
Forrester (2005), the Beer Game “is an opener to the importance of serious industrial dynamics simulation
and policy studies.” (Forrester 2005)

The Data Used in this Paper

The data used in this paper comes from three different sources. First, we relied on published
literature dealing with the Beer Game to explore the ‘ public’, written version of its history. Second,
archival investigation of the D-memo files of the System Dynamics Group a MIT was used to get
information about the less well-known written history. Third, interviews with Beer Game experts of the
system dynamics community were conducted to account for the unwritten history.

The group of experts interviewed was determined using a snowbal l-sampling technique (Brewer
and Hunter 1989; Newman and Benz 1998; Bernard 2000) starting with Professor Jay Forrester”. For a
list of the experts contacted following this sampling technique, see Appendix 1 of this document.

Major Phasesin Beer Game History

How old is the Beer Game? It depends on when you decide that the game was born. If it iswhen
it was firgt referred to as ‘the Beer Game', the game is 32 years old. Alternatively, if we count from the
first mention of the production-distribution problem in the literature, the game would be 49 years old.

Four mgjor phases in the 49-year history of the Beer Game emerged in our investigation (see
Figure 1). First, the pre-history ® phase that covers 17 years from the first mention of the production-
distribution problem to the first mention of the simulation as ‘the Beer Game’ in 1973. Second, the past-
history phase that covers 19 years from 1973 to when the System Dynamics Society began selling Beer
Game boards in 1992. Third, the recent-history phase that covers the 13 years from 1992 to 2005
including the present form of the game. Last, the future-history ° phase that deals with the future of the
Beer Game.

3 There are several computerized versions available today. For areview of some of these versions, see Li (2000).

“ Note to reviewers: We have not finished the interviews with all the experts, but we hope to do so before the
conference.

° Borrowing the term from a communication from Dr. Dennis Meadows

® Borrowing from a similar term presented by Arie de Geus (1997) in his work related to organizational longevity:
‘the history of the future.’
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Figure 1.—Major Phases in Beer Game History

Beer Game Pre-History Phase (1956-1973)

Thefirst phase of history of the game starts in 1956 with D-0000  (Forrester) and endsin 1973
with the appearance of D-1867 (Miller). In D-0000 (1956) by Professor Forrester, the first mention is
made of the production-distribution problem as an important problem to be tackled using system
dynamics (industrial dynamics, at the time ®). The pre-history of the game ends in 1973 with D-1867
(Miller) because in that D-memo the simulation is referred to for the first time as the Beer Game. Figure 2
presents details of some documents that are key, in this part of the history, of the Beer Game.

Year 1956 1957 1958 1959 1961 1963 1973
Type of D-0000 D-0001 HBR D-0034 Book Book D-1867
Document
Forrester R.K. Bennett | Forrester's article |Forrester presents Forrester's Production- First mention of
Mentions presents the "Industrial the equations for Industrial Distribution the Simulation as
Production- equations to be Dynamics" is the production - |Dynamics Book ig Simulation The Beer Game
Description Distribution Cycle used in the published in the distribution published presented in
‘production July-August Issue | system presented Problems in
distribution’ ---- in the 1958 HBR Industrial
Model 3 article Dynamics (Ch 2;
2.1)
Type of Thesis D-0023 D-0049-1 D-1873
Document
Malcom M. Jones| Firstuse of the |Forrester presents First Time used in
Bachelors Thesis "production- the equations for a course
present distribution- advertising of the
‘production- advertising" production -
Description distribution' model in a distribution
Model 1 summer session | system presented
(August) in the 1958 HBR
article
Number of
Stages Used 3 3 s 3 s 4 4
Retail, S it P S Nietr P Retail, Two Retail, Two
Names of Stages| Wholesale, and Retail, Distributor, | Retail, Distributor, | Retail, Distributor,| Retail, Distributor, Distributors, and | Distributors, and
Factory and Factory and Factory and Factory and Factory Factory Factory

Figure 2—Beer Game Pre-History (1956-1973)

" D-Memos are part of afiling and archiving system that began with D-0in 1956. The “D” indicates “document”

and the “memo” segment identifies the paper.
8 The Industrial Dynamics Group changed its name to the System Dynamics Group by Professor Forrester’s

initiative on October 28, 1970 as documented in D-1399 (1970).
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What we know now as ‘ The Beer Game' is an evolution of the first work in the industrial
dynamicsfield that dealt with a production-distribution problem that was referred to as the “Production-
Distribution Moddl” in the first D-memos (Bennet 1957; Forrester 1957b, a) of the Industrial Dynamics
Group a MIT. Thisfirst production-distribution model (organized in various versions—1 through 9),
described a three-stage production distribution system consisting of aretailer, a distributor, and a factory.

The first mention of this problem is found on Forrester’s first D-memo ever written, D-0000
(1956). In this memo to the faculty, Forrester explains what is dynamic structure and uses svera
examples to clarify concepts like stocks, flows, and delaysin systems. In his example of economic system
models (1956), he explains:

“one should be aert to the individual time lags in a chain like the
following which might be part of the system responding to movement
from a period of stable consumer production to a new higher stable level
requiring new investment in production equipment:

Increase in consumption
Depletion in retail inventory
Depletion in wholesale inventory
Depletion in Factory Inventory
Higher level of Factory production
Continued demand for more goods
Decision to invest in more plant
Ordersfor capital equipment
Attraction of labor to industries producing capital equipment
Lead time for producing capita equipment
If the capital equipment industries do not have sufficient
capacity, add:
Installation of equipment in capital goods industries
Lead time for producing capital goods for sale
Installation of new equipment
Factory lead time to produce consume goods with new
equipment
Distribution of additional consumer goods
Goods available at consumer level

The preceding chain contains both materia and information flow steps
and one labor mobility item. It does not contain money flow paths that
would act as coupling channels between various paths of the chain. This
chain is not a mode in itself but one of the threads that might be
traversed through the interconnected system of a full model. There are
actually many important sub-loops in the chain that are not indicated.
When the preceding chain is detailed to include typical management
policies these introduced amplification into some steps of the sequence.”
(p. 15-16)

The very first of these models, the Production-Distribution Moddl 1, was initially articulated and
presented in the bachelors thesis of Malcolm M. Jones (1957)—first mentioned as part of the industrial
dynamics body of knowledge by Roberts (1961b) in D-144-1. Jones' thesis, “Analysis of the Causes of
Inventory and Production Oscillations in a Retail-Wholesae-Factory Distribution System” is the first
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reference found that deals with this problem. Furthermore, this reference precedes Forrester’ s (1958d)
Harvard Business Review article that describes the complete production-distribution model that
eventually became the Beer Game. Jones' thesis, supervised by Professor Forrester, expanded on work
conducted by Forrester in the Industrial Dynamics Group at MIT enhancing the approach presented in a
paper released by the General Electric Company (Mills and Singleton 1956) that dealt with a two-stage
production-distribution system (retailer-factory system). The thesis focus was “the stability of the entire
distribution system, (i.e. its ability to damp out oscillations that might be introduced), and the effect of the
time lags, ordering policies, and inventory policies, inherent in the system upon its stability.” (Jones 1957,

p. 5)

Jones (1957), portrayed “amulti loop system [see Figure 3] such as the retail-wholesae-factory
distribution system commonly used by numerous American industries.” (p. 6) Jones (1957) production-
distribution system was a three echelon system with order lags of just one week, atwo week lagin
purchasing and accounting, and delivery delays between echelons of one week (except for the factory that
had a production lead time of 12 weeks).

ICTION LINE
FACTCRY FRODUCTION LINE
r-'——il 12 week lead time[™ ]
|
L Y
Furchaeing & Accounting
Ee < —
FACTCRY | | AT T j
WAREHOU SE 1
me oo 1eo{ Trrier e
1 we\bl{ lag 1l wesk _ag
N
A
AY
Purchasing & Accounting
2 week lag e — '_| |
WHOLESALER
d-lz}u Beptd— 2 wees wm
1 week\;ag 1 wee|k lag
) |
M
y
Purchaeing & Acounting i
r = 2 week lag € —-
RETAILER 1 |
[Ssie3 Deptl—— —— —— — -
x ]
1
1
L

Figure 3.—Modd of a Retail-Wholesale-Factory Distribution System (as presented by Jones 1957, p. 8)

Figure 4 presents the behavior generated by the production-distribution system depicted in Jones
(1957) work.
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Figure 4—Behavior of Multi-Stage Distribution System (as presented by Jones 1957, p. 8)

The production-distribution model was explored in several ways including adding the effects of
capita investment at the factory (Enos 1958) and advertisement (Forrester 1958a).

Forrester (1958b), in his explanations on how to formulate quantitative models of dynamic
behavior of industrial and economic systems, presents a smplified example of a production-distribution
system for analysis (see Figure 5). This simplified example is a precursor of the elaborated version
presented in Forrester’s later publications (1958d; 1961).

The simplified production-distribution system presented in Forrester (1958b) shows athree-stage
system that includes aretail stage, a distributor stage, and a factory stage.

FALTORY pape—
Wi REHOUSE STheyioRs

T )| (2

FRCTORY

ou

1 -

Y -

e e e

INYENTORT yd
INFORMATION

,#‘;M.Et

- |MFORMATION
-
HOVERTIS NG RETAILERS
BECISION x
MAETRG \
AFENCIES @\ f
AND NEDA . PRI PECTINE
-""..._____ PURCHASERS
/4
ALY ERTIBING
EFFECTIVERESS
BUILDEF . N z
ASEUMED

RATE

Figure 5.—Production-Distribution System D-0016 (Forrester 1958b, p. 8)
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The production-distribution system simulation was originaly used as part of MIT’s summer
session program starting in 1958 (Forrester 1958c¢, D-0023). That first summer session was attended by “a
man who was going to later become a president of IBM, a man who was going to become president of
General Electric, and had three colonels from the air forces” (Forrester 2005) creating a very interesting
group of participants. In that summer session, the production-distribution model, Model 9, was used.
Model 9 presented a three-stage system with aretail stage, a distributor stage, and afactory stage. In
addition, Model 9 had an advertising and consumer behavior sector.

Figure 6 shows the sector diagrams for Model 9. The production-distribution system simulation
was used as a class exercise at this point, not as a competitive game in which teams would try to get the
smallest total cost asit is used today.

[B]

Figure 7.—Production-Distribution System (as presented in Forrester 1958d, p. 41 and 50)
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Later that year, Forrester’s (1958d) Harvard Business Review article was published. In this
article, Forrester presents a lengthy explanation of the structure and behavior of athree-stage production-
distribution system that includes aretailer, a distributor, and a factory (like the one drafted in D-0023
Forrester 1958c). In this production-distribution system, the effect of advertising is explored with
simulation (see Figure 7 for adepiction of the structure of the system studied without [A] and with
advertising [B]). Figure 8 presents the dynamic behavior that the system generates without advertising.
Oscillation, amplification and phase lag are evident in Figure 8 and this behavior is also observed in
output from atypical Beer Game (see Figure 33).

RETAILERS' ORDERS FROM GUSTOMERS
DISTRIBUTORS' ORDERS FROM RETAILERS

FACTORY WAREHOUWSE ORDERS FROM DISTRIBUTORS

+ 40%

FACTORY PRODUCTION QUTPUT

MONTHS T MARCH apriL . TS sy [ sevr BIEEE oy DEC.
WEEKS 15 45 50

Figure 8.—Response of production-distribution system to a sudden 10% increase in retail sales (as
presented in Forrester 1958d, p. 43).

The first detailed class notes and equations of a dynamics model of corporate activity were
written by Forrester (1959a) in D-0034. These equations and notes explored the production-distribution
sectors discussed in Forrester (1958d). Later, in D-0049-1 (Forrester 1959b) , the advertising formulas are
presented and explained in great detail.

According to Forrester (2005), the origina version of the Beer Game “grew out of the
background work that led to the first article in the Harvard Business Review” (Forrester 1958d).
Furthermore, by being a part of the first summer session in 1958 it became a natural testing ground for
developing a hands-on simulation of the production-distribution system and using it as a teaching tool.
See Figure 9 for a representation of the system.
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Figure 9.—Production-Distribution System as presented in D-0034 (Forrester 19594, p. 7)

During the summer session of 1959, the production-distribution system became a model and
simulation game containing a factory—uwith production, labor, and inventory—a distributor, and a
customer (Howard 1959, D-0051). The factory increased production by hiring more labor, but it had more
factory structure, involving hiring and layoffs, than the current Beer Game. The factory was only
interested in rapid delivery and maintaining inventory levels over time. Forrester (2005) comments:

“The factory had a production process that depended on employees.
Production was proportional to employees, and the player hired with a
gx-week delay before the new employees could produce. During that
gx-week training delay, the prospective employees were not yet
producing. In addition, if the player wanted to lay off employees, the
player had to give them notice (perhaps four weeks) during which they
continued to produce before terminating employment. Such additional
factory structure accentuated the inherent instability of the system.”
(Forrester 2005)

With the addition of a capacity-building process at the factory end, “these [capacity-building]
dynamics would dominate the whole game” (Forrester 2005) creating a more complicated process to
control. In short, the change introduced in D-0051 (Howard 1959) represented a big change in the
production-distribution game structure making the process more difficult to stabilize. Figures 10 to 13
show the different sectors contained in that version of the production-distribution system.
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In the summer session of 1960, a simplified version of the model was used and the exercise was
described in D-0071 (Pugh 1960a) as a class simulation. Additionally, in D-0104, Pugh (1960b) for the
first time, presents a detailed list of the materials necessary to run the simplified D-0051 (Howard 1959)
modd. Thisisthe first attempt to standardize the way to conduct this production-distribution game. This
smplified version is afour-stage version of a production-distribution system very similar to the lay out of
today’ s Beer Game. Later, D-memos 100-1, 101-1, and 102- 1 (Fey 1961b, d, c) present severa of the
necessary materias that were used in the 1961 summer session. Figure 14 presents the first *board’ of the
game as described in D-100-1 (Fey 1961b). Note that the order delays and the delivery delays were a
single time unit instead of the current two. D-101-1 (Fey 1961c) presents instructions for playing the
game including the sequence of steps necessary to replicate the cal culations made by the computerized
modd.

20 blank
20 blank orange cards

omnge cards
20 blank
20 blank 20 blank ‘blue cards
blue cards orange cgrds

o Ea : m%/[a I

F Y=
Teble

men 1 man 2 man 3 man 4

pack of 20 blank
biue cerd blue cards

0 on top, 1000 on under gide

Figure 14.—Four-Stage Industry Model Simulation Table Set Up (from Fey 1961a, D-100-1 p. 1)

In 1961, Forrester published Industrial Dynamics in which very elaborate descriptions of the
mode and the behavior of the production-distribution system are presented in Chapter 2 (and smulated in
Chapter 15). Forrester (2005) comments that “the game came before the book. | mean the book is a
consequence of the thinking that had been going on for three or four years.” Figure 15 presentsthe
organization of the production-distribution system described in Forrester (1961) (with [B] and without
[A] the advertising sector).

Page 16



Fachary

Foaclory miorshouse

Retaliers  [Rf

Qrders from cusiomers

Dl 4
|mssumed ratal :Q‘fﬂfﬂmﬁ;ﬂﬁ

[A]

Factary

Faglory warahouss

/
]
i
Preduction
planning
infarma tion
Advertising
dwemian
making
Retailers [BE
Aygancies
amd madia
Advertising
effectivaneds
Build=up =
\\
Prospective 5 a0 (L =
perchosas ﬁ 9 manlhe %? g Pukli EE

Assumad rate

[B]

Figure 15.—Organization of Production Distribution System (Forrester 1961, p. 22 and 36)

Figure 16 shows the simulated response of the system to a sudden 10% increase in retail sales
without the advertising sector. The behavior presented in Figure 16 exhibits the characteristic pattern that
the Beer Game exhibits—oscillation, amplification, and phase lag.
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Figure 16.—Response of the Production Distribution System to an Increase in retail sales of 10% (as
presented in Forrester 1961, p. 24)

In D-102-1, Fey (1961d) presents the organization of one sector of the production-distribution
system used in the smulation exercise (see Figure 17). In this diagram, one can observe the explicit
unfilled orders stock that is used for shipment control, found aso in the production-distribution systems
explained in D-0034 (Forrester 19594) and D-0051 (Howard 1959).
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Figure 17.—Organization of Production Distribution System (from Fey 1961d, D-102-1)

In 1966, the hand simulation exercise changed from the production-distribution system (based on
Jarmain’s (1963) Problemsin Industrial Dynamics problem 2.1) to awater supply system (Pedersen
1966, D-0914). When this change occurred, the original hand simulation exercise was renamed as the
production-inventory project (Swanson 1966, D-0919). Additionaly, by 1965 the use of the smulation
exercise was present in the undergraduate program (Fey 1965a, D-0884; 1965b, D-0885)

Early descriptions of the simulation procedure appeared in D-0470 (Miller 1962a) and D-0474
(Miller 1962b). Additionaly, in Jarmain’s (1963) work, a proposed setup for one sector of the smulation
is presented (see Figure 18). The setup includes an explicit backlog, a mail delay of orders, and the
inventory of the echelon. The exercise was conceived “for use in an introductory class in industrial
dynamics’ (Jarmain 1963, p. 5) where students would assume the roles of participantsin asimplified
production-distribution system. In this exercise, four stages are used, aretailer, two levels of distributors,
and a factory warehouse. The initial inventory used is 20 units and the factory lead-time is 5 weeks. The
participants were told that the goal was to maintain a constant 20-unit inventory. The sequence of the
simulation was described by Jarmain (1963, p. 7).

1. “Fill the order in the unfilled-order backlog by giving the requested
number of unitsto your customers.

2. If the order was completely filled, remove it from the backlog and
discard it. If it was not completely filled, subtract the units shipped from
the units requested and leave the dip in the backlog.

3. Take the units that you are receiving from your supplier and place them
in your inventory.
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4. Record your inventory on the graph supplied.

5. Decide how many units you wish to order and place your order face
down in the mail delay to your supplier.

6. Record on the other graph the number of units you ordered.

7. Take the oldest order in your mail delay and place it in your backlog.
One time period has now passed, and you will repeat the instructions,
starting again at 1.”

In the exercise described by Jarmain (1963), a step increase in customer orders from four to six is
suggested at time step three. Additionally, Jarmain (1963) suggests that play continue for approximately
20 time steps. In Jarmain’s (1963) description of the exercise, the only reference to a debrief processisa
very basic cal for analysis of the results. The description follows:

“After the simulation res been carried through a sufficient number of
time steps, compare the graphs that have been plotted, discuss the
observed behavior, and attempt to determine the behavior occurred.” (p.

| |
Orders| Order |
| decision |
II I Loo-
| I
| |
| |
I |
f |
| I
|
: |
I |
| |
i |
Goods ‘; ;
! |
: Inventory i
| [
I‘ One sector ';E

Figure 18.—Setup for one sector of smulation (Figure 2-1 in Jarmain 1963, p. 7)

Additionally, a description of how to conduct a hand simulation exercise appeared in D-0801
(Swanson 1965a) and D-0809 (Swanson 1965b). Furthermore, in D-1140-1 (Budden 1969), presented a
one-sector structure of the classroom simulation exercise used in the course Principles of Systems
[15.572/3] (see Figure 19).

, During this period, other management games were presented and explored in D-memo files.
These games include the Dominion Typesetters Inc. Game (in Jarmain 1962a, D-357; 1962b, D-358), the
SATAN Game (Greer 1962, D-463; 1963a, D-0584; 1963b, D-0587), and the SM Game (Roberts 1964,
D-694). In addition to the devel opment of simulation games, D-0054 (IDG 1959) explored “ management
policies for improving stability of distribution systems’ (p.3) as feasible thesis work (bachelors and
masters). Additionally, in D-0290 (Roberts 19614, p.11), the development of top management industrial
dynamics gamesis introduced.
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Figure 19.—Distribution System presented in D-1140-1 (Budden 1969, p. 1)

The classroom simulation exercise described in D-1140-1 (Budden 1969) is a four-stage
production-distribution system in which all the echelons have an initial inventory of 12 units® and have 4
unitsin the delivery delay and the production pipelineisfull. Aswell, the incoming orders, for al
echelons, are four units. The cost for carrying inventory is $0.50 per week per unit and the cost of backlog
is $2.00 per unit per week. The simulation exercise was set up to replicate a situation that can resemble
real life experience.

Miller (1973), in D-1867, mentioned for the first time, that “the basis for this game will be a
situation taken from industrial experience” (p. 2). The document reads “in order to meet customer
demand, many beer companies have to maintain large inventories of beer” and that “a significant activity
of the beer company is to maintain the minimum amount of beer necessary to satisfy customer demand
reasonably quickly” setting the stage for what we know today as the Beer Game. Miller (1973) aso writes
about afour-stage Beer Game. This structure includes a retailer, awholesaler, a distributor, and a factory
(Figure 20 was used to show the schematics of the game).

°InD-1140-1 (1969), the initial inventory is referred to as“ 12 poker” (probably referring to poker chips)
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The order and delivery delays are described as being a one-week delay for three echelons and two
weeks for the factory (one additional week for the production order) (Miller 1973, p. 4). However, in a

one-sector diagram of the game (see Figure 21), it appears that a two-week delay is built into the

structure. The cost of carrying inventory or having a backlog is identica to that described in the previous
verson. What has been added by Miller, since Budden (1969) is that the objective of the smulation isto
minimize the total cost of the distribution chain. Furthermore, the duration of the smulation is extended
from 20 to 40 weeks to generate the dynamics (today, in genera, the game is played to 36 weeks).

Miller's (1973, p. 10) instructions to facilitators contain the following eight steps that constitute
one week’ s simulation:

1.

“Fill orders”’

Fill from inventory any order in the unfilled order backlog by placing the
total requested number of units in the right half of the shipping delay to
the sector on your left. If zero cases of beer are shipped place apiece of
paper in the delay to occupy the place of the shipment as it is moved
through the day. If the order was completely filled, remove it from the
backlog and discard it. If it was not completely filled, subtract the units
filled shipped from the units requested and Ieave the dip in the backlog.
“Record Effective Inventory”

Record your effective inventory on the graph provided. Effective
inventory is egqual to actual inventory minus order backlog if any, and
can be either positive or negative. (Negative effective inventory indicates
“out-of -beer” situations).

“ Advance Shipment”

Advance the cases of beer in the left half of the shipping delay to the left.
“ Advance Shipping Delay”

Advance the unitsin the right haf of the shipping delay to the left.
“MakeOrder”

Decide how many units you wish to order and place your order face
down in the left half of the order mail delay to your supplier, the sector
on your right.

“Record Order”

Record on the other graph the number of units that you ordered.
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7.

“ReceiveOrder”

Take the order in the right half of the mail delay and place it in your
backlog.
“AdvanceOrder Sip”
Advance the order dip from the left haf of the mail delay to the right.
The simulation of one week’s activities is now completed, and the
sequence begins again at step one.

Another feature of thisfirst description of the Beer Game is that the structure includes an explicit
order backlog that is differentiated from the actual inventory. This feature forces people to visuaize the
two quantities (see Figure 21). Additionaly, in Figure 21 the different steps of the game are identified,
however, some of them do not coincide with the description presented. It should aso be noted that the

proposed sequence of steps does not replicate the sequence of calculations used in the computerized
model: Levels, Auxiliaries, Rates, and Levels.
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Figure 21.—One Sector for the Hand Simulation (Miller 1973, p. 15)
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Beer Game Past-History Phase (1973-1992)

The next phase in the history of the Beer Game is the past-history phase that goes from the first
mention of the game as the Beer Game (1973) to the moment when the first Beer Game board was sold by
the System Dynamics Society (1992). Figure 22 shows a detailed account of the different documents that
describe part of this phase of the history of the game.

Year 1973 1980 1984 1989 1990 1991 1992
Type of D-1867 D-3236 D-3679 Article Book D-4200 | Game Boards
Document
First mention of Production- Instructions for | John Sterman's |Peter Senge uses Daniel Kim First Time that a
the Simulation as Distribution Running the Beer Modeling the 'Beer Game' | presents Revised Beer Game
The Beer Game | Game debrief |Distribution Game Managerial in Chapter 2 of | materials for the | boards is Sold by
Description presented by | by John Sterman Behavior is ‘the Fifth Beer game the System
Peter Senge published in Discipline' Dynamics Society
Management
Science
Type of D-1873 Video D-4281-1
Document
First Time used in The An annotated
a regular course MacNeil/Lehrer bibliography for
15.879 at MIT News Hour Video the Beer Game
"Focus: Risky by John Sterman
Description Business” Wlth
John Sterman is
realeased
(WGBH-TV
Boston)
Number of
Stages Used 4 4 4 3 4 4
. Retailer, Retailer, Retailer, Retailer,
. R?ta"’ Two Wholesaler, Wholesaler, Retail, Distributor, Wholesaler, Wholesaler,
Names of Stages Distributors, and Distributor, and | Distributor, and and Factory Distributor, and | Distributor, and
Factory
Factory Factory Factory Factory

Figure 22.—Beer Game Peast-History (1973-1992)

The first reference of the use of the Beer Game, rather than the production-distribution exercise,
inaregular MIT course is found in Goodman (1973), D-1873. Senge (1980), in D-3236, presents a five-
page document suggesting how to debrief the game to enhance the lessons for the benefit of the players.
Thisis the first document that presents a detailed version of how to communicate the powerful insights
the game has to offer. Senge (1980), organizes the debrief in a post-game discussion around nine points.
A smplified version of the points made by Senge is presented here ™°:

1
2.
3.
4.

5.

the graphs of the results.

6.
behavior.

Tape up al the graphs of the results.
Find out which team won.
Clarify the purpose of the game.
Ask participants what their experience of playing the
game was.

After afew minutes of discussion, center the attention on

10 For details of the points, see D-3236 or Senge (1990) chapter 3.

Emphasize that the internal structure is causing the
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7. Explain how the understanding of the systemic structure
generates leverage.

8. If time permits, have people think about examples of
structures that create the behavior that they observe.
9. Bring up the problem of “how do we deal more

effectively with underlying structure?’ Explaining that precisely
thisis the purpose of system dynamics.

Four years later, in D-3679, Sterman (1984) “outlines the protocol for the beer distribution game
developed to introduce people to concepts of system dynamics’ (p. 1). This provides the system
dynamics community a reference on how to conduct game sessions in an organized fashion. Sterman
points out that sessions can vary in size from as few as four participants to as many as 60 .

Sterman (1989) used the Beer Game as a research platform to investigate manageria behavior.
Sterman’s (1989) results ', published in Management Science journal, gave the field, and the Beer Game,
exposure in the larger scientific community. Figure 23 presents the layout of the Beer Game board used
by Sterman in his investigation. This board is essentially the same as the current version of the Beer
Game.
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Figure 23.—Beer Game Board (as presented in Sterman 1989, p. 327)

Following Sterman’s (1989) publication, Senge (1990), in Chapter 3 of The Fifth Discipline, uses
the Beer Game as an example in which he explores the question of whether people are prisoners of the
system or of their own thinking. In his explanation of the Beer Game though, Senge uses a three-stage
production distributor system (retailer, wholesaler, and brewery) instead of the four-stage system
described and used since 1961 at MIT. Senge’s system is aversion of the game that is similar to the
original production-distribution system presented by Forrester (1961) and other members of the Industrial
Dynamics Group a MIT pre-1961.

Senge’ s explanation includes a change in customer orders from four cases per week to eight cases
per week introduced at week 2 in the game (in the current version of the game this occurs in week 5).
Additionally, Senge (1990) makes the case for a management syndrome that emerges in the process of the
game: the manage-my-position syndrome. Senge argues that managers in situations like those in the game

1 Sterman reportsthat the Beer Game session facilitated for incoming MBA class at MIT every year often has more
than 400 participants.
12 Modeling Managerial Behavior: Misperceptions of Feedback in a Dynamic Decision Making Experiment
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tend to forget about the complete system and concentrate on managing their own echelon (Figure 24 isa
graphic representation). This result is consistent with findings by Sterman (1989) related to the factors
that contribute to the instability of the supply chain. According to Sterman, one important factor is the
misperception of feedback and the failure to account for the supply line. Senge (1990) proposes two rules
to overcome that syndrome and behavior: (1) Keep in mind the beer that you ordered but, because of the
delay, has not yet arrived, and (2) Don’t panic.

; MY ORDE
Y CUSTOMERS — 7 PLACEIIP!G

. " % IHEOMING
N e

@

[B]

Figure 24.—Manage my Position Syndrome (from Senge 1990, p. 49-50)

One year after Senge’s (1990) work was published, Kim (1991), in D-4200, presented a set of
revised Beer Game materias that alowed for a more systematic production of all the necessary
components of a Beer Game session. Then, in D-4281-1 (Sterman 1991), given the growing use of the
Beer Game in education and research, Sterman (1991) authors an annotated bibliography of publications
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that deal with Beer Game related issues. This momentum revealed a need for easy access to standardized
Beer Game materias. The System Dynamics Society recognized this need and, in 1992, started selling
Beer Game boards as part of its normal activities.

Beer Game Recent-History Phase (1992-2005)

The recent-history phase of the game goes from 1992, when the System Dynamics Society began
to sell Beer Game boards, to 2005. Figure 25 shows a description of the documents and events that can be
viewed as important in this part of the Game's history.

Year 1992 1993 2004
Type of Game Board D-4328 Game Boards
Document
First Time that a Sterman's The System
Beer Game Teaching Takes |Dynamics Society
boards is Sold by Off : Flight sells a record
Description the System Simulators for number of Beer
Dynamics Society| Management |Game boards in a
Educationis year
published
Type of D-4281-1 D-4377
Document
An annotated A computerized
bibliography for version of the
the Beer Game Beer Game is
by John Sterman presented by
Description Michael .
Goodman, Brian
Kreutzer, John
Sterman, and
David Kreutzer
Number of
Stages Used 4 4 4
Retailer, Retailer, Retailer,
Wholesaler, Whol Whol ,
Names of Stages Distributor, and | Distributor, and | Distributor, and
Factory Factory Factory

Figure 25.—Beer Game Recent-History (1992-2005)

A typica Beer Game set sold by the System Dynamics Society includes a board, chips, order
dips, adeck of customer orders, the MacNeil Lehrer video showing the game being played, a set of
instructions, and a set of charts and graphs to be used in the game™.

Beer Game Numbers

Since 1992, the System Dynamics Society has been the officia distributor of Beer Game boards
in the system dynamics community. With this move, the Beer Game became the flagship game of the
community. During the first year, the Society sold approximately 20 boards and in the second year, 225—
aten-fold increase in sales. During a 13-year period, the sales of Beer Game boards have been growing as
shown in Figure 26. As shown the figure below, the trend of Beer Game boards sold per year has been
increasing over time.

13 The System Dynamics Society, in order to generate economies of scale orders Beer Game boards from its supplier
in 1,000-unit lots. Given that each board weights approximately 2 pounds, the shipment comes to the System
Dynamics Society’s office literally aton at atime.
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Figure 26.—Beer Game Sales (source: System Dynamics Society Office)

The System Dynamics Society has been selling Beer Game boards since 1992 to a variety of
clients and geographic destinations. The different clients include universities, consulting firms,
businesses, training agencies, government agencies, etc. In 2004, the academic clients represented 25% of
the total sales, the non-academic clients 48%, and unknown 27% (see Figure 28).

Boards Sold by Type of Client (2004)

Unknown
27%

Academic
25%

Non-
Academic
48%

Figure 27.—Beer Game Boards Sold (source: System Dynamics Society Office)
Additionally, a breakdown by continent shows that two thirds of the boards sold in 2004 are

shipped to North/Central/South America making it the largest recipient of Beer Game boards in the world
(see Figure 29).
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Boards Sold by Continent (2004)
America

66%

Europe
20%

Oceania
9%

Africa Asia
1% 4%

Figure 28.—Beer Game Boards Sold by Continent (source: System Dynamics Society Office)

Figure 29 shows the breakdown per country for each continent. In the Americas, the US received
98.1% of the Beer Game boards, in Oceanig; the largest buyer was Australia with 95% of the boards. In
Europe, the largest buyer was England with 46% and in Asiathere were four countries that came very
close, Singapore (19%), Korea (18%), China (14%), and Japan (14%). Lastly, in Africa, South Africa
accounted for 100% of the sales.
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Boards Sold in America (2004)
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Figure 20.—Beer Game Boards Sold by Continent (detailed)
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Current Version of the Beer Game

The current version of the Beer Game board is shown in Figure 31'*. The current version
represents a four-stage system that includes a retailer, a wholesaer, a distributor, and afactory. This
version includes two-week delays both in the ordering process as in the shipment of goods down the
pipeline. Additionally, the system has a one-week delay in the ordering side of the factory end and a two-
week delay in production. The factory has unlimited capacity and unlimited access to raw materials.

Figure 30.—Current Version of the Beer Game Board

" The rules™ of the current version of the Beer Game are as follows (System Dynamics Society
1998) :

(a) Have each team pick aname for their brewery.

(b) Have each person ante up $1.00, or an appropriate amount, which will go tot the winning
team.

(c) The object of the game isto minimize total cost for your team. The team with the lowest total
costs wins. Costs are computed in the following way: the carrying costs of inventory are
$0.50 per case per week. Out-of-stock costs, or backlog costs, are $1.00 per case per week.
The costs of each stage (retailer, wholesaler, distributor, factory) for each week, added up for
the total length of the game, determine the total cost.

(d) No communication between positions. [...] The only communication between sectors should
be through the passing of orders and the receiving of beer.

(e) Retailersare the only ones who know what the customers actually order. They should not
reveal thisinformation to anyone else.

Theinitia conditions include 12 chips (representing 12 cases of beer) in each inventory position
(seered chipsin Figure 31) and 4 chips in each shipping box and production delay. Additionally, order
dips with “4” written on them should be facing down in each order box (orders placed, incoming orders,
and production request). The provided deck of customer order cards includes orders for weeks one
through fifty, which coincides with what the players are told that the game will last. However, the gameis
typicaly played for 36 weeks because by then the oscillatory dynamics have merged and the horizon
effect can be avoided.

14 See Appendix 11 for an enlarged picture of the Beer Game board.
15 A synthesized version of the rulesis presented, for afull version go to (System Dynamics Society, 1998)
18 These instructions are an adaptation of instructions written by John Sterman
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Figure 31.—Current Version of the Beer Game Board (including set-up)

Typically, Beer Game sessions run for three to four hours including the debriefing of the game.
The typical games generate the behavior shown in Figure 32.
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Figure 32.—Experimental Results for Typica Trias of the Beer Game (as presented in Figure 4 of
Sterman 1989, p. 330)

The instructions provided by the System Dynamics Society include a guide for post-game
discussion that include:

1- Get dl the graph sheets of results (orders, effective inventory) taped up for display.
2- Find out which team won (lowest total cost) and distribute the winnings.
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® ¢

Clarify that although they played the game to minimize cost, that is not the real purpose of the
game. The game is designed to:

a. Give players an experience of playing arolein the system

b. Show them how “structure produces behavior”
Ask participants what their experience of playing the game was.
After afew minutes (about 10) of discussion, look at the graph of the results. Ask them, “What
commonalities do you see in the graphs for the different teams?’
After having them all see the extent to which different people produce similar resultsin a
common structure, you then need to move on to what is usualy the most powerful behavior.
Explain that the assumption that the system’s problems are caused by the customer stems from
the external orientation most of us adopt in dealing with most problems. A Figure suggested to be
used is presented in Figure 33.

events
(such as inventory stock-outs
and extreme order surges)

behavior/process (oscillation)

structure

Figure 33.—Hierarchy of Explanatory Power (as presented in System Dynamics Society 1998)

follows;

The steps of the game, as described in the System Dynamics Society’ s (1998) instructions are as

1- “Receive Inventory and advance the shipping delays. Factory advance
the production delay.

2- Look at incoming orders and fill orders. (Retailer looks at customer order

cards. Factory looks at incoming orders, not the production request).

All incoming orders PLUS orders in backlog must be filled.

If your inventory is insufficient to fill incoming orders plus backlog, fill

as many orders as you can and add the remaining orders to your backlog.

Record your inventory or backlog.

Advance the order dips; and the brewery brews. That is, the factory

converts the production request from last week into cases of beer and put

the cases (chips) in the first production delay.

5 Place and record your orders. Factory places and records its production
requests.” (p. 9)

B
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Lessons of the Beer Game
There are several versions of what the lessons of the game are.

Expert Type of

L esson

(Source)

Structure dominates

Intuition is not

Right | peopledecison aguide to what
making you should do
If peoplefed they | If peoplethink | If peoplethink Trying to teach
know the policies | that the usual that they have people how to
to follow in pressure for learned al there | run thered life
running inventory, | faster and isto know, that | system by
Jay Forrester they are likely to be | quicker is bad. People playing the
(Interview) wrong decision- should walk gameisvery
Wrong making is away treacherous
better, that recognizing that
would haveto | they should go
be wrong beyond the Beer
Gameto
understand their
real systems.
Peter Senge Structure influences | Structurein Leverage often
Fifth Discipline Right behavior human systems | comes from new
(1990, p. 40) 9 issubtle ways of
thinking
Wrong
Alexander L. Structure
Pugh Right | determines
(Interview) behavior
Wrong
Dennis Structure
Meadows Right | conditions behavior
(Interview)
Wrong
Expert .
(Interview) Right
Wrong

“In the Beer Game, the structure that caused wild swings in orders and inventories involved the
multiple-stage supply chain and the delays intervening in different stages, the limited information
available at each stage in the system, and the goals, costs, perceptions, and fears that influenced
individuals' orders for beer.” (Senge 1990, p. 44)

[NOTE TO REVIEWERS: THISSECTION WILL BE

COMPLETED WITH INTERVIEW DATA]
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What Are People Really L earning with the Beer Game?

People seem to learn about the importance of systemic structure and the power of acknowledging
feedback. However, it seems to be the case that people, after playing the game, keep on repeating the
same mistakes repeatedly.

If people played the game repeatedly until they learned, probably they would be capable of
dealing with a certain type of change introduced in the game (step function). However, it seemsto be that
the level of learning acquired by just playing the game does not alow people to dea with every type of
input change in the game.

[NOTE TO REVIEWERS: THISSECTION WILL BE
COMPLETED WITH INTERVIEW DATA]

Beer Game Future-History Phase (2005-7?77)
Exploration of the additiona contributions that the game has to offer

Exploration of different versions of the game
1. Norma version
2. Expert Verson
a. Elaborated version of the Factory (capacity building) side of the game.

Exploration of ‘improvements’ to the game
New Games to be developed

[NOTE TO REVIEWERS: THISSECTION WILL BE
COMPLETED WITH INTERVIEW DATA]

Conclusions

The Beer Game, or some variation of it, has been used for dmost 50 years to show how structure
determines behavior and why it isimportant to understand that underlying structure causes behavior.

The System Dynamics Society, from 1992 to 2004, sold more than 7,500 Beer Game boards that
have gone to every corner of the world. If the board were used just once (which isavery conservative
assumption), more than 30,000 people would have been exposed to the game; if the board games sold by
the System Dynamics Society were used 10 times each, the figure grows to 300,000 people.

The game has maintained its structure and general mechanisms of play for more than 30 years
and it is unlikely that it will change. The most criticized problem with the game is that ‘it takes too long
to play’, and that ‘it is very confusing’. However, these characteristics seem to be present in red lifein
such away that the players and facilitators keep on finding the experience very rewarding and
informative. It seemsto be that; the Achilles heel of the game has to do with how to communicate the
powerful insights that the game has to offer. Forrester expressesit by saying “you want to be able to
communicate the insights that the game has to offer, create great emotional involvement on the part of
participants, and at the same time, hopefully, not teach anything that isincorrect in the process’ (Forrester
2005). It seems to be that “what is important is not the game, but the gaming experience” (Meadows
2005) and the facilitator plays a key role in generating an adequate gaming experience with the Beer
Game. Additional effort to enhance the current support materials for debriefing the game is warranted. To
build on the success of the Beer Game as a vehicle to disseminate system dynamics concepts, the
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development of new games (much like Meadows et. a. have been doing for many years) is a promising
avenue for research and development within the system dynamics community.

[TO BE COMPLETED]

Beer Game (soon to be annotated) Bibliography

Following Sterman’s (1992) effort to present a useful list of references related to the beer
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Appendix |

List of experts participating in this study

Jay Forrester
Alexander L. Pugh I11
Willard Fey

David Packer

Peter Senge

John D. Sterman
Dennis Meadows
Bob Eberlein

PN~ WNE

Appendix |

The appendix shows enlarged pictures of the current version of the Beer Game (one with
the setup of the initial conditions for the game).
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Figure 34.—Current Version of the Beer Game Board (enlarged)

Figure 35.—Current Version of the Beer Game Board (with set up and enlarged)




