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ABSTRACT
Use of a spec’al purpose business simulation game as a laboratory
vehicle thriughcut a decision science curriculum is proposed as a
pedagogicallyr useful device for achieving curricular objectives.
Development of such a game and its requisite characteristics are
described. The multi-level nature of the game dictates that major
subsystemg must exist at different levels in order to incorporate
dissimilﬁr decision situaticns confronting players in various
courses. Modular design is the means by which certain multi-ievel
features are incorporated and permits one to "tailor-make" the
game for a particular application. Economies, analogous to over-
lays in FORTRAN, are achieved since only those program segments
or subsystems representing degrees of decisi.n complexity actually

present must be stored and executed in core.

Many curricula have been designed or quantitative business analysis.) For
to imkue students with the Decision the most part, suck programs have been
Science philosophy. (The reader is prob- charged with severely limited 3uccess in
ably familiar with thesc attempts under that they have not met the major objec-
such titles as scientific management, tive of all Decision Science curricula:
operationt research, managemenc sc.ance, to train effective situational problem
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solvers. Instead, new graduates of such
programs tend to be sonhisticated theo-
retical modelers whose value to business
and industry is limited by their narrow
technical viewpoint.l Their subseguent
naths of development are highly indivi-
dual, and depend not only on personal
characteristics, but also on whether
they find niches in research-oriented
orqanizations.2

CURRICULAR VEHICLES

Traditional Vehicles

Traditional vehicles used in Deci-
sion Science curricula include mathemat-
ical exercises, "word problems", cases
anéd project assignments. While each of
these contributes, to some extent, to the
accomplishment of the aforementioned ob-
jectives, they are all severely limited.
Mathematical problems are useful only far
teaching theoretical nuances and mathe-
matical manipulation, and no situational
elements are involved. Word problems in-
cludr a few more situational elements,
but do not adequately .eflect the dynamic
characteristics required for situational
problem solving. In addition, word prob-
lems tend to be so brief that neither the
choice of technique, nor the identifica?
tion of relevant dats provides an impor-
tant challenge to the ingenuity of the

textbook-wise student. Cases may reflect

situational peculiarities much better
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than either of the foregoing types of
problems. Unfortunately, cases are
static in nature and, based on the ex-
perience of the.authors, relevant cases
appear to be in short supply. Project
assignments can offer students practice
in situational problem solving but, due

L3
[

to typical course time limitations, don'
provide students an opportunity to fully
examine the situational impact of their
recommendations.

Traditional vehicles

Consideraticn of the limitations of
traditional vehicles might lead to the
conclusion that practical experience is
the only instructional vehicle capable
of meeting all the objectives of a Deci-
sion Science curriculum. However, this
is not the case, since real-world expe-
rience is limited by its inaccessibility
to most students. Furthermore, most
significant real sitnational problems
are too complex for students' initial
learning experiences. There is, how-
ever, one additional instructional ve-
hicle available which, when appropri-
ately uvsed in conjunction with the tra-
ditional vehicles, may meet all of the
objectives of a Decision Science cur-
riculum. This venicle is simulation

gaming.

A Laboratory Vehicle

The authors contend that: (a) a



simulation game can be used throughout a
Decision Science curriculum to integrate
the various topical areas and to provide
a laboratory situation in which students
can obtain experience in all phases of
Decision Science;3 (b) a game to be
used for this purpose must have some
very special characteristics not in-
cluded in existing widely used games:

and (c) a game with the requisite fea-
tures can be and is being developed by
the Operational Gaming Group at Ceorgia
State University.

The other reasons for using a game
throughout a Decision Science curriculum
involve the general features and inher-
ent student appeal of such agame. First,
simulation games are dynamic in anature.
This featu-2 allows students not only
to make decisions at different points
in time in a competitive simulated en-
vironment, but also requires them to
observe and live with the results of
those decisions. Also, the documentation
accomparying such a game gives the stu-
dent experience in analytical examination
of written descriptions of situational
problems, and in screening management
reports for relevant data. Further, use
of 2 game throughout a program provides
continuity not possible with the use of
The fact that a2 simu-

any other vel.cle.

lation game is somewhat less complax than
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"real-world" situations eases the transi-
ticn to “real-world" problem solving.
Still, simulation games can, by design,
be complex enough to demonstrate the
systemin interactions between decizions
in several functional areas of the enter-
prise.

An aspect not to be cmitted is the
impact on the organization offering the
curriculum; typically a school or depart-
ment within a university. while simula-
tion gaming has compelling advantages as
a teaching vehicle for Decision Science,
it is undeniably expensive. Two highly
significant expense elements are game
development and user (instructor) train-
ing. By the choice of a single game
package as the vehicle for an entire
curriculum, it is expected that consider-
able economies may be realic¢ed on a per
course basis as compared with a totally
independent choice of vehicle.

Even if none of the attributes men-
tioned abcve was present, the quality of
student appeal in simulation game= would
make their use worthwhile. In our ex-
perience, no other vehicle appears to be
capable of generating student interest
and motivation to the extent that simu-
lation ganes do.

In order to meet the objectivete of
it is

a Decision Science curriculum,

necessary to develop in students an



awareness of the need for, abilities of,
and limitations of quantitative tech-

nigues. Simulation games appear to have

a unigue ability to create student demand

for relevant guantitative techniques4.

This is probably because the simulation
game may require students to make deci-
sions in an environment where obviously
relevant data is present but where no
explicit instructions are given for its
us>. Thus overloaded with information,
students then become highly receptive to
guantitative techniques which lerd strwe-
ture to this environment and which pro-
vide information that can be used in ar-
riving at decisions.
REQUISITE GAME FEATURES

It was mentioned earlier that the
use of a single game throughout the cur-
riculum would lead to economy of vehicle
development. If the desirability of
using simulation games in & Decision
Science curriculum is accepted, philoso-
phical considerations also dictate the

use of a single game. Student partici-

pation should be concentrated on acquir-
ing experience in decision making and on

using quantitative and behavioral tech-

nigues as inputs to the decision process,

rather than on deciphering the documenta

tion of several different games. The
single game limitation imposes some

rather stringent requirements on the de-
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sign of such a game. These requirements
concern the simulated environment, com-
plexity, flexibility, adaptability, and
documentation. The game under develop-
ment at Georgia State University will
incorporate the requisite features out-
lined below.

Simulated Environment

Since the game is to be used
throughout a curriculum, it will be de-
sirabie to be able to focus on different
subareas independently or simultaneously.
A generalized business environment is
probably the only one wh.ch will ade-
quately cover the various areas where
decision problems arise. The specifics
of the envirorment are less important
than the requirement that it must be
possible to display the environment at
a variety of levels of Qdetail.

An appropriately designed business
environment should provide potential
decision making opportunities at a var-
iety of oryanizational levels ranging
from repetitive short run operational
decisions at a lower middle management
level to top management strategic deci-
sions of great long range consequence.
On another scale, the decisions should
range from relatively mechanistic ones
in which the outcome of a given action
is highly predictable, through decisions

in which uncertainty is a factor, up to



those where the unknown future competi-
tive actions of an opponent are criti-
cal.
Complexity

Several complexity considerations
are impoxrtant. Firsit, the game must be
simple enough that the s‘udent is not
overwhelmedé by its intricacies in his
initial experience with it. At thevsame
time, it must be complex enough that the
problems and solutions are not obvious.
Finally, its potential must be suffi-
ciently rich to ‘'sustain student interest

throughout a curricuium,

Flexibility

The use of the same game throughout
the program and the need tc focus on
different subareas independently and
simultanecusly have some powerful impli-
cations for the structure of the comput-
er program. During the early stages of
the curriculum, it will be desirable for
the student to be exposed to all subareas
simultaneously, but in a vexy simplistic
fashion. During thg intermediatc¢ stages,
it wiil be desirable to focus on highly
sophisticated decisions in one or a few
. subareas whlle suppressing complexity in
the remainder of the subareas. During
the final stage of thc curriculum, it
will be necessary to pull out all the
stops and allow the game to operate in

its most complex form. The need for
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flexibility requires that the game be
modular and.multi—level. If, for ex-
ample, the primary focus is on the pro-
duction area, theve must be a marketing
module which operates in simplistic

fashicn. However, since in other cases
the desire may be to focus on marketing,
a sophisticated marketing module must
also be built. Still znother flexibility
requirement dictates that it must be
possible to configure the game in such

a way that outside "role play" can be
superimposed on the operation of the game
in a realistic and relevant manner.
Likewise, it must be possible to incor-
porate the impact of one time outside
effects such as strikes, anti-trust
action and surtaxes for excessive reten-

tion of earnings.

Adaptability

Since the game must be operated in
several different configurations, it is
necessary that the changeover time and
effort required be small. The game ad-
ministrator should be able to chcose the
desired ccnfiguration easily; for ex-
ample, by specifying one parameter value
for each subarea, thus specifying a set
of decisions which are to be held open
or closed. Another arrangement might
be through merging desired modules with

a base program to create a custom-tai-

lored program with the desired combina-



tion of simplicity and soraisiication.
While this would be rather more demand-
ing of the iustructor (who may not be
assumed to be sophisticated in the tech-
nical aspects of gaming), a richer var-
iety of options car be provided in this

manner. In such fashion, the game can
be tailor-made tco each specific ~oursge
in the curricul _a.

Documentation

Naturally, operating the game in
different configuraticns will prchibit
the use of a single docurmentary unit for
all applications. Consequently, docu-
mentary adaptability must exist to the
same deqree as does computer precgramn
adaptability. A backgrourd environment
description should be written which is
general enough to provide the student
with a brcad understanding of the general
business enwvironment of the game without
detailing the specific decisions tc ke
madz. Then, for ezch module, a set of
documentation must be prepared, one for
each different level at which the module
can be ovperated. These can also be coded
so that the modules chosen by the game
administrator to specify a particular
configuration will also specify the ap-
propriate background documentation and
decision forms to be provided for the

students. Additiorally, an instructor's

marual must be prepared to aid the in-
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structer in chossing the game configura-
tion which will best meet his objectives.

Game Development

Unfortunately, any single game in
current use is woefully inadequate for
use in such diverse configurations, al-
though there are several games available
which are admirably adequate for achiev-
ing specific goals within particular en-
vironments. This is not surpricing,
since most games were written to achieve
selected objectives within given envi-
ronments. Another limitation of existing
games is thie aaality of tr2 accompanying
documentation. Many games have been
written by individuals or by small teams.
Such games and the accormpanying instruc-
tions tend to reflect the special areas
of interest of tlie authers. Coverage of
areas perirheral to the areas of interest
of the authors is given only superficial
treatwent . . . A final limitation of
existing games is the level of sophisti-
cation required of the participants.
Here again, special purpose games are
often written for audiences at specific
educational levels, Ag¢ a result of the
limitations of existing games, it is
necessary for game administrators to
learn, implement and administer different
games in order to achieve specific pur-

. . . 5
poses for differing audiences’

Recognition of the limitations of



existing games for accomplishing the ob-
jectives of a Decision Science currict am
spurred the Operational Gaming Group
within the School of Business at Georgia
State University to embark on the devel;
opment of a game which wovld include all
of the reguisite features above. The Op-
erational Gaming Group consists of a num-
ber of faculty members, each of whom has
ekpertise in some area impbrtant to gam-
ing. Participants in the Group are:
Geoffrey Churchill, Chairman; Sandra
Beldt; Merwyn Elliott; David Ewert;
Dennis Grawoig; Elbert Greynolds; Edwin
Heard; Don Jewell; Arthur Richols; Brian
Schett; Dwight Tabor; and Jerry Wheat.
The Group, centered in the Department of
Quantitative Methods, is both interde-
partmental and interdisciplinary with
representatives frem accounting, econom-
ics, firance, insurance, marketing, per-
sonnel management, and production man-
agement.

The Group devided to prcqgram the
game in BASIC so that modules could eas-
ily be merged with the executive routine,
and because of the time-sharing capabil-
ity and widespread availability of the
language. The Group then made two cru-
cial decisions; the first version of the

game was to include only relatively sim-

ple mcdules for each subarea; and devel-

opment of more scphisticated mocdules. 3
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would be accomplished simultanecusly
with the programming, debugging, and
parameterization of the simplistic ver-
sion of tha game.

Various tasks wexe allocated to
each member of the Group. The develop-
ment of a rough flowcnart of the execu-
tive routine was assigned to the Group
menber with the most gaming experilence.
Preparation of rough flowcharts for the
individual modules was assigned on a
one-for-one basis ‘o Group members with
expertise in the specific areas. All
rough flowcharts s/ere funneiled to one
Group member for refinement and logic
review while another Group member trans-
lated all fiowcharts to BASIC and stored
the proyram on the computer. Debugging
was handled by a team of three, com-
posed of the Group coordinator, flow-
charter and programmer. Parameteriza-
tion was handled by the group ecénomiet.
Testing js taking place in two phases as
additional features are added. First,
the members of the Group play the game
and suggest possible modificatiocns.
Second, the game is tested in a graduate
class at Georgia State University.

At this writing (October, 1972}, 2
great deal of work remains {o be done %o
develop a game capable of supporting a

curriculum such as that discussed below.

Nevertheless, the authors feel that a



substantial beginning has been made. The
executive routine, which embodies the ba-
sic environmental model, is running reli-
ably on the GSU UNIVAC 7 as are the ini-
tialization and output programs. These
functions have been deliberately sepa-
rated,; due to the relatively small size
limit frequently imposed on BASIC pro-
grams, in ordur that space be available
for merging a number of modules simul-
taneously. ({(See Charts I and II.)

These routines incorporate a market
of a fairly high order of complexity (as
compared with existing marketing games),6
a production process of quite moderzte
COmpleXitY7.financial decisions of a ru-
dimentary soztg,and fairly detailed ac-

9

connting reports”, Additionally, some

modules have been developed and tested.
These include modules for Research and
Development, Marketing Research, Person-
nel Evaluation and Fixaed Asset Acquisiw
tion (equipment replacement/plant expan-
sion). A financial acco?nting module
which will permit examining the effects
of a vast variety of reporting proce-
dures on accounting information is near-
ly ready. Worx has begun on a module to
expand the sccna2 of financial decision-
mzking. Pe:gosnnel have been assigned to
modules at dbigher complexity levels in
both marketing and production. |

In a related project, the existing
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programs have been class tested by
Gaoffrey Churchill and Sandra Reldt,
with a view to implementation of the
game in what will be described below as
the "Parly" core. (Note that this does
not presuppose implementation of an
entire game-bagsed curriculum. This
course is presently based on an excel-
lent gamég)but one designed for MBA
use.) Despite break-in problems of a
normal sort, it is fair to comment that
initial expectations appear tc be met;
students did grasp for models as a
satisfying way of bringing order out.of
chaos.
PROPOSED CURRICULUM

The proposed curriculum consists
of three major components: an "Early"
Core, eiectives, and a "Late" core,
Chart IIX illustrates the precedence
relationships between the thres compon-

ents of the program.

"Early"” Core

In the "Early" core, the student
is introduced to the game, remote ter-
minal time-sharing, systen : concepts,
basic modelling in a dynar c environ-
ment:, and caaned programs. After a
preliminary introduction to the game,
the student is required to play a modi-
erately complex version of the game
with a relatively fast rate of decision

making. The anticipated result is im-



CEART I

GAME PREPARATION FOR COURSE USE
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| CHART II
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mediate chaos. The student is next
introduced to some basic¢ quantitative
models, which will hopefully bring
order out of the chaos.

These basic mode}s include fore-
casting, cash flow, regression, inven-
tory and linear programming. Each
model is introduced in a survey ftash-
ion; the canned programs available for
them are presented and ways in which
they can be used to provide information
for decision-making are presented.
Students are expected to adapt these
mcdels to their needs in the gawe con-
text, thus getting practice in all
phasesz of Decision Science: observa-
tion, problem identification, descrip-
tion of relevant relationships, experi-
mental investigation, interpretation of
experimental results, and translation
of information into effective actionll.

Before a student uses any model
for decision~-making, he is required to
present a proposal that the model be
built to a wmanagement committee con-
sisting of students from the "Laté“
core for their criticism and evalua-
tion. After he has his proposal ap-
proved, he is required o file an im-
plementation report.

The systems courses in the "Early"
core have three objectives.

They are

expected to enable the student to Jdevel-

op a view of the organization as a sys-
tem and to recognize and understand its
information supplying and suppressing
characteristics. A simpler version of
the game is used which reports only
financial statistics and allows for the
expansion of a product line. Students
are required to design their own infor-
mation systems for decision making pur-
poses and to trace the systemic implica-
tions of product line expansion from the
cpening of a research and development
facility to product maturity. "“Late"
core students are again used to criticize
information systems designs and suggest

revisions.

Elective Courses

These courses are more nearly com-
parable with currently existing Decision
Science courses than are either the
"Barly" or "Late" core. Still, there
are substantial differences. The ob-
jectives of these courses include ex-
panding and intensifying the students'
modelling capability; indoctrinating the
students with a feel for data problems;
developing student anderstanding of the
non-independence of quantitative tech-
niques; acquainting the students with
the more subtle capabilities and limita-
tions of models; improving the students'

understanding and appreciation of sensi-

tivity analysis; ard bridging the gap



CHART III

DECISION SCIENCE CURRICULUM

Prerequisites "Barly" Core . Electives "lLate" Core

Elective
' 1

653

i
. e
i
Basic Mathematics Basic ) High Pressure
Matrix Algebra ‘Modeling : Decision Makin
Statistics in | Shesen T
N in
Simple Game : Complex
Environment ! Environment
\
Business !
Undergraduate i
Equivalent Systems f
1
; Internship
]
{
I

Elective
n




between model solution and decision mak-

ing.

Course construction to accomplish
these objectives is difficult but poss-
ible. Lactures can be developed which
include a solid theoretical approach
through logic and pietuiea, whilg_escap-
ing the mathematical derivation-éhaorem
proving time sink. Situational proﬁlems
can be utilizadehich require ingenious
parameter development and allow for pre~
diction of results of decisions. Stu-
dents can be introduced'to canned pro-
gramg which can be used via remote ter-
minal time-sharing to facilitate any re-
guired computation.
conputaiional algorithms should be re-
viewed along with sources and special
features of different packages.

HBere, too, the game has a very de-~
finite role. It can be used in the ap~
propriate configuration for e~ch coursge
to demonstrate and provide specific
‘course related situat'ons where particu-
iar techniques are‘applicable. In gener-
al, however, the game would be inciden~

tsl to, rather than dominant in, slec~’

- . tive courses.

At this point, perhapz some examples
are in order. A game configuration which
required product mix, transfer pricing,
transportation, warehousing, and aggre-

gate scheduling decisicons would provide

tion.

Available practical

an excellent environment for the intro-
duction of ﬁathematicai prqg:amminq. a
configuration which required inventory,
cash flow and product line expansion de-
cisions would provide an equally good en-
vironment for the introduction of simuia-
And what better environment in
which to introduce multivariate statis-
tics than cne which required pricing de-
cisions and forecasts?

*Late” Coze

These courses are designed to pro-
vidé the transition from student to de-
cision scientist. The first of the
"Late" core courses would involve full-
acale use of the game with every combat-
ible option present. Students would be
required to perform and repor: to a man-
agement committee on major studies of
topics such as the automation of routine
dacisione and the upgrading of return on
investment. These groups would also be
required to investigate the feasibility
of, institute where indicated, and review
plant expansion decisions, new precduct
introductions, competitor acquisition
decisions, and other decisions of major
strategic impact.

The final course in the curriculum
would require eacn student to serve an
internship with a local business. During
this internship, he would be required to

choose a "real" problem, use the decision



science approach to solving the problem
and present his project in management
recommendaticn form to 2 conmittee com-
posed of members of the Decigic: Science
faculty and a representative of the firm
where he intexrns. The student's only
‘other responsibility during the period
would be to serve on management commit-
tees for "Early" core courses. This
féature of the curriculum would complete
the student's transition from student
to decision scienﬁist and would provide
him with « brief but tantalizing view of
the cother end if the decision making
spectrum.
CONCLUSIONS

Progreas in the direction the
authors have suggested here is highiy
desirabie, but should not be rushed.
It was probabiy the undue haste of
various schcols in entering the guanti-
tative decision making arena that re-
sulted in the "sophisticated theoretical
modelex"” phenomenon alluded to in the
first paragraph. The game with all the
requisite characteristics outlined here-
in is essential to the success of a
curriculum such as the cne proposed in
this paper.

To the auihors' knowledge, an
appropriate game does not currently
existn. The Operational Gaming Group at

Ceorgia State University has one par-

tially completed. If an existing game
with the requisite characteristics has
been overlooked, the authors would
oppreciate any available information

on it.
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