STRUCTURAL TRANSPARENCY AS AN ELEMENT
OF BUSINESS SIMULATORS

Andreas Grofler’

Transparent-Box Business Simulators as a Middle Course
between Black-Boxes and Building Models from the Scratch

Pre-fabricated simulation tools like business simulators for individuals or computerized planning
games for groups usualy offer a user friendly interface. This allows inexperienced users a fast
access to the smulation since they do not have to posses specific knowledge about simulation
techniques. Furthermore, a learning process can be supported by various additional materia like
source material, external data, or instructional information creating complete, computerized
interactive learning environments (ILES). Thus, giving simulation models an easy-to-use interface
increases the acceptance of the simulation tool and draws attention to it. But, in addition to that,
the presence of an user interface and of additional information certainly also influences the
effectiveness of a computer ssmulation tool to support learning.

Adding features to provide structural information about the underlying model could be a meansto
combine the advantages of user friendly simulators with the power of model building and analysis
tools, which are supposed to give structural insight. Learners are not only able to examine the
results of their decisions but the causes of these results using powerful system dynamics
diagramming techniques. This introduces transparency to the former black-boxes, producing so
called transparent-box business ssimulators (TBBYS).

In the field of system dynamics the idea of providing transparency in business simulators is based
on the pioneering and long-lasting work of Machuca in Sevilla (e. g., 1991, 1992, Machuca et al.
1993, Machuca and Carrillo 1996). Additional research was done by Langley in London (1995).
To date also research projects at Bergen (see Davidsen and Spector 1997, Spector and Davidsen
1997) and Mannheim (Grofdler 1997) explore concepts and possibilities of emphasizing the
rel ationships between structure and behavior in interactive learning environments (for a definition
of terms related to computer-based simulation tools for learning purposes, see Maier and Grofdler
1998).

The paper reports on an experiment evaluating the relevance and effects of structural
transparency. This experimental design can also be used to examine other variations of business
simulators. Some hypotheses regarding the effectiveness of transparency were tested. Results
show the necessity for further research and collaboration.
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Effectiveness of Transparent-Box Business Simulators

General Hypotheses about Effectiveness of Transparency in Business Simulators

In order to measure the relevance and effectiveness of structural information (transparency
condition) four hypotheses were formulated:

13) Individuals who get structural information perform better in controlling a management
simulation than those who do not get it.

1b) Individuals who get structural information in two ways (presentation about system'’s
structure and help function containing information about system’s structure) perform
better in controlling a management simulation than those who only get one form of
structural information.

2a) Individuals who get structural information learn more about system structure and its
implications on system behavior than those who do not get it.

2b) Individuals who get structural information in two ways (presentation about system’s
structure and help function containing information about system’s structure) learn more
about system structure and its implications on system behavior than those who only get
one form of structural information.

To test these hypotheses in an experiment, the independent variables must systematically be
varied (see Zimbardo 1992, p. 25; for a discussion about the usefulness of experiments with
complex systems see, e. g. Kluwe 1993, pp. 405-408). Thus, a 2x2 experimental design with four
experimental groups is necessary: two groups of subjects who receive the presentation about the
feedback relationships, two groups which do not; two groups which have access to structural help
functions during playing the game, two which do not have this help.

An Experimental Design to Measure the Effectiveness of Transparency

However, in the actual experiment a dlightly modified design was used. As shown in
figure Figure 1, there was no third treatment group because that combination was tested in various
previous experiments with insignificantly positive results (e. g. SUR et a. 1992, Putz-Osterloh
1993, SU} 1996). In fact, subjects in these studies were quite good in reproducing structural
information provided, but they were not able to improve their system control competence. On the
other hand, experiments conducted by Langley (1995), who used “online cognitive feedback”
(i.,e, a sort of help function), showed effects concerning subjects productivity
(performance/ time needed). Thus, structural help was examined in two different treatment
groups. In retrospect, however, it turned out to be a mistake to skip the third treatment group.
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The experiment comprised

1. an introduction to working with Learn!/, which was the business smulator used for the
experiment (see Milling and Maier 1997, p. 336)

2. the control group and one treatment group got a lecture about ratios and ratio systems while
the other group was given the presentation about the model structure,

3. three game runs with different scenarios, and

4. pre- and post-knowledge test.

This type of experimental design is known as Untreated Control Group Design with Pretest and
Posttest (see Cook and Campbell 1979, p. 103):
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Figure 2: Design of experiment



In Figure 2 O; stands for observation i, X; for treatment j. Thus, O, symbolizes the pre-knowledge
test, O, the post-knowledge test, X the presentation about system structure, and X, the structural
help function. The figure again shows the differences between the three experimental groups. The
experiment starts at the left hand side and advances with time to the right.*

All groups were urged to use the possibility of getting information while playing the game (by a
help function) during instruction. Structural help was available in al scenarios in the treatment
groups; the control groups could access the “normal” help function of Learn!. The actua usage of
the help function was measured by a program which recorded every call of asingle help page.

At the beginning of the experiment, two goals were made clear to the subjects: to obtain a good
result when controlling the simulation scenarios, and to learn as much as possible about system
structure and behavior.

! At this point, one can also consider the double function of the used simulation tool: it serves as a treatment as well
as being a means to measure the results of such a treatment. Methodological problems concerning this point are not
widely discussed so far.



Figure 3 shows the time table of the experiment:

duration | control group treatment group 1 treatment group 2
[min]
10 biographical and business | biographical and business | biographical and business
knowledge questionnaire | knowledge questionnaire | knowledge questionnaire
30 instructions about using instructions about using instructions about using
simulator (including help | simulator (including help | ssmulator (including help
function) and goal of function) and goal of function) and goal of
simulation play simulation play simulation play
30 pre-knowledge test pre-knowledge test pre-knowledge test
45 useless intervention: lecture | intervention: lecture and useless intervention: lecture
about ratios and ratio exercise about feedback about ratios and ratio
systems structure of main game systems
areas
45 1. scenario: equal starting | 1. scenario: equal starting | 1. scenario: equal starting
points points (with structural help) | points (with structural help)
45 2. scenario: unequal 2. scenario: unequal 2. scenario: unequal
starting points starting points (with starting points (with
structural help) structural help)
45 3. scenario: threat of 3. scenario: threat of 3. scenario: threat of
bankruptcy bankruptcy (with structural | bankruptcy (with structural
help) help)
30 post-knowledge test post-knowledge test post-knowledge test
280

Figure 3: Timetable of experiment

The subjectsin treatment group 1 got the above mentioned presentation about system structure. In
addition, the subjects had to complete short exercises concerning the three main areas of
importance in the pre-scenario intervention in order to turn declarative knowledge into procedural
knowledge, which is supposed to be responsible for controlling success of complex systems. The
groups receiving the “useless’ lecture also had to fulfill short exercises. Subjects in both
treatment groups played Learn! with structural help function.




The experiment was conducted with graduate students who could choose one of the three groups
without knowing the differences between them (12 persons in the control group and in treatment
group 1, 10 persons in treatment group 2, which adds up to 34 individuals). None of the subjects
had any previous experience with Learn!. The subjects was told that the content of the lectures
was crucia to playing the game in a successful way. The duration of scenario exploration had to
be long enough to give subjects a chance to examine the structural help provided and to acquire a
certain level of expertise. Thus, subjects had to play 15 game periods per 45 minute scenario
session. The use of different scenarios should lead to more stable results because it was
impossible for the subjects to improve by just repeating patterns of behavior (see Suf3 1996,
p. 13).

In order to measure history-related and future-related results, game results for each scenario were
measured using two scores comprising development of capital resources and product quality.
Subjects was told that both scores were equally important and that they had to maximize both
scores. The scores were displayed during the complete game run on the screen. As afinal measure
the mean value of the two scores was cal cul ated.

Learning was measured using a specific knowledge test built for Learn!. This test differs from
widely used knowledge tests, for instance, the “Heidelberger Struktur-Lege-Technik” (Schele and
Groeben 1984), in the sense that its main focus does not lie in the correct reproduction of abstract
system relations but in answering about consequences of certain actions in a certain situation:
subjects had to give prognoses about future system states. Thus, a qualitative instrument was used
to assess the qualitative (and not easily quantifiable) goal of knowledge accumulation. As an
example, subjects had to answer the question whether, in a given situation, the lowering of the
product prize would increase sales revenues. An understanding of the system structure should
help in fulfilling this task, but it is not enough to memorize and to reproduce, for instance, given
causal loop-diagrams to accomplish this goal. Like in the simulation game, subjects have to
predict results of decisions which are made. The questions comprise al decision areas of Learn!
and are embedded in a consultancy context (i. e., subjects take over the role of a consultant
showing the management of Learn! the results of their actions).

In addition to the advantage of not asking for memorized data, this method prevents the danger of
having answers which heavily depend on situational circumstances: each question has a definite
answer that can be checked for correctness. Nevertheless, the knowledge test aso contains a
section where subjects had to complete rudimentary causal loop diagrams. This part of the
knowledge test was analyzed using Funke's formula for quality of such diagrams (Funke 1985,
p. 456).

In the very beginning of the experiment, subjects had to fill out a small questionnaire to control
for potentially disturbing variables. They were asked about age, sex, field of studies, previous
experiences with management simulations, and attitude towards game playing. Furthermore, a
very short questionnaire was used to determine the level of business knowledge of the subjects.



Results of the Experiment

Internal consistency concerning results obtained in knowledge tests is satisfactory (Cronbach’s
apha = 0.74, see Cronbach 1990, p. 202). In contrast to this, Cronbach’s alpha for simulation
scores is only between 0.40 and 0.58 depending whether the history-related score, the future-
related score, or the mean of both is examined (see above, p. 6). Thus, concerning scores, interna
consistency israther low.

The business test showed no significant differences between the groups. Therefore, one can
suppose the groups were equal concerning their pre experimental knowledge of general
management issues. Also, the biographical questionnaire did not reveal any significant
differences between the groups.

In the pre-knowledge test no significant differences occured, but the control group performed
best. The control group also achieved the best results in the post-knowledge test; compared to
treatment group 2, they did even significantly better (0.039 in an Independent Samples T-Test).
So, groups differed in their performance in the knowledge tests.

Of more importance for the given issue is a change (improvement) from pre to post knowledge
test. For the complete sample only a small significant improvement of performance can be
observed (0.047 in a Paired Samples T-Test). If the groups are examined separately, one can find
astrong significant improvement for treatment group 1 (0.001 significance in a Paired Samples T-
Test), no significant changes for the other groups. These findings do not change if performance in
the causal loop diagramming part of the knowledge test is calculated separately from the
prognosis part of the knowledge test. If groups are compared one can find that treatment group 2
performs significantly worse than treatment group 1 in terms of knowledge test changes (0.013 in
an Independent Samples T-Test). Both treatment groups taken together show no significant
improvement in comparison to the control group.

The mean score does not improve from scenario 1 to scenario 3. This result was expected because
the difficulty of the scenarios increased. Treatment group 1 performed best, followed by treatment
group 2 and the control group. However, the only significant difference is found between
treatment group 1 and the control group for the third scenario (0.009 in a Independent Samples T-
Test). The two treatment groups combined do not perform significantly better in controlling the
simulator than the control group.

Overall game scores and knowledge test performance show a correlation of mere 0.149. There are
(at least) two explanations for this behavior: Firstly, criterium validity for the knowledge test is
rather low, which means that knowledge test performance does simply not predict game
performance. Then, there would be the need for a modified and improved knowledge test.
Secondly, there might be only a small interdependence between those two constructs (learning
and performance in game) at all. This would also lead to the conclusion, that Bakken’s statement
about control performance “is areasonable indicator for dynamic understanding” is not supported
by these results (Bakken 1989, p. 315). But, as was said before, this difference might be caused
by the knowledge test, which does not measure what Bakken names “dynamic understanding” (he



got his results from content analyses of written reports handed in from his subjects as a course
asssignment).

The number of help calls shows no significant differences between the two treatment groups.
Calculated over al three scenarios, the mean values for subjects calling the structural help
function is 10.58 (treatment groupl) respectively 12.90 (treatment group 2) times. Furthermore,
there is a substantial standard deviation to be observed for help calls (12.67 respectively 14.78).
There can no significant correlation be found between the number of help calls and the gaming
score: only 4% of score variance is explained by different number of help calls.

Because of the very low and unbalanced use of the structural help function a modification of
groups was also tested: treatment group 2 could also serve to extend the control group. This
means that treatment 2 (structural help function, X,) is removed from consideration and the
experimental design shown in Figure 2. Thus, the 22 subjects from treatment group 2 and the
control group now establish the new control group; treatment group 1 becomes the only treatment

group.

Using these new experimental groups there were no significant differences observed concerning
business test, pre-knowledge test, and post-knowledge test. However, improvement between the
knowledge tests as well as game performance showed significantly better results for the treatment
group (significance of 0.023 for knowledge test improvement and 0.031 for game scores in
Independent Samples T-Tests). Concerning control performance these findings are in contrast to
older findings reported in literature (see, e. g., SUf3 1996, p. 180).

In summary, one can find that only hypotheses 2b (“Individuals who get structural information in
two ways [presentation and help function] learn more about system structure and its implications
on system behavior than those who only get one form of structural information”) is supported by
the original experiment. However, with modified groups both remaining hypotheses (1b and 2b
do not make sense with only one treatment: presentation about system structure) are supported:
“Individuals who get structural information perform better in controlling a management
simulation than those who do not get it” and “Individuals who get structural information learn
more about system structure and its implications on system behavior than those who do not get
it.”

Further Research: Experimenting with Different Forms
of Structural Information

Although the above mentioned experiment yielded some interesting results it does certainly not
answer al questions related to business simulators and structural information.

A methodological problem is the small number of cases. Therefore, the experiment needs to be
replicated to extend the data base. This replication of the experiment will be conducted before the
1998 System Dynamics Conference. The conference presentation as well as later versions of this
paper will therefore report on the results of this experiment, too. Replication could also allow



other tests of the reliability of the experiment, for example, by calculating the test-retest stability
(see Moser 1993, p. 93).

Asin most similar experiments, the actual use of the help function was very low. Thus, effects of
help functions containing structural information cannot be measured, just because people do not
work with it. One can draw two conclusions from this. Firstly, the importance of the help
functions has to be emphasized even more during the experiment and subjects need to have
sufficient time to explore a help function. Secondly, one has to consider different forms for
providing structural information, either as akind of help function (active help?) or not.

The validity of the knowledge test is either quite low (missing correlation between test and
control performance) or subjects were in fact not able to use their knowledge while controlling
the complex system Learn!. This could be connected with the high complexity of the used
simulation tool, because literature shows corresponding findings. Subjects were able to acquire
knowledge which alowed them to answer the questions in the knowledge test, but this knowledge
was not suitable (or “at hand”) when it was needed to control the simulator. However, the
correlation of game performance with the knowledge test described here is much better than
another one which was used in connection with Learn! before (Wittmann et al. 1996, p. 18). But
itisdtill far from being satisfactory.

The embedding of the simulation in its environment certainly has influences on learning
effectiveness. Thus, some points must be taken into account to move from a management
simulation to a learning environment (constructive feedback from tutor, guides to improve
performance, links to things already known, etc., see Gagné 1985). In particular, additional work
is needed to clarify the role of the presentation (and the presenter, “human-human interactions”,
see Davidsen and Spector 1997, p. 759) which was given to the subjects in the beginning of the
experiment. Data measured in this experiment indicate that such a presentation is more effective
than it was said in literature: Even a non-reproductive knowledge test was solved better by
subjects who had obtained the presentation and game performance was improved as well.

Finally, the role of time to explore a system and therefore to learn about it cannot be neglected
(see Grofler 1997). The results of this experiment support the notion that the more complex a
system is the more time is needed to understand it and to learn from it. Furthermore, the search
for other means to produce significant learning effects than an enhanced help function has to be
intensified.
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