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flict, polarization, and evolution of new forms, which are almost
inherent in most behavioral/social and ecological situations., For
example, fear and rage may be conflicting emotions influencing aggre-
sive behavior. Divergence and splitting may lead to new éyatem forms
as in speciation.

In Zeeman's model of a stock market crash [13], the normal
factor is excess demand for stock (which could be a system dynamics
level variable), the behavior factor is the rate of change of the price
index (which could be a system dynamics rate variable), and the
splitiing factor is the proportion of the market held by speculators
as opposed to long-term investors (which could be a level variable,
but vﬁich would be difficult or impossible to enter causally into a
system dynamics model). Increase in the splitting factor causes
greater and greater divergence betwegn the top (bull market) and bot—
tom (bear market) skeets; that is, the 1aréer the eplitting factor,
the more severe the crash. The slow smooth recovery involves posi-
tive feedback loops in which the behavior factor affects the control
factors. Once again, it appears that catastrophes occur in the ab-
sence or exhaustion of negative-feedback regulation and control.

When equilibrium breaks down, catagtrophes follow.

Systen dynamics and catastrophe theory have fwo important

properties in common: (1) determiniem and (2) equilibrium. These

features could start the melding of the two basic constructs,

Dissipative Structures
Dissipative siructures are self-organizations arising

through thé occurrence and amplification of certain fluctuations in
systems obeiating far from equilibrium. The basic dynamice are as
follows:
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Nonequilibrium

3 Threshold > Instability through structural

1:_ fluctuation
Increased ¢11s:a:l.;matticmé--J

Ingtability, triggered by nonequilibrium‘conditions, maintaing
a continuous energy.dissipation (measurable by entropy production in
physicochemical aystems), which further increases the level of dig=
sipation, leading to further instabilities, Prigogine [10] calls
these processes evolutionary feedback. Nonequilibrium conditions lead
to exceeding a threshold, which now increases instability by means
of structural fluctuation, which in turn produces increased disai-‘
pation. The last, in a feedback loop, modifies the threshold,
leading to evolution through a succession of transitions.

.Most of the theory of, and experimential substantiation for,
dissipative siructures comes from physical chemistry. However,
Prigogine and his aszocigtea, incorporating research ideas from wor-
kers in seversl fields, have extended the theory to ecosyétems and
societal systema. One example is the oscillation between fautocrs-
tic" and "democratic" social structures among the Kachin tribes of
northern Burma. When the prestige of = new chief is larger than dis-
satisfaction with his ascension, the sutocratic regime remaina sta-
bls. But if dissatisfaction is greater than prestige, entry inte
the system of & few rebelliocus persons drives the»syatem to a revolu-
tionary state as the number of rebels increases explosively.

Cybernetic theories like system dynamics and control theory
do very well in describing self-regulation and why ecosystems and
eocieties giay the same, but they do not describe well how theee
systems change into new forms. Once agein, in evolution equilibris
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are not maintained but are destroyed; A system, subjected to a field
of external and internal forces that collectively surpass.some thresh=
0ld, ruptures and/or yields emergent new forms. As long as the boun-
‘dary of stability is not paséed, the system will return to essentiél—
ly its equilibrium state if the external perturbations and internsal
stresses and strains abate. Systgm equilibrium, stability, instabil-~
ity, collapse, and emergent organization thus are functions of the
;ensity and persistence of the given field of forces. There are
many realworld examples of systems that do not return to equilibrium
followirg removal of a perturbatidn; Hoiling [9], for example, dig=-
cusses the extinction of several species of commercial fish in all
five Great Lakes. Even wﬁen fishing pressure was removed, the fish
did not return. It is the belief of the present author that the éame
dynamics apply %o modern Western society, producing new structural
forms like the chronically unemployed, underemployed, and hopeless.
System dynamics models do not exploit sufficiently the con-
cepts of domain aﬁd boundary of stability, thatvis, behaviors at the
extrenes of oscillations or fluctuations beyond which the system
cannot return to its original condition. The adaptive capabilities
) of systems are sorely taxzed under conditions near stabllity boun-~
daries as established functions and policies fail to perform their
corrective actions. Although programs and policles, for example,
a training progfam, a birth control program, or & technological break~
through, may be introduéed exogenously at later times in a system
dynamics simulation run, these policies operate through the pre-set
systen structure and do not capture the breakdown of system struc-—
ture and emergence of new structure under conditions far from egui~

librium. For example, the analysis of the XKondratieff cycie in the
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National Model should focus not just on appérent causal factors such
as an excess of capital, on the quantitetive features of oscillations,
and on presently apparent corrective policies, but also on the emer-

gence of new kinds of structure. A retrospective and retrodictive

qualitative analysis of new forms emergent during the late downswing=

early upswing phase of past Kondrafieff cycles could contribute greate
1y both to theory-building gnd to polieymaking, Evoiution in general
proceeds in the direcfion of greater complexity, with each atégn re-
breaenting a succesaive reequi;ibration to changing forces. As en-
phasized throughout this paper, it is the critical intervals between
stages, such as the preaent one, that should receive our greastest

attention.

Toward a Melding of System Dynamics and Complementary Perspectives

As a point of focus, consider the anth:opolagical study of
the New Guinea Tsembaga tribespeople by Roy A. Rappaport. Rappa-
port emphasized the self-regulating function of ritusl in this so-
c;ety. Other, avolution-orienteq anthropologists, however, have éri—
ticized Rappaport'’s interpretations on the basis that they explain
sociasl stasis but not social chapge. Systems ecologists have in%er—
preted the study in terms of a society's maintaipning fluctuations
so that the stability boundaries do not contract and thereby reduce
the capability to respond to unexpected perturbations and ih turn
reduce survivability.

Shantzis and Behrens [12]‘designed a gystem dynamics simu-
lation model based mainly on Rappapori's Pigs for the Ancestors. The
model included criticel levels or thresholds for pig-person coipe—.
tition (social temperature or conflict to oiher authors) and for the

amount of humsn labor required to tend = given number of pigs. These
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critical levels, via a CLIP or FIFGE function, triggered festival
and warfare behavior in which many pigs and some people were killed,
thus restoring human population and pig population %o equilibrium le-
vels consistent with land carrying-capacity.

This model therefore simulates some features of a catas~
trophic jump. Indeed, one could envision an alternative catastrophe
theory model with pig numbers and human numbers as control factors

and human aggression as a behavior factor.

S——BEHAVIORAL/SOCIAL/SOCIOTECHNICAL THEORY

ENRICHENING SYSTEM DYNAMIC
Within the scope of present system dynamies theory, great
strides can be made toward greater fidelity through the better un-
derstanding and incorporation of theories and findings from psychol-
ogy, sociology, cultural anthropology, and the study of sociotechnical

systems.' Table 1 gives some representative consiructs.

Table i, Representative Behavioral/Social/Sociotechnical Constructs

Percertual Motivational - Social
At%ention Aspiration Competition
Ziazs Conflict Conflict
Gestalt Drive Contagion
Saturation Frusiration Diffusion
Stimulus strengih, duration Gap Movement

Hierarchy Role

Cosnitive Incentive Social comparison
Attitude Need Social temperature
Attribution
Belief Emotionel Cultural
Cozrarison Aggression Established practice
Creétivity Alienation BEthnic difference
Decision Helplessness Mores
Dissonance Hostility Political philosophy
Expectancy Nonrationality Religious difference
Imagination Sex difference
Intelligence Activity ]
Judzmernt Achievement Sociotechnical
Learning Acqusition Autonomy
lemory Consumption Innovation
Syztolism Discovery, invention
Thinking Participation
Value Technological impact

Work system
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Most of the areas have been studied by disciplinary special-
ists aﬁd apply to several hierarchical levels of living systems.- Un~-
fortunately, the specialists have provided few if any grand theories
recently and few if any "off-the-ghelf" models for ready incorporation
into eystem dynemics theory and ﬁodels. Thig does nof, however, jus-
tify the practice 6f some system dynamicists of Qggregatiﬁg and mask-
ing these factors in averages, delays, or purely economic variables.
Table 1 is meant to be both a source of new insightas and constructe'
and a source of caution that system dynamics theory and practide ap-
plied to socioeconomic systems will fail to represent the real world
in the absence of these factors. In many cases using these factors
is straightforward; for example, level of aspiration, level of expec-
tancy, and social comﬁarieon between these ievels and actual achieve-
ment lend themselves directly to system dynamics modeling.

Because of the criticality . of societal problems at the na-
tional and international levels, and because of the potential help-
fulness of the system dynaiiics National Model in the solution of these
problems, the remainder of this section will be devoted to work, em-
ployment, nonemployment, and productivity. Here motivational and
gociotechnical theory and findings oan most meaningfully be contri-

buted. In keeping with theories discussed earlier, it is collsctive

Tather than individual behavior that most demands our attention.

A Took at the Nationsl Model

Consider first the basic structure of the labor and prodﬁc-
tion sectors of the National Model. Unless recent modifications have
been made of which the present author is unaware, the basic structure
of the labor sector is as follows [8], [11]. The sector poasesses a

level or pool of the general nonemployed, a lsevel or pool of the
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nonemnployed for eaéh industrial-production sector, a level or pool
of the employed for each production sector, a level of wages, and five
rates, namely, departures from the sector and arrivals in the sector
connecting the first two levels, separation rate and hiring rate
connecting the second and third levels, and change in wages sccumu-
lated as wages. A
A number of ways in which the model might be improved by con-
sidering behavioral/socisl and sociotechnical factors can be summari-
zed as follows: .
1. ZThere is no simple relationship betwéen wageg and work performance.
Assembly-line workers, among the most highly paid blue-collar
iorkers, are also among the most alienated. Work fulfills other
functions beyond earning money. Money has a symbolic meaning
transcending purchasing power and consumption. People make trade-
offs among the various positive and negative incentives ("valences")
of 2 job and among work and non-work factors. Values and attitudes
toward work have changed greatly, partly as a function éf the
time and environment characterizing a person’s early life. What
were once considered privileges are now considered entitlements.
This attitude'change extends from the shop floor to the executive
suite. There is increasing demand for a high quality of work-life,

which in turn influences work-system design.

2. Fajor astention should be paid to chronic unemployment and under—‘ 5,
eaployment. These developments may represent nearly irreversible
catastrophie flips to new levels of equilibrium. Unemployment
and underemployment are not simply levels or pools into and from
which people flow mechanistically. Rather they represent the
results of evolutionary processes whereby the individuals conati-

tuting the level and the level itself have changed qualitative1y~ 129
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A paradox is ereated with regard to education and skill levels,
which are difficult to aséess and involve counterveiling forces.
On the one hand, political and psychological pressures and grade
inflation, coupled with mass education, appear to have reduced
the quality of a given level of education., On the other hand,
companies require higher educatioﬁal and skill levels, aggravatitg
the tendency to chronic unemployment of those with modest or ob-
solescent education and skill levels. A%t the same time there is
a'disparity between the educational and skill levels employers
demand for many jobs and the ébilities and skills actually re-
quired for these jobs. This disparity exacerbates the tendehcy
to chronic underemployment. Work is a primary psychosocial need,
not just a means of earning money and enabling consumption. Work

provides meaning, dignity, s feeling of gelf-worth, and an op-

' portunity for gself-fulfillment. No work, poorly designed work,

and exploitive work produce disaffection and alienation, which
not only reduce the productive capacity of the sociotechnical work
aystem but also spill over inte the family, the com;uhity, and
leisure-time activitiess Workers.dieplaced for economic and
technological reasons are not necessarily easily iransferred
among industrial sectors, thus exacerbatiné chronic conditions.
And chronic conditions breed hopelessness and decgease incentives.
The effects of automation and techniczl change may exceed & cri-
%ical threshold. After agsuming the role of a nonproblem fol-
lowing the 1966 release of tﬁe voluminous reports of the Nation=-

al Commission on Technology, Automation, and Economic Progress,
automation and technological change may be poised to trigger a
further catastrophic reconfiguration in the already weakened
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employment/nonemployment system, Rapid advances in computer and
coamunications technologies, and in the perceptualmotor and sim-
Ple decisional aspects of artificial intelligence and applications
to hierarchical industrial control and to industrial robotics,
seem likely to have imminent effects on the nature and availabile
ity of work.

fre effects of disaffection and alienation are already profound.
The decade-long productivity slump is at least partly due to these
factors. Alienated workers express their dissatisfaction on the
job by increases in job turnover, absenteeism, foot-dragging,
pilferage, vandalism, sabotage, crime, strikes, sick leave, al-

cosol and drug abuse, and psychosomatic reactions. In society

at large, disaffection and alienation underlie the rapid increases

in delinquency and crime, particularly random attacks and large-

" scale, attention-getting crimes like mass murder, assassination,

arson, and skyjacking. The costs of delinquency and crime are
huge, not only economically but also in terms of fear, societal

breakdown, and the compensatory retaliatory measures taken.

Production and productivity are complex and cannot be reduced to
simple or uniform producticn functions. The limitations apply

not only to simple functions like Cobb-Douglas (used in the Me-
sarovic-Pestel and Bariloche world models) but to more elaborate
Production functions ignore, distort, or mask

Perhaps

ones as well,
the effects of matural resources, technology, and labor.
their greatest limitation, however, is the agsumption that if

only enough and the right mix of capital and 1abor.were applied

to production, the results would be positive, increasing, and pre-

dictable., This assumption ignores the processes of saturation

130

6.

. =26

and exhaustion. Historically, large increases in production and
productivity were usually one~time-only occurrences, for example,
the mechanization of agriculture, the switch from'agriculture to
menufacturing, the switch from industrial electromechanical con-
trol to electronic conirol, and the switch from physicians' house

calls to physiciansg' seeing many patients at a central location.

In many areas furthér improvements may be spurious or may displace

additional large numbers of workers. Purther, the decline in rate
of growth of US productivity has often been attributed to declines
in funding for R&D. But this explanation overlooks the.insidious
decline in creativity, rate and quality of discofery and'innovation,
and psychosoclal climate in aging, ingrown funding and research
organizations. In addition, there are many inter-~industry and
inter-organizatiénal differences. For example, the ;Japanese
model" has already influenced thinking in many companies so that
ideas like layoff rate are obsoléte. Also, it is quite difficult
to predicellabor requirements for emerging jobe in the future
world where the National Model will partially operate.

Basging policies on ideas that arose in the 1950s and 1960s may

Yield dangerous outcomes. Much economic theory seems hardly
current. The ?hillips curve tradeoff between inflation and un-
employment provides a salient example. A given level or percentage

of unemployment might be accepted by the constituents, given a

" particular coanfiguration of the enveloping field of forces, until

cne small increment more results in surpassing a eritical threah-
0ld of temporary atability and the system erupts in violence,
This is what is happening in English cities
Prime Minister Margaret Thatcher's

looting, and arson.

at the time of this writing.
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monetarist tradeoff between inflation and unemployment, apparent-
lj unsuccessful on other grounds as well, seems to have been
singularly poor policy.
In short. causal diagrams involving the factors Just dia-
cussed could be quite different from those representing the Nation-
al Model.

CONCLUDING REMARKS

The present author considers system dynamics to be an inte-
gral part, perhaps.the core part, of a unified dynamic theory of the
evolution of complex living systems. This paper has discussed theg-
ries and constructs that appear to extend or enrichen feedback-basged
system dynamics in building the larger theory. But how compatible
are the theories and constructs when one approaches the tasks of
actually constructing theories testable against the real world and
models ugeful in policymaking?

Three categories of immediate further research are indicated:
1. Improvements of present policy~-significant system dynamics mo-

dels like the National Model to reflect better the behavioral/
social and sociotechnical forces, findings, and factors.

2. Construction of models to interact with system dynamics models,

System dynamies models could be variously entered, left, modi-
fied, and reentered. Probabilistic system dynamics was mentioned
as an example of this approach. It was also suggested that a N
céscade of models might be designed involving alternating system
dynamics and catastrophe theory or dissipative structure models.
Considerable thought-would nave to be directed toward the situ-
ations that trigger gxit from one model and entry into another.

It would be relatively straightforward to "fudge" such situations.
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However, model design should be based on a better understanding
of the relevant realworid thresholds, fluctuations, discontinui-
ties, etc.

3. Construction of a "unified_field-theoretic" model which endoge-
nizes all constructs., This task might yield major incompati-
bilities stemming from the basic mathematical modal of system

- dynamics and the DYNAMO compiler. For example, full mathemaii~
cal treatments of ceritical phenomena, cataatrophe theory, and
dissipative structures variously involve gets ot nonlinear equa- |
_¥ions, partial differential equations, higher-order ordinary
differential equations, and stochastic considerations. It ‘might
turn out that a simulation language like GASP IV would be more
appropriate for this formidabie task,

Continuation in the observation, coilection, and interpre-
tation of realworld phenomena and processes that can be used to test
and substantiate the basiec theory must.of course at least keep pace
with model-building and policymaking.
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