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AN ASSHESSMENT OF I)OOUMENTATIlONS STANDARDS FOR TEN
COMPUTER MODELS OF POLITIGAL PROBLEMB * -

_ Nazh CHOUORI ; -
Massachusetts Institute of Technology-

. In recent years, computer models have been increasingly employed
to examine political problems, and inferest in their usefulness for decision-
making has accordingly grown. Nonetheless the absence of agreed upon
standards of documentation makes it difficult to evaluate them in a sys-
tematic fashion or to deétermine the ease with which they can be used.
The purpose of this paper is to review the documentation available for
10 major computer models in pohtwal geience — a first step in evaluatmg
their usefulness and efficiency. :

A fully documented computer model should, at 2 mJnlmum, meet ten
generic requirements®:

1) Provide a precise statement of purpose;

2) Present a verbal description of the system;

3) Describe the historieal behaviour of the system and thé data base;

- 4) Illustrate the. centra.l questmn dynammally in terms of mfecrence
modes; '

5) Identify . -the system bounda.ry a.nd endagenous, exogenous and
excluded variables;

 8) Provide a. causal. dlagra,m md.ma.tmg the ma.]or feedback loops
(and/or causal relations);

" 7) Present a computer flow chart d1agra.m~
+8) Provide the equations, gpecifying. initial eondmons, eoeﬂmlents,
functional form,. and explanation of options available; :

. 9) Present bagic runs and sensitivity tests;

.. * I am grateful to Dennis Meadows, Dartmouth College, for suggestions regar-
ding the structure of this paper, and to Michael Lewitt, the Brookings Inatitutien,
for general comments and for describing his attempts to adapt and use four computer
models of political behaviour.

. 1 These criteria are adapted. from.suggestions by Dennis Meadows, Lectures,
CGCopenhagen July 1973 and froin U.S. General Accouutmg Office, “Audﬂ:mg & Com~
puter Model” {mimeograph version, 1974}, . ‘
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10) Make recommendations on policy.

In order to develop a computer model the author must, at some point,
address himgelf to each of these issues. But in many cases the information
is not publicly avialable and the output is presented with inadeguate
documentation regarding model structure, equations, options, data base,
or reference mode. Thig gituation is partly the result of the recency with
which political analysis have turned to computer models for assistance
in decision-making; and partly because of the absence of agreed upon
documentation standards for computer models in other fields.

The ten models reviewed in this paper cover a wide range of political
problems, have different purposes, and are of varying use to a decision-
maker. They include models of international conflict, internal political
development, external expansion, conflict resolution, international al-
liances, and cognitive processing in crisis situation. Table 1 lists each
model, with a descriptive title, purpose, and authors and their present
institutional affiliation?2 :

The procedure employed in this review is: first, to briefly describe each
of these models, noting the extent to which they meet the 10 generic
requirements; second, to compare these models in terms of a simple
scoring system, reporting the results in tabular form; and third, to make
some SUmMmary assessments regarding the current state of computer mo-
delling in political science, drawing upon the comparisons and attendant
scores. : '

1. UNITED NATIONS PEACE-MAKING

The purpose of the UN Peace-Making Simulation is to evaluate the
performance of the UN system to date and speculate about its future
behaviour. The model is composed of four ingredients: 1) an “operational
UN Charter” which defines expectations regarding the possibilities and
limitations of UN involvement in international disputes, 2) a formal
statement regarding how these expectations are turned into decision-
making, 3) a set of probabilistic equations for explaining and predicting
UN successes and failures, and 4) a learning or feedback mechanism for
revising the operational procedures in (1) above. The simulation is a pro-
cess model with learning and forgetting feedback, and is, in turn, based
on four assumption: quasi-resolution of conflict, avoiding uncertainty,
probabilistic search, and organizational learning. The procedure is to
work backward through the model from specific conflict outcomes to
identifying the rules and precedents used in deciding the outcomes.

% In the absence of specific information, both title and. statement of purpose
are formulated by this reviewer on the basic of available documentation. Rarely do
the authors themselves provide both title and statement of purpose.
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The purpose of the model is not specified clearly, buf the verbal
description is adequate. There is a diagram that serves both as a causal
diagram and a computer flow chart, and the authors provide a listing
of the model and the major equations. Sensitivity tests are made to see
how the model reproduces alternative conflict outcomes from the rules
modelled to generate them, But the policy implications are not specified
clearly, and the authors do not make any direct recommendations, although
they do reach some conclusions regarding the behaviour of the UN system
and the types of conflicts it deals with most effectively.

2, MODERNIZATION AND MASS POLITICS

The formal model of modernization and mass polities is designed to stu-
dy the conditions under which a government would win or lose support
in situations where there are competing requirements for resource al-
locations in their development programs. Modernization refers to economie,
politiecal and institutional changes. Mass politics refers to the political
behaviour of aggregates not individuals. The model focuses on four specific
aggregates: 2) rural population, b) urban population, ¢} government,
and d) political opposition. It is composed of there sectors or subsystem:
demographic, economic and political.

The statement of purpose is not unambiguous and the key guestion
is not specified dynamically, although one can identify a whole range
of political issues that could be examined with the model. The verbal
description of the system is fair and the authors do replicate the past
behaviour of two developing countries (Turkey and the Philippines) and
use these ag reference runs. There is a clear definition of the model in
terms of system boundary, endogenous, exogenous and excluded variables.
A flow chart is provided but not a causal diagram. A listing of the program
is included, specifying initial conditions, coefficients and data base, and
the authorg do make some sensitivity runs. However, the model is too
gimple to be a guide for policy-making, although it is an excellent pedago-
gical device and is being used in courses on modelling political behaviour.
This model was originally written in FORTRAN and rewritten in PL/1
for pedagogiecal use at M.IT,.

3. INTERNATIONAL ALLIANCES

The International Alliance Formation and Dissolution Simulation was
=gigned to enable a researcher to understand how internmational events
"+ lead to the formation and dissclution of alliances. It is essentially
xplanatory model of international alliance based on a logical structure
quences of events. The logic msed is grounded in prevailing theories
aternational alignments. It has not been designed for any policy uses,
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nor does the output suggest any ready policy recommendations. The sta-
tement of purpose is implicit. There ig8 & good verbal deseription of the
model, but an incomplete deseription of historical behaviour. The central
question is not posed dynamically nor are reference modes specified.
The data are adequate and & listing of the computer model is provided.
SBystem boundary, endogenous, exogenous and excluded variables are
all clearly specified. There is computer flow chart but not a causal loop
diagram. The model is structured on the basis of logical connections,
and not on functional or statistical relationships. Basic runs are presented
and some sensitivity tests are made. The model was never designed to
address a specific problem, nor does it have specific policy implications.
But it is very useful for testing hypotheses about development and break-
down of alliances among nations.

The model is written in FORTRAN IV and is available on fwo ma-
chines, IBM 360/65 and Digital Equipment PDP-10.

4. VIETNAM SIMULATION

The Simulation of Policies in the Vietnam war has as its purpose
to test and predict the impact of alternative economic and Ppolitical de-
cisions upon US casualties and the conduct and outeome of the war. It was
designed for policy purposes and has clear policy implications. But the
statement of purpose is not as clear as would be desirable, although the
verbal description of the model is good. To some extent, the issues are
posed dynamically, With respect to structure, there is a clear statement
of system boundary, of endogenous, exogenous, and excluded wvariables,
and a computer flow chart diagram. The program listing is available
from the aunthor. Congiderable effort is made in terms of sensitivity tests,
The author presents the results of both the basic reference runs and the
alternative policy runs, and makes some policy recommendations. Although
this model was designed speecifically for analyzing the Vietnam war,
it is a useful toel for exploring the consequences of alternative policies
in a military confrontation.

The model is written in FORTRAN IV and had been run initially on
IBM 7090 and revised for IBM 360/67.

5. DECISION-MAKING SIMULATION

Decision-Making in the Inter-Nation Simulation is designed to compare
how decigions are made in two settings: a} a man-machine simulatior
of international processes, the Inter-Nation Simulation (INS) at Nort’
western University, and b) an all machine simulation of internatis
decigion-processes. The INS is the major large-scale man-compuber :
delling effort in the field of international relations, and the effort to cu\

Y

~
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pare decision-processes is undertaken for theoretical purposes only and
has no direct policy implications. The author attempted to simulate the
rules of the human decision makers and in this respect, the statement
of purpose is clear. But the verbal description of the model is not complete;
there is some description of the historical behaviour of decision-making.
The problem is not posed dynamieally, and there are no reference modes
against which the output of alternative runs is compared. The simulation
is not time dependent, but is run on the basis of discrete “periods”, thus
making 5 dynamic definition of the purpose difficult.

The author does present the computer flow chart diagram, the equ-
ations, coefficients and data base. Sensitivity runs are made in terms
of changing environmental conditions and observing their consequences
for the behaviour of decision-maker and the decision rules adopted.
Although the simulation does provide some insights into decision-making
in international contexts, there are no explicit policy implications nor
e¢an any policy recommendations be made. This computer model was
clearly not intended to assist in policy-making.

" 6. CRISIS COMMUNICATION

The Crisis' Communication Computer Model was designed to better
understand the role of psychological principles in decision-making and,
by extension, to explore the process of deterrence and the reaction of
one party to signals and communications from another. The model was
structured to process incoming information through a series of psycholo-
gical propositions and to anticipate the response in terms of adherence
to these principles. The statement of purpose is thus general and not
posed sharply. However the model is tested againgt historical communi-
cation data in orisis situations (most notably communication among
the belligerents during the six weeks prior to the outbreak of World War I).
There i#¢ an implicit statement of system boundary and endogenius,
exogenous and excluded variables. There is a diagram that serves both
a8 a causal diagram and a computer flow chart. The model is composed
of logical connections and not of funetional or statistical relations. A listing
of the computer program is presented as well as the results of some basic
runs. :

The authors do not make policy recommendsations, other than the
general statement that an understanding of cognitive processes in deeision-
making is important as is an appreciation of the psychological principles
followed. This model is no longer operative since the computer on which
it was initially built for and run on hag been replaced. But the structure
has provided the inspiration for 4 subsequent model, noted below, designed
specifically te understand the cognitive processes in foreign policy making.

23 — New Trends...
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From g seientific perspective, therefore, this model has had important uses.
This model was written for MIT/CTSS, the Institute’s time sharing
system which has been replaced by MULTICS,

7. COGNITIVE PROCESSES AND FOREIGN POLICY

The Cognitive Processes and Foreign Policy Model has its origing
in the Crisis Computer Model. It is composed of & set of bivariate causal
relations representing the cognitive map (or individual beliefs) of decision-
makers. The operational purpose is to run the model on data regarding
the external events or international actions, and observe how these are
processed through the simulated decision-maker’s belief system to yield
a set of decision outcomes.

A decizion-maker’s belief system is represented as a map of the relations
between three types of concepts: a) affective concepts, referring to the
policy objectives of the decision-makers, b) cognitive concepts, referring
to beliefs about events which occur in the international system, and
¢) policy concepts, reflecting possible alternatives or options from which
a decision-maker may select policy recommendations. (The linkages are either
pogitive or negative, to indicate the nature of the relationship among
concepts). Five processes are invoked when a decision-maker is confronted
with & new international situation which may require a response from his
government: First, placing the new event in the context of his own expe-
riences ; second, searching for precedents; third, searching for consequences
in terms of anticipated outcomes if his government does not act; fourth,
searching for policy alternatives in terms of the options available; and,
finally, selecting policy options from a given set of alternatives.

The documentation is very poor. The statement of purpose, the verbal
description of the model are only fair. The historical behavionr of the
system is not well presented, although the data regarding the contents
of different belief systems is well documented. The issue of reference
modes is not really relevant since the questions they are concerned with
are not posed dynamically. There is, however, a clear definition of system
boundary, endogenous and excluded variables. There ig also a causal
diagram, but it is extraordinarily complex and extremely difficult to follow.
It i composed of an intricate network of bivariate relations which Tepre-
sent strictly causal relations. But these are neither funetional nor statistical
relationships, but rather a series of logical causal connections. The authors
do not provide a computer flow chart diagram, nor do they present a basic
run or undertake sensitivity tests. As presently structured, the model
does not have clear policy implications and the authors do not make policy
recommendations. However, the model can, potentially, be a powerful
tool for assisting in the making of foreign policy, with its structure modified
sgppropriastely. _ ‘
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8. INTERNATIONAL VIOLENCE

The Simulation Model of International Conflict is designed to provide
& better understanding of the causes of war. It is an econometric model
of the relationship among national expansion, intersections among spherés
of influence, military competition, international alignments, and violence
behaviour, It seeks to identify the national policies that could reduce
the trends toward violent conflict, and fo examine the implications of
alternative policies.

The statement of purpose is not very precise, but there is a good
verbal description of the model, its historical behaviour, and the data
upon which its parameters are based. But, the central question is not
stated dynamically nor are there reference modes against which the results
of sengitivity test are compared. The basic run is designed to correspond
with historical processes during a specific time period, and, is used, in
effect, as the reference mode.

There is a clear statement of system boundary, in terms of endogenous,
exogenous and excluded variables, and the causal diagram is provided
along with the individual equations. The model i structured to meet
all the criteria and restrictions of econometric models. The few sensiti-
vity tests undertaken are designed specifically to test the consequences
of alternative military budget policies, and some general policy recom-
mendations are put forth. But the major effort has been in building
the model and estimating its parameters from empirical data. The use
of the model for policy purposes was basically an after thought: the initial
purpose was to understand and replicate the cause of war with reference
to a particular historical period.

The model is written for TROLL/1, the time sharing system for the
estimation and simulation of econometric models developed by the Na-
tional Bureau of Economic Research and run on IBM 360/67.

8. RESOURCE BCARCITY AND FOREIGN PCGLICY

The computer model designed to examine the impacts of resource
scarcities of foreign policy was developed as a pilot study for a large-scale
project to examine problems of long-term resource availability for the
United States. The statement of purpose is general and not sufficiently
precigse. The model deseription is good, but there is an inadequate ex-
planation of the choice of parameters or funetional forms. There are
some verbal sketches of the historical relationship between resource
searcity and foreign policy. The central questions are not presented dyn-
amically nor are there a specific reference modes for the model. However,
there is clear definition of system boundary, time horizon, and of endo-
genous, exogenous and excluded variables. The authors present causal
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loop diagrams for each of the sectors of the model, and a combined diagram
for the model as a whole, but they do not present the flow chart diagrams,
thus making it difficult to others to understand precisely what has: been
done. A listing of the computer model is appended, excluding the key
parameters and initial conditions, thus, again, making it difficult for others
to use their model. Several sensitivity tests are undertaken, and & com-
parison of the resulbs is presented. Given the absence of a clear statement
of purpose, it is perhaps well that the authors do not make any policy
recommendations. However, this pilot study, undertaken primarily to
map out some international consequences of technological growth, and
resource depletion has provided the background and modelling expenenee
,for subsequent studies with specific policy purposes.

.10. DETERMINANTS OF LATERALL PRESSURE

Lateral Pressure refers to the propensities for extending national
behaviour outside territorial boundaries, and is a major cause of interna-
tional violence. Historically lateral pressure resulted from national
growth and the depletion of domestic resources: the more rapidly a society
is growing, the greater its lateral pressure. Lateral pressure is generally
high and growing during periods preceding the outbreak of war. Histori-
cally there is always a marked increase in lateral pressure before a major war.
This has been observed before World War II, the Korean War and the
Vietnam War, Involvement in war, in effect, absorbs a soeciety’s lateral
pressure, The computer model of the Determinants of Lateral Pressure
has as its purpose exploring the effects of alternative economic and mili-
tary policies on the expansion of U.8. behavicur outside national boun-
daries. .

Lateral pressure is modelled as a function of a society’s economie
growth and excess production and of the impact of population growth
and resource scarcity. The model is composed of. five sectors including:
a) population, b} resource availability, ¢) economic growth, and d) military
allocations. Each seetor is designed to yield an individual multiplier
upon lateral pressure, that fifth sector. The boundary of the system is well
specified, in terms of endogenous, exogenous and excluded variables,
and the parameters are derived from historical data. The ecentral question
is posed dynamiecally in terms of the alternative behaviour modes for US
foreign policy over time. There is a computer flow diagram, but not a causal
Ioop diagram. The model replicates known historieal behaviour of the
key variables very well over the period 1930 —1970. A series of sensitivity
tests are undertaken fo test the implications of alternative military, eco-
nomic, resource and demographic policies on the behaviour of the system
during the next 30 years. But the authors do not yet draw policy recom-
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mendations nor do they make full use of the medel for purposes of policy
analysis.

The model is written in DYNAMO II for MIT/TSO, the Institute’s
current time sharing system.

COMPARISON

Table 2 compares the 10 models according to their documentation
standards and the extent to which they meet the generic requirements
noted at the beginning. These comparisons are sketchy at best and must
be viewed only as & rough assessment of performance. The scoring system
is:

0 = requirement not met

1 = requirement poorly met

2 = requirement well met
The seore range for each model is 0 —20; similarly, the extent to which
each generie requirement is met ranges from 0--20. :

Table 2 indicates that, when viewed in terms of the 10 generic requi-
rements cited at the onsef, these models reflect a set of documentation
priorities that are largely inconsistent with those we have considered
ag generic. The performance of these models in terms of the generic re-
quirements appears as follows: Most models present a list of equations;
there is a good verbal description of the model, its historical behaviour
and system boundary; there are generally some basic runs and sensiti-
vity tests however, reference modes are not always clearly specified;
the purpose of the model is seldom stated clearly; there is either a eausal
loop diagram, or & computer flow chart, not both; rarely are the reference
modes specified ; still even more rarely are policy recommendations made.

Most of these models were not designed to assist in policy-making,
nor were they regarded as having explicit nuses for policy purposes. Policy
recommendations are thus viewed as being cutside the perview of the
modeller’s interests and/or eapabilities. Only 4 of the 10 models reviewed
were designed with an explicit policy purpose in mind (1. Formal Model
of Modernization and Mass Politics; 2. Simulation of Policies in the Viet-
nam War; 3. Cognitive Processes and Foreign Policy and 4. Determinante
of Lateral Pressure), and only two placed a great emphasis on sensitivity
tests and examining the consequences of alternative policies (1. Simulation
of Policies in the Vietnam War and 2. Determinants of Lateral Pressure).
Clearly, political scientists are not yet making full use of their models
for policy purposes, nor are they viewing the need to make policy recom-
mendations as a primary objective of their modelling efforts.

By far, the most widespread concern among political scientists is for
obtaining a better understanding of the gystemn modelled and for testing
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Table 2. A Summary Assessment
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scientific propositions (or “theories”). Fitting computer models against
empirioal data is the most dominant procedure employed and empirical
criteria are nsed. to evaluate the model’s performance — not its nsefulness
for policy purposes. Most often, these criteria are atatistical, and the
lawgs of probability are resorted to as the final arbiter of the model’s
performance. :
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