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VALIDATION PROBLEMS IN GAMES AND SIMULATIONS WITH

SPECIAL REFERENCE TO MODE

by Charles F. Hermann

Princeton University

To what extent are simulations and game

LS OF INTERNATIONAL POLITICS'

s valid representations of behavioral systems?

Although this frequently asked question is vital, it concerns only one aspect of the larger

issue of operating model validation. This ar

ticle describes how the purpose of the experi-

menter, the type of validity criteria, and the use or nonuse of human participants each in-
fluences validation. Many of the illustrations are drawn from games and simulations of
international politics, but the observations are intended to be applicable to similar activities
underway throughout the behavioral sciences.

[ o]

TECHNIQUES of gaming and simulation
are receiving widespread attention
throughout the behavioral sciences. We can
observe, for example, the proliferation of
these techniques in political science. Games
and simulations currently exist to explore
such topies as local politics, legislative proc-
esses, community and national election cam-
paigns, public opinion formation, political
bargaining, politics in developing countries,
American national government, international
politics, and disarmament. Indeed, in areas
like international polities or election proe-
esses, a potential user can choose from four or
five different models. Many of these tech-
niques are being used for instruction, others
for research, and some as adjuncts to policy
making.

A simulation or game is the partial repre-
sentation of some independent system.

t An earlier version of this paper was presented
at the American Political Science Association,
Chicago, Illinois, September, 1964. Some ideas
incorporated in the present version were gained by
the author’s participation in a Conference on
Problems of Validation in Simulation held at
Northwestern University in February, 1965 under
the joint sponsorship of the Joint War Games
Agency and the Advanced Research Projects
Agency. A special indebtedness is due to Harold
Guetzkow who directed that conference and
Abraham Kaplan who commented on the paper in
draft form. During the preparation of this article,
the author was supported by the Center of
International Studies at Princeton University.
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Usually we are interested in simulation as a
means for increasing our understanding of
the system it is intended to copy. Therefore,
the representativeness of a simulation or
game becomes extremely important in as-
sessing its value. The process of determining
how well one system replicates properties
of some other system is called validation. In
experimental research, validity is the good-
ness of fit or the correspondence between
phenomena produced by two sets of proper-
ties. Thus, a test designed to measure dogma-
tism is said to be valid if the test scores of
individuals correspond highly with the ex-
tent of their participation in activities stipu-
lated as dogmatic. In the present analysis,
however, validation will be defined more
broadly as any comparison between the
representation of a system and specified
criteria.

As a device for the representation of an
independent system, the simulation-gaming
technique is part of the generic class called
models. Thus, it is likely that some issues of
simulation or game validity are applicable
to other types of models. The distinctive
property of a simulation (or game) which
separates it from a wverbal, pictorial, or
mathematical representation of a system is
the former’s ability to evolve through time.
As the related components of a simulation

interact with one another and assume differ-
ent values, the model can take on states
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vastly different from the one that existed
initially. Not only is there a ‘“dynamic
quality” (Davis, 1966) to such models, but
they also are capable of producing events
that an observer could not readily derive
from the initial conditions of the simulation.
The emergence of unforeseen events that
oceur as this type of model operates through
time have led to the characterization of
games and simulations as ‘“operating mod-
els” (Brody, 1963 ; Guetzkow, 1959).

Although they are operating models,
simulations and games—Ilike other models—
are always a simplification of their reference
gystem. Some features are excluded. Those
elements incorporated in the model are often
represented so as to reduce the number and
complexity of actual components and rela-
tionships. Techniques for simplification in-
clude the following: compressing a number of
different properties into a single, prototypic
feature (for example, representing all or-
ganizations which influence an individual’s
opinion by one group); replacing one prop-
erty for another (such as representing the
production of goods and services by chips or
by symbols in a computer program); or in-
troducing a single probabilistic function (for
example, representing the complex of de-
terminants affecting success or failure in a
search and development program as a spe-
cific probability of a payoff).

The reduction of the observable universe,
necessary for the construction of a simula-
tion, helps to identify the operation of major
determinants in the system. Parsimony is a
significant contributor to a model’s value as
a device for prediction and explanation. On
the other hand, simplification and abstrac-
tion of processes and structures assumed to
exist in the referent system reduce the
credibility of claims that correspondence
exists between an operating model and its
intended referent. Simplification in model
building increases the uncertainty of a
simulation’s ‘“‘representativeness,” and thus
adds to the necessity for establishing va-
lidity.

The contention of this article is that simu-
lation or game validity is not a singular
problem. Instead, we may more accurately
refer to multiple validity issues. In the
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present context, three of these problems in
the validation of operating models will- be
discussed. First, the validity of an operating
model is affected by the purpose or use for
which the game or simulation is constructed.
What may be a relatively valid operating
model for one objective may be strikingly
unsatisfactory for another. Second, model
validation can be expected to vary according
to the type of validity criteria employed.
Third, the validation issues will be sig-
nificantly altered depending on whether
human participants are introduced into the
model. Although the author’s own experience
leads to illustrations of these problems
drawn primarily from international politics,
the observations presumably are applicable
to simulation and gaming techniques
throughout the behavioral sciences. Occa-
sional examples will be offered from this
wider range of studies. Moreover, some of the
comments may be salient to verbal and
mathematical models in which the problems
of validation appear equally essential and
equally neglected.

EFFECTS OF PURPOSE ON VALIDITY

We usually assume that the purpose for
using an operating model is to create an A4
(a game or a simulation) in a way such that
it will reproduce as accurately as possible as-
pects of B (a selected reference system).
This objective is frequently found in simu-
lation and game activity, particularly when
the purpose is to explain or predict the be-
havior of B. Not all games or simulations,
however, have that purpose. When the pri-
mary objective for an operating model is
not to replicate aspects of some system, then
the model’'s validity is affected. Outlined
below are other goals for gaming or simula-
tion and their implications for validation.
This list, however, does not exhaust all possi-
ble objectives.?

Alternatives and their consequences

Some operating models are designed to
generate altérnative courses of action and to
stimulate consideration of the possible con-

2 For a fuller discussion of the role of purpose in
simulation and game validity, see Kress (1965)
and Crow and Noel (1965).

i




i o AN AT sl ———— e

PR R E I I

A R EA WA &

218 CuarLes F. HERMANN

sequences associated with pursuing a par-
ticular alternative. Operating models with
this purpose are used by policy makers or
those who wish to explore policy problems.
With these games and simulations investiga-
tors hope to uncover aspects of policy man-
agement that might not otherwise be re-
vealed. For example, 76.7 percent of 73
government and academic participants in
political-military games at MIT indicated
on a questionnaire that one of the values of
political gaming was to increase the number
of alternatives that a policy maker would
perceive in a similar (not identical) real
situation (Barringer and Whaley, 1965). A
statement of the gaming objectives of the
Joint War Games Agency (Office of the
Joint Chiefs of Staff) reflects their interest in
using the technique to explore interpersonal
and interagency relations in handling various
hypothetical alternatives:

They [political-military games] are not intended
to be predictive. They are played by top level
officials from the White House, State, and Defense
Departments, and the Services for the following
benefits: . . . build inter-agency and interechelon
rapport; point up weak spots in coordination,
ete.; provide “feel” for Cold War “‘bargaining,”
negotiation, and escalation processes; broad over-
view for specialists; cross-fertilize ideas between
agencies (Giffin, 1965, p. 70).

In operating models designed for this pur-
pose, validation does not mean the “correct”
replication of the reference system. The
validity requirement is that the game or
simulation aid its users in such ways as to
detect useful alternative means of handling
a problem, need for more detailed planning,
or requirements for coordination.

Relative predictive ability

When game or simulation developers have
this purpose they are interested in the ability
of an operating model to predict certain
outcomes as compared to the projections of
other methods of prediction. If the issue is
the outcome of labor-management negotia-
tions, then a simulation of negotiation
processes is compared with the predictions
of mediators, the press, and so on. If the
task is to predict an election outcome, the
projections of a campaign simulation are
compared to those of polls (Pool, Abelson,
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and Popkin, 1965). Operating models are
usually assigned this purpose in situations
in which forecasts must be made. Thus, for
example, computer simulations of weather
forecasting have been compared with other
methods (Thompson, 1961). Even the best
method of prediction may be imperfect, but
because predictions are required, it is used.
In this instance, judgments about validity
are not drawn exclusively from the reference
system, but also from the alternative means
of making projections.

Instruction

Many games and simulations are designed
for teaching or training. A validity strategy
can be influenced by the instructional pur-
pose in several ways. No operating model
should transmit systematic misperceptions
or incorrect images of the reference system
involved in the instructional program. For
this reason some models acceptable for
various research activities may be unsatis-
factory for teaching. For example, consider
a complex operation in the reference system
which is simplified in the operating model
by a stochastic process. If the probabilities
assigned to the various alternatives are cor-
rect, the model will display the outcomes ac-
curately. Yet the student has not been given
information about how these outcomes are
actually obtained. Should he leave the game
or simulation believing the outcome is a
function of chance, he may be badly misin-
formed. On the other hand, an operating
model which does not necessarily correspond
accurately to its intended reference system
may still have vital educational attributes if
the lack of correspondence is understood by
the students. Under these conditions, a game
may provide the student with greater em-
pathy for those persons who operate in the
reference system than he might otherwise
have. Moreover, the game or simulation may
enhance motivation of students or trainees
in the subject. Use of the Carnegie Tech
Management Game as an educational device
for graduate students illustrates how in-
structional objectives may conflict with
careful representation of an actual business
firm. The game staff has discovered “that
presidents, executive vice presidents, and
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men in charge of marketing and production
Jearn more than men in other positions do.”
In other words, some game positions ‘‘are
regarded as routine and unchallenging—
they offer the fewest opportunities to learn
or to take actions that will affect the for-
tunes of the team’” (Cohen, Dill, Kuehn,
and Winters, 1964, pp. 263—264). The faculty
is faced with a choice between representing
more completely the variety of roles in a
firm, or a more simplified role structure that
maximizes the learning experience for all
students. In summary, the validity criteria
have shifted from the observable universe
to the effects on the cognitive and affective
systems of those individuals whom the
operating model is intended to instruct.

Hypothesis and theory construction

In developing a game or simulation, the
designer is required to be explicit about the
nature and relationships between the units
in the operating model and their counter-
parts in the observable universe. He must
specify the conditions which cause a rela-
tionship to vary. In constructing an operat-
ing model a connection between previously
unrelated findings may be discovered. Al-
ternatively, a specific gap in knowledge may
be pinpointed and hypotheses required by
the model may be advanced to provide an
explanation. Thus the authors of a simula-
tion of national policy formation describe
their current objective as the “generation of
hypotheses and explication of ideas sug-
gested by observations made during the
preparation and conduct of the experiments”
(Boguslaw, Davis, and Glick, 1966, p. 43).

Once the game or simulation is created,
its contribution to hypothesis and theory
building can be continued by determining
the completeness of the theory represented in
the model. A simulation currently under de-
velopment (Pool and Kessler, 1965) uses
basic principles of individual behavior to
explain  international behavior. The re-
searchers recognize that the variables in
their model account for only a small part of
international affairs. But they use the
simplified model to improve their theory of
world politics. “The best way to ascertain
what part, if any, individual psychology
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plays in the determination of political
behavior is to postulate the truth of the ex-
treme proposition and then see what con-
clusions it leads us to” (p. 32). In this ex-
ample, comparisons with criteria from the
observable universe will still be required.
Like other such enterprises, however, the
final validity criteria are in terms of the
heuristic payoff from the simulation for
hypothesis and theory building.

Nonexistent universes

Throughout this essay we use the term
“observable universe” interchangeably with
“reference system” to refer to that which a
game or simulation represents. The fact must
be recognized, however, that some simulations
and games are concerned with nonexistent
universes rather than observable ones. In
other words, some operating models are
designed for the purpose of exploring ‘“what-
would-have-happened-if”” worlds or condi-
tions of the future. Brody (1963) conducted
a series of simulations to investigate the
possible systemic effects of nuclear pro-
liferation on a bipolar international political
system. Similarly, Kahn (1962, p. 174-175)
has used the gaming technique to explore
various situations involving nuclear weapons
on the grounds ‘“that if we are to understand
the problems of national security and inter-
national order we must be sure to analyze
improbable and terrible situations.” For the
inquiry into nonexistent systems, establish-
ing appropriate validity criteria is difficult.
Logical consistency and reliability may be
relevant. Insofar as the nonexistent system
under investigation is a variant of an exist-
ing one, then the approaches which derive
criteria. from an observable referent (de-
seribed in the next section) may prove to be
of some value. The applicability of these ap-
proaches would appear to decrease as the
number of properties in the hypothetical
system which differ from any in the ob-
servable universe increases.

Two observations can be drawn from this
discussion of the various objectives of games
and simulations. The first comment is that
the validation of an operating model cannot
be separated from the purpose for which it is
designed and used. As two simulation re-
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searchers have recently concluded, “...ac- simulation) requires assessment of the de-
curacy and precision are no longer the sole gree of correspondence between the game
considerations in evaluating a method, . ..a and aspects of the reference system. The

method ‘valid’ for some purposes may not
be valid for others” (Crow and Noel, 1965,
p- 25). The second observation somewhat
mediates the first. For the most part the
various purposes for conducting games and
simulations do not negate the need for
criteria we can use to estimate the degree of
fidelity with which one system (the operat-
ing model) reproduces aspects of another
(the reference system). Given some purposes
for using games and simulations (such as
exploring nonexistent universes), finding ap-
propriate criteria in the referent system is
quite difficult. With other objectives, the
value of the operating model may remain
even if the fit between the model and various
criteria representing the observable universe
is poor (as in theory building).

Nevertheless, with models designed for
purposes such as those we have been de-
seribing, it is pertinent to ask such questions
as: Are the alternatives developed in this
model likely to be comparable to those we
will encounter in the actual system? How
accurate are the predictions we are obtain-
ing from the best available projection tech-
nique? Does the instructional game or simu-
lation bear a close resemblance to selected
aspects of the observable universe under
examination? Is a theory-building model a
reasonable representation of the phenomena
which we are ultimately interested in ex-
plaining? What correspondence is there be-
tween the model of a hypothetical system
and aspects of the observable universe? The
point is not that these are irrelevant validity
questions, but rather that they are not the
only validity questions.

TYPES OF VALIDITY CRITERIA

We have been considering the impact of
an operating model’s intended purpose on
validation. A more complete treatment of
simulation and game validity would ex-
amine the validity criteria associated with
each potential objective. In this limited
exploration, however, we will confine our
attention to criteria which are applicable
when the intended purpose for a game (or
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goodness of fit example is instructive for
several reasons. First, as we have noted, the
fidelity with which a model reproduces as-
pects of reality is relevant to simulations and
games with widely diverse purposes. Second,
it readily illustrates a number of the issues
involved in establishing wvalidity criteria.
Nevertheless, in the following discussion it
should be remembered that the use which is
made of a particular operating model will
introduce types of validity criteria other
than those designed to determine the degree
of correspondence between the model and
the reference system.

To determine the extent of representa-
tiveness it is necessary to establish what
aspects of the actual behavioral system
should be selected as validity standards or
criteria. The five approaches described be-
low identify criteria that parallel properties
found in most operating models. In all but
the first approach we are asking to what
features of the observable universe can we
extrapolate or generalize operations oc-
curring in a game or simulation.

Internal validity

Suppose the same game is executed a
number of times, each trial beginning with
identical parameter settings and the same
initial values. Any exogenous inputs intro-
duced during the course of the game are
held constant across all trials or runs. The
unexplained variance between these intended
replications would provide a measure of
reliability or what Campbell (1957) calls
“internal validity.” When the structured
simulation properties are held constant, the
smaller the between-run variance, the
greater the internal validity is assumed to
be. If the observed results of an operating
model can be attributed to extraneous fac-
tors rather than the specified relationships
in the simulation, then its internal validity
is low.

The nature of internal validity is illus-
trated by the study of nuclear proliferation
conducted in a series of runs with the Inter-
Nation Simulation (Brody, 1963). The ex-

VALIDATION I
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periment was repeated 17 times. Each simu-
lated international system began with the
same initial conditions—the same seven na-
tions, national resources, alliance affiliations,
government offices, and so on. So far as the
programmed aspects of this man-machine
simulation were concerned, the initial values
of all the parameters in every replication
were identical. Although the participants
differed in each run, efforts were made to
distribute them among the runs so as to re-
duce the between-run variance of psycho-
social characteristics judged by the experi-
menters to be critical. Nevertheless in three,
and only three, of the runs war occurred be-
tween the two opposing superpowers before
nuclear weapons were dispersed to other
nations (Caspary, 1962). The outbreak of
war cannot be explained by the endogenous
properties of the simulation. Some as yet
unidentified external factor or factors oper-
ated differently in three of the runs to alter
the outcome, and thereby reduced the in-
ternal validity.? With regard to operating
models, the critical requirement for relia-
bility or internal validity is that variations
be accounted for by identifiable relation-
ships within the game or simulation. In in-
ternal validity, then, the criterion is the
replicated simulation.

Face validity

Face validity is a surface or initial im-
pression of a simulation or game’s realism.
Probably no approach to model validity is
reported more frequently than the subjective
estimates of experimenters, observers, or
human participants as to the correspondence
between the model’s operation and their
perception of the actual phenomena which
the game or simulation represent. In de-
seribing their Carnegie Tech Management
Game, the authors (Cohen, Cyert, Dill,
Kuehn, Miller, Van Wormer, and Winters,
1962) comment: “After a period of develop-
ment and experimental trials we now have a
game which we feel has achieved a kind of

3Tt should be noted in regard to other variables
that the same series of simulation runs displayed
considerable internal wvalidity. For example,
Brody (1963) found no significant between-run
variance in the amount of hostility displayed
within and between alliances.
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complexity and realism desired” (p. 105). A
simulated air defense center was also re-
ported to have achieved considerable real-
ism. “Bach of the four crews gradually
came to behave as if it were in a real-life
situation. ... During enemy attacks, the
noise level in the station rose, men came to
their feet, and the excitement was obvious.

. On one oceasion, an officer slipped while
stepping off a dais and broke his leg. We
were not aware of this event for some ten
minutes because there was no perturbation
in the crew’s activity during the attack in
progress” (Chapman, Kennedy, Newell, and
Bill, 1962, p. 185).

Face validity can be a significant part of a
validity strategy. A quick impression that
“things don’t seem right” may be the only
validity check possible during the actual
operation of a game or simulation. Such
validity judgments and their evaluation may
also be part of the learning experience pro-
vided by operating models designed for in-
structional purposes. Furthermore, at least
one method for assessing the credibility of
simulation findings has assigned a substan-
tial role to the experimenter’s intuition about
a model’s validity. In their extension of
Bayesian subjective probability concepts to
the problems of validity, Rice and Smith
(1964) require the model builder to make
subjective probability estimates of the re-
liability and relevance of his simulation.

Although face validity has value in the
early stages of model building or for quick
checks during actual operation, its severe
limitations should be recognized. Sometimes
the experimenter will not know what be-
haviors are “realistic” because of his limited
experience observing the actual phenomena.
Participants can become interested and
highly motivated in an incorrect representa-
tion of the desired environment. If the
simulation involves the substitution of one
property for another, some features may
appear quite unreal and yet replicate the
performance of the reference system for
which the simulation was designed. The ac-
ceptance of face validity as a rough, first
approximation might be improved if the
simulator explicitly stated in advance what
observations would constitute indications
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that an aspect of the observable universe
had been successfully captured. In summary,
face validity in its usual form suffers from
the lack of explicit validity criteria.

Variable-parameter validity

Another approach to the validation of
operating models involves comparisons of
the simulation’s variables and parameters
with their assumed counterparts in the ob-
servable universe. Kelman (1965) is among
the social scientists who have stressed the
necessity of corresponding variables for es-
tablishing simulation validity. “A study con-
ducted in a very different setting may be
highly relevant if it has isolated a variable
that is crucial in international relations” (p.
597). Chadwick (1966) used this approach by
factor-analyzing core variables in the Inter-
Nation Simulation and separately factor
analyzing quantifiable real world indices
assumed to correspond to the core variables
in the simulation. Judgments about simula-
tion validity may be made from a compari-
son of the factors and of the variables load-
ing on each factor.

Sensitivity testing is a feature of variable-
parameter validity. In repeated runs of a
game or simulation the setting of a param-
eter or the range of values assigned a vari-
able are systematically changed to determine
what difference, if any, the alteration has on
the operation of the model. Sensitivity
analysis can be contrasted with internal
validity. The latter involves repeated runs of
an operating model in which all variables
and parameters are given identical values in
each replication. On the other hand, sensi-
tivity testing involves the systematic alter-
ing of a selected variable or parameter
through successive runs while all other
properties are held constant. Sensitivity
analysis revealed that an inappropriate
parameter had been included in the Simul-
matics Corporation simulation of the 1960
Presidential election (see Pool, Abelson, and
and Popkin, 1965). In repeated simulations
of that election the researchers varied ‘‘voter
turnout,” a parameter of the proportion of
various types of voters that would not cast
a ballot because they experienced cross-
pressures. The investigators discovered that
any value other than zero given to this
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parameter reduced the correspondence be-
tween simulation results and the actual
election.

The variable-parameter approach has the
advantage of isolating individual compo-
nents of the simulation. It is thus possible to
determine what particular features may be
reducing the representativeness of the
operating model. The use of simulation vari-
ables and parameters introduces the problem
of establishing operational definitions for
their real world counterparts. (The problem
is by no means unique to variable-parameter
validity criteria.) This task can be particu-
larly troublesome when the definitions must
correspond to a simulation variable or
parameter that is either an analogue or a
prototype intended to combine numerous
features of the reference system. Two further
difficulties are encountered with variable-
parameter validity. First, an operating model
consists of more than variables and param-
eters. It also involves the relationships
between these properties. This relational
aspect of a game or simulation receives only
indirect exploration through variable and
parameter validity. A second, practical re-
striction applies to sensitivity analysis. The
procedure is quite laborious and for a com-
plex model can be almost endless.

Event validity

A different validity approach employs
“patural” events as criteria against which
to compare outcomes occurring in the simu-

lation. In the present context, “‘event’ is de- |

fined to include patterns of behavior—such
as volume of communication—as well as iso-
lated occurrences. One exploratory exercise
with a simulation of international polities
attempted to replicate features of the crisis
preceding the First World War (Hermann

and Hermann, in press). The starting values |

of the simulation were set to represent the
principal nations engaged in events leading
to the war. Participants were selected and
assigned roles on the basis of their similarity
to historical figures on several personality
traits judged to be prominent in the major
decision makers in 1914. Events that re-
sulted from the operation of the simulation
were compared to those that transpired
during the critical days in 1914 to determine
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the degree of correspondence. A more ex-
tensive series of runs, currently being con-
ducted with the Inter-Nation Simulation,
endeavors to structure the initial conditions
parallel to the current world configuration
(Meier, 1963). The simulation is then played
several “years” into the future to create a
sequence of events that will be compared to
those actually emerging in the world over
the next few years. Similarly, when election
outcomes projected by a simulation are
compared with the actual campaign results,
event validity is involved (Pool, Abelson,
and Popkin, 1965).

To the extent that events can be equated
with the consequences or end products of a
simulation, they provide the material of im-
mediate relevance to the investigator with
interests in prediction. Because even the
most circumseribed event is the probable
result of interaction among numerous ele-
ments in the model, event validation may be
quite useful for checking the total simula-
tion, that is, the composite set of interrela-
tionships. By the same reasoning, however,
event, validation may be less useful for dis-
covering the exact parts of an operating
model responsible for incongruities between
the simulation events and those in the reality
to which it is compared. One critical ques-
tion for the event approach to validity is the
level of generality at which events should be
compared. In the simulation of World War
I, we can inquire about very macro events.
Did war occur? At a much more micro level
we might ask if the participants represent-
ing Russia held a conference corresponding
to the Russian Crown Council on July 25,
and, if they did, what decisions were made.
The large number of contributing factors
required for the occurrence of an event like
the outbreak of a world war demands repli-
cation of many features of reality—any one
of which might reverse the final outcome or
macro event if it failed. This line of reason-
ing suggests that the more general or macro
an event in the observable universe, the
greater will be an operating model’s difficulty
in reproducing that event. On the other
hand, the proposition has been advanced
(for example, see Kaplan, Skogstad, and
Girshick, 1950; Sprout and Sprout, 1961)
that the more specific and minute the event
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predicted, the less the probability of a suc-
cessful prediction.

A second problem encountered with event
validity is the selection of the appropriate
dimension for comparing oceurrences in a
simulation and its reference system. For
example, a particular event may be found
in both the game and its reference system,
but the temporal sequence may differ. Ger-
many mobilized after Russia in 1914, but
suppose a simulated Germany mobilized
first in an attempted replication. Or con-
sider a simulation event that is clearly differ-
ent in substance from any counterpart in
the observable universe, but appears similar
in the effect it achieves. Finally, the prob-
lem arises of weighting events of different
frequencies of occurrence. Is it as important
that a simulation replicate a diplomatic
message (a rather frequent class of events)
as it is that it replicate the elimination of a
head of state (a less frequent class of events)?
These questions illustrate some of the issues
that must be faced in establishing the simi-
larity or dissimilarity of events in labora-
tory and natural settings.*

Hypothesis validity

In this approach, hypothesized relation-
ships become the validity criteria. If X is
observed to bear a given relationship to ¥
in the observable universe, then X’ should
bear a corresponding relationship to Y’ in a
valid operating model. Hypothesis validity
differs from parameter-variable or event
validity in that the ecriteria are not indi-
vidual entities, but connections between two
or more units. At least two kinds of rela-
tionships can be used in hypothesis validity.
First, we can explore programmed relation-
ships which are an integral part of the op-
erating model. These relationships can be
stated as researchable hypotheses; or oc-
casionally, empirically verifiable proposi-
tions can be derived from them. A second
kind of hypothesis applicable in this validity
approach is independent of the programmed
relationships contained in the operating
model itself. Games or simulations can pro-
vide appropriate settings for investigating

4 Further discussion of problems experienced
with event validity can be found in Nardin (1965)
and Targ and Nardin (1965).
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hypotheses even though the relationship
between the variables is not required for the
operation of the model.

Work undertaken by Zinnes (1966) illus-
trates the approach to simulation validity
using hypotheses independent of the model’s
programmed structure. In her analysis, 13
hypotheses were statistically tested using
simulation and historical data. The hy-
potheses involved the relationships between
such variables as perception of hostility,
expression of hostility, frequency of inter-
action, and bloc or alliance membership. The
historical data were obtained from a content
analysis of diplomatic communications ex-
changed between the major European
powers in the 1914 crisis. A similar content
analysis was performed on the communica-
tions between simulated nations in an op-
erating model which made no attempt to
replicate the events surrounding the out-
break of World War I. Correspondence was
found in 9 of the 13 relationships. Inter-
pretations were advanced to explain the
absence of comparability on the remaining
four hypotheses. Although their immediate
concerns are different, Rice and Smith
(1964) also advocate the hypothesis ap-
proach to validity.

We should recognize that some hypotheses
may be valid in a variety of human systems
(families, unions, and so on). The fewer the
systems in which a relationship might be ex-
pected to be verified (other than the one
which the model represents), the more criti-
cal a test the hypothesis provides of the
operating model’s correspondence to a given
reference system. This argument parallels
a validity discussion of psychological tests.
In that literature the need for discriminant
as well as convergent validity has been
recognized (Campbell and Fiske, 1959). That
is, a test designed to measure one psycho-
logical concept (such as risk taking) should
not correlate with another instrument in-
tended to measure a totally different con-
cept (such as intelligence). If this interpreta-
tion were extended to games or simulations,
an operating model would be increasingly
valid as its operation was distinguishable
from systems which it was not intended to
represent, as well as by evidence of its con-
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vergence with the performance of the in-
tended reference system.

In the hypothesis approach to simulation
or game validity we need to select a series of
relationships engaging a variety of different
simulation components. Diversity should be
considered not only from the perspective of
different substantive variables and relation-
ships, but also in terms of the methods used
for representing the reference system in the
model. As we commented in the introduc-
tion, features of the observable universe
can be represented in an operating model by
reduction, transformation, and substitution.
Observations should be made to determine
if systematic differences in correspondence
occur with these different means of represen-
tation.

Similarities in proposed approaches

The five approaches for investigating the
validity of simulations and games share
several characteristics. They all involve the
comparison of some aspect of the operating
model with some criteria or standards. In
internal validity, the criteria are replications
of the game or simulation; the model be-
comes its own standard for establishing sta-
bility and consistency. The criteria used in
face validity are vague, but they exist as
subjective impressions of the relevant as-
pects of “reality.” Each of the remaining
three approaches selects an aspect of the
simulation or game and attempts to locate
corresponding criteria in the reference sys-
tem.

With the possible exception of face
validity, these approaches all imply statisti-
cal analysis. Unlike the usual research enter-
prise in behavioral science, the validation of
a model is improved when the null hypothe-
sis cannot be rejected. In other words, a
correspondence is suggested when no sig-
nificant difference can be identified between
the criterion and the simulation or game.

The usual formulation of the hypothesis of |

no difference, however, does not provide
much information on the relationship be-
tween the model and the criterion. Grant
(1962) has proposed a reorientation of the
null hypothesis so that failure to reject it
constitutes an exact expression of the covari-
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ation between data from the model and the
observable universe.

Statistical analysis emphasizes the need
for measuring the validity criteria in order
that an estimate of the fit between model
and criteria can be made. In addition to the
problem of measurement is the broader ques-
tion of what the criteria represent. Another
way to pose this issue is to ask: Are simula-
tion validity ecriteria “reality?” Without
engaging In an extensive philosophical dia-
logue, we accept Churchman’s (1961) ob-
servation that wvalidity criteria are only
“assertions” about what is assumed to exist.
Just as the games or simulations are approxi-
mations of “reality,” so are estimates of
variables, parameters, or relationships drawn
from the observable universe by content
analysis, interviews, factor analysis, or any
other method. This gives rise to the possi-
bility of the “hypothesis actually being false,

( and yet being confirmed by evidence in the

natural world and in the experimental
laboratory” (Rice and Smith, 1964). Al-
though all possible criteria against which we
can evaluate a simulation or game are only
approximations, our confidence in the model
may increase if a correspondence with an
independent estimate of ‘reality” is estab-
lished.

If a validity criterion is subject to dis-
tortion—particularly when it must be meas-
ured with our existing techniques—then we
cannot consider a simulation validated when
it is comparable to a single criterion. Simu-
lation and game validity must always be a
matter of degree. We may be more confident
of the validity of one simulation than
another if the former has been subjected to
(and supported by) a greater variety of
validity approaches and criteria. But it will
still remain a matter of degree. Once again

* our discussion is similar to the argument in

psychological test and measurement circles
over “construct validity.” Construct validity
can be defined as wvalidity determined by
numerous, partial criteria. It “must be in-
vestigated whenever no criterion or uni-
verse of content is acceptable as entirely ade-
quate to define the quality to be measured”
(Cronbach and Meehl, 1955, p. 282). Be-
cise no one criterion encompasses the
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totality of the test (in our case, an operating
model), multiple incomplete criteria are
required.

We have arrived at the position, then, that
multiple validity criteria are needed because
of the error in measurement and because of
the recognition that criteria can be only
assertions about ‘reality.” The necessity for
diverse validity criteria also may be a func-
tion of the kind of simulation. The more
abstract are the units of a model (in the
sense of removal from empirical referents)
and the more simplified its system of inter-
action, the more difficult becomes the task
of identifying relevant validity criteria. In
this sense it may be less difficult to estab-
lish a given degree of correspondence be-
tween the international political system and
a complex simulation than between the in-
ternational system and a Prisoner’s Di-
lemma game. A similar observation is made
by Pruitt (1964), although he notes that
“where a simpler situation can be found that
nevertheless bears similarity to international
relations, orderly relationships will more
easily be identified than in the Inter-Nation
Simulation” (p. 10).

By this point the reader who has con-
ducted simulation and game exercises may
protest that the requirement for multiple
checks against validity criteria defeats one
of his reasons for using operating models. A
researcher may turn to simulation experi-
ments because of the extreme difficulty he
encountered in collecting some types of sys-
tematic data in the natural setting. If the
simulation researcher is required to make
numerous validity checks on the variables
or hypotheses in which he is interested, why
not initially explore them directly in the
observable universe? Several responses can
be made. First, other reasons exist for work-
ing with operating models as suggested by
the various purposes described in the first
section. Moreover, a person may work with
an operating model even when areas of the
model have been subjected to little syste-
matic validation. When some elements of a
model have been supported by validity op-
erations, we may cautiously infer a degree
of validity to those related elements which
have not. This inference appears more justi-
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fied the more similar or related the rela-
tively unchecked components are to those
for which some degree of verification exists.

As a final observation about the five
validity approaches under examination, we
suggest that their individual strengths and
weaknesses may indicate a possible sequence
in which they can be employed. In the initial
construction of the simulation or game as
well as during its operation, face validity is
appropriate because of its ease and sim-
plicity. To establish the degree of control
and stability available in the operating
model, internal validity should be conducted
soon after the model’s development.’ With
the knowledge of the degree of internal
validity, we are prepared to investigate in a
more detailed fashion the extent to which we
can extrapolate from the simulation to its in-
tended reference system. At this point, atten-
tion can be directed to outputs produced by
the model. The outputs may be either events
or research hypotheses. Unlike earlier
validity steps, this phase lends itself to the
simultaneous performance of ongoing re-
search. If a game is designed to project elec-
tion outcomes, then runs for this purpose
can be conducted. If a simulation is to pro-
vide a setting for exploring judicial behavior,
then hypotheses can be investigated. For
purposes of validity some of the investigated
relationships should be capable of confirma-
tion or refutation by methods independent of
the operating model.

In all probability some distributions of
events or some kinds of hypotheses will pro-
duce results with unacceptable divergence
between the operating model and the ob-
servable universe. Although these incon-
gruous outputs may not pinpoint the in-

5 Must internal validity or reliability precede
external validity (that is, comparison of the
model to external standards)? The position taken
in this discussion is that the model user should
have some indication of the extent to which identi-
fiable properties in his model, as opposed to un-
known extraneous factors, are accounting for the
occurrences in the game or simulation. This re-
quirement does not mean that further validity
tests cannot continue until the model produces
identical outcomes in every run (phenomena
that may be unlikely in the reference system). It
does mean that before going on, the user should
have some indication of the degree to which be-
tween-run variance is unexplained by the known
qualities of the operating model.
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adequacy in the model, they should provide
a diagnosis of the general area which seems
unrepresentative. At this stage the validity
inquiry turns to the inputs and intervening
processes in the model—variable-parameter
validity and programmed hypothesis va-
lidity. Because ‘“‘a complex model can pre-
dict real-world outcomes correctly and yet
be wrong in many details” (Pool, et al,
1965, p. 64), an investigator may wish to
pursue validity approaches which focus on
the internal structure of the model at an
earlier stage in the operation of the simula-
tion. With a complex model, however, ex-
amining all possiblé parameter settings and
investigating all the assumptions can be an
extremely formidable task. By deferring this
stage until areas of trouble have been iso-
lated, we have put boundaries on the other-
wise endless task of sensitivity testing,

VALIDITY OF GAMES WITH HUMAN
PARTICIPANTS

The intent of this essay has been to set
forth some of the multiple validity problems |
associated with the use of operating models. |
We have described the impact of both pur-|
pose and criteria on validity. So far, we have |
not dealt directly with a set of recurrent:
questions about one kind of operating model
—those which involve human participants.
How can college students behave like ex-|

T

perienced political leaders? How can Ameri-
can participants represent the cultural
values of other societies? How can players |
reflect the considerations involved in a na-
tional decision to go to war, when thelr‘
wars cause no death or destructlon? The
issue raised by these inquiries affects model |
validity as directly as do those of purpose:
and criteria.

A distinction between games and simula- |
tions based upon the introduction of humans
as an element of the model is relevant to the
validity problem. Although no consensus
exists on the critical differences between the
concepts “game” and ‘‘simulation,” human
participation is frequently associated with
gaming. Operating models which represent,
human behavior symbolically and without!
actual human players have been character-|
ized as simulations (for example, Dawson,;
1962; Thorelli and Graves, 1964). Elsewhere,
Hermann (1965) has suggested that the
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operating model, the more restricte
the participant’s role.

Why humans are used

Because the introduction of hi
ticipants in a model complicate
problems, it may be useful to re
reasons why human players are
When applied to the study of
science, the representation of h
havior—either of individuals or
social entities—is essential for any
model. Our present stage of I
however, often makes the detailec
tion of many behavioral processe
dinarily difficult. For example,
of jurisprudence who develops a
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struct programs for relationships ¢
familiar psychological variables
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8 Several investigators (Guetzkow
1957; Zelditch & Hopkins, 1961) have
that a small number of participants ¢
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the positions of mass interest groups.
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necessity for participants in operating models
is a function of the degree to which rules
governing the relationships between ele-
ments of the model are programmed. In a
game only a limited number of rules gov-
eming the potential relationships in the
model are explicated before it is played. By
contrast, the relationships between elements
in a simulation are extensively programmed
during the construction of the model. When
the rules for the detailed operation of a
model are not fully specified, human partici-
pants and administrators become essential
to make such judgments during the actual
running of the model. Conversely, the more
programmed are the relationships in an
operating model, the more restricted becomes
the participant’s role.

Why humans are used

Because the introduction of human par-
ticipants in a model complicates validity
problems, it may be useful to review some
reasons why human players are included.
When applied to the study of behavioral
science, the representation of human be-
havior—either of individuals or of larger
social entities—is essential for any operating
model. Our present stage of knowledge,
however, often makes the detailed specifica-
tion of many behavioral processes extraor-
dinarily difficult. For example, a student
of jurisprudence who develops a computer
simulation may find himself obliged to con-
struct programs for relationships among un-
familiar psychological variables which he
finds necessary in order to represent basic
judicial decision making, but which are not
of immediate concern to his primary re-
search interests. To circumvent problems of
this type, some designers have introduced
the entire human organism into their models

. rather than use symbolic representations

of selected processes such as selective per-
ception and retention of information, choice
making, and affective and cognitive pro-

Several investigators (Guetzkow & Bowes,
1057; Zelditch & Hopkins, 1961) have contended
that a small number of participants can be used
not only for face-to-face group processes, but
also to represent features of much larger social
units. For example, in his public opinion game,
Davison (1961) has single individuals represent
the positions of mass interest groups.
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cedures. Similarly, the use of groups of par-
ticipants as a direct part of the game can
facilitate the problem of representing larger
social units.® The point to be made here is
not that symbolic representation of human
behavior is impossible; on the contrary some
important work is being done in this area
(Abelson and Carroll, 1965; Gullahorn and
Gullahorn, 1963). Rather, the observation is
that the introduction of human participants
frequently saves considerable cost and effort
in the construction of an operating model
and may avoid involving the designer in
areas which are inadequately understood.
Presumably the builder of an operating
model has made a conscious choice. He has
elected to adopt a method that permits the
introduction of complex human processes
which otherwise might be beyond inclusion
in his model. In selecting this method he is
aware that it may confound the results of
the structured aspects of his model in ways
that can be extremely difficult to identify.

A second reason for using human players
is derived from the purposes for which a
model is constructed. If the game is in-
tended to serve a pedagogical function, an
opportunity for student participation is fre-
quently required. Thus, a simulated aircraft
designed for pilot training must permit the
would-be pilots to interact with the model.
Similarly, a game designed for management
training must allow the trainees to become
participants. There are other objectives of
operating models that require human play-
ers. For example, a firm may conduct a busi-
ness game with a management group in an
effort to discover new marketing programs.
A government agency may wish to invite
personnel from various related departments
to participate in a game in order to establish
some experience in interagency communi-
cation and coordination on a given type of
problem solving. In each of these situations,
an important function of the model is the
involvement of individuals through direct
participation.

In addition to the facility for representing
human processes and the fulfillment of in-
structional purposes, human participation
introduces a class of ‘“real properties” into
an operating model. Real variables in a
model are identical to those which operate
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in the system which the model is intended to
represent. They can be contrasted with all
other model variables which by transforma-
tion or substitution are symbolic representa-
tions of their designated counterparts in the
reference system. The presence of real prop-
erties makes possible the operation of some
relationships as they function outside the
model. Moreover, as a class of real variables,
human participation in gaming alters one
aspect of the model validity problem. For
those properties directly represented in the
simulation as they exist in the reference
system, validity can be more confidently as-
sumed. As a minimum, human participants
frequently increase the face validity—that
is, the impression that aspects of reality are
being reproduced. Kennedy (1962) has de-
scribed games with human participants as
individuals or group operatings in synthetic
environments. As this description suggests,
gaming would appear to shift the validity
problem to the accurate representation of
the environment in which the real proper-
ties—human participants—are to be em-

bedded.’

Special validity problems

Although the third reason for using human
participants in models is intended to reduce
some validity problems, one must still be
certain that the game players are repre-
sentative of those in the reference system.
“Representativeness” is one of the four spe-
cial difficulties resulting from the use of
human participants that we shall examine
in the remainder of this section. In statistical
terms the question is whether the game
players and the reference system actors are
drawn from the same population with regard
to characteristics believed to be relevant to

7 Using humans as real properties may create
disparities in time between the players and their
environment. In many games time is greatly com-
pressed (or occasionally expanded) so that, for
example, a year is “played” in one hour. Al-
though many dynamics of the game are acceler-
ated, the real humans may be unable to escape
the bounds of biological time which limit the
speed with which they can read messages, com-
municate, and so forth. For a discussion of the
requirements necessary for creating a synthetic
environment for human participants, see Drabek
and Haas (in press).
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the model (such as intelligence, political ex-
perience, cultural values, and so forth).
The problem corresponds to the issue in the
psychological test and measurement litera-
ture called content validity—the adequacy
with which a test samples the universe of
attitudes, and so on, that it is designed to
measure. This would appear to be the valid-
ity problem raised when one asks if high
school students can act like national political
leaders? To answer this question we must
first establish the dimensions along which
we require correspondence. Once the salient
dimensions have been isolated, the degree of
representativeness of selected participants
becomes an empirical question capable of
solution. THus, the representativeness prob-
lem introduced by human participation in
gaming seems manageable. Moreover, it
should be recognized that this aspect of the
validity problem exists even if all the
properties in the simulation are symbolic.
A closely related validity problem created
by the use of human participants is the as
signment of players to unfamiliar roles. An
illustration of this difficulty is represented in
a game in which American civilians are in-
structed to “act like” Soviet military policy
makers. When an individual assumes a role
for which he has little or no information, the
resulting behavior may involve major and
systematic distortions from the behavior
associated with that role in the reference
system. Once this potential problem in
human gaming is recognized, several meth-
ods can be employed to cope with it. The
most obvious solution is to assign positions
in a game only to those who are quite familiar
with the role they are expected to play.
Thus, in the MIT political-military exercise
(Bloomfield and Whaley, 1965), the ind:
viduals who act as Soviet policy makers are
usually government or academic specialists
on Russian affairs. Even under these condi-
tions it may be highly desirable for the
player to explicate his basic assumptions
about the behavior pattern to be associated
with the role. When individuals with expe-
rience in a given position required by a game
are not available, an alternative solution is
possible. The game may be so structured
that certain constraints and responsibilities

D .
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are imposed by the format of the model. In
other words, the participant is instructed to
act as himself. He is not encouraged to define
his role on the basis of his conjecture of how
some other actors would behave. Instead,
role attributes are indicated by specified re-
quirements built into the model. The ab-
stract positions found in the Inter-Nation
Simulation (Guetzkow, Alger, Brody, Noel,
and Snyder, 1963) illustrate this alternative.
Instead of instructing a participant to as-
sume the dictatorial powers of a Hitler or
Stalin, aspects of the authoritarian leader’s
relationship to his polity are built into the
requirements of his office. Techniques for
role structuring include the use of rewards
for pursuing specified objectives, definition
of the available communication channels, the
kind of information that can be delivered and
received through each channel, and so forth.
Some subtle role characteristics may be
difficult to achieve inthis way, but thelimita-
tions must be weighed against the relevant
expertise of the probable participants.

An additional problem associated with the
use of human participants in games concerns
reliability, or what we have called internal
validity. The players and administrators of a
game, consciously or unconsciously, are
likely to alter the rules governing the opera-
tion of the model in different trials or runs
of the same game. Several consequences
emerge. First, as the freedom of the partici-
pants increases to introduce new, and often
unrecognized, elements into the game, the
task of establishing what variables con-
tributed to a given result becomes quite
complex. Second, considerable between-run
variance is probable; that is, it becomes ex-
tremely difficult to hold constant the ele-
ments and their interrelationships for pur-
poses of replication. The result is that games
—that is, models in which the participants
determine the rules of relationship—are
likely to have low internal validity. If the
components of a model and their arrange-
ment are subject to uncontrolled modifica-
tion, then the task of establishing the
model’s degree of correspondence to some
external reference system becomes almost
meaningless. A correspondence to a referent
obtained during one performance of such a
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model may not recur in any future opera-
tions of the same model.

The last implication of using human par-
ticipants which we shall consider introduces
one of the most perplexing validity prob-
lems. Can players obtain motivation in a
temporary, synthetic environment similar
to that which they experience in the actual
reference system? The issue is dramatized
within a model by the representation of
situations which in actuality would have
severe consequences for the individual —
that is, extreme physical or psychological
deprivation. What does it mean to be finan-
cially bankrupt in a game or to engage in
nuclear war? If the symbolic representation
of such conditions in a game is known to
the participants not to carry lasting signifi-
cant effects, then it may be doubtful that
players will manifest behaviors equivalent
to that found in the reference system. Many
commentators may be inclined to share
Davis’s (1966) conclusion that ‘“‘the emo-
tional overtones which always characterize
international crises can seldom—if ever—be
simulated in the laboratory” (p. 240).

Inducing an equivalent motive state may
be a validity criteria that cannot be closely
approximated for some kinds of circum-
stances in a laboratory setting. But several
possible approaches to the problem can be
described. The first alternative is to avoid
using humans in operating models designed
to explore situations which in the reference
system involve extreme consequences for
individuals. Thus, TEMPER (Apt, 1964), a
computer simulation designed to explore
various kinds of global conflicts, does not
include human participants. This solution
assumes that it is more likely for partiei-
pants to display similar behavior when the
actual situation to be represented does not
invoke extraordinary rewards or punish-
ments for the humans involved. A second
approach is based on the selection of partici-
pants who have considerable ability to be-
come totally involved in any environment
into which they are introduced. The assump-
tion in this alternative is that there are
significant individual differences in the abil-
ity to become engaged in synthetic environ-
ments. Moreover, those persons who display
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this role-playing capacity are assumed to
manifest the same behaviors as they would
if the environment were not a temporary,
synthetic one. Finally, situations demanding
high involvement might be deferred until
some predetermined level of involvement
had been obtained. If participants in various
runs of the model never reached the pre-
scribed threshold, then the particular game
might have to be discarded—at least for that
purpose. Several indicators of involvement
can be suggested. For example, several
studies report that under moderate stress
various kinds of performance increase, but
as the intensity of the stress continues to
rise performance falls off sharply. In an at-
tempt to produce stress situations, the
threshold might be an indication that per-
formance had passed the peak and turned
downward. Measures of ethnocentrism are
also available. If a high degree of national-
ism were identified in the reference system
behavior, some minimal degree of ethnocen-
trism might be required before accepting
data produced by a game. The particular
criteria will depend on the kind of situation
we attempt to replicate. One of the assump-
tions of this approach is that if a game can
produce some critical thresholds of partici-
pant involvement, then the players’ behavior
may approximate what would occur under
much more extreme conditions.

CONCLUSION

The primary issues discussed in this ar-
ticle may be summarized in four observa-
tions. (1) The validation of a simulation or
game is always a matter of degree. More-
over, a given operating model may be rela-
tively more valid by some criteria than by
others. (2) The validation of an operating
model cannot be separated from the purpose
for which it is designed and conducted.
Therefore, a simulation or game relatively
valid for one objective may not be equally
valid for another. (3) Given multiple validity
strategies, several of the broadly applicable
criteria may be reasonably applied in a par-
ticular sequence. Face validity can be used
in the construction stages; internal validity
can follow in the early trial runs; when re-
search is being performed event and re-
search hypothesis validity can be employed;
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if the previous validity checks indicate areas
of poor correspondence, variable-parameter
and programmed hypothesis validity can
then be engaged. (4) The use of human par-
ticipants in games significantly alters the re-
quired validation procedures. Although some
major problems are reduced by this intro-
duction of real properties, the net result
would appear to make the estimation of
validity more complex.

An examination of the game and simula-
tion literature from which the references in
this essay were drawn leads to a final con-
clusion. Validation questions, other than
that of face validity, have yet to be explored
for most operating models. Because a com-
prehensive investigation entails a variety of
approaches, we are confronted with operat-
ing models whose degree of validity is largely
unknown. Thus, insofar as their validation
is concerned, it is premature to reject or
accept the value of most simulations and
games in the behavioral sciences.
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