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INTRODUCTION

In the spring of 1972 a group of scientists from Massachusetts
. Institute of Technology led by Dennis and Donella Meadows presgnted
their assessment of the present and future state of global society.
Their findings, oriented to» the general, informed, public as well as
the scientific community, were first published in the book Limits to
Growth.

Limits to. Growth is unique in several ways. First Limits to

Growth has forced an unprecedented debate among scientists, technol-
ogists, planners and policymakers by reason of its message and its

methodology. In the three years since publication Limits to Growth

has sold two million copies world wide.
Second it is more than a public pronouncement by a group of

concerned scientists about the state of the world such as Blueprint

for Survival (1972) is. Limits to Growth characterizes itself as a
summéry of findings on the basis of a scientific investigation aided
by computer fnodelling techniques. The study is based on a specific
theoretical stance, that of systems dynamics theory, deveioped
largely by Jay Forrester, a professor in Systems Management at
the M.I. T. Sloan School of Management. The systems dynamics
theory and the M.I. T. systems dynamics group approaéh is almost

1



universally perceived by the group itself and its critics to be an
inquiry into the nature of social systems using methé)dology:and
theories originating from tﬁe sciences of technology; that is, it is
~an engineer's approach to social systems.

Third, the study project was funded and supported by a group
of international industrial and government planners interested in the-
so-called ''predicament of mankind" and calling themselves the

"Club of Rome'. This procedure added to its further aura of scien-

tific endeavor to the undertaking. Limitsv to Qrowth became a
measured response to a qqestion posedAby a client rather than an
‘unsolicited assertion of a group of scientists,

Fourth and n;lost important to the perspective of this paper,
the ,whole-research group which refers to itself as the M.I. T. sys-
£ems dynamics group, their modelling technique, and their social
system theory all have a distinct history of development which is
closely associated with the development feedback systems or cybér—
netic systems at M.I. T. starting in the 1940's. The M.I. T. sys-
tems dynamics group is a prime example of what Berger and Luckman
(1966) refer to as a ''concrete social group' or what Holzner (1968)
calls an 'epistemic community'. Kuhn (.197'0) more specifically
refers to such a group as a ''particular community of specialists’'.
A long history of group development, social cohesion, and a shared

theoretical stance strongly suggests that the M.I. T. systems



dynamics group can be studied from the theoretical perspectives of
community studies and/or a sociology of knowledge.

This paper's approach, analogous to an anthropologist‘é re -
port, is of that strange tribe of '""MIT's'" who inhabit the Cambridge
side of the lo:wer reaches of the Charles River circa 1970. The
anthropologist is particularly interested in their beliefs about social
systems which are an outgrowth of their skills and techniques ac-
quired in desAigning and producing various artifacts of commerce and
industry.

One might at this point want to know something of the back-
ground and credentials of the "anthropélogist" that lead him to make
this study. The tradi.tional qualifications of a prospective field
researcher would allow that he know something about the "MIT's'"
but not too much lest he be too imbued with their beliefs himself.

My own qualifications are balance of knowledge and ignorance.
I attended M. I. T. as an undergraduate student in 1943. I have seen
Norbert Wiener who of course was the father of cybernetics, wander-
ing absent-mindedly through the halls and have heard anecdotes of
his absent-mindedness. I did not know him personally. Ihave for
years been a fan of his popular books but understood nbthing of the
basic mathematical theory of feedback systems.

I spent a good mar;y years as a construction engineer and

manager, and feel I have experienced something of the particular



"mi.'nd set" with which the engineer deals with problems. In addi-
tion to studying the writings of the M. I. T. systems dynamics group
and its predecessors such as Wiener, I did spend ten days at the
Sloan School taking an introductory course in systems dynamics and
managed to rub elbows for a short time with some of the members
of the Group, including Forrester.

There is a certain hard to define ancll explain middle class
and middle America quality about Norbert Wiener and Jay Forrester
and the engineer oriented members of the M.I. T. group. Engineers
rarely come from the higher strata of society. They are essentially
artisans that ''made good'. Wiener was born in Columbia, Mis-
souri, and Forrester in Anselmo, Nebraska. Wiener's f;ather
achieved some academic acclaim as the translator of Tolstoy and as
a Harvard professor. However he farmed in his spare time, and
young Norbert tinkered‘with equipment, and hiked and boated in a
rural setting. Forrester's pa;'ents lived a Nebraska sandhill cattle
rancher's life. Both Wiener and Forrester reveal this down to earth
'"hands on'' attitude in the implications they draw from even their
most sophisticated social theories.

Finally I have been a part of the so-called "environmental
movement'' for the past two years. My specific role was that of
chairman of the Sierr.a' Club Ozark Chapter Upper Mississippi Task

Fbrce, working primarily on th‘_e Locks and Dam #26 issue. There:



is a revolution going on every day in this country and in other parts

of the world. Limits to Growth is one of a number of theoretical

expressions of that revolution. The Locks and Dam #26 issue is
one small segment of the skirmish line on which the revolution is
fought.

This paper is divided into five chapters. Chapter I briefly

describes,th.e Limits to Growth model of world society and defines

Whé..t Forrester and Meadows mean by the term 'economic growth''.
One of the major premises of sociology of knowledge is then pre-
sented. All theories about world syétems are basically theories of.
legitimation of certain values. The historical dialectic raised by
the sirstem,s dynamics group pits present world ideologies built as
they are around the utility and necessity of economic growth, against
an emergent value system based on the judgment that economic growth
must come to a halt Within the next few decades and the sooner the
better.

Chapter II dea1§ with the theory and methodology of concrete
social groups and the way they define reality. It presents a typology
of the ''structure of conscious knowledge' adapted from Thomas

Kuhn's The Structure of Scientific Revolutions. This typology thus

' becomes the analytical tool by which the development of the M. I. T.
systems dynamics group can be interpreted.

Chapters III and IV consist of the actual interpretation of the



group's historical development first in the Wiener era and then in
the Forrester era.

Chapter V shifts to a 'second analytical tool in sociology of
knowledge methodology, that of t_he "structural analysis of epis-
temolqu. " ‘This approach develops a way of comparatively inte‘r—

preting the basic presuppositions of the Limits to Growth thesis to

those of its critics. Such an analysis lays bare a number of contra-
dictory assumptions about the nature of social systems and pits
those who believe in continuing world economic growth against those
who oppose it.

An epilogqe both summarizes and speculates on the signifi-
cance of the kind of sociological interpretation presented in this work
of the ideology of growth and the utopia of equilibrium.

It should be noted, in passing, that Meadows et al. (1974)

have published a second edition of Limits to Growth, but the changes

appear to be minor and the pagination is the same. All references

are to the first edition.



CHAPTER I

A SOCIOLOGICAL PERSPECTIVE ON THEORIES

OF GROWTH AND EQUILIBRIUM

1. Focus of This Study

A. Social Process of Theory Formation

This study focuses on the ongoing social processes of theory
formation. It is a description of how individuals as members of a
concrete social group think about social systems, share their world
views within their group, éxplain theii‘ ideas to others, and attempt
to pro.duce realities corresponding to these ideas. The types of
individuals under consideration are ''policymakers' or ''decision-
makers, " and the substantive issue is that of theories about global
trends ofiworld growth, particularly economic growth. The study
depicts the procéss of social change as a construction arising out of
interaction between social groups with conflicting visions of past,
present, and future realities as they relate to global problems of-
economic and population growth' versus equilibrium.

B. Social Theories of the M.I. T. Systems Dynamics Group
as Contrasted to the World View of World Technological

SocietY

Limits to Growth and the underlying social system theories

v



of systems dyriémics represent the group thinking of a number of

" scientists associated primarily with thé Massachusetts Institute of
Technoiogy, Sloan School of Management, beginning with Jay

. Forrester, founder of systems dynamics th‘eory and .d'eveloperr of

. the first prototype world systems model (cf. Forrester, 1961, 1968,
1969a, 1971). Thé group also includes Dennis Meadows, director of -
the Club of Romel project; his primary collaborators Donella H.
Meadows, Jérgen Randers and William H. Behrens, III; and other
project researchers. 2 More generally, ,it encompasses graduate
students and others of the facultir.o’fv the M.I. T. Sloan School of
Management who have developed various systems dynamics models.
Lastly, the group includes the predecessors of these contemporaries
such as Norbert Wiener and the deyelopers of Cybernetics at M. 1. T.
Taken together they are an e'xa.rhple of an evolving community of
scientific s‘pecialists whose thinking exhibits a certain communal
structure not found in world views of an historical era or a society
as a whole.

The M.I. T. systems dynamics group might be considered a
part of the ""environmental movement'' in that group members express
values of concern for the environment above thpse of economic
devglopment. The ''environmental movement, " however, is more
diffuse and has neither a common theoretical viewpoint nor a unified

"social structure, but is, rather, a coalition of many groups, both



scientific and social action oriented, with many specific points of
view and precise goals.

In like manner, those who believe in economic growth .do not
necessarily represent a single identifiable group, but rather, an
amorphous and ill-defined aggregate which includes pol'icymakers,
decisionmakers, 1eg‘itimators and theoretical advocates who feel
and express commitment to action programs built around the funda-
mental belief in economic growth. With this aggregate there are a
number of theo.ries of social systems, each predicated on belief in
the desirability ;)f and necessity for economic growth.

The confr.ontation between the ""utopians of equilibrium' and
the ''ideologists of growth'' parallels the nineteenth century struggle
between the Engels-Marxist theorists and the capitalist ideological
establishment. This confrontation, in its early stages, pitted a
small group of social theorists seeking scientific legitimation of
their theories against a broad-spectrum of societal controllers who
had no single theoretical stance but who shared belief structure built
out of their activities and experiences in the everyday world of
business, manufacturing, and finance. In each instance, utopian
theorists stand as surrogate experts and advoéates for a depressed
and powerless segment of society or class, The utoPians perceive
a need for an intellectually powerful theory as a rallying point for

depressed classes. The contemporary revolutionary movement pits

L]
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a powerful present generation against powerless future generations.
There is then a common element of class struggle that links the
Marxian capitalist confrontation in the ninetgenth century with the
confrontation between growth and equilibrium in the later half of the
twentieth. Awgain the quesfior; centers around the distribution of
capital between classes and masses. Now however representatives
of future populations diépute the ongoing irrevocable waste of capital
by present producing class, a waste that will deprive future genera-

tions of their existence.

C. Substantive Issue of Economic Growth

Limits to Growth (Meadows, et al., 1972:21) points out that

the problem of central concern is that of world exponential growth.
The Forrester-Meadows world model depicts the causal relationsﬂip
of five major variables: population, capital, nonrenewable resources,
pollution, and food per capita. The model is an attempt mathemati-
cally to portray the adverse impact that growth of the two variables
first mentioned have on the last three. It is, in'fact, a global en-
vironmental impact statement based on a computer modei of the causal
relationships of the major variables described above. These causal
relationships are changed by variorus. sets of assumptions. Each set
of assumptions generates a different system behavior that can be

explained and graphically represented by its own computer print out
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called a '"'model run. "

The Limits to Growth studies indicate that continued world

economic and population growth will lead to a world crisis some
time in the twenty-first. g:entliry with an attendant overgrowth and
collapse of the ''world system' and thus of world social order.
However, according to Forrester-and Meadows, of the two indepen-
dent variables, population grO\'Nth and capital growth, the latter is
the master villain. Their commentary and model runs (Meadows
et al.., 1972:140 & 160; and Forrester, 1961:121) indicate that con-
trol of capital growth could in itself effectively inhibit population
growth and lead to a state of world equilibrium. Population stabili-
zation alone would not prevent a world crisis situation.

This paper focuses on what is interchangably called c’aéital
growth, economic growth, or accelerating industrialization as the

issue of central concern. Critics of Limits toa Growth concede that

population .growth is a world problem (cf. Cole et al., 1973; U.S.
Department of Health, Education, and Welfare Publication, 1973;

and Knoppers,- 1972). It presents world policymakers with an es-
sentially different kind of problem than economic growth. The solu-
Vtion‘ to the population problem is one of convincing "publiés” who
control the institutions of family formation of the necessity of birth
control, or birth delay., either by persuasion or by force. The

population problem requires policymakers to influence and interact

L 4
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with -institutions they do not now completely control. On the other

hand, theories of global economic equilibrium confront directly the
ingrained belief structures of growth oriented policymakers them-
selves. These conflicts and contradictions in beliefs and values of

policymakers themselves is the central focus of this thesis.

2. Definitions of Economic Growth

‘What is economic growth, the phenomenon that imperilé
world order? Meadows et al. (1972:38) introduce the concept by
alluding to an ever-increasing world industrial output. They cite
the world industrial production index as computed by the United
Nations Department of Economic and Social Affairs and note an '
exponent_ia!l increase of 7% per year between 1963 and 1968 (see
Figure I). The authors next refer to the pe<r_capita increase in
Gross National Product of a number of countries for the years 1775
to 1969 (Figure I‘-I), and finally note the w,orldwide correlation be -
tween GNP and energy consumption per capita (Figure III). Yet these
are all social indicators of an '"evil'' thing rather than the thing itself.
(Meadows et al, 1972:40 & 70).

From the standpoint of the systems dynamics model, Meadows
et al (1972:39 & 95) define industrial capital as the world pool of all
industrially made physical assets, ''factories, trucks, tools, mach-

ines, etc.'" increased every year by investment and decreased by



FIGURE I: WORLD IND'USTVRI_AL PRODUCTION
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World industrial production, relative to the base year 1963, also shows a
clear exponential increase despite small fluctuations. The 1963-68 average
growth rate of total production is 7 percent per year. The per capita growth
rate is 5 percent per year.

i:{eproduced from Meadows et al. (1972:38).
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FIGURE II: ECONOMIC GROWTH RATES
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The economic growth of individual nations indicates that differences in
exponential growth rates are widening the economic gap between rich and
poor countries.

SOURCE: Simon Kuznets, Economic Growlh o! Nations (Cambridge, Mass.: Harvard Uni-

versity Press, 1971).

Reproduced from Meadows et.al., 1972:40.
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FIGURE III: ENERGY CONSUMPTION AND GNP
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Although the nations of the world consume greatly varying amounts of
energy per capita, energy consumption correlates fairly well with total

output per capita (GNP per capita). The relationship is generally linear,

with the scattering of points due to differences in climate, local fuel prices,
and emphasis on heavy industry.

SOURCES: Energy consumption from UN Department of Economic and Social Affairs,
Statistical Yearbook 1969 (New York: United Nations, 1970). GNP per capita from World
Bank Atlas (Washington, DC: international Bank for Reconstruction and Development,
1970). )

Reproduced from Meadows et al., 1972:70.
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physiqal depreciation (Figure IV). Meadows et al. are not inter-
ested in industrial capital in terms of absolute numbers but rather in
its rate of change or growth rate. They thus assume a year 1900
~value of one as the beginning industrial capital quantity level. This
is an operational definition of industrial growth and explains only how
the concept can be quantified and integrated into the model. It singles
out industrial capital formation from other elements of the generic
term, economic growth.

Not all industrial growth has the same impact on the global en-
vironment. For instance the development of some imaginary energy
producer that would receive its power from some inexha’ustible source
and would be completely non-polluting would greatly increase capital
formation without depleting or disturbing the environment.

A socie'ty'that values highly‘such cultural amenities as edu-
cation, books, paintings, physical exercise and access to open space
might find that their GNP increases even though resource dépletion
and pollution are at a standstill. According to the Ford Foundation
‘Repqrt (1974:89) the association between increasing energy use and
increasing GNP could become uncoupled in the future. Energy con-
sumption could be held and zero growth maintained Withouf concur-
rently cagsing GNP to flatten out. Social indicators and operational
definitions of economic growth may not hold over long per‘iods of.

_historical time.
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FIGURE IV: A DEFINITION OF INDUSTRIAL
CAPITAL FOR USE IN THE

MODEL

]
investiment (+) "22;?5;3% (=) depreciztion
. & - g L
{capital added {capital discarded
per year) » per year)
T & \g, T
investment industrial average lifelime
rate “output of capital

‘Rép‘roduced from Meadows, et al., 1972:39.
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Those segments of economic growth that promote invent{on,
research, and effiéjency would be expanded rather than curtailed in
an equilibrium society according to Meadows et al. (1972:163).

Behind the social indicators and operational definition of
economic gréwth is the assumption that economic growth is a cul-
tural value of world technological society. On this level of analysis,
the value of economic growth is what Mannheim ’(1953:42) has re-
ferred to as the ''inner motor or dynamic principle' of any belief
structure. A cultgrél belief structure in turn becomes the nucleus
of the social system. > Meadows et al.” (1972:124) represent the
present world social system in their "World Model Standard Run"
(Figure V), a perspective of world technological society as a social
system organized around the core cultural value of economic growth.

Meadows et al. (1972:181) emphasi'ze. the cultural nature of
economic grbwth by referring to it as the ''growth ethic.'" The
"growth ethic'' is the socially shared belief that every member unit
of society, individuals and groups alike, can endeavor to optimize
its gratification in terms of physical rewards without depleting the
physical environment. Meadows sums up his condemnation of the
growth ethic and presents his vision of an equilibrium society as
follows:

The final, most elusive, and most important information

we need deals with human values. As soon as a society
recognizes that it cannot maximize everything for every-




FIGURE V: "STANDARD' WORLD MODEL RUN--
THE ‘GLOBAL SYSTEM ORGANIZED
AROUND THE CORE CULTURAL VALUE
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The *'standard’’ world model run assumes no major change in the physical,
economic, or social relationships that have historically governed the de-
velopment of the world system. All variables plotted here follow historical
values from 1900 to 1970. Food, industrial output, and population grow
exponentially until the rapidly diminishing resource base forces a slowdown
in industrial growth. Because of natural delays in the system, both popu-
lation and poliution continue to increase tfor some time after the peak ot
industrialization. Population growth is finally halted by a rise in the death
rate due to decreased food and medical services.

Reproduced from Meadows et al., 1972:124.
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one, it must begin to make choices. Should there be more
people or more wealth, more wilderness or more automo-
biles, more food for the poor or more services for the
rich? Establishing the societal answers to questions like
these and translating those answers into policy is the es-
sence of the political process. Yet few people in any
society even realize that such choices are being made
every day, much less ask themselves what their own
choices would be. The equilibrium society will have to
weigh the trade-offs engendered by a finite earth not only
with consideration of present human values but also with
consideration of future generations. To do that, society
will need better means than exist today for clarifying the
realistic alternatives available, for establishing societal
goals, and for achieving the alternatives that are most
consistent with those goals. DBut most important of all,
long -term goals must be specified and short-term goals
made consistent with them. (Meadows et al., 1972:181)

\

The growth ethic is a shared world value in that it transcends
any differences in political and economic ideology between cé.pitalist,
communist and socialist countries. The growth ethic is shared alike
by developing nations and advanced industrial societies. Yet, ac-
cording to the M. I. T. systems dynamics group, this ethic is the
heart of the problem of world social system order and stability.

Mesarovic and Pestel (1974:5) in their sequel to Limits to
Growth, again funded by the Club of Rome and using more compli-
cated systems dynamics computer models as a forecasting tool, call
attention to the difference between organic growth and undifferen-
tiated growth. Organic growth in the social context envisions each
subunit of the world community growing as a functionally interde-

pendent part of the total world community. Undifferentiated growth
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'is defined as each subunit attemptihg to grow without consideration of
that growth effect on the other units. Undifferentiated growth
represents the growth ethic of present world society.

Enzensberger (\i974:4’), a neo-Marxist theorist, states the
problem in another way by shifting the emphasis from values to
societies and by using a terminology that contrasts "political ecology'’
with '"'world industrial society’;.. His statement of the central hypo-
thesis is: '"Industrial societies of this earth are producing ecological
contradictions, which must in the foreseeable future lead to their
collapse.

3. Theories About World Systems As
Theories of Legitimation

A. Ideal and Pragmatic Theories of Legitimation

Huber (1973) notes that there are two ways in which theories
about social systems present themselves to their adherents as
worthy of allegiance. Idealistic theory might offer convincing evi-
dence that the values it espouses command suppo‘rt regardless of
the consequerices.’ Pragmatic theory, on the other hand, justifies
its program of action by predictiqn of its own success. Such a
theory espouses not ultima»te values but intermediate values, or
action strategies that will lead society to what is ''obviously',

‘taken as common knowledge by the members, to be a better end state.
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Thus the beneficial direction in which society moves is what moti-
vates the believer. The values of both economic growth and eco-
nomic equilibrium are intermgdiate values or indicators of progress
within the context of pragmatic theory. This requires that protagon-
ists of each camp must offer a legitimating program which is, in
effect, a predictioh of the future.

Given the present histoi‘ical climate, it seems that such
legitimating theories must be cloaked in the mantle of ''scientific
authenticity. ' Otherwise they would not be convincing to ”prc;fes-
sionals', nor would they have 'the ring of authority' to lay publics.
Still if failure or success is to be the relevant criterion, as it is in
pragmatic theory, there must be a continuous, ongoing assessment
of the pr’obability of future events in the light of the reality of a given
present. In this sense, a ''science of the future' forms an indispen-
sable part of all pragmafcic theory.

Meadows et al. (1972:196) and Forrester (1968:3-4), and in
all probability their critics, éené rally agree with the assumption that
futures are not wholly deterministic, that is, that on the most com -
prehensive level of analysis, world social systems are ''open sys-
tems' --indeterminate and problematical be their nature. Pragmatic
value strategies and world views based on them are always subject to

new developments.

Given then, this one assumption that programs' successes
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are their own rationale, pragmatic value strategists advocate either
economic growth or economic equilibrium, based on ''objective"
and ''cognatively rational' arguments which their adversaries and
theoretical critics judge on three different pres-uppositibnal criteria.
The first criterion requires an ongoing objective assessment of
future ppssibilities in the light of present realities--a ''science of
preduction' or a ''science of tﬁe future''. Systems dynamics is
such a ''science''. The second criterion requires an interpretation
of the ultimate or overriding values that lie behind the purely inter-
mediate operational or strategic values of "growth' or ''equilibrium''.
The third criterion requires an assessment of the risk a policy maker
is willing to take in order to achieve his overall values in the light of
objective reality, a weighing of values against object realities.
Although the first presuppositional criterion can, in theory,
be dealt with as a problem in cognative rationality, the second and
third criteria are essentially subjective. Put another way, the
shared world view of both believers in economic growth and believers
in economic equilibrium stress a pragmatic scientific and cognative
rationality that tends to place the theoretical controversy between
the two groups in a preéuppositional arena of ''scientific theory"
rather than social action theories. Each group claims to be the
authentic representative of cumulative civilized knowledge. If the

opposing group is wrong, this is because its members do not possess



24

the right ''facts'', the correct "model", the '"'most comprehensive
and objective view of empirical reality'. Further, there is no
empirical rationale for assuming that all policy makers for the
global social system (or any other social system for that matter’
share the same group perspective. KEach one may see the fate of
his particular group as quite different from the fate of the aggregéte,
the total group, in relation to some specific existing social Sy-sterh

direction or policy strategy.

B. Basic Hypothesis of Sociology of Knowledge

The line of reasoning which serves as an introduction to what
can be called an hypothesis from the sociology of knowledge is for
this work, -as follows:

Cognatively rational theories about how social systems
work are inevitably founded on presuppositions which are
value judgments of the theorist as advocate of a social
group with whose destiny he identifies and whose ongoing
experiences he shares.

This hypothesis has been expressed in different terms by
Marx (1847), Mannheim (1936), Friedrichs (1970), and Gouldner

: 4
(1970).

Berger and Luckman (1966 :116) express this hypothesis by

pointing out that all theories about how social systems work are

theories of legitimation, that is, theories expressing the validity

and authenticity of future action. One would be incorrect, however, -



25

to consider social system theories as being irrational or founded in
part on irrational presumpt{ons. These theories form a special
class of rationality. Theories of legitimation pursue a line of
reasoning that falls outside pure reason as laid down by Hume and
his logical positivist followers (Ayer, 1959:10). While theories

of -social systems are, in a sense, metaphysical, for any one pursu-
ing a course of action they are hardly irrelevant -- as the theories
themselves determine in part the future fate of the theorist.

The problem for a discussion from the perspective of sociology -
of knowledge is not to confirm or deny the hypothesis of theories of
legitimation, nor to make a judgment on the substantive issue of eco-
nomic growth versus e'quilibrium. Rather, the task of the sociologist
of knowledge is to develop a method of interpretation of the two con-
flicting theories of legitimation.

Two diametrically opposed views of the present state and his-
torical direction of world society can be presented as rational argu-.
ments which evidence a social paradox. Quine (1966:1) spoke of
paradoxes as follows:

a paradox is just any conclusion that at first sounds’
absurd but that has an argument to sustain it . . . The
argument that sustains a paradox may expose the absurd-
ity of a buried premise or of some preconception previously -
reckoned as central to physical theory, to mathematics, or
to the thinking process. Catastrophe may lurk, therefore,
in the most innocent-seeming paradox. More than once in

history the discovery of paradox has been the occasion for
major reconstruction at the foundations of that thought.

*
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Comparative analysis of basic presuppositions leads one to
the final goal; that is, of fesolving paradoxes by exposing miscron-
ceptions about social systems. That there can be misconceptions
about social systems presumes that there is either some natural
order or better order of how social systems can be perceived than
either sidé presently possesses. Such a supposition presumes a
systematization of social system knowledge moving forward histor -
ically in a manner comparable to knowledge systems such as phy-

sical theory, mathematics or logic.

C. An Elaboration of the Concepts

According to I\/[.annhe‘im (1936:40) the term "ideolog')‘r" re -
flects the social theory cle ruling groups -- those who see their
interests best served by maintaining the social condition in question.
Opposing them are the oppressed groups -- utopians -- ''strongly
interested in the destruction or transvformation of a given condition
in society. " Ideologies and utopias as contrasting world views are
totaliy opposing belief structures.

Berger and Luckman (1966:92) believe the term world view
("Weltanschauung' from the German historicists) is too broad and
instead»substi_tutevthe notion of ''levels of legitimation'' of institu-
tional process. To them, one can distinguish roughly four discrete

levels of legitimation:
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1. Incipient legitimation, rules about language, how things are
done, rules of etiquette, routine, social custom;

2. Rudimentary theories, pragmatic schemes, prdverbs;

3. Theories of institutional order, rights of cousinhood, laws,
economic theories;

4, Symbolic universes, theories which ''encompass the institu-
tional order in its totality" (Bérger and Luckmann, 19_66:94-96).

Controversies between idec;logies and utopias have historic-
ally produced conflict on the third level of legitimation rather than
the fourth..6 '

On a different plane Rokeach (1970:3) analyzes belief
structures from the perspective of social psychology. He notes
that not all beliefs are equally important but rather vary along a
central-peripheral dimension. He proposes that ''the more central
the belief changed the more widespread the repercussions in the
rest of the bc;lief system. ' While Rokeach studies the individual's
beliefs his research seems applicable to shared beliefs of a com-
munity or a society.

In effect cultural belief structures present two centrality-
peripheral axes which require separate consideration. First one
vmight consider a cultural belief structure as an entity possessed by

an individual. Here centrality-peripheral measurements concern

how completely internalized is the norm in question - how close to
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"the innermost c‘oreb of the belief system" (Rékeach, 1970:6).
Second; one could consider the belief structure as a cultural ex-
ternality, that is, as the nucleus of the social system itself. In this
latter case, the individual need not believe in the norm itself at all
but is simply coerced into conforming action by the outside realities
of his social situation. 7

One can relate Rokeach's central peripheral typology to the
growth efhic by thinking of this ethic as central to both the great
majority in individuals' cultural belief systems and, in addition,
central to a dominant and objectively existing social system.

Lovejoy (1963:1) makes an observation from the perspective
of the history of philosophical doctrines. He notes that idea sys-
tems can best be understood by relatiﬁg them to a single proposition
.or unit-idea. The systemaiic development of any world view can
only be undertaken in relation to some specific problem of focus;
buT; there is no world view which is a commonly held totality of be -
liefs existing in a vacuum, that is, there is no group ''collective
consciousness'' that has a life of its own and can relate to any and
every problem in the world.

In summary, a world view is defined as follows:

(1) An ideology is a world view held bir the ruling group who
controls the existing social order and whose thought —processés,

social perceptions, mental models and theories about the social
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order are conditioned to the maintenance_.of that order. In contra-
distinction, a utopian world view reflects mental commitments of
those opposed to the existing social order.

(2) One can consider world views either as internalized
norms or beliefs held by the individual or as the nucleus of'an ex-
tant social system, an objectificétion of beliefs that coerce the par-
ticipants of the system into conformity. -

(3) Finally, a particular world view is intelligible or capable
of systematic analysis only if it is related to a specific proposition,
problem, or unit-idea.

4. The M.I.T. Systems Dynamics Group as
Social System Theorists

The question of economic growth versus economic equilibrium
is an important question, perhaps a fundamental question as far as
the future of world society is concerned. Laszlo (1973:3) presents
the predicament which every contemporary world system theorist

-faces:

' The argument I am advancing is that no model in exis -
tence today is sufficiently complete and free from error
to warrant implementation on a global scale. On the
other hand, to wait until sufficiently sophisticated models
are developed may be lethal; by that time world system-
atic processes may have shifted to catastrophic pathways.
If my argument is correct, it is improper to act now, and
it is folly to wait till later.

Thus the problem of economic growth may be the central problem of
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the future, but the solution must come in the present.

Aside from the subgtantive iséue of growth versus equilibrium,
the M.I. T. systems dynamics group as social system model-builders
and theorists merit a full invrestigat{on‘regardless of whether one
wishes to define their approach as scientific or action-oriented.
Their insights into the structure of social syStems with the mathe -
matical models which represent them can not be taken lightly.

Their approach to the following particular social system
problem areas requires further study and elaboration:

1. Concepts of open and closed systems;
2. Non-linear versus linear social system models;
3. Social systems as ""dynamic objects", objectvs which have ex-
tention in time rather than extension in space;
4. Decisionmakers ''mental models' of social systems as the
controlling mechanism of the system itself;
5. A social system as a grquping of parts that operate together
for a common purpose;
6. The notion of a multiplicity of social systems each one
organized around a question asked by the modeller;
7. Definitions of system boundary, system structure and sys-
tem ratiqnality;
8. The hypothesis that the rational choices and action of the

system decisionmakers can, in theory at least, control-any social

L



system.

In summary this paper is both a social history and an epis-
temic analysis of the M.I. T. systems dynamics group, a concrete
social group who has developed a theory of social systems that
explains the coming or proposed transformation of world society
| from one oriented toward economic and population growth to one
committed to equilibrium.

This paper focuses not on the substantive issue of growth
versus equilibrium itself but rather the question of how did this
group come to believe as they do about economic growth, and what
basic assumptions do they make that are in opposition to those who
believe in present world values of economic growth. The conflict
between growth and equilibrium has many elements of social struc-
ture that make it parallel to the nineteenth century struggle between
the working classes and capitalist elites. The contemporary con-
flict again centers around the distribution of capital, but this time

it pits the present producing class against future generations.
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CHAPTER I ENDNOTES

1. The Club of Rome plays an important role in the develop-
ment of the theory of world equilibrium. This group was made up
originally of thirty world policymakers from ten different countries.
They met at the Accademia dei Lincei in Rome in 1968 at the invita-
tion of Dr. Aurelio Peccei, an Italian industrial manager and
economist. They seemed to share the conviction that traditional
institutions and policies were not coping with the recently emerging
set of interconnected world problems which they defined as the
"world problematique'' or the ''predicament of mankind.' It was
through this group's efforts that the M. I. T. project culminating in
Limits to Growth was organized and funded. The connection between
the Club of Rome and the M.I. T. systems dynamics group is viewed
from a sociological perspective in Chapter IV.

"2. These include Dr. Alison A. Anderson, Dr. Jay M.
Anderson, Ilyas Bayar, Farhad Hakimzadeh, Dr. Steffen Harbordt,
Judith A. Machen, Peter Milling, Nirmala S. Murthy, Roger F.
Naill, Stephen Shantzis, John A. Seeger, Marilyn Williams, ‘Dr.
Erich K. O. Zahn. :

3. Forrester consistently refers to his systems dynamic
model as a model of a social system (Forrester, l969a:120;
1968:1-1; 1971:VII and 1). He defines the generic concept ''systems'
as ''a grouping of parts that operate together for a common purpose'
(1968:1-1). 1In a social system this nucleus of purpose could be
defined by the community of actors within the system or it could be
defined by the observer who studies the social system as Forrester
(1968:1-6) notes. In either case such a definition of purpose sup-
plies the cultural values, intended or unintended, which makes ob-
servable action meaningful. Parsons (1951:5) stresses the cultural
nature of social system values in the following definition of a social
éystem:

Reduced to the simplest possible terms, then, a social
system consists in a plurality of individual actors inter-
acting with each other in a situation which has at least a
physical or environmental aspect; actors who are moti-
vated in terms of a tendency to the optimization of grati-
fication and whose relation to their situations, including
each other, is defined and mediated in terms of a system
of culturally structured and shared symbols.
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Although Berger and Luckman (1966:82, note 52) shun the term
social system as suggestive of a functional integration of a num-
ber of unit social systems into one overall social system; 'they do
describe the social process as one of objectification of institutional
order. There thus seems to be a consensus among Forrester,
Parsons and Berger and Luckman that there is a phenomenon of
observable patterned social action organized around specific cul-
tural values. This phenomenon is called a social system.

- 4. This hypothesis has taken different forms in different
contexts. Marx's most important pronouncement on the matter is:

In direct contrast to German philosophy which descends

from heaven to earth, here we ascend from earth to heawven.
That is to say, we do not set out from what men say, imagine,
conceive, nor from men as narrated, thought of, imagined,
conceived, in order to arrive at men in the flesh. We set

out from real, active men, and on the basis of their real life-"
process we demonstrate the development of the ideological
reflexes and echoes of this life-process. The phantoms
formed in the human brain are also, necessarily, sublimates
of their material life-process, which is empirically verifi-
able and bound to material premises. Morality, religion,
metaphysics, all the rest of ideology and their corresponding
forms of consciousness, thus no longer retain the semblance

of independence. They have no history, no development;
but men, developing their material production and their
material intercourse, alter, along with this their real exis -
tence, their thinking and the products of their thinking.

Life is not determined by consciousness but consciousness
by life. (Marx, 1970:47, originally 1847).

. Mannheim states the hypothesis in two different ways:

The principal thesis of the sociology of knowledge is
that there are modes of thought which cannot be adequately
understood as long as their social origins are obscured.

It is indeed true that only the individual is capable of think-
ing. There is no such metaphysical entity as a group mind
which thinks over and above the heads of individuals, or
whose ideas the individual merely reproduces. Neverthe-
less it would be false to deduce from this that all the ideas
and sentiments which motivate an individual have their origin
in him alone, and can be adequately explained solely on the
basis of his own life -experience. (Mannheim, 1936:2).
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In actuality it is far from correct to assume that an in-
dividual of more or less fixed absolute capacities confronts
the world and in striving for the truth constructs a world
view out of the data of his experience. Nor can we believe
that he then compares his world view with that of other
individuals who have gained theirs in a similarly independent
fashion, and in a sort of discussion the true world-view is
brought to light and accepted by the others. In contrast to
this, it is much more correct to say that knowledge is from
the very beginning a co-operative process of group life, in
which everyone unfolds his knowledge within the framework
of a common activity, and.the overcoming of common diffi-
culties (in which, however, each has a different share).
(Mannheim, 1936:29).

Friedrichs commenting on Kuhn's (1970) Structure of Scientific
Revolutions notes that: '

Its central thesis is that the communal life of sciences
rather than being dictated by the formal logic that justifies
.its methods of verification, demonstrates considerable .
affinity to the life-cycle of the political community.
(Friedrichs, 1970:1). '

Gouldner states the hypothesis as follows:

It is an essential element in my theory about sociology
that its articulated theories in part derive from, rest on,
and are sustained by the usually tacit assumptions that
theorists make about the domains with which they concern
themselves. Articulate social theory, I shall hold, is in
part an extrusion from, and develops in interaction with,
the theorist's tacit domain assumptions. . Believing this
to be the case for other theorists, I shall be obliged at
various points in the discussion to present my own domain
assumptions, for reasons of candor as well as of consis-
tency. (Gouldner, 1970:34).

-

5. Ayer quotes Hume as follows:

When we run over libraries, persuaded of these prin-
ciples, what havoc must we make ? If we take in our hand
any volume; of divinity or school metaphysics, for instance,
let-us ask, ‘Does it contain any abstract reasoning concern-
ing quantity or number? No. Does it contain any experi-
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mental reasoning concerning matter of fact and existence ?
No. Commit it then to the flames: for it can contain noth-
ing but sophistry and illusion. (Ayer, 1959:10).

6. Conflict of capitalism versus communism is one involving,
among other ideologies, the private versus public ownervship of
production-type capital. The conflict was and is carried o n in the
epistemic background of a mutually shared belief of all combatants
in six basic suppositions: (1) economic development; (2) the con-
tinuing rationalization of the means and institutions of production;
(3) the ascendancy of economic institutions over all other institu-
tions; (4) the advancement of knowledge of science and technology;
~and (5) domination of cognitive rationality over all other thought
forms. A conflict between two social groups with totally differing
world views would more resemble a war between two tribes that do
not even speak the same language.

7. One of the distinguishing features of the growth ethic is
inescapable externality that forces conforming patterns of behavior
on believers and unbelievers alike. Durkheim (1941:2, originally
1895) describes the external pressures of social systems in defining
the concept ''social fact'':: .

These types of conduct or thought are not only external to
the individual, but are, moreover, endowed with coercive
power by virtue of which they impose themselves upon
him independent of his individual will.

This definition does not begin to describe the external coercion of

a technological society. Urban systems, transportation systems,
communications syste'ms, agricultural land use systems tend to
overpower and control all other social systems on the one hand

and ''matural'' physical systems on the other; so that even the

study of such subjects as hydrology or meteorology or oceanography
become more and more the study of technological impacts on the
once ''matural'' systems involved. " (Berger and Luckman,

1966:89).



CHAPTER II
CONCRETE SOCIAL GROUPS

1. Life History - Group Biography

Berger and Luckman (1966:116) note the importance of the
concrete group's social structure in the development of cognitive
reality:

Reality is socially defined. But the definitions are al-

ways embodied, that is, concrete individuals and groups

of individuals serve as definers of reality. To under-

stand the state of the socially constructed universe at

any given time, or its change over time, one must under-

stand the social organization that permits the definers to

do their defining.
While Berger and Luckman do not follow this dictum by 'studying
concrete social groups, they concentrate on the institutional nature

of cognitive structure (cf. Berger and Kellner, 1964;

and Berger, 1954). Berger's (1965) Towards a Sociological Under-

standing of Psychoanalysis 'approxim‘ates a’ group biography of a

specific social'group engaged in a scientific enterprise, and who
must concommitantly construct a theory of social reality. Other
studies which consist of group biographies of concrete social groups
engaged in scientific or technological enterprise include Mullins
(1966), Crane (1969), and Mitroff (1974). Friedrichs (1970),

Gouldner (1970), and Turner (1974), emphasize the group centered

36
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nature of soci_oldgical theory formation.

2. The Comparative Importance of History versus
Social Organization in a Concrete Social Group

The term world view as conceived by Mannheim was used to
represent the cognitive structures or total thogght (that mixture of
intelléctual, social and spiritual phenomena. that mékes up the cog-
nitive complex), of an historicél individual, a concrete group or a
"spirit of an era" " (Mannheim, 1971:xi:i). The central

organizing motif of a Weltanschauung varies depending on whether

one is considering a concrete group or a ''spirit of an era''. The
latter described a sociocultural matrix of thought of all groups in a
common cultural space and historical time frame. A world view as
a ''spirit of an era' can become comprehensible only as an integra-_
tion of ideas focused around a particular problem, albeit a problem
of broad national or global concern.. Mannheim reminds the student
of world views that the basic methodology for their comprehension
is integrative interpretation rather than analytical explanation.
Thus in referring to Reigl's study of the history of art, he states:
And in trying to elucidate in turn the causes of the

mutations of the art motive, we must make reference to

the even more fundamental factors such as Zeitgeist,

""global outlook' and the like. Bring these various strata

of cultural life in relation to each other, penetrating to

the most fundamental totality in terms of which the inter -

connectedness of the various branches of cultural studies

can be understood -- this is precisely the essence of the
procedure of interpretation which has no counterpart in
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¢

the natural sciences -- the latter only ''explain' things.
(Mannheim, 1971:11).

The structure of the world view of an era seems to hang to-
gether on historical connections. Wolff in his introduction of From

Karl Mannheim stresses this point in a particularly cogent manner

-

by asking:

. what is common to the various interpretations of the
same historical period that would account for their mutual
understandability . . . [whatl elements lar_e] common
to all men, by means of which they identify with one an-
other and make allowance for the relative ... . ? (Mann-
heim, 1971:xxix). ‘

In contrast the world view of a concrete social gi‘oup is bonded to-
gether by social structure rather than this sense of general his-
torical unity.

The distinction between world views of an era and world
views of a concrete social group is important in this paper because
the 'ideology of growth' is a composite world view of a great
number of diverse groups in a particular historical era. The
utopia of equilibrium, on the other hand, as solely the product of
the M.I. T. systems dynamics group, is presented in this paper.

The history of the M. I. T. systems dynamics group is pre-
sented in Chapters IIIl and IV. How does one develop a methodologi-

cal tool that will expose structure of social organization of that

group in the process of recounting their history?
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3. Disciplinary Matrix

Kuhn (1970:182) uses the term "disciplinary matrix' to de-
fine the total cognitive structure of a specific social group, parti-

cularly one engaged in scientific or highly professional enterprise.

" He reinforces Berger and Luckman's thesis of cognitive structure

»

development as a product of a concrete social group by the following
statement:

Having isolated a particular community of specialists by
techniques like those just discussed, one may usefully
ask: ""What do its members share that accounts for the
relative fullness of their professional communication and
the relative unanimity of their professional judgments. "
But for this use, unlike the ones we discussed below, the
theorum is unappropriate. Scientists themselves would
say that they share a theory or set of theories, and I shall
be glad if the term can ultimately be recaptured for their
use. As currently used in philosophy and science, how-
ever, 'theory'" connotes a structure far more limited in
nature and scope than the one required here. Until the
term can be freed from its current implications, it will
avoid confusion to adopt another. For the present pur -
poses I suggest ''disciplinary matrix'': "disciplinary"'
because it refers to the common position of the practi-
tioners of a particular 'discipline; ""matrix" because it

is composed of ordered elements of various sorts, each
requiring further specification. (under,scoring not in origina]_)

The consequent typology of the ''disciplinary matrix'' of a scientific
enterprise, as presented in Table I, is thus preceded by the quali-
fication that the typology refers to ''a particular community of

specialists''.
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4. Concrete Social Groups as Epistemic Communities --
The Functions of Social Organization

Holzner's (1968:60) term 'epistemic community' is synony-
mous with Berger and Luckman's ''concrete social group'', but the
former emphasizes the communal nature of the group. He further
elaborates the concept by applying it particulairly to ''a social or-
ganization of specialized knowledge" (1968:123)‘. In order to indi-
cate more precisely our referents, we shall sometimes character-
ize the M.I. T. systems dynamics group as a scientific e‘pistemic
community (SEC).

Holzner goes on to note fhat the organizing principle of a
SEC arises out of the unique modelling techniques and paradigms
that allow the total cognitive structure developed within the SEC to
be considered as an entity un'to'itself, Sornething distinguishable
- from the total general integration of scientific knowledge.

One often thinks of scientific knowledge as some sort of
single universal entity. As Kuhn (1970:186) points out, if a cogni-
tive structure of a total institutional scientific enterp;"ise were
completely homogenous, it would be difficult for colleagues or
groups of colleagues rto react to anomolies of the developing re-
search situation in novel or '"high risk ways'. The balance be-

tween the universiality of the scientific knowledge structure and its

continuous balkinization possibly accounts, according to Kuhn, for.
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that community's ébility to reach consensus, but to distribute the
risks of new theories and scientific revolutions.

The social organization, then, of the scientific enterprise,
demands that members of that enterprise form into specific recog-
nizable concfete social groups. The history of science is in part
one of cooperation between these groups and in part competition (cf.
Hagstrom, 1974). As a by-prbduct of ‘Fhis social‘organization, no
one can speak with authority for ''science''. The conflict between
"growth'' and "'equilibrium', a central concern of this thesis, can
be understood asAa conflict between competing scientific groups,
each acting as legitimators of contrasting world views. Th@s in it -
self is no rending of the institutional fabric of science, but is natural
‘to the on-going development of science.

Holzner (1968:123) discusses how the social organization of
a group of knowledge specialists, an SEC, influences its reality
construction which itself develops in the process of social differen-
tiation. The following modif{cation of Holzner's thesié is specific-
ally appliéable to scientific groups.

The social organization of -SEC is an outgrowth of the inter-
action between group purpose or group goalé and the historical

‘environment in which those goals must be achieved. First the
SEC must have a unity of purpose that sets it apart; from other

scientific communal entities. Second, the group must develop
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working relationships with its prospective clients. Consequently the
group invents conéepts_ and definitions and analogies which bridge the
gap between the specialized reality of the grbup enterprise and the
common sense reality of everyday life. Third, there must be a
series of mote technical reality bridges between the SEC and the
enterprises of the interrelated disciplines. Fourth, whereas it is
important for the group to make contributions to the generalized
body of scientific knowledge, it is more important to maintain a cer-
tain purity, a uniqueness that separates the concepts and origins of
the group in that general body of knowledge. The group itself must
compete for status within the hierarchy of the meritocracy of scien-
tifié achievement, just as internally some form of hierarchy inevit-
ably exists. Parsons and Platt (1973:129) assert that knowledge
co‘nstructix‘ig enterprises are not organized along democratic lines.
This stratiﬁcation of position reinforces the ethnocentric aspect of
knowledge -specialized social groups and intellectual separation of
any one SEC from its neighbor. Fifth, social organization implies
a physical l.o‘cus of acﬁon. Members of the group have a sense of

the geographic domain in which they operate.

5. Social Organization and Cognitive Structure

A sharp distinction between the social organization of a SEC

and its cognitive structure is now considered. The distinction is one
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of the methodology of observation. Parsons (1951:5) refers to the
physically observable set of symbols (artifacts) and practices that
bind the group together into an understandable action pattern as a
social system. It is an exferior phenomenon. Cognitive structure -
consists of the way the group organizes its communal knowledge and
thus its shared perspective of the ''real world''. There is ndthing
observable in the physical sense about cognitive structure. As Hus-
serl (1931:92) originally maintained, cognitive structure is a pfj_
mordially known reality, because each individual can examine his
own by his immediate experience of its presence. From this ex-
pgrience one can infer the presence of like structures in other per-
sons. By the process of interpretation or phenomenological reduc-
tion, the researcher can build a composite picture of the cognitive
structure of a concrete social group (Husserl, 1931:101-110'; and
Schutz, 19.62:104-110).

The research for this thesis has been gathered by both
methods, i. e‘..,. the objéctive observation of social structure and the
construction of cognitive structure through the process of interpre-
tation. The model that emerges is not that of two different struc-
tures, but ;)f the same structure as seen from two different methodo-
logical Perspectiv‘es. For example, in the instance of the fifth in the
preceding list of elements of social organization, the element of

territoriality, the investigator could make a map showing the spatial
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'lo‘cations of various individuals important to the development of the
M.I.T. systems dynamics group. He could also illustrate through
quotations from the group members how they regarded M.I. T. and
the general Cambridge milieu. The way a building is organized may
give us the same information concerning the purpose of a céncrete
social group as would a memorandum of the architect. What
emerges then is a composite structure with a physically observable

social system and an understanding of the cognitive structure of the

concrete social group in question.

6. Kuhn's Disciplinary Matrix

The disciplinary matrix is a more specialized term for such
concepts as ''structure of consciousness'', ''structure of knowledge'',
"world view'!, '"'cognitive structure'", "’épistemic-structure", "socio'-
cultural matriX", and sometimes simply ''culture''. vKuhn's (1970:
182) special contribution was to develop this cognitive structure in
a way that was particularly appropriate for. specialized knowledge
gfoups (SEC's) within the domain of the larger scientific community.

Kuhn roughs out the elements of the diséiplinary matrix in a

postscript to his Structure of Scientific Revolution, somewhat as an

after thought to the original work (Kuhn, 1970:182-191). It is pre-
sented here in tabular form in keeping with the idea of a matrix.

(See Table I}). Care must be exercised in applying Kuhn's categories
pplying g
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THE DISCIPLINARY MATRIX (AFTER KUHN)
THE STRUCTURE OF CONSCIOUS KNOWLEDGE FOR AN EPISTEMIC COMMUNITY OF SCIENTIFIC SPECIALISTS
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-Kuhn' s Terminology

Subsystem Components Added

Kuhn's Elaboration

Significance and Comments

1.

Symbolic Generalizations

Generalized Empirical
Statements

A. Law - Schema

B. Concepts

. expressions deployed without question or
dissent by group members which can be readily

cast into logical form.
(x,v,2) or f =ma or I = V/R (Kuhn, 1970:182).

Like (x) (y) (z) ®

Symbolic generalizations are made up of two
components:

1.

Law statements which are ''corrigible
piecemeal', i.e. can always be modified
by further experimental observation.

Definitions of the symbols deployed which

are by their nature tautologies, that is,

objects constituted by group convention so
as to form the officially observable 'land-

scape'' of group perception where active
empirical observation can take place.
(Kuhn, 1970:183).

", . . the power of a science seems
quite generally to increase with the
number of symbolic generalizations
its practitioners have at their dis-
posal {Kuhn, 1970:183).

2.

Metaphysical Paradigms

Shared commitments to beliefs or particular .
models, ''preferred by permissable analogies
and metaphors! (Kuhn, 1970:184).

3.

Values

A. Methodological Con-
siderations

B. Relating to the social
organization of science
as a whole

C. Relating to the social
organization of the
particular group

1.

To identify crisis or, later, choose be-
tween incompatible ways of practicing
their discipline (Kuhn, 1970:185).

. simplicity
(Kuhn:

Judgments of accuracy .
consistency, plausibility .
1970:185).

"". . . to provide a sense of community
to natural scientists as a whole'" (Kuhn,

1970:184).

Such values emerge as a programmatic
statement of the scientific epistemic
community. A unique interpretation of
the pursuit of cognitive rationality which
is the general goal of science. (cf. "
Parsons and Platt, 1973).

The implication of the functional neces-
sity of social organization values in the
disciplinary matrix is that each SEC
must internally generate some mental
model of a social system for group use
as a working model so that this SEC
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Kuhn's Terminology

Subsystem Components Added

Kuhn's Elaboration

Significance and Comments

3. Values (continued)

D. Relating to the social
organization of the larger
society and particularly
to the enterprises of
client groups.

1"Other sorts of values exist as well - for ex-
ample, science should (or need not) be

socially useful . ' (Kuhn, 1970:185).

can relate to its own social environment.
This orientationally perceived model,
however, can not help but form a part

of the domain assumptions of the group,
if it would later embark on a research
endeavor into explicit social system
modelling.

4. Paradigm as shared
Example - An exemplar

Whereas 'symbolic generalizations' are em-
pirical statements generalized from many di-
verse examples a ''paradigm' in Kuhn's
terminology represents the embodiment of that
statement as perceived by the SEC in the real -
world. It is a projection of the model into the
life world of the SEC. The ability of a member
of the SEC to literally ''see' his theoretical
models in the real world sets him apart from
non-members.

"In the absence of such exemplars the laws and
theories he has previously learned would have
little empirical content (Kuhn, 1970:188).

-

"The student discovers, with or without the as-
sistance of his instructor, a way to see his
problem as like a problem he has already en-
countered. Having seen the resemblance,
grasped the analogy between two or more dis-
tinct problems he can interrelate symbols and
attach them to nature in ways that have proved
effective before. The law sketch say f = ma,
has functioned as a tool, informing the student
what similarities to look for, signaling the
géstalt in which the situation is to be seen."
(Kuhn, 1970:189).

"The paradigm as shared example is

the central element of what I now take

to be the most novel and least understood
aspect of this book. " (Kuhn:1970:187).

An historically developed shared para-
digm is the concrete scientific achieve -
ment . . which becomes a ''locus of
professional commitment, ' (Kuhn, 1970:
11), for a concrete social group of spe-

cialists within the larger scientific com-

munity.
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too literally to the interpretation of the development of a particular
scientific enterprise.
The methodolog{cal procedure of using some schemes like

Kuhn's disciplinary matrix is much the same as in any community
study. Somewhere in any community study, be it a community of
scientists who deal in ideas, or a simple peasant community, there
'is a notion of a culture developing in a coherent if not logical fashion
‘through time. In this vein, Arensberg défines a comm.unity as 'a
pnit minimum population aggregate .colony. The community is a
structured social field of inter -individual relationships unfolding
through time. " (Arensberg,. 1961:12). Perhaps Redfield
(1960:102) best capturéd the unifying element oAf ‘purpose in any un-
folding community study as follows:

This is a small history with a central theme: a purpose

of a people and its outcome. I do not know if this theme

was chosen by me from others possible, or if it forced

itself on me as the only possible or acceptable theme. I

incline to the latter opinion.
Kuhn, to this writer's knowledge, never himself deployed his own
matrix to elucidate the d.e\_rel.opment of aﬁy particular concrete social

group. Had he done so he might well have re-ordered elements

within the matrix to facilitate research.

7. Qualifications of a Concrete Social Group

In summary one might ask what qualifications an aggregation
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of scientists must meet in order to merit the designation ''concrete
social group' or '"epistemic community'"? These qualifications are
‘summed up as follows:

PurEose

(1) A.perception of a common fate or group goals -- a unity
of purpose;

Social Organization

(2) Territoriality, a'physica1‘10cus of social action;

(3) Collective history, particularly a vision of the common
origin of members of the community;

(4) A presently operating and on-going network of commu-
nications;

(5) A common set of general values:
(6) An internally developed status system;
(7) A sense of individual commitment to the group that trans-

cends the general commitment to science, perhaps com-
petes with it;

Pure Cognitive Elements of Structure

(8) A common specialized reality. That is, a special language
and special emphasis and elevation of certain paradigms
at the expense of others, a uniqueness that sets the parti-
cular epistemic community apart from the broader scien-

tific enterprise;

(9) Languages concepts and analogies that tie the group to
' interconnected disciplines and to everyday reality.

This sort of analysis simply asserts the uriiqueness of every SEC.
In this thesis, Kuhn's disciplinary matrix is used as a typo-

logy of analysis of the M.I.T. systems dynamics group. The first
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period (Chapter III) deséribes the development of cybernetics at
M.I.T. by Norbert Wiener and others. The second period (Chapter’
IV) carries on with the history of Jay Forrester and the systéems
dynamics group at the M.I. T. Sloan School of Management. The
sub-chapter Keadings form the topoiogical divisions of the modified
matrix. Table II,re':lates' ‘these divisions to Kuhn's Matrix for the
Wiener era of development, and Table III performs a similar func-

tion for the Forrester era. It deals primarily with the period from

the school's founding in 1956 to the publication of Limits to Growth

in 1972.
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TABLE II

WIENER'S CYBERNE TICS

Developmental Sequence Place in Kuhn's Disciplinary

Matrix
1. Territoriality 3. Values - Physical locus of

social action

2. Collective History 3. Values - A sense of common
1. Forrester Looking origin
Back

2. Wiener Looking

Forward
3. Scientification of Techni-~ . 3. Values - The concrete social
cal Enterprises group's special interpreta-
tion of cognitive rationality
4. The Gun Control Problem: 4. The Basic Paradigm or Shared
' Example - Positive and Nega-
tive feedback systems
5. Wiener as a Social | 2. Metaphysical Paradigms
Philosopher

1. His concept of
social systems

2. Wiener's insights
as they relate to’
growth
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TABLE III

THE SYSTEMS DYNAMICS GROUP TAKES ON THE WORLD
MODEL

De velopmenteii Sequence

Place in Kuhn's Disciplinary

Matrix

Forrester's Departure from
Weiner - )
Reconceptualization of
a Social System

Towards a Science of Social
“Systems - .
The evaluation of systems

Enter the Club of Rome

The Strategy of Social
Change

‘The World Model and the
Thesis of Limits to
Growth

Symbolic Generalizations -
Concepts

Values - Cognitive Ration-
ality

Values - The‘relations‘h‘ip of
the Scientific Epistemic
Community to its clients

Values - Acceptable strate-
gies of influencing inter-
facing institutions

. & 2. The Basic Paradigm and

its relationship to the Meta -
physical Paradigms of the
Systems Dynamics Group




CHAPTER III

"SOCIAL AND HISTORICAL FOUNDATIONS OF THE
M.I.T. SYSTEMS DYNAMICS GROUP:

WIENER'S CYBERNETICS

1. Territoriality |

Members of every community have a sense of place. This .
is no less true for a community of scholars whose theoretical in-
terests concern the study of social systems than of other communities.
Thus, a mental map will help locate the foundations of the M‘. I.T.
systems dynamics group in both space and time. Physical space
exerts social pressures that affect the development of a SEC; and
therefore,the physical descriptions are interlaced with their s‘oclial
connotations.

- Since M.I. T. is at heart an engineering school, the geographic
layout could be conceptualized as a piot on a piece of graph paper.
(See Graph I). Massachusetts Avenue is the ordinate, except that it
doglegs to the left after about three city blocks, heading straight
toward Harvard Square about two miles away. ‘Memorial Drive is
the abscissa and the zero-zero point is located ‘at the intersection of

Massachusetts Avenue and Memorial Drive, just after one has.

52
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crossed the Charles River on the Harvard Bridge. Most of the his-
tory‘rof the M.I. T. systems dynamics group takes place within a
triangle beginning at the Memorial Drive and Massachusetts Avenue
zero-zero point. Sloan School of Management holds down the rivght
hand terminal of the triangle on Memorial Drive. Here .]'ay For -
rester developed the idea of a systems dynamics model as applying
'lto all social systems. _Harva‘r‘d Square fixes the left hand terminal
of the triangle, the leg that runs along Massachusetts Avenue.

The Rogers building is the first point of interest on our
triangle. It is about one city block northeast of the zero-zero point.
This is the entrance to M.I. T., and particularly to the core struc-
ture of the entire campus. This core structure consists of some
twenty -four sepafate buildings, all inter-connected with each other
to form a single unit of immense spatial and architectural complexity
and diversity.. Looking at the Rogers building and interconnected
buildings say, from the air, it is a hodge -podge of squate '"1930's
modern' architecture attached here and there to Meis Vanderhos
type high rise bu%lding_s. A huge Grecian classical dome straddles
the core structure just east of the ngers building ehtran*c;e. ~ The
entire campus sifs in the middle of the grimy, early twentieth-
century-vintage, manufacturing town of Cambridge.

If one would pass through the Rogers building entrance and

into the interconnected core buildings, he would have the feeling he
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had stumbled onto a rat's maze of corridors leading off in different
directions at irregular intervals. One can lose one's bearings

easily in such a cbnfiguration of hallways.

This maze repr-esents symbolically the structure of scien-

tific knowledée as it appeared to Norbert Wiener when he taught at

1

M.I. T. and walked in these same corridors in the early 1940's, the
beginning of our time reference point of the growth and development
of the M.I. T. systems dynamics group. Wiener (1965:2) des-
cribed the '"Map of Science' as follows:

Today there are few scholars who can call themselves
mathematicians or physicists or biologists without re-
striction. A man may be a topologist or an accoustician
or a coleopterist. He will be filled with the jargon of
‘his field and will know all its literature and its ramifica-
tions, but, more frequently than not, he will regard the
next subject as something belonging to his colleagues
three doors down the corridor, and will consider any.
interest in it on his own part as an unwarrantable breach
of privacy. '

These specialized fields are continually growing and in-

vading new territory. The result is like what occurred

when the Oregon country was being invaded simultaneously

by the Unirted States settlers, the British, the Mexicans,

and the Russians--an inextricable tangle of exploration,

nomenclature, and laws.

It was always Wiener's purpose to explore ''the boundary re-

gions of science, ' and to make some sense out of the "Oregon
country' of science in order to build it into an intelligible integrated

entity. Wiener was not the founder or originator of systems dynam-

ics. Only Forrester could make that claim. However, the historical
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“thrust of systems dynamics can hardly be understood without an

examination of the precedent history of the development of cyber-
netics, or, as Wiener called it, 'the control and communication in
the animal and the machine.' Systems dynamics is an outgrowth
of cybernetic‘s, an extension of a more general program of unifica-
tion of the sciences, but that particular extension which concerns
itself with the study of the behavior of' social systems.

Betwe'enAM. I.T. and Harvard Square along Massachusetts
Avenue is Avon Street where Norbert Wiener lived as a boy at the
turn of the century. When he was a child some people still called
Massachusetts Avenue by its older name, North Avenue. It‘w;s
then still lined with comfortable mansions of well-to-do businessmen
as Wiener (1964:60) described it. Cambridge then had more of the
look and feel of a country college town rather than its later appear-
ance of a dirty commercial city.

Vanderbilt Hall lies geographically outside of the M I.T.
‘Harvard Triangle, the focal area of the territoriality of the M. I.T.
systems dynamics group. Itis a part of the Harvard Medical |
School campus and lies about one mile southwest of the coérdin_ate
‘zero point of our mental map. ‘In Vanderbilt Hall, Arturo Rosen-
blueth and a number of young scientists mostly from the Harvard
Medical School gathered for dinner at a round table. Afterwards

one of the group members, or perhaps an invited guest, would plre-
. L]
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sent a research paper. The ensuing-dis;:ussion would usually be on
questions of methodology and the connections between the speaker's
scientific discipline and those of his colleagues. Manuel Sandoval
Vallarta, a professor of physics, used to bring some of his students..
Wiener was & regular member of the group.

This Vanderbilt Hall group was particularly interested in
bringing the ''sciences of soéiél need'', as Kuhn called them (1970:
19) 'rnvoré into unison with the natural sciences through the investiga-
tion of and application of the scientific method to their respective
works.

If the map of science was a jumble of narrow disciplines each
invading each other's territory, then Rosenblueth, Wienef and
others in the group reasoned that the overlapping boundary areas
offered the richest opportunities for investigation. The group
dream was one of a team of scientists working together on a spe-
cific project. Each one would possess a specialized competence.
Over and above this, each would have a sound acquaintance with the
fields of their colleagues.

As Wiener (1964:3) explains it:

We had dreamed for years of an institution of indepen-
dent scientists, working together in one of the backwoods
of science, not as subordinates of some great executive
officer, but joined by the desire, indeed by the spiritual

necessity, to understand the region as a whole, and to
lend one another the strength of that understanding.
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This dream was not of the Apollo-type operation wherein the
systems team is locked into some mission conceived of by non-
scientists as being socially worthy of pursuit. It was a dream pre-
dicated on a communal organization more resembling the artisans
who gathered’about the foundation of the Cathedral at Chartres and
imparted to that structure their own 'unity and a spirit of deVét’ion. "

(Clark, 1969:59).

M.I. T. was established in 1861. One might get a summary
view of how the vphysical configuration of the university has changed
over the last 100 years by referring to the founder's original state-

"ment of purpose as ‘quoted in the M.I. T. Bulletin (1974:2): | .
Where students would learn exactly and thoroughly the
fundamental principles of positive science with their
leading applications to the industrial arts ... . [and
in those of the humanities and social sciences most
closely related by method or content to modern develop-
ments in engineering, science and mathematics.

The history of M.I. T. from its beginnings in 1861 to the
early 1930's was largely dominated by developm.ents in the various
disciplines of applied science -- electrical engineering, mechani-
cal engineering, civil engine'eririg, and so forth. By the early
1930's M. 1. T. had develbped into an applied science school of some
fifteen different departments, each with buildings apd laboratories

of their own. From the point of view of physical space, probably

the heart of any one of these disciplinary buildings was its laboratory.
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Here the engineer or other applied scientist could gain a '"hands-on"
relationship with the materials of his field. TFor instance, in the
civil enginéering laborétory, the scene was dominated by large
material testing machines, compression testers, tensile strength
testers, and perhaps the ultimate, a large beam testing machine
where a real concrete or steel beam could be tested by bending until
it ruptured.

The servo-mechanisms laboratory set up ‘in the early 19 30's
unde? the Department of Electrical Engineering seemed perhaps at
that time only a slight departure from the traditional format, its
purpose being to study the behavior of mechanical and electr?cal
control devices and their application to engineering problems. For-
rester (in MI T. 1972:10) however sees industrial dynamics as an
outgrowth of research instituted in this laboratory.

About that time Dr. Vannevar Bush and his associates were
engaged in the building of the Bush differential analyzer, a prototype
of the modern computer. The computer in itself is a control device,
an appa;‘atus which can be interphased with mechanical or electrical
mechanisms in order to achieve more sophisticated forms of be-
havior autonomous from the manual manipulation. The computer,.
however, was also a vehicle for ‘simulating the behavior of machines,
thus substituting a mathematical model for study of manipulation as

contrasted to the physical model as traditionally handled in the dis-
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_ciplinery laboratory. Such a laboratory, with its capability of
methematical simulation of physical problems can, nevertheless, be
structured along traditional lines. At M.I.T. it was the progres-
sion from the traditional disciplinary laboratory to the computer
laboratory, éoupled with Wiener's vision of the inter —disc{plinary
research te_amAsv, that began to dominate the physical landscape of
M.I.T. in the 60's and early 70's. One can thus summarize the
progression of the M. I. T landscape as one of transition from dis-
ciplinary laboratories to computer laboratories to systems centers,
that is, inter-disciplinary group-oriented research conceived of as
computer simulation models of ''real life'" problernvs. .

When one walks into the Sloan School of Management at the
extreme right end of the M. 1. T..triangle on Memorial Drive one
can visualize the significance of this milieu by thinking of it as one
of the many systems centers fer the inter—disciplinary'study of
larger and more complex systems problems -- in this particular
case, perhaps one originally narrowly focused on corporate manage-
ment and government bureaucratic management problems. In the‘
basement of the Sloan School of Manage‘ment‘ building is an IBM 360
computer. Most of the rooms are of a large semihar-.type with U-
shaped tables that seat twenty or thirty and chalkboar;is about them
for rough sketching of models. An important feature is the com-

puter terminal that interconnects the teaching and research within
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the room with the computer and its multitude of programs in the

basement.

The Alfred P. Sloan School of Management Master's Prbgram

Brochure (M.I.T., 1972:10) paraphrases this more general histori-
cal developmient at M.I. T. from disciplinary laboratory to computer
laboratory to systems center as follows:

Industrial dynamics is the outgrowth of a series of devel-
opments pioneered at M.I. T. dating from the 1930's. The
initial developments were in the dynamics of feedback pro-
cesses engineering (servo-mechanisms). Early work
included the development of mechanical and laser electronic
differential analyzers. Then, during World War II, Servo-
Mechanisms Laboratory organized the theory of feedback
systems, and applied that theory to the design of remote
control devices for radar antennas and gunmounts. This
work expanded rapidly in the post-war period and was applied
to chemical plants, aircraft, astronautical guidance, and
many other engineering systems. In 1956, J. W. Forrester,"
who had directed the development of digital computers at
M.I.T. and pioneered their application to military control
systems and the simulation of complex machine interactive
systems, moved to the Sloan School of Management and be-
gan to extend feedback system theory and system stimulation
to corporate policy systems, later broadened to include
more general types -of social systems. This work has con-
tinued and expanded, and has been applied by many organ-
izations and groups all over the world.

One block behind the Sloan School of Management, a mode'rn six -
story building, is a circa 1930 concrete warehouse, one of many
like it that sprung up in commercial Cambridge during the upsurge
in industrial development following World Wé.r I.  This building is
called E-40. It is also referred to as the Urban Systems Labora-

tory. It was here that the M.I. T. systems dynamics group developed
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their world systems model. Neither the Sloan School of Management
nor the E-40 building which houses the Urban Systems Laboratory
dominate either the physical or intellectual landscape of M.I. T.

According to the M.I. T. Bulletin (1974:105-124) there are some 37

programs or centers for advanced study or laboratories devoted to
inter-disciplinary projects. Although the division is somewhat arbi-
trary, 12 of these inter-disci;plinary units may Abe considered to be
specializationé of some branch of a traditional discipli_ne such as
~the Bates Linear Accelerator Group or the Center for Cancer Re-
search or the Center for Space Research. The remaining 25, how -
ever, reflect very much the ''spirit of the thought of the time
(V‘\‘/'i'ener, 1965:4) of the early 1940's and Wiener's dream of teams
of scientists bound together into inter‘disciplinary team research.
This slé)irit can perhaps be best illustrated by Table IV which lists
14 of the 25 inter -disciplinary centers or laboratories with an
excerpt expressive of..‘the‘M._ I. T. multidisciplinary spirit.

The last laboratory is the territorial domain of the M.I. T.
systems dynamics group which actually operates as part of the Sloan
School of Management. It is dominated by the unique thrust of
M..I. T. as a total institution, and by Norbert Wiener and Jay For-
rester who are only part of the cast of educators, scientists, en-

gineers and technologists of the larger educational institution.
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TABLE IV

A PARTIAL LIST OF M.I.T. COMPUTER LABORATORIES

REFLECTING THEIR "SPIRIT OF THOUGHT OF

THE TIME'"

'-Centef

Quotations

1. Center for Advanced
Engineering Study

The Center adds a new dimension to the
activities of M.I. T. by offering educa-
tional programs which are designed to
enable experienced men and women from
industry, government; and educational
institutions to acquire the understanding
and skills needed to open technical
frontiers. '

2. Center for Transpor-
tation Studies

The Center has developed a sense of
community that promotes cooperation,
exchange of ideas, a wider perception of
the opportunities of a common purpose.

3. Operations Research
Center

Operations Research deals with traffic
control systems rather than the design of
cars, with the management, organization,
and scheduling of production rather than
the technology of machines; .

4. Arterio-Sclerosis
Center '

It is unique in that it is run by physicians
from M.I. T. and the Massachusetts Gen-
eral Hospital, and engineers from both
institutions and physical sites on both
sides of the Charles River.
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TABLE IV (Continued)

5. Artificial Intelligence
- Laboratory

Cognitive engineering suggests a funda-
mental respect in which the Laboratory's
approach to such problems differ from
that of philosophers and psychologists:
the cognitive engineer tries to produce
intelligence (in the laboratory).

6. Center for Advanced
Visual Studies

Collaboration through a working dialogue
between artists and scientists and en-
gineers is of primary importance in the
exploration of new creative objectives.

7. Center for Policy
Alternatives

The Center also seeks to find new ways
to beneficially connect a technology and
social and economic welfare .

-

8. Clinical Research
Center )

Many research projects are in progress,
including those in nutrition, psychology,
cardiology, endocrinology, gastroento-
mology, mechanical, chemical, and
electrical engineering.

9. Commodity, Trans-
portation and
Economic
Development
Laboratory

This inter -departmental laboratory .
interlocks strongly with many of the dis-
persed activities related to ''social, polit-
ical, economic and legal' aspects of com-
modity transportation in an effort to
develop integrated approaches to the

solutions of transportation problems.

10. Division for Study
and Research in
Education

Current research foci involves relating

the following areas to developing new
theoretical perspectives of learning; prob-
lem solving, modelling representations
and transformations of information and

knowledge; group process theory, organ-
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TABLE IV (Continued)

izational learning and reliable processes
for change; information processing,
theories of perception and new techno-
logies.

11,

Energy Laboratory

The Energy Laboratory enables M.I. T.
to concentrate its diverse intellectual
resources on the complex societal issues
and technological problems involved in
supply, demand and consumption of
energy. '

12.

- Information Pro-

cessing Services

. . the computer serves increasingly
as a tool that opens up totally new ways to
process information and presents an op-
portunity to formulate and think through
both old and current problems in wholly
different ways. '

13,

Research Labora-
tory of
Electronics

Established at the end of World War II as
the Institute's first inter-departmental
laboratory.:

14.

Urban Systems
Laboratory

The Urban Systems Laboratory, as inter-
departmental laboratory, provides a
framework and facility for conducting re-
search projects in the various disciplines
of engineering, managemeht, architecture,
planning, and the social sciences. While
the principal focus is on urban problems,
the work of the Laboratory encompasses

a wide range of societal problems.
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2. Collective History.

Jay Forrester gives three separate accounts of the origins
of systems dynamics. The first account from his book, World Dy-
namics (1971:13) stresses the group nature of the history:

At the Massachusetts Institute of Technology, over the
last 40 years there has developed a powerful approach to
understanding the dynamics of complex Systems. The
foundation was laid in the 1930's when Vannevar Bush built
his differential analyzer to solve the .equations of certain
simple engineering problems. Such a set of equations is
a model of the system they represent. Such a model de-
scribes the rules that govern the system behavior. The
differential analyzer, set up in accordance with the equa-
tions. that are the instructions, becomes a simulator to
trace the dynamic behavior of the system being studied.

In that same period, Norbert Wiener developed his concept
of feedback systems that were later given the name ”Cyfae»r—
netics'. Harold L. Hagen wrote some of the first introduc -
tory papers in the field of feedback control that was to be
known as ''servo-mechanisms. ' In the 1940's Gordon S.
Brown created the Servo-Mechanisms Laboratory in which
the theory of feedback systems was expanded, recorded,
taught, and radiated. In the 1950's J. W. Forrester, author
of this book, was director of the Digital Computer Labora-
tory and Division 6 of the Lincoln Laboratory where digital
computers were first used for systems simulators; and
since 1956 he and a group of associates at the M.I. T. Alfred
P. Sloan School of Management have extended the preceding
developments to cope with the greater complexity of social
systems.

Forrester's preface to Industrial Dynamics (1961l:v-vii) contains an

autobiographical account of the history of systems dynamics:

The research represented in this book has evolved directly
from my own experiences. The cattle ranch operated by
my parents, M. M. and Ethel W. Forrester, at Anselmo,
Nebraska, provided my first exposure to business and to
the nature of commodity markets. The study of electrical

L]
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engineering at the University of Nebraska laid the founda-
tion for graduate research. My graduate study at M. I. T.
was under Professor Gordon S. Brown who was then start-
ing the servo-mechanisms laboratory in developing the
concepts of information-feedback systems in a research
project atmosphere that gave leadership experience to
graduate students and junior staff. In the late 1940's,

the challenging environment of the M.I. T. Division of
Industrial cooperation under Mr. Nathaniel McL. Sage,
Sr., gave me an opportunity to plan and direct with broad
managerial responsibility, the construction of Whirlwind
I, which was one of the first high speed electronic digital
computérs. As head of the digital computer division of
the Lincoln Laboratory, I had the opportunity to manage

a growing technical organization, to coordinate the early
planning of the Air-Force's Semi-automatic Ground En-
vironment (SAGE) system for air defense and to guide the
early srages of company industrial manufacturing to build
the needed equipment. Together, these experiences pro-
vided the view of management proglems at all levels as
well as the foundation and the methodology of which the book
is based. )

Forrester's third historical rendering dwells on the development of
a more general model structure of systems dynamics from their
more particular and restricted structure application in engineering
and industry (Forrester, 1969(a):1):

This book examines the life cycle of an urban area, using
the methods of industrial dynamics that have been devel-
oped at the M.I. T. Alfred P. Sloan School of Management
since 1956. The term 'industrial dynamics' has become
too restrictive because the methods are applicable to many
fields other than industrial management. The concepts of
structure and dynamics behavior apply to all systems that
change through time. Such dynamic systems include the
processes of engineering systems, biology, social systems,
psychology, ecology, and all those where positive and nega-
tive feedback processes manifest themselves in growth and
regulatory actions.

Each of these historical accounts emphasize the M.I. T. origin of
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the theorét’ical approach of systems: dynarrﬁcs. Proper acknowledge-
" ment is given to the founders, but these accounts are notable in their
lack of ‘so;ne particular ‘founding father or charismatic figure of
systems dynamics theory. There is no Marx ''or Moses' 'or
Christ'" or "Mohammed' in the "in-house'" version of M.I. T. group
history. The emphasis is entirely methodological. Perhaps most
revealing is the autobiographical sketch of Forrester's own back-
ground but which in a larger sense indicates the background of
every systems dynamicist who must pass through his apprenticeship
within the group. The common elements of background are as
follows:
(l) Undergraduate experience in engineering or the hard
sciences.
(2) A high degree of mathematical training, particularly the
mathematics of applied technology. |
(3) An apprenticeship period in a computer laboratory work-.
ing on information feedback systems.
(4) Membership‘in a research and development team engaged
in some facet of systems research.
(5) A grow5.ng confidence that all( systems, natural, biologi-
cal, technological and social exhibit the same elements
of structure.

(6) An emphasis on the perspective that social systems are
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to be studied as a problem of management by techno-
logically oriented policy makers.

The common history presented to the prospective member of
the systems dynamics team, the student entering the Sloan School
of Management, particularly the graduate school, is ip effect a
description of the socialization process into full-fledged group
membership. It is a descriptibn of passage into the group. One
sees also the collective history of the group revealed in the descripf
tions of the graduate courses for the Sloan School of Management
(M.I.T., 1974:295-299). The program enphasizes such courses as
advanced computer syste';rns, operations planning and controli Sys -.
tems, principles of systems dynamics, mathematical elements of
planning _a1;1d control, and management and administration. The only
two graduate courses listed under the section entitled History and
Environment are those in crises in contempofary Arperican society
and readings in power and responsibility. There are no courses in
the conventional,.contemporary social sciences but there are courses
in or,g_anization theory, theories of planned change, and seminars in
social psychology. In summary, the study of social systerhs is a
special case of th;e more generalized studies of mathematical systems
models from a methodological point of view and of management sys-
tems from a standpoint of application. To the member of the sys -

tems dynamics group, a way of looking at life is the study of social
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systems or a study of a-pplied management technology, just as the
study of physical systems would be a study of appliedvengineering
technology. Systems dynamics, like cybernetics, is a matter of
~control of man and machine.

Furthér evidence of the technoiogical background of perspec-
tive members of the systems dynamics group can be seen in the
profile of entering graduate stu‘dents in the 1970 class of the Sloan

School of Management. (Table V)

TABLE V

PROFILE OF ENTERING GRADUATE STUDENTS
M.I.T. SLOAN SCHOOL OF MANAGEMENT

Undergraduate Major . Percent
Engineering 38%
Science 21%
Management 17%
Economics & Political Science 10%
Business 7%
Other 7%
‘Total 100070

(M.I.T., 1972:24)

Forrester apparently perceives the history of systems dy-
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namics as synonymous with the history of social systems. In fact,
history itself is an unimportant study for one attempting to obtain a
clear, concise view of social sysfems. One is reminded of Mer -
ton's discussion of history and systematics of sociological theory,
and particularly of Kessler's provocative quotation (Merton, 1968:
28) which seems so much in the spirit of the systems dynamics
treatment of history:

Even the masterpieces of scientific literature will in time

become worthless except for historical reasons. This is

a basic difference between the scientific and the belletristic

literature. It is inconceivable for a serious student of

English literature, for example, not to have read Shake -

speare, Milton and Scott. A serious student of physics

on the other hand, can safely ignore the original writings

of Newton, Faraday and Maxwell.

‘The student of systems dynamics must be satisfied with the
vignettes presented by Forrester. They are probably assigned as
a pért of the first assignments in the beginning of some elementary
course and are relegated to coffee-break conversations. The result
of this approach to the collective history of systems dynamics tends
‘to préclude history itself as a proper subject of study.

The fact that social systems can only be grasped through
mathematical analysis and modelling techniques becomes an underly-
ing presupposition of the systems dynamics group that can be taken

without question by all members of the group. Wiener, then, from

the povint of view of Forrester looking back, is worthy of citation as



72

one of the predecessors of systems dynamics, but Wiener's own
views on social systems are too far in the past to be of relevance to
the student of systems dynémics. The collective history of systems
dynamics is a triumph of methodology and theory over history itself.
B.ecause of this.trifling commitment to history, the notions of the
systems dynamics approaéh as the only approach to the social sys-
tems is more likely to be accepted as given by the group initiate.
'I‘here: are other and opposing historical perspectives of the

history of what Wiener terms ''cybernetics' and Bertal_anf.fy calls
''general systems theory'. This conflict of histories is indicative
of the inherent competition of closely related scientific epistemic
communities, each trying to preserve and enhance their own iden-
tities. Bertalanffy (1968) does not mention Forrester's systems
dynamics in his review of the foundations, development and applica-
tions of general systems theory. He discusses, however, the
development of Wieper's cybernetics and considers it as one of
twelve developments in general systems theory (Bertalanffy, 1968:
22). According to Bertalanffy, general systems theory pre-dates
cybernetics and cybernetics is merely a part of the later intellectual
movement.

Sy'stéms theory also is frequently identified with cyber-

netics control theory. This again is incorrect. Cyber-

netics, as the theory of control mechanisms and techno-

logy in nature, and founded on the concepfs of information
feedback, is not a part of a general theory of systems;

®
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| cybernetics systems are a special case, however impor-
tant, of systems showing self-regulation (Bertalanffy,

1968:17).
In another paragraph Bertalanffy (1968:10) states:

So far as can be ascertained, the idea of a ''general sys-
tems theory' was first introduced by the present author
prior to cybernetics, systems engineering, and the emer-
gence of related fields.

Probably one of the more succinct statements of the beginnings of
general systems theory is given by Bertalanffy (1968:90) in the
following:

The idea goes back some considerable time: I presented

it first in 1937 in Charles Morris' philosophy seminar at

the University of Chicago. However, ‘at that time, theory

was in bad repute in biology, and I was afraid of what

Gauss, the mathematician, called, ''Clamor of the

boeotians'', so I left my drafts in the drawer, and it was

only after the war that my first publications on the sub-
ject appeared.

Without going into greater detail it is apparent that each
scientific epistemic community writes its own collective history to

the exclusion of its nearest rivals. (Wiener, 1965:11).

3. Scientification of Technical Enterprises

The fundamental element of cohesion for any social group is
group plirpose or group goals. The fact that a group can exhibit
some common purpose is the central element distinguishing a group
from an aggregate of .individuals. Thus a clear definition of that

purpose is a prerequisite to interpreting the meaningful behavior of
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the group.

Groups in actuality exhibit hierarchies of purpose in a scien-
tific epistemi; community. The highest purpose centers around the
construction of knowledge structures, cohesive entities of abstract
symbols that' represent the accumulated knowledge of the scientific
enterpfise. Mannheim referred to these knowledge structures as
"Systematizationé” (1953:15). Parsons and Platt (1973:vi) 'd'iscus-
sing the purpose of higher education in contemporary United Stétes
in terms of the pursuit of the cultural values of ''the cognitive com -
plex' -- knowledge, rationality, learning, competence, intelligence
-- further note that this cultural component of higher education
represents ''the most critical single feature of,the developing struc -
ture of modern society.'" The core value of higher education, also:
referred to as ''cognitive rationality,' can also be considered at the
apéx of the hierarchy of purpose of a scientific epistemic community
such as the M.I.T. systems 'd.ynamics group. Institution_aliz.ationk
of higher education, therefore, centers around a specific set of
core cuitural values represented by the central concept of cognitive
rationality.

The question now is how would those at M.I. T., particularly
in the line of succession from Norbert Wiener to Jay Forrester and
beyond define cognitive rationality. If we look at Wiener (1965:9)

we get a glimpse of the type of historical progression that best
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expresses the M.I. T. view of cognitive rationality.

Once we had done this; at least one problem of engineer-
ing design took on a completely new aspect. In general,
engineering design had been held to be an art rather than
a science.. By reducing a problem of this sort to a mini-
mization principle, we had established the subject on a
far more scientific basis. It occurred to us that this was
not an isolated case, but that there was a whole region of
engineering work in which similar design problems could
be solved by the methods of calculus variations. . . . We
‘thus have replaced the design of wave filters processes
which were formally of an empirical and rather haphazard
nature by processes with a thorough scientific justification.

In doing this, we have made of communication engineering
design a statistical science, a branch of statistical mech-
anics (Wiener, 1969:9-10).
The research group moves an engineering problem from an
"empirical and rather haphazard'' solution to one based on al‘r’nathe—
-matical model. The process is one of rationalization of technology.
Becker (1970:9) used the term ''scientization'' to describe such a
process. We suggest ''scientification of technique' as a phrase
most descriptive of what Wiener and his associates were attempting.
Such a cultural goél is quite different from, say, the
development of science itself, which implies an evolutionary belief
in a vein somewhat similar to the Comptean notion of knowledge
development from religion through philosophy to science.

Wiener recounts the thrust of the group's research experience

as follows:
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Thus, as far back as four years ago, (1943) the group of
scientists about Dr. Rosenbluth and myself had already
become aware of the essential unity of a set of problems
about commuhications, control, and statistical mechanics,
whether in the machine or in living tissue. On the other
hand, we were seriously hampered by the lack of unity of
the literature concerning these problems, and by the ab-
sence of any common terminology, or even a single name
for the field. After much consideration, we have come to
the conclusion that all of the existing terminology has too
heavy a bias to one side or another to serve the future
development of the field as well as it should; and as hap-
pens so often to scientists,' we have been forced to coin

at least one artificial neo-Greek expression to fill the gap.
We have decided to call the entire field of control and
communication theory, whether in the machine or in the
animal, by the name of cybernetics, which we form from
the Greek KVﬂQfY).qu, or steersman. (Wiener,
1965:11).

The quotation emphasizes not so much the transition of an
art to a science as the unification of a number of problems intd a
basic set of problems about communication control and statistical
mechanics,~in other words, the detection of a single structure under-
lying a diverse set of problems. This type of acientific accomplish-
ment is precisely what Kuhn (1970:19) had in mind in his concept
"paradigm''. It happens that in the developmenf of cybernetics, the
programmatic cultural evolution of the scientification of technique
and the development of the basic paradigm of cybernetics‘, the feed~
. back model, apparently coincided in the same event (in historical
time). Kuhn (1970:19) states:

In the sciences (though not in fields like medicine, tech-

nology, and law of which the principle reason d'etre is an
‘external social need), the formation of specialized jour -
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nals, the foundation of specialist societies, and the claim
for a special place in the curriculum have usually been
associated with a group's first reception of a single para-
digm. At least this was the case between the time a cen-
tury and a half ago when the institutional pattern of scien-
tific specialization first developed, and of a recent time
when the paraphenelia of a specialization required a pres-
tige of their own.

It was in these very ''sciences of social need' that the paradigm of
the feedback mechanism arose and concurrently became both the
ceﬁter of the nucleus of program of the specialized groups involved
“and the model paradigm ofl those same groups. The purpose of the:
group, as with the collecitix}e history of the group, is often thought of
as a historical tale. It may be one experienced by the member him-
self or it may be a recitation of the antecedents of the group history
itself. Wiener's (1965:38) viéw of the latter is paraphrased as
follows: |

The thought of every age is reflected in its technique. The
first engineers to draw their nourishment from science
rather than the collective experiences of common sense
were the land surveyors, astronomers, and navigators of
the 15th and 16th centuries. These were followed by the
clock makers and grinders of lenses in the 17th and early
18th centuries. The precision watch in particular, coup-
led with the telescope, made possible the age of navigation
after the model of Hygens and Newton. This was the period
of commerce on the great ocean, a result of the engineering
of the mercantilist. It set the stage for the industrial revo-
lution when the manufacturer succeeded the merchant and
the steam engine succeeded the chronometer. The central
field of engineering here is the study of prime movers, that
is, steam engines, steam turbines, and water turbines.
Later on in the 18th century the science of thermo-dynamics
was paralleled by the science of electric currents and the
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~dynamo was added to the steam engine in an ever -expand-
ing repertoire of prime movers.
The basic unit of this progression of physical sciences is now and
has always been energy. But Wiener now states:
There is in electrical engineering a split which is known
in Germany as the split between the technique of strong
currents and the technique of weak currents, and which we
know as the distinction between power and communication
engineering. (Wiener, 1965:39).
The new engineering required a new science for its underpinning, a
science based on a completely different unit of measure, that is,
information rather than energy.

Cybernetics is the programmatic development of the scien-
tification of techniques based on information as the basic unit of
analysis. The M.I.T. systems dynamics group is a continuation of
this same historical development, using information as the unit of
analysis and the basic feedback loop as the element of structure in
their models. The M.I.T. systems dynamics group takes its point
of departure from cybernetics, at least as Wiener conceived it,

when it focuses its scientification program and information feedback

paradigm on the concept of ''social system''.

4. The Gun Control Pr;.oblem

The paradigm or ''shared exemplar'', to use Kuhn's termin-

ology, places the gestalt of a particular model into the eye of the
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observer. DBy its very nature it must precede perceptio.n itself. It
may bé built up in the course Qf numerous preceding vperceptiohs,

that is, a continually evolving éestalt. But the point is, it is a con-
dition precedent to perception rather than a consonant with it, al-
though it is e‘xperienced as an immediate outside reality. The experi-
ence is analogous to ”projectionv" in the Freudian sense; that is, it
relates to a transferral of an inner experience into outside reality.
This paper is not concerned with just how these gestalts are formed,
but rather with the particular géstalts, mental models, or paradigms
that underlie cybernetics and systems dynamics.

The particular appliqation of the basic paradigm of cyber-
netics foremost in Wiener's (1965:7) mind is the gun control prob-
lem. He mentions it first in the introduction to cybernetics. Again
hg‘ makes reference to it in his accounts of cybernetics development,
(Wiener, 1965:35 & 61; 1967:245). This particﬁlar application of
cybernetics to fire contro:l problems 1is also appropriate inas-
much as Forrester played a leading role in coordinating and
mana(rging the ‘technical organization that developed the Air
Force's Semi-automatic Ground Environment (SAGE) System
for air defense in the 1950's. The SAGE System was an his-
torical continuation of Wiener's prototype model of the fire con-

trol problem.

As Wiener explains the historical precedents that led to this
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modél at the beginning of World War II, the German superiority in
aviation and problems of Britain's defense made the improvement
of anti-aircraft aftillery a vital technological concern in the United
States.

Over‘the preceding few years the speed of airplanes had im-
proved to the extent that they were at least in the same range and
magnitude as the speed of the anti-aircraft fire itself. The problem
of predicting fh'e future location of an airplane which had originally
been a problerh of simple extrapolation required a new approach.
The old approach of prediction of the future through extrapolation
could treat the system as a simple linear system; the motion of the'
plane itself could be considered as progressing in a fixed straight
line patter'n.. The problem of fire control, then, became one in
Newtonian physics. The variables are the muzzle velocity of the
gun, transectory béhavior, shellburst characteristics, and such
factors as atmosPherfc pressure, wind velocity, air temperature,
and the like.

Wiener and his electrical engineering associate, Julign H.
Bigelow, discarded the former model and substituted a feedback
model, one that controlled the fi_ring of the gun on the basis of infor-
mation received as to the relative position of the airplane to the last
perceived shellburst, plus a computer model that took into account

the pilot's most plrobably evasive action. The physical environment
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that count‘éd in this type of model was the» environment that measured
the disitance between the perceived shellburst and the position of _the
plane (see Figure VI). The actions of the gun controller were
governed by a series of bits of information as to the perceived con-
dition of this -specialized environment. In this type of model, the
type of fire bthat would eventually prove most successful in bringing
down the target would be a series of shellbursts that would move
progréssively closer to the target until closure was achieved, ex-
cept that the clqsing time for this achievement could not be too great
or the plane would move out of range. A computer program that
first undershot the mark and then overshot the mark would simply
swing the shellburst back and forth across the target in wild gyra-
tions or oscillations. “MacColl (1946)- had already done a paper on
the problem of rudder overshoot of steering mechanisms relevant to
the problem Wiener and Bigelow faced.

Some twenty-five years later, Forrester (1961 & 1968) re-
conce‘ptualized the ''gun control problem'' into the textbook language
of the basic feedback loop. In that twenty-five years, the mathe -
matical language, the symbolic generalizations required to grapple
with the problem of feedback systems, had been tren;)e_ndously sim -
plified. The_concepts had been refined, but the basic paradigm that
the student of applicaﬁon of feedback control mechanisms is re-

quired to grasp, remained stable.
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FIGURE XML
WIENER'S GUN CONTROL PROBLEM
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‘The gun control problem could be explained in terms of For-
rester's (1968:4-1) feedback loop by referring to Figure VII. As
Forrester (1968:4-1) notes, ''The feedback loop is the basic ele-
ment from which all systems are assembled.'" In understanding
the science of systems, the first problem to be encountered is what
information passes in this loop of the feedback system and what in-
formation is blocked out of the éystem. The only information that
the system acts upon is information regarding the state of what is
considered the environment, or, as Forrester calls it, the 'level
-within the system.

In the gun control problem, this system 1?vel or envi‘rorimént
has already been described as the difference in the dist:ince between
the pl;ne andl the shellburst. All other types of information are
irrelevant. The way this is described in the language of systems is
that the system has a closed boundary; that is, it is influenced by
its own past behavior (Forrester, 1968:1—5). On the other hand, it
is not influenced by any exogenous variable. Put another way, the
systems modeller explicitiy assumes that the system behavior is al-
ways predictable through time. This explicit assumption is of i)ara—
mount importance as one proceeds to the problem of social systems.
To continue a description of a feedback loop, the loop itself is made
up of two fundamental elements: levels and rates. The level de-

notes quantitative state of the environment within the system, and
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the rate cienc'»tes the reaction or resultant behavior of the sys‘tém to
changes in levels. In language more appropriate to conventional
descriptions of social systems, rates are the policies of the deci-
sionmakers within a feedback system. These rates or policies
have four separate components.

The first component is the gc.>la1 of the policymaker. In the
example of the gun control problem, the goal is to make the airplane
position and the shellburst position coincide or, mathematicélly
speaking, the goal is SP = AP. The second component is the ap-
parent condition or the perceived condition of the level. As For-
rester (1968:1-8) notes the true state of the system may differ from
its perceived state, but it is the perceived state and not the true
level state of the system that is the basis for the decision process.
This perceived state is the only information the actor possesses.

'In the example of the gun control problem, there is always a time
lag between the perception of the relative position of the firebursts
and the plane at the time action is taken to fire the next shot and the
true condition of the plane's shellburst environment. In fact, in
feedback systems, the difference between perceived levels and actual
levels can always be explained in terms of time. The underlying
assumption of feedback systems is,,,..given‘ enough time, the .d'eci—
sionmaker will eventually understand the true condition of the sys-

tem, but there are slow and fast learners.
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The third component of rate is the discrepancy between the
goal and the apparent condition of the' level within the system. To
put this more in the sociological language of social systems, this
‘discrepancy is the normative orientation of the policymaker or actor
towards the system. In feedback systems, the emphasis is not on a
' typology of normative orientation, but rather on a quantitative de-
scription of posrsible magnitudés of action. The fourth compongnt
of rate is the action itself resulting from .the discrepancy between
the goal and the condition or the level of the system.

One notes, looking at the basic feedback loop figure, page 84,
that the loop is broken into three discrete s~ymbols: (1) the basic
Vari;able of the level or the environment of the system itself; (2) the
apparent condition of the system, and (3) the decision made by the
decisionmaker or actor in the system. FEach of these isﬁonnected
by a process. The process that connects decision and level is
action, a process requiring the transfer of energy. As noted in
.the diagram, energy comes from outside sources. There is always
the assumption of an unlimited energy supply to accomplish the
action required.' This fits in with Ashby's (1964:4) observation
that: !'"Cybernetics might, in fact, be defined as the study of sys-
tems that are open to ener.gy but closed to information control- -

systems that are informafion%ight._"

The process that connects the lével to the apparent condition

L 4
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or information about the level involves the passage of information.
One might describe this as the perception process in the feedback
loop. The process that connects the apparent condition of the sys-
tem to the decision unit. is also an information passage process.
Again, plak:ir{g this more in the language of social systems, the
actor has some mental picture or corn-puter program which ena‘bles‘
him to converge perceived reality and continuing action.

This action program involves the transference of informa -
ti.on back into energy to complete the cycle of the feedback loop.
Thus, the feedback loop is a constant transference of information to
energy and back into information. What the feedback loop does,
then, is describe behavior of the decisionmaker ‘toward the environ-
ment upon which he is focusing. The basic feedback loop is a simple
or linear system. Forrester always refers tb this kind of loop as a
fi(rst order feedback system. A second order feedback system in-
volves decisions based on the observation by actors of two or more
levels. Second order feedback systems are nonlinear, and as For-
rester (1973:8) notes social systems of any complexity at all are
nonlinear systems. These might be illus