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Introduction

As one of its purposes, system dynamics seek to improve the performance of a
defined system. One of the benefits of using system dynamicsisthe ability to
systematicaly trace the antecedents of decisions and actions back to the underlying
gructures of the mental modes of policy makers. Systems are impacted by our
decisons and actions, and in turn, we are influenced, in reciproca fashion, by thewaysa
system responds to these choices and behaviors. At the root of these reiterative feedback
processes are mental modds, sets of beliefs and assumptions that govern our actions. It
has become nearly axiomatic in sysem dynamics that using microworlds can facilitate
explicating people s mentd modds. System dynamics modeing processes normdly
depicts a sysem in question through the use of computer-generated models in the hopes
of making the bdiefs and assumptions used in decison making more explicit. In many
cases, such models become the basis of microworlds thet are designed to enrich the
mental models of usars.

A question of seeming Sgnificance to sysem dynamics theory is one of knowing,
whether or not people s mental modds are changed after individuds play amicroworld
for aggnificant period of time. Do individuas actudly think differently as a result of
changes to their mental models as a direct consequence of playing a microworld?
Various methods have been used to ascertain transformations in menta models (Doyle,
Radzicki and Tress 1998, Dunham 2003). However, the evauation of any effects
atributed to the use of microworlds is mede difficult by the fact that atangible product is
not produced in the use o the microworld itsdlf. When feedback from actud task
performance effectiveness measures are absent, then efforts to evauate the impact of
microworlds often shift to judging decison-making efficacy in producing desirable
microworld performance outcomes. For example, if amicroworld involves operating a
business, then traditiona business performance metrics, such a capacity utilization,
market share, and profit can serve as surrogate measures of decison-meking
effectiveness. However, clams that microworld-driven performance, over time,
improved soldy due to changesin menta models is a difficult assertion to support.
Performance is most likely impacted by a number of variables, such aslearning effects,
application of specidized knowledge, and comfort in usng microworlds. A conundrum



often results in which participants are asked to salf-report changesin their own thinking
processes. Using questionnaires and sdlf-reporting has many benefits, but also serious
limitations noted by Doyle (1998) ad others. However the use of dpha-beta-gamma
andysis can hdp to limit some of the methodologica deficiencies of using

guestionnaires. “When evauation criteria are abgract or when individuas, work group,
or organizationd effort does not result in atangible product, questionnaires are often used
to detect the changes transpired. The observed changes may be the result of the
intervention, or they may be caused by a number of other variables (Zmud, 1978, p.662).

As an dterndive to the traditiond psychometric evauation methods for
measuring changesin menta modes, an gpproach used in the area of organizationd
interventions, known as dpha beta gammaanaysis may prove to be beneficid. This
gpproach relies on aprocess of comparative self-assessments done, over time, to cgpture
the direction of changesin menta modes as they unfold reative to previous pointsin
time. Thefocus of thismethod isto view changesin human thought and behavior
incrementaly as a process composed of numerous lesser events. Measuring the
effectiveness of change programsis an important and difficult task. It isimperative that
managers of organizations determine if the resources utilized in an intervention may yield
adesred increase in organizationd effectiveness and if Smilar results can be redized
from comparable interventions throughout an organization. (Zmud 1978 :662). The
purpose of this paper isto propose a methodology for using ‘ Alpha, Beta, Gamma
andyss to evduate the effects of microworld play on the menta models of managers
and aspiring managers.

Determining the presence of gamma change that is an important finding for
system modders. Gamma change involves a redefinition or re-conceptudization of some
domain, amgor change in the perspective or frame of reference within which phenomena
are percalved and dassfied, in what is taken to be relevant in some dice of redlity
(Torborg, Howard and Maxwel 1976: 134-135). Gamma change involves ashift in
dimensons of how redlity is being percaived -- the redefinition of both the rlevant
psychologica space aswell astheintervas used a time Tl. In sum, gamma change
refersto a shift from one gate to another (Golembiewski, 1986 :553). If playing
microworlds has an effect on the cognitive structures managers that are thought to be



important in decison-making processes, and an andydsindicates that gamma change
exigs, then, we propose, thet credit for the change in mental modelsis dueto the
exposure to gamma change. The impacts of measurement error etc. are analyzed by the
presence of dphaor betatype change being present. 1t is hypothesized that gamma
change can be used to measure achange in mentd models. Aninitid experiment in

usng gammachange is planned.

Resear ch Design

A preliminary sudy using twenty-five undergraduate busness mgorsis being
done. Inthisstudy students played a series of microworlds and were asked to respond to
aquesionnairein which critica variables that influenced their decisons, before and after
they participated in playing the microworld, were identified. The method described by
Torborg (1980) was gpplied to the collection of and andyss of data. He suggests the use
of profile andyds as ameans to determine if gamma change has occurred. Profile
andyssisamethod for examining differences between patterns of scores on the same st
of items or scales (Torborg, Howard and Maxwell 1980: 114). The profile set conggs of
pre, post, and what has been termed “then” answers to a saif-assessment questionnaire.
The profiles set is andyzed for the mean, shape, and dispersion of the collected profile
st (Nundly 1978). Severd datistica gpproaches are then gpplied to the data. Among
these are:

An inferentid test for non-independent datistics, suggested by Kirk (1978)

Group leve test (2 groups) Mann-Whitney U test

(Grester than 2 groups) Kruskdl-WalisH Test

Depending on the differences between the mean, shape, and digperson an assessment of
whether gamma change has occurred can be made. If gamma change is present, it can be
shown that a change in gtate has occurred. 1t is hoped that preliminary findings will be
helpful in assessing the impacts of microworlds on the user’s decison meking. Further,
the results may be compared to other methods under deve opment for evauation of the
impacts of microworlds as a possble test of vadidation of methods.



M easuring Cognitive Change

With regard to self-report data, al pha change represents arelatively unbiased
measure of variation between time 1 (T1) and time 2 (T2), where the report is taken using
adata collection instrument. Beta change refers to a variation in a measured state where
those apparent changes are due to recdibration of an instrument by participantsin
between assessments. (Torborg et. d .1980). With the presence of beta change, a biased
metric of change exigts. The difference between true change and that expressed by the
measure cannot be determined. It has been suggested that differences can be determined
from the collection of information of Pre and Post intervention surveys. Onecan
compare the differences between ided criterion levds and actud levels. For example, in
asystem dynamics framework, it could mean measuring the differences of how the
variables, and or loops are percelved as driving the dynamic behaviors of the sysem
versus the variable and or loops that are actud drivers of the system.

It has been suggested (Howard cited in Torborg et. d), that athird measure be
added to the Pre and Post testing normally preformed for evauating the presence of dpha
change. Thisthird measure is a second response to the post inquiry process. Firdt,
respondents report how they perceive themsaves a present. Immediately after
answering each item, they answer the same item again, only thistime in reference to how
they now perceive themsdlves to have been just before the microworld was played.
(Notel). Thisthird item islabded the Then measure. (p.112). Research (Howard and
Dally 1979, Howard, Dally and Gudanick, 1979) suggests that Then/Post measurements
were more Smilar to objective ratings of change in behavior and performance than
Pre/Post sdif reports.

When referencing the mental models of participants playing microworlds, we are,
in the Pre, asking after evauating the problems and sysem a hand — “What do you
believe to be the key variables that drive this sysem?’ In the Post we are asking-after
evauating the problems and system at hand — “What do you now bdlieve to be the key
vaiablesthat drive this sysem? In the Then we are asking —after evauating the
problems and system a hand, what do you now think about your Pre andyss of the
variables that was done earlier? Through Alpha Beta, Gamma andys's, participants are
ableto evauate what they now know as compared to what they thought they knew. The



differences that are reported, using a Pre/Then are gpparently a better measure of the
shiftsin pre and post assessments of a change than the use of a pre/post comparison

done

Method
The use of profile analys's has been suggested as a means to access the presence
of dpha, beta, or gammatypes of change. The method alows the measurement of
change a the individua and group levd. Profile andyss dlows the examingtion of the
patterns of scoresthat are collected. One can examine the closeness of the patterns under
question. Nundly, (1978) suggests that profiles can be compared based on thelr
datidtica levd, digtribution shape, and dispersion.
1 Levd -- The mean of scores on dl itemsin the profile. Profiles are amilar if the
means are not sgnificantly different.
2. Shape-- Two profilesare dmilar in shgpe if the corrdation between the two
profilesis pogtive and Satigicaly sgnificant from zero.
3. Digperdgon -- Two profiles are amilar in digperson, if the sandard deviation of
item scores in one profile is not Sgnificantly different from the Sandard deviation

of item scoresin the other profile.

Thetype of change that occurs in peopl€e s thinking is measured in two distinctly different

ways.
1 Beta change is reflected by a difference between an individud’s
mean scores across dl items on the Pre and Then measure.
2 Gamma changeis reflected by alack of congruence between factor

structures of ratings taken before and after the intervention.

Factor structures are based on the pattern of correations or patterns of covariances
among variables. Gamma change can be identified through examination of profile shapes
(corrdations) and profile digpersons (Sandard deviations). |If gamma change has
occurred then the correations between Pre and Post measures are less than the
correations between Post and Then messures. If the standard deviations of Post and



Then profiles are not different from each other but each is different form the standard
deviation of the Pre profile, thisis more evidence that gamma change has occurred.

This process can be applied to both the individua and group and may be another means
of evauating achangein thinking. Millsgp and Hartog( 1988) have suggested an
dternative method thet aids in the determination of whether the intervention or some
other variable was respongble for the gammachange. They define two types of gamma
change, differentid, which is an indication of change due to an intervertion effect,
whereas pardld changeisnot (p. 582).
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