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Exploring rationality with system dynamics based

simulators: A literature review

Extended Abstract

Simulators, interactive learning environments and microworlds have attracted atention for various
reasons, both within and outside the field of system dynamics? For more than 15 years many studies
have ether used smulators as research tools to explore human and organizationa characteritics, or
have presented smulators as ingruments for teaching. For both purposes, smulators promise to be
vaid means to achieve the gods intended as exemplified by the following two quotes considering the

potential vaue of smulators:

. Smulation-based learning is usualy expected to motivate, to invite active and deep
processing of subject matter, to dlow for systematic exploration, for fruitful failure, and for
unlimited practice, al of which should contribute to better learning outcomes, reduced learning

time, or both.” (Goodyear et al. 1991, 274)

“[With smulators we will] be able to do fieldwork in the laboratory, abeit under conditions
where the characteristics of the field are known in detail. Thus, we will have escaped the
narrow straits of the laboratory, as well as the deep blue sea of the fidd study, without losing too
much of the advantages of either approach.” (Brehmer/Dorner 1993, 183)

Simulators are computer-based smulation games of real-world scenarios. Regularly, smulators of

socid systems like, for instance, organizations are operating with a reduced level of detail compared

to redity. Users of smulators take on the role of decision-makers within the systems. In many cases



they posses practicdly unlimited power to decide on avalable decison varigbles, smilar to a
manager- owner of afirm.
Together, (1) a pre-configured forma smulaion modd, (2) a human-computer interaction
component and (3) gaming functiondity build the three basic aspects of a smulator (Maer and
Grofder 2000). The forma model, which underlies the smulator, determines how user decisons are
processed and what outcome they produce. The humancomputer interaction component is
responsible for presenting the current state of the model and dlowing the user to input decisons. The
gaming functiondity lays down, for example, for what time interva decisons have to be made,
whether and how different agents compete in the smulation, or the contextud story in which the
smulaion game is embedded. Smulators can be used for a variety of different purposes. research,
teaching and training, entertainment, personnd sdection, motivation, etc. In the context of this paper
we concentrate on the first area of application. It is investigated, to which extent smulator based
Sudies dlow the examination of the kind and the degree of human rationdlity.
From the further discussion in this paper we exclude the following tools as not being a smulator:
1. modding environments (e.g. Venam, Powersm or Stela/iThink) because they focus on the users
building models on their own, experimenting with them and changing them, not on pre- configured
modéls,

2. board games (eg. the “beer game’, Senge 1990) because they are not computerized and,
therefore, missalot of the features and peculiarities of smulators;

3. stand-aone smulation models (e.g. the “market growth modd”, Forrester 1968) because they
usuadly do not comprise an daborated user-computer interaction component or gaming

functiondlity;

1. Wewill usetheterm ,,asmulaor* throughout this paper. Our arguments apply to Smulators of
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4. role playing games because they do not use aforma mode to calculate outcomes of decisons,

5. group modd building interventions (Richardson and Andersen, 1995; Vennix 1996) because
they concentrate on the creation of a modd (not using an exigting one) and draw their power
mainly from the interaction between humans.

The objectives of this paper are twofold. First, we want to demongtrate the state of smulators as

wedl-accepted instruments in the system dynamics area. Despite of some open questions concerning

their vaidity they are used in a variety of ways to explore human and organizationa decision making.

Sacond, we am at summarizing empirica findings derived from a literature andyss. This endeavor is

connected to providing starting- points for identifying a number of remaining issues of Smulator usage

in research.

Our review was deliberatdly congtrained to literature from within the system dynamics literature.
With this regtriction we do not deny the extensive and elaborated work that has been done in other
fidds, for example, in psychology or in the teaching sciences. However, congraints on breadth and
focus of the papers to be included seemed unavoidable in order to achieve inter pretable results from
the review. Literature reviews stemming from other branches of science can, for example, be found
in Wolfe (1985), Kleinmuntz (1987), Funke (1991), Brehmer (1992), Funke (1995), Buchner
(1995).

Besides that, the concentration on system dynamics based literature has two reasons:

1. Wewant to contribute to the ongoing discussion between system dynamicists whether smulation
experiments without modeling can yield substantial gains for the user (Forrester 1961, Machuca

1992, Davidsen 1996).

socid, not merely technica systems.



2. System dynamics gppears to be an appropriate and effective tool to creste the underlying formd
mode of smulators (Groder 2001).
Thus, we used two mgor sources of references. the proceedings of the annua internationa system
dynamics conferences from 1985 to 2002 and the back issues of the System Dynamics Review
(Volumes 1 to 18). In addition, we included relevant papers from Morecroft and Sterman (1994)
and two specid issues of Smulation and Gaming (Symposum Issue System Dynamics and
Interactive Learning Environments, Vol. 31, Nos. 2 and 3, 2000). We did not include “isolated”
other papers published in this or another journal or in another book. In tota, our database contains
more than 200 entries from these sources. The complete database will be accessible at the World
Wide Web at the time of the workshop.

In the sysem dynamics fied two literature reviews on smulators exist. Both, the work of
Sterman (1994) and Hsiao and Richardson (1999) provided vauable sources of inspiration. Our
work, however, differs from their studies regarding scope of the review (as measured by number of
literature sources taken into account) and focus of investigation: on the one hand, this paper has a
narrower perspective because it only considers literature from a system dynamics context; on the
other hand, it is broader because it not only examines papers where smulators were used as
instruments to conduct research in decisionmaking but also evauation studies, generd discussons
on smulator desgn and mere presatations of smulators. Thus, we plit the totdl sample of papers
into four main categories according to their primary focus.

(A) Presentation of smulator only;

(B) Evduation studies that explore the effectiveness of a smulator (effects beyond the smulator

context on e.g. transfer of learning to daily work);



(C) Invedtigations into dynamic decisonmaking with the help of smulators (effects within a
smulator on e.g. performance);
(D) Generd discussons of smulator usage, design and utility without intensive refererce to one
or more specific Smulators,
After some remarks on the definition and the expected vaue of smulators, the paper presents a
broad sample of studies from the system dynamics literature; decriptive statistics from this sample
are shown. In the section after that a summary of empirica findings from the literature sample is

given. The paper closes with the discusson of issues connected to the usage of Smulatorsin research

about rationdity.

General description of the database
The results presented here very much represent work in progress and preliminary outcomes are

based on 214 collected papers. The following figure orders the papers by their year of publication.

number of papers
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As can be seen from the figure, there has been an interest in smulators from the middle of the 1980s

on. Although the number of publications generdly increased over the years, the last two years have
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seen a decline from 33 papers in 2000, to 13 in 2001 and 17 in 2002. Of the tota number of 214

papers, at present 30 papers have not been placed in one of the categories A to D described above.

In most cases the uncategorised studies are presentation handouts only and do not include a full

paper. Of the 184 papers which are categorised, the maority (80) concerns presentations of a

smulator without further reference to evaluations. These are the papers categorised as A. Categories

B and C are of main interest here and include 12 and 49 papers respectively. Category D includes

43 papers.

General description of research into dynamic decision making (category C)

Independent variables

Effect on performance

Positive effect Negative effect Mixed/ no effect
Modd characterigtics delay | high frequency (Bakken, 1992) | misperception time delay - no effect (Diehl, 1989)
(Sterman, 1989) - physical easier than reporting
delays (Brehmer, 1939)
- continuous essier than discrete
ddays (Barlas and Ocevin,
2001)
strength feedback - misperception feedback
decision to environment
(Sterman, 1989)
- increased negative or positive

feedback (Diehl, 1989)

- Langley, Paich and Sterman
(199)

- Young, Chen, Wang and Chen
(1997)

structura complexity

- change in competitor behavior
(Langley, Paich and Sterman,

- step increase exogenous input no
effect (Barlas and Ocevin, 2001)

1998)
- turbulence decreases
performance (Schultz, Dutta
and Johnson, 2000)
Simulator characteristics - no effect (Barlas and Ocevin,
length of decision interval 2001)

transparency - Grofer (1998) - CLDs confusing (O Nill, - grgphical mare useful than
- GrofYer, Maier and Milling 1992) numerica (O'Neill, 1992)
(2000)
interface design - Howie, Sy, Ford and Vicente

(2000, reduction
misperception)

- screen design impacts
performance (Y oung, Yang and
Wang, 1992)




cognitive feedback - decison rules and structure— - outcome feedback is not
behavior relationships aufficient (Diehl, 1988)
(Langley, 1995) - teaching how to make decison
- threshold warnings effective rules explicit has no effect
(O'Nsill, 1992) (Langley and Morecroft, 1996)

Player characterigtics
decision strategy

mental moddl/ cognitive
style

- higher amilarity mental modd

to smulator increases

performance (Ritchie-Dunham,

2001)

- financial models better than

health care models (Schultz,
Dutta and Johnson, 2000)

- short term goals negatively
affect performance (Y ang,
1996, 1997)

- feedforward better than feedback

strategy (Park, Kim, Yi and Jun
(19%)

- idem (Schultz, Dutta.and

Johnson, 2000)

- neither GCSl, nor MBI explain

variation in scores; Thetwo
abstract components of the GSD
(ASand AR) ssemtoexplain
simulator scores (Scott-Trees,
Doyle and Radzicki, 1996)

group composition

- pairsbetter than individuas

(Park, Kim, Yi and Jun, 1996)

The literature aso suggests a number of control variables that can influence dependent variables in

addition to the variables manipulated in the research: number of hours played, smulator (complexity

samulaor), indructions, presence of a facilitator, practice (Diehl, 1989) presence of monetary
rewards (Sterman, 1989: 310).

Other dependent variables, apart from performance in the table above, are the following:

- performance, transfer of learning (between smulators),
- indght: dynamic undergtanding or mental models (Doyle, Radzicki and Scott-Trees, 1996),
knowledge (Vennix 1990), knowledge (Grofder, 1998), causa understanding (M cCormack

and Ford, 1998), number of information terms, ingpecting time, menta model correctness
(Young, Yang and Wang, 1992), mental modd development (Shields 2001, 2002).

- thinking skills systemic thinking (Cavaari and Thompson, 1995), presence seven system
thinking skills (Maani and Mahargj, 2001)
- others: percaved usefulness dements (Cavaeri and Thompson, 1996), number of trids

before equilibrium achieved (Jensen, 2002), satisfaction (e.g. Kim, 1989), collective versus
‘egotidic’ decisons (0'Nelll, 1992)

Findly, the literature dso suggests combinations of independent variables or intermediate variables:

- combinations of independent variables and decison rules Sterman (1989), Langley, Paich
and Sterman (1998, in the form of smple CLD), Barlas and Ocevin (2001)
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- trangparancy to knowledge to performance (cf. Grofder, Maier and Milling, 2000)
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