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ABSTRACT

An expert system consisting of fast, pertinent retrieval of
historical decisions and results was provided to business
simulation game players. Use of the expert system 1m11)5roved
player performance on the game grading criterion. Expert
(siystgm usa%c_e was greatest at the outset of game play and

eclined to little or no usage near the end. It is inferred that
the expert system aided more in the early strategic phase of
game play than later when implementation and operating
considerations dominate. Larger teams tended to use the
expert system more.

INTRODUCTION

Recently there has been considerable interest in the
development of expert systems for business simulation
aming (Sackson and Varanelli, 1988; Varanelli et al., 1987;
autschi and Prasad, 1988; Rashid, Cannon, and Morgan
1988) Though initial descriptions of these kinds of expert
systems exist, no empirical study has been conducted either
on the usage or the effectiveness of these systems in a
simulation gaming setting. Expert systems could potentially
aid in strategy formulation, understanding of problem
environments and increased decision-making effectiveness
as reflected by player performance. This study reports an
initial investigation ofp the use and effectiveness of an
analogy-based expert system by player teams
management simulation game.

AN ANALOGY-BASED EXPERT SYSTEM

in a

Development of a reasoning by analogy (RBA) system for a
policy course simulation game was done in early 1988. This
system was described in an earlier paper (Rajkumar and

arton, 1989). Briefly, in this system two semesters of past
game plays serve as a knowledge base. The complete listings
of all firms in all industries were included regardless of level
of é)erfo_rmance. Player users can query this knowledge base
and retrieve a company report for a past firm for a particular
decision period. This report then might serve as an analogy
for their current gaming situation. More than one potential
analqg may be retrieved. Each analogy may serve as a
possible decision solution for the player team’s pending
decision. The simulation game for which the RBA expert
flys‘qer_n was implemented (%arton, 1978) was embedded in a

ecision support system (DSS) that enabled teams to
“simulate the simulation” (Barton, 1981) before finalizing an
official decision for the current gaming cycle. Teams could
thus try out as many decisions as they could think of for the
amount of time they wished to invest. The RBA expert
system provided possible decisions from past game plays for
such trial simulations. The RBA expert system operated
through a separate computer program so that teams used two
terminals during their decision sessions. There were many
query criteria, including compound criteria, so that the
search for analogous firms was easy and fast. Retrieved
analogies were displayed on the terminal screen in exactly
the same form as the DSS and official printed output. No
facilities for printing the analogies were provided.

All expert systems inherently have the following
characteristics: (a) have an expert level of knowledge of the
domain of expertise, (b) generate solutions to problems in
the domain, and (c) explain lines of reasoning. In this RBA
expert Sﬁstem, the knowledge of the domain 1s achieved in
two fashions, 1) the system contains all the rules and
knowledge of the game because the computer game model
itself is incorporated into the expert system; and 2) the
applicability of the solutions in particular environmental
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situations is achieved by using the experience of past
winning teams as the experts. The decision set of the
retrieved analogical firm (winning team or not) serves as a
solution to try in the users current %ammg situation. The
third criteria--the ability to explain lines of reasoning--is
viewed by many researchers to be a critical feature of expert
systems. However, this RBA expert system was meant for
research and pedagogical purposes and as such was designed
to stimulate the students creativity in reasoning, so
explanations of lines of reasoning were not provided.
However, details of competitors’ decisions and reports
normally hidden during regular: play were made available.
In addition, on-line help facilities were provided.

EXPERIENCE WITH THE RBA EXPERT SYSTEM

The impact of this RBA expert system was evaluated by
concentratmg on two questions: I) Was the expert system
used? and 2) Did the performance of decision makinE
improve when the expert system was used? This approac
has been used by others to evaluate the effectiveness of both
DSS (Sharda, Barr and McDonnell, 1988) and expert
systems (Fordyce, 1987) -

Gaming Environment

The expert system arid DSS were used by students enrolled
in a capstone business policy course. As part of the course,
students were divided into teams, and each team managed a
firm in a simulated industry. Two industries were simulated
during the semester. The first simulation (called a mini-play)
was of the ‘‘Breakfast Cereals’’ industry and was played
over a period of four weeks. A practice decision and three
ofﬁ.ci(altl decisions were made by players in the four-week
period.

During the mini-play, dplayers were trained in game
parameters and rules, and in both the DSS and the expert
system. On completion of the mini-play, a more complex
“Microcomputer Industry” was simulated (called a maxi-
plagf) for a fper.iod of eight weeks, with one practice week
and seven official decisions.

The ex;l)erimental setup used by the students is shown in
Figure 1. When a user wanted to see an analogy, he entered
a query and a computerized pattern-matcher searched the
knowledge base and retrieved analogies. One or more
analogies may then be used by %ag/er—teams to formulate a
decision set to be tried on the DSS in the team’s current
environment. There were three patterns of usage evident in
this set up: 1) beginni%% game pattern, 2) regular pattern,
and 3)-end pattern. ese are discussed 1n the next
subsection.

Usage Pattern of the Expert System

At the beginning of the game, there is a large amount of
unstructured data for the teams because of the new industry
environment and the unknown plans of competitors. This
lack of structure resulted in extensive use of analogical
reasoning by the players as evidenced by numerous searches
on the firms in the knowledge base that had won past plays.
The decisions and reports of these firms were studied for an
entire play on a period-by-period basis, especially the
beginning period decisions. The strategies used by these
analogical firms (winners) were compared and discussed
before some of these strategies were tried on the DSS. Thus,
analogical reasoning shaped initial strategies and helped
structure the uncertainty in the
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environment. This beginning pattern might be thought of as
a burst of queries. (Data reported in later paragraph.)

Figure 1
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As play progressed into the second and third weeks, a more
regular pattern was established. Both terminals were used
simultaneously; each team had one member on the DSS and
another member on the expert system. The person on the
DSS entered the decisions and performed what-if analyses.
The expert system was used to find an analogy appropriate
for the current period. The player using the eerrt system
would look at the analogical firm and relay the decision
element values used by the analogical firm to team
members. Discussion normally ensued, decisions were
adjusted to fit the team’s current situation, and then tried on
the DSS. After seeing the results on the DSS screen, the
decision values were either further adjusted based on trial
results, or another analogy was sought (as the expert system
generally found more than one analogical firm) and the
process repeated. This pattern may be thought of as use of
the RBA expert system with some regularity.

As play progressed further into the fourth through seventh
weeks, the use of the expert system declined while regular
usage of the DSS continued. }i"his end pattern could have
been due to the fact that by then team, were familiar with
their environments and the strategies of each team had
stabilized. Consequently, there was less uncertainty and less
need for creativity.

The number of analogies retrieved by the players followed
the declining usage pattern of the expert system. In the first
decision period an average of 12 analogical firms and 3
competing firms were seen by each team. This dropped to 6
firms and 2 comgetinf firms for the second decision period.
Decision period 3 and 4 resulted in 3 analogical firms and 2
competing firms being retrieved. Decision period 5 averaged
I analogical firm being retrieved. Decision periods 6 through
71resu1ted in very few analogical firms being seen by game
players.

Effectiveness of Decision Making

Improvement in gaming performance was tested by
comparing whether the team., made better decisions when
the expert system was available than when it was not. The
criterion for performance compared was the same as used for
team grading: simulated stock market quotation. For the
maxi-play the criterion provided two grades. One was the
market quote achieved at the end of the maxi-play. The other
was an average of the market quote for the first six
decisions.

The expert system has been used for two semesters (fall
1988 and spring 1989) by sixty teams. This one-year of
experience was compared to two prior years experience with
60 teams when the RBA expert system was not available.
These past teams faced the identical gaming environment as
the expert system teams, i.e., same game version, no
parameter changes, three or four players per team, and three

or fo(i.ll‘ firms per industry. The following hypotheses were
tested:
Hi: The teams that used the expert system will not
achieve a higher level of decision making as
evidenced by average market quote.

The teams that used the expert system will not
achieve a higher level of decision making as
evidenced by ending market quote.

The results of the tests are provided in Table I. They indicate
that Hypothesis 1 can be rejected at the probability level of
.054, and Hypotheses 2 can be rejected at the probability
level of .01. Rejection of both hypotheses indicates that the
expert system makes a significant difference in decision
making effectiveness as evidenced by market quote
performance for this kind of gaming environment. Further
validation was obtained througl% oral %eedback. Players using
the system stated that the system shaped their initial game
strategies. Two of the winning teams also attributed their
winning to the use of the expert system.
Tabla 1

T-test on Means for Declaion Making Effectiveness

Std. Daow T-Valus P> T
Average Harhet Quste
Ezpact Syatem BE_1E 21.29
Ho Expart System .13 18,98 1.62 8,054
Final Market Quots
Expert Systes 124.5% d%.18
Mo Cxpart Systeasm 101.51 IN.19 1149 .001E

The ettects ot two other variables--team size and quahtg of
plalséers on expert system use, DSS use, time re%ulre to
make the decision and performance were studied. These are
discussed 1n the next two subsections.

Team Size

Team size has been found to be a determinant of
erformance in simulation %ammg environments (Wolfe and
hacko, 1983) . A3 membership increases the number of

potential information exchanges increases. Increased team

size can bring in additional co(%mtlve capability, technical
skills and energies to proceeds further information and
alternatives (Harrison, 1975) Hence, larger teams may
perform better than teams of smaller size. In addition, team
size may affect the use of expert systems and DSS positively
because a larger team can proceeds more information.

However, increased team size would lead to a longer time to

make a decision as it is more difficult to achieve consensus

in larger teams (Wolfe and Chacko, 1983)

Usage of the expert system and DSS was measured as the
number of queries run on the expert system and the number
of what-if trials run on the DSS during the initial two week
period before observed usage started to decline. The
measures were unobtrusive and tracked on the computer.
The time taken to arrive at a decision was measured as_the
time spent logged on the DSS terminal. Size was either 3 or
4 (the number of pl%yers on a team). There were 14 3-
member teams and 28 4-member teams. Performance was
operationalized as the single grade achieved at the end of the
game. The following hypotheses were tested:

H3: The teams that had 4 members will not achieve a
higher level of decision making as evidenced by the
final grade.

H4: The teams that had 4 members will not use the
expert system to a greater extent as evidenced by the
number of queries.

H5: The teams that had 4 members will not use the
DSS to a greater extent as evidenced by the number
of what-if trials.

H6: The teams that had 4 members will not take
longer to arrive at a decision as evidenced by the
computer logon tune.

The results are reproduced in Table 2. Due to a change in the
system after the fall semester, discussed later, only the
spring semester data are
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reported. As can be seen, seen, team size had a significant
effect on expert system use. No significant effect on the DSS
use was found, which may be because the DSS use in the
experimental environment was almost mandatory while
expert system use was more voluntary in nature. Size
relative to performance and the time taken to arrive at a
decision were not significant. The lack of effect of size on
performance has also been evidenced in other studies (Norris
and Niebuhr, 1980)

Table 2

T=test on HMeoans fof Team alze

Hean Itd. Dev. T-walua B> 0TI
Exparti System Use
1 Hembar Tesms A% 4,36
4 Member Teamd 9.04 19,08 =1.%8 0.03%
DES Usa
J Hembacr Teams BB, 21 51 4E
4 Heshee Tesms ¥ .86 BD.2Y ~b.3% .35
Farformance
3 Hembar Teama §.35%7 1.98
i Hember Teams T.000 1.%0 =] .00 Q.16

Tims to Make Decisisss

z18.37
333,33

192,81
162.71

Mambar Teams

Hambat Teams

k)
F -8.36

Quality of Players

Previous studies using students in simulated talks have
reported difference in_performance due to academic
background and ability. For example, Se%mgar (1980) found
a relationship between academic ability and team
performance. Hence, teams with higher average grade point
average for past courses (GPA) would perform better than
teams with lower GPA. Lucas (1975) has stated that
background factors such as education affect the use of
information systems. Because of education, users may apply
analytic techniques to the output and be able to reason out
relationships, and hence use more output. In contrast, teams
with lower GPA would use the expert system and DSS ina
grle_fe;r more brute force fashion for identifying potential
ecisions.

In addition, teams having hi%her GPA way have more
motivation to maintain GPA’s and would welcome
additional information and hence use an expert system and a
DSS more than teams with lower GPA’s. On the other hand,
teams with higher GPA’s may also be more efficient in
managing their tune, and hence would arrive at decisions
faster than others.

The average GPA of the teams were calculated. Team., were
classified as high GPA team if the average GPA exceeded
2.70, which is a common cut-off level for entry into upper
division programs for these players; otherwise a team was
classified as low GPA team. There were 22 high GPA teams
and 30 low GPA team.,. The following hypotheses were
tested:

H7: High GPA teams will not achieve a higher level
of decision making performance as evidenced by the
final game grade.

H8: High GPA teams will not use the expert system
to a greater extent as evidenced by the number of
queries.

H9: High GPA teams will not use the DSS to a
gl[e'ilter extent as evidenced by the number of what-if
trials.

H10. High GPA team., will not take longer to arrive
at a decision as evidenced by the computer logon
time.

The results are reproduced in Table 3, which, again, shows
averages only for the first two periods for the spring
semester. of the effects of GPA on the four variables
considered, the time taken to arrive at the decision was the
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only variable to be significantly affected by GPA. The
longer time taken by teams with higher GPA may have been
caused by more motivation to invest time to maintain their
GPA’s than lower GPA teams. However, if so, hopes did not
come true since GPA did not affect performance. GPA also
did not 51%n1ﬁg:antly affect the use of the DSS and the expert
system. All this may be due to the fact that GPA alone does
not determine the background of the teams. Other factors
such as work experience may affect how they use the expert
system and DSS. The lack of effect of GPA on performance
i$ not surprising as other studies (Norris and Niebuhr, 1980;
Gosi:npu , Milton and Larson, 1985) have reported similar
results.

Table 3

T-test on Means for GPA

Haan Std. Dev. T-valua P >ITI

Expart Iystam Use

Low GPA Teans 7.50 .27
High GFA Teams 765 8,74 0.0 .48
D35 Use
Low GFA Thama Bd.EB 49, 08
High GPA Tesma 107 .00 5.43 -8, 5% 0,185
Ferformsmss

Low GFA Teans 6.9 1.1

Wigh GFA Tesms 660 2 08 o.58 0,28
Tims to Haks Decislons

Low GFA Teaas 183.0% 7747

High GFA Tasms 171.3 220,08 -1.%% o086
CONCLUSIONS

Exgerjeng:e with this expert system shows that it is of value
and aids in making better decisions on the part of the glayers
(Table 1), but only in environments of uncertainty and in the
strategic phase of game play. This may be due to the fact
that at the moment of the first decision, players are able to
generate 100% analogies to their environment. Then, as play
progresses the interpretation of the analogical firms may
require processing of larger information by the players as
they now try to see whether the analogical firm used similar
strategies in the past as their firm, or that the current
positions of competitors are similar, to make sure that it i3
an appropriate analogy. However, such situation rarely
occurs after the first few periods, arid usage of the expert
%ystem drops. (There was no observed increased use of other
orms of analysis to account for the decline in usage of the
expert system.)

Team size affected only expert system use (Table 2) This
implies that particular attention needs to be oriented on this
aspect when the teams &re formed as expert system use
significantly affects performance of the team. It has also
been shown that teams with higher GPA tend to make their
decisions slower, but not necessarily better as indicated by
the lack of mgmﬁcance of GPA on performance (Table 3)

Other observations have to do with the novel ways in which
players used the expert system. One teem calculated the
average decision made by ‘all firms in the knowledge base,
then took the averages as predictors of current competitors
decisions. In the first semester, players could not easily and
rapidly trace a single firm through all periods of %ame play.
The design of the ﬁﬁster.n was changed for the second
semester fo accomplish this. The nature of the queries then
shifted more to the winning ending criterion followed by
tracing the retrieved analogy back to its initial period
decisions. This implies that the future design of such
systems could eliminate many of the complex query features
provided in this system,  which would speed search
1Erocessmg. It was also noticed that of the 50 firms in the

nowledge base about 5 of the firms were being retrieved
most often by the game players. These firms had some of the
highest values on the game winning criterion. Additionally,
some of these firms were retrieved more than once each
week, and throughout the use of the expert 1§ystem one or
two firms were consistently seen by many_of the teams to
identify the strategy used by these winning firms.
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