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Abstract. Business mangement simulation plays an increasing role in
schooling and post-qualification. In complex simulation games the
interrelationships between decisions and results are intransparent. This is
one reason for inefficient knowledge acquisition. Another reason is the
forward chaining architecture of "classical" simulation games.
In this paper we describe a prototype of a business simulation game based
on hypotheses testing and goal oriented backward chaining. Its design is
based on a theoretical framework, the IPSE approach (Intelligent Problem
Solving Environment). In order to offer help on the students´ demand, we
integrated a hypotheses testing environment, named "simulation in the
simulation". The students may state goals and hypotheses about their
reachability and about the consistency of decisions with corporate
objectives. The system gives feedback and explains the relations in the
business marketing simulation by presenting qualitative information, pricedemand curves, and by using an "enterprise landscape" which contains the
decision and result variables of the system, their dependencies, and the
qualities of their influences.

1 Introduction
In managerial schooling and post-qualification management, computer based
simulations and management business games are used increasingly to meet education
requirements. It is hoped that these systems improve the students´ abilities of problem
solving, business analysis, and teamwork. In order not to diverge from reality too
much (Cadotte, 1990; Eser, 1992), in "classical" simulation games there is a high
degree of interrelatedness of their components. This may lead to intransparency.
Moreover, in the "classical" simulation game approach, the students make decisions
and then inspect the resulting consequences. Thus business simulation games are
forward chaining. If no explanations are offered that help to comprehend the
relationships between decisions and results, the students get into difficulties. Thus the
students have to know a lot before playing the game. The situation is further
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complicated e.g. by the performance of the competitors, and by the fact that effects
may occur with time delay.
WULPUS (W issensbasierte U nterstützung für L UDUS, ein P lanspiel für
Unternehmensstrategien: Knowledge based support for LUDUS, a marketing
simulation game for business strategies) is an Intelligent Problem Solving
Environment (IPSE, Möbus, 1995) designed to make the relationships between the
various functional areas of a business enterprise transparent. WULPUS does not
require a lot of preknowledge from the student. Rather, the intention is that the
student acquires this knowledge while working with WULPUS.
In order to support design decisions for the development of knowledge based help
systems, a theoretical framework of problem solving and learning is needed. Our IPSE
approach is based on a cognitive science oriented theory of knowledge acquisition, the
ISP-DL Theory (Impasse - Success - Problem Solving - Driven Learning Theory;
Möbus, Schröder & Thole, 1994). The theory attempts to integrate impasse-driven
learning (Laird, Rosenbloom, & Newell, 1986; Newell, 1990; van Lehn, 1988;
1991), success driven learning (e. g., Anderson, 1983; 1989), and phases of problem
solving (Gollwitzer, 1990; Heckhausen, 1989). According to the theory, the student
will look for and appreciate help if he is caught in an impasse. Without an impasse
there is no need for help. So WULPUS does not interrupt the student but offers help
on request. Furthermore the information should be designed to help the student to
overcome the impasse and not to trap into a secondary impasse. Thus the information
should refer to his preknowledge as much as possible. One way to realize this
principle is to let the student test hypotheses about his solutions, and get help,
proposals, and explanations from the IPSE. Therefore in WULPUS the hypotheses
testing approach (Möbus, 1995; Möbus, Schröder & Thole, 1994; Möbus, Thole &
Schröder, 1993) is transferred to the simulation game domain.
A second reason for pursuing the hypotheses testing approach is that stating and
testing hypotheses is a key qualification having a beneficial influence on the student´s
knowledge acquisition process (Shute & Glaser, 1990).
The domain of WULPUS consists of part of the "classical" business simulation game
LUDUS distributed by the German company rado-plan. The main features
distinguishing WULPUS from LUDUS and other "classical" business games are:
• Hypotheses testing before the "real simulation step": The hypotheses testing
environment allows to state different kind of hypotheses, e.g. the student may state
different decision oriented hypotheses one after the other in order to compare their
consequences by entering various values for the decision variables. In contrast to
LUDUS and other "classical" simulation games, WULPUS supports the decisionmaking by answering the student´s question: "What happens if ... ?"
• Forward vs. backward planning: The student may state goal oriented hypotheses by
stating his corporate objectives. The system tries to complete each hypothesis about
the reachability of the student´s goals by computing proposals for decisions consistent
with these goals. Furthermore the student may state hypotheses about the consistency
of his decisions and the desired results, that is, his corporate objectives, by entering

both. In contrast to LUDUS, WULPUS supports the decision-making by answering
the student´s questions: "How is ... reachable?" and "Is ... reachable if ... ?"
• Proposing corrections of inconsistent decisions and corporate objectives. WULPUS
gives feedback about the achievability of the student's goals. Furthermore the system
offers correction proposals for the decisions if goals cannot be reached.
• Explanation component: WULPUS provides knowledge based explanations by
answering the student´s questions:
• How did the results occur given my decisions?
• Why are the decision proposals suitable to achieve my goals?
• Why are some goals not reachable?
The remainder of this paper is organized as follows: The next section gives an
overview of WULPUS. In the third section, the hypotheses testing facilities of
WULPUS are described in some detail. The paper ends with some conlusions.

2 Description of WULPUS
The knowledge based business management simulation game WULPUS has been
developed to demonstrate an approach to make the interrelations of a complex
simulation game transparent. We wanted WULPUS to offer multiple support for the
student´s decision-making. Therefore the concept of a "simulation in the simulation"
has been developed and realized. Before the next "real simulation step" is performed
the student has the opportunity to test alternatives. The student may reverse his
former decisions and objectives. After restoring the simulation and entering new
values the student may start the WULPUS computation again. So the student is able
to compare the relationships between the different values of decisions and corporate
objectives. To recognize effects with time delay the student may carry out several trial
simulation steps one after the other, focusing on the development of the variables he
is interested in, e.g. his sales opportunities.
In order to simulate a realistic market, it is necessary that the student be able to vary
the competitive companies' goals and decisions as well. Therefore, while using the
"simulation in the simulation" for decision-making, the student may enter
assumptions about the performance of his competitors.
Furthermore WULPUS supports the knowledge acquisition of the students by offering
explanations. Since WULPUS contains an integrated expert knowledge base it is able
to explain the interrelationships between the variables of the business management
simulation. In addition, if the corparate objectives are not reachable, the student may
invoke the explanation component of WULPUS. The explanations are taylored in
steps which are presented to the student one by one on demand. The feedback steps
are: Firstly the answer (yes / no), secondly a qualitative description of the
dependencies, and thirdly quantitative information, e.g. price-demand curves. Thus in
WULPUS essential knowledge like price-demand curves is not a prerequisite. Rather,
this knowledge is offered by WULPUS on demand in impasse situations.
There is some evidence that novices get into difficulties while learning business
management from complex simulation games. Novices have serious problems in

decision-making. They are not able to explain the consequences of their decisions to
themselves without further help owing to the lack of preknowledge. On the other hand
they have clear-cut ideas concerning their corporate objectives. This is the reason for
the opportunity to work in a goal oriented manner with WULPUS. During the
decision-making in the "simulation in the simulation" the student may enter his goals
without specifying the decision variables. Now the system computes the values for
the unspecified decision variables in backward direction such that the desired results are
reachable. So the conventional roles of the dependent and independent variables of a
"classical" business management simulation have been exchanged.
Figure 1 shows the flow of working with WULPUS. According to our theoretical
position, the task "accomplishing a simulation step in a business management game"
may consist of four phases: Deliberating, planning, executing and evaluating
(Heckhausen, 1989; Gollwitzer, 1990). In conventional simulation games just the
executing phase is supported: Carrying out the "real simulation step": Entering the
decisions and retrieving the results (part between the two broken lines of Figure 1).
WULPUS also supports the planning and evaluating processes by offering hypotheses
testing and explanations. Control is left to the student. Hypotheses testing and
demanding explanations are invoked by the student, that is if the student appreciates
them and finds them helpful (rounded boxes).
The student may play up to four hypotheses testing simulation steps to recognize
time delayed effects of the mix of marketing tools on the sales opportunities
(backward pointing arrow on the upper right of Figure 1). He may save each
hypothesis in order to compare its results with future hypotheses (backward pointing
arrow on the upper left). He may also ask for explanations for any tested hypotheses.
After finishing the decision-making concerning the mix of marketing tools the student
has to accomplish his internal company policy. The budgeting is constrained by the
data attained in the market situation, e.g. the values for sales opportunities, and
prices. WULPUS offers explanations to support the student´s analysis of the results.
For the purpose of comparison of alternatives each step of hypotheses testing for
internal planning may be repeated with new values too (backward pointing arrow on
the left of the middle part of Figure 1). Furthermore the student may reiterate the
hypotheses testing about competition in the market situation, e.g. if it becomes
obvious that the values for the sales opportunies and the mix of marketing tools are
not suitable for a promising internal budgeting. After finishing the complete decisionmaking process, the real simulation step takes place: Entering decisions and retrieving
the results. The student may ask for help by demanding explanations for the
unexpected results.

3 Hypotheses Testing in WULPUS
Hypotheses testing within a business simulation will be demonstrated by a sample
run with WULPUS. Imagine a student´s problem is the decision-making for the next
"real simulation step". He may make use of the "simulation in the simulation" by
stating hypotheses in order to find out whether his corporate objectives are achievable.
3.1 Hypotheses Testing in the Market Situation

Figure 2 shows the hypotheses testing environment for the market situation. First the
student has to select a product and a market (at the top). WULPUS offers several
opportunities to state hypotheses. The student can state the following decisions and
goals concerning his own business enterprise (left half from top to bottom):
"Simulation in the Simulation"
D e c i si o n - M ak i n g :
Deliberating and Planning

Start with simulation step: t

Hypotheses testing in
market situation

Demanding explanations

Hypotheses testing for
internal budgeting

Restoring the
simulation
t := t

Demanding explanations
Passing to next (real)
simulation step
t := t + 1
Entering decisions
"Real Simulation
E x e c u t in g

Step":

Retrieving results

Ana lysing Re sult s:
E va lu a t in g

Demanding explanations

Fig. 1. Overview of WULPUS

The enterprise
• does not change the former (given) decisions for the mix of marketing tools
• decides to use new values for price, advertising, distribution, and research
• pursues the strategy of holding, raising, or decreasing sales opportunities
• sets a value as a goal for the sales opportunities

The assumptions about the performance of the competitor have to be one of the
following (right half from top to bottom of Figure 2): The competitor:
• does not change his former marketing decisions
• decides to use new values for price, advertising, distribution, and research
• pursues an equivalent or a contrary strategy for the sales opportunities

Fig. 2. Consistency hypothesis in the market situation

In the situation depicted in Figure 2, the student may state a consistency hypothesis
for product 1 on market 1. He has entered the goal for his sales opportunities (6.6
million pieces) and a complete set of values for the decision variables "price" = 6.80
dollars, "advertising" = 1.6 million dollars, "distribution" = 4.2 million dollars, and
"research" = 3 million dollars. The values of the last period are also shown: "price" =
7.00 dollars, and so on. Furthermore in this example the learner makes assumptions
about the marketing decisions of his competitor. WULPUS analyzes the hypothesis
and then gives feedback on the first level: In this case, the value reached falls below
the goal set for the sales opportunities. On the second level of feedback WULPUS
provides qualitative proposals about how to change the decision variables in order to
reach the goal, e.g. to decrease the price or to decrease advertising. The student may
test several consistency hypotheses, but this may be a tedious trial and error process.
Therefore the student may state a goal oriented hypothesis by leaving at least one
decision variable unspecified. WULPUS computes the missing value(s) to reach the
objective for the sales opportunity. Figure 3 shows the student´s hypothesis. The
price is left unspecified. WULPUS succeeds in computing a price to reach the goal.
On the third level of feedback, the price-demand curve is presented (Figure 4). Looking
at the curve the student sees that a considerably higher price can be achieved by a
small reduction in the sales opportunities. So he may decide to test another goal
oriented hypothesis. He changes neither the values for advertising, distribution, and
research, nor his assumptions about his competitor. But he sets a new, slightly lower
goal for sales opportunities: 6.35 million pieces. Now even a price of $ 7.50 is
possible. Hypotheses testing can be performed for each product on each market.

3.2 Hypotheses Testing for Internal Budgeting
When the student is satisfied with his marketing decisions, he may start with the
internal budgeting. Planning internal budgeting is constrained by the results obtained
for the market situation. For internal budgeting, there are the following decision areas
besides marketing: personnel policy, production / stocks of goods, machinery, and
finances. Furthermore, there are two reports: sales statistics, and profit and loss
account. A student may but need not deal with all variables of the decision areas. As
an example we will show the finances dialog (Figure 5). The only decision variable is
the value for the line of credit. In our example the student does not decide on this but
states $ 290 million as the goal for the "sum of paying out". Now he invokes the
hypothesis test. This means that the student states the hypothesis that his marketing
decisions can be made without exceeding 290 million dollars for "sum of paying out".
As Figure 6 shows, the values left unspecified in figure 5 have been computed by the
system. Values consistent with the hypothesis are marked with a friendly smiley
button. WULPUS has marked the value for the "sum of paying out" with a sad
button. This indicates an inconsistency discovered: This "sum of paying out"-goal is
not reachable, given the decisions made. In order to ask for a correction proposal and
explanations the student clicks on the sad button. The correct value displayed by
WULPUS is $ 296.261 million.

Fig. 3. Goal oriented hypothesis in the market situation

On further request the student may retrieve an overview of the influences on the "sum
of paying out". WULPUS opens a landscape of the business enterprise (Figure 7).
First the landscape contains only the variable "sum of paying out" and its direct
causes (bold ellipses). On demand the landscape is spreading out step by step. The
direction of each influence is represented by an arrow. Its quality is symbolized by the
sign (+ / -). For example: When the "investments" increase, then the "sum of paying
out" will increase too. The student may "walk" through the WULPUS landscape to
discover the dependencies between the variables. Reasons for the higher "sum of

paying out" may be located in the nodes "paying out without respite" and
"investments" because these can be contolled by internal budgeting. The student may
explore these possibilities, getting hints for the reasons for his undesirably high sum.

Fig. 4. The price-demand curve corresponding to the goal-oriented hypothesis of Fig. 3

Fig. 5. Hypothesis for internal budgeting

Fig. 6. Feedback to the hypothesis for internal budgeting

Fig. 7. Part of the Landscape of WULPUS

4 Conclusions
We redesigned a "classical" forward chaining business game. The new game,
WULPUS, is "backward chaining" and "goal oriented", thus supporting our
hypotheses testing approach. According to our ISP-DL knowledge acquisition theory,
hypotheses testing takes place at impasse time when there are knowledge deficiencies
on the learner's side.
There is strong empirical evidence that system support in those impasse situations is
more efficient than in other problem solving situations. We put forward the
empirically testable hypothesis that learners working with the IPSE WULPUS gain
more procedural knowledge in less time.
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