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Negative feedback has become ubiquitous in science both as a
technique and as a conceptual tool. As a technique, negative feed-
back has a long history; devices based in its use were made in
antiquity. It has only been during the last century, however, that
rigorous quantitiative methods have become associated with the appli-
cations of negative feedback. These methods originated in communi-
cations engineering and during the World War II period spread rapidly
to other areas of science where further applications were soon ﬁade.
During this process of dissemination negative feedback was trans-
formed into a powerful conceptual tool, of general application,
having to do with the organization of behavior.

The central figure responsible for both the dissemination and
transformation of negative feedback was the American mathematician,
Norbert Wiener, who, as a child prodigy, had developed graduate

level proficiency in science, mathematics and philosophy before he




was twenty. Wiener's multidisciplinary background and interests were

critically dimportant in allowing him to interact with professionals in

many different fields and thereby to disseminate the feedback ideas.
Wiener and two colleagues were the authors of the 1943 paper,

' which stimulated a number of

"Behavior, Purpose and Teleology,'
interdisciplinary meetings. These meetings were important in
spreading the feedback concepts to the different disciplines.
Participating in these meetings were, among others, Gregory Bateson,
Wolfgang K&hler, Margaret Mead, Warren S. McCulloch, F. S. C.
Northrop, John von Neumann and Wiener. The successful assimilation
of feedback by the various disciplines in spite of the problems
associated with modern discipline specialization provides a lesson
in how these problems may be overcome. In the case of feedback, the
climate for its assimilation was made considerably more receptive by
concurrent developments in computer science and neurophysiology
which mutually reinforced the robotic view.

The role of negative feedback in scientific research and the
significance of this role have not yet been fully identified. Such
an identification must be made in order to evaluate the historical
events which led to the assimilation of negative feedback. T
attempt to define the role of negative feedback in scientific
research in terms of a program called "cybernetic analysis.' This
program develops the behavioral and functional roles of negative
feedback in terms of "adaptive goal-directed behavior'; such
behavior occurs when a system can maintain a certain state or tend

toward a certain state even while being disturbed by extermal



influences. This behavior is exhibited both by organisms and by
mechanical devices controlled by negative feedback.

Until now the idea that systems could be directed toward an end
has been unacceptable because goal-directedness has been associated
with the outdated notions of teleology and final cause. The ability
of negative feedback to account for goal-directedness mechanistically
not only challenges the view that organisms alone can exhibit such
behavior, but also stands to revise the scientific view of goal-
directedness in general. With the new legitimacy of both adaptive
and non-adaptive goal-directedness, the path is opened for more
effective analysis of scientific problems.

Despite the great value of Wiener's Cybermetics in focusing
attention on the many new robotic developments of the World War II
period, it tended to obscure many of the critical points made in
the earlier (1943) paper with regard to the role of negative feed-
back in scientific explanation. The term "cybernetics' came to be
a great source of confusion because of Wiener's initial presentation,
a presentation which mirrored many of the earlier events in the
interdisciplinary meetings which led to the writing of the work.

It is suggested here that the term 'cybermetic analysis' be used to
designate that type of problem analysis which utilizes the hypothesis
of a negative feedback mechanism to account for adaptive goal-
directed behavior. The use of the term "cybernetics" in this manner
will not only succinctly identify one of the great unnamed develop-
ments in science, but give the word renewed meaning in terms of the

literal roots from which Wiener first derived it.
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NORBERT WIENER AND THE GROWTH OF NEGATIVE FEEDBACK
IN SCIENTIFIC EXPLANATION; v
WITH A PROPOSED RESEARCH PROGRAM OF '"'CYBERNETIC ANALYSIS"

CHAPTER ONE
INTRODUCTION

Negative feedback has become ubiquitous in science both as a

1 , .
technique and as a conceptual tool. As a technique, negative

lIt is not possible to document here the enormous number of
specific applications of negative feedback which have occurred and
are occurring in the various scientific disciplines. Nevertheless,
some indication of the broad scope of the use of this technique can
be given:

In the engineering fields, of course, the technique has become
sufficiently established for there to be a large number of textbooks
specifically devoted to feedback control; see, for example, Otto
J. J. Smith, Feedback Control Systems (New York: McGraw-Hill Book
Co., Inc., 1958). The largest utilization of feedback (''feedback"
in this work will refer to negative feedback unless otherwise
indicated) outside of engineering has been in the biological
sciences. Here the use of feedback is not only substantial, but
increasing. A computer search of recent biological literature (the
BIOSIS data base) indicates that the number of items listed for
which feedback was an important enough aspect of the research to be
included in the title almost doubled between the periods 1969-1976
and 1976-(August) 1981. 1In the earlier period about 150 items per
year were listed, while in the later period the number had increased
to about 290 items per year. During the first half of this year
alone more than 200 items are listed in Biological Abstracts under
"feedback' as the key word in the research title (Biological
Abstracts 71 pt. 8 [1981], p. 1917). Naturally, many more studies
utilize feedback but do not include the term itself in the title of
the research ("feedback" in the title of research usually, but not
always, indicates negative feedback). The major fields of applica-
tion for negative feedback in current biological research include
molecular biology, physiology, psychology (biofeedback) and ecology.

Very useful overviews of particular applications of control
theory with numerous further references include: H. Kalmus, ed.,
Regulation and Control in Living Systems (London: John Wiley &




feedback has a long history; devices based in its use were made in
antiquity, but it has only been during the last century that rigorous
quantitative methods have become associated with the applications of
negative feedback. These methods originated in the field of
communications engineering and during the World War II period spread
rapidly to other areas of science where further applications were
soon made. During this process of dissemination negative feedback
was transformed into a powerful conceptual tool, of general applica-

tion, having to do with the organization of behavior.

Sons, 1966); W. S. Yamamoto and J. B. Brodbeck, eds., Physiological
Controls and Regulations (Philadelphia: W. B. Saunders Co., 1965);
and Richard W. Jones, Principles of Biological Regulation: An
Introduction to Feedback Systems (New York: Academic Press, 1973).
The degree to which negative feedback has become assimilated in
science is evident in the large number of introductory textbooks, in
widely varying fields, which present the fundamentals of the
technique. See, for example: David Kirk, Bioclogy Today 2nd ed.
(New York: Random House, 1975), pp. 443-445; and E. P. Odum,
Fundamentals of Ecology 3rd. ed. (Philadelphia: W. B. Saunders Co.,
1971), pp. 34-70.

Negative feedback has been utilized in the social sciences,
although not as successfully and not to as great a degree as in the
biological and engineering sciences. Two applications in political
science include: Karl W. Dutsch, The Nerves of Government: Models
of Political Communication and Control (London: The Crowell-Collier
Pub. Co., The Free Press of Glencoe, 1963), and Stephen David Bryen,
The Application of Cybermetic Analysis to the Study of International
Politics (The Hague: Nijhoff, 1972). The use of the term
"cybernetic analysis" in the latter work is not the same as its
formal use in the present work.

Some other publications of general interest with respect to
negative feedback, its use and implications, include: Walter
Buckley, ed., Modern Systems Research for the Behavioral Scientist:
A Sourcebook (Chicago: Aldine Pub. Co., 1968); the General Systems
Yearbook (Ann Arbor, Michigan: Society for General Systems
Research, 1956-1981); and the journal Cybernetica.




The study of the processes by which negative feedback became
assimilated by sciences other than engineering is important because
of the relevance of these processes for the problems associated with
extreme specialization in science. We have become a society of
specialists. This specialization makes difficult the transfer of
techniques from one field to another due to the highly divergent
training of the workers in various fields. The success of the
dissemination of negative feedback across interdisciplinary lines
in spite of these problems is thus valuable in demonstrating how
these same problems may be overcome,

The first thesis of this dissertation is that the central
figure in the dissemination of the negative feedback techniques was
the American mathematician, Norbert Wiener. I will attempt to show
that Wiener's unusual multidisciplinary background and interests,
as well as his forcefulness of intellect, enabled him to cross the
borders of specialization and propagate the negative feedback ideas
into many diverse fields. In support of this thesis, I will explore
in some detail Wiener's background and his involvement in the
specific events which led to the spread of the feedback techniques.

But as noted above, the dissemination of the negative feedback
techniques was accompanied by its transformation into a conceptual
tool. It was not necessary for this transformation to occur; the
technique might have been adopted without any realization on the
part of those employing it that a movement of great significance
was occurring in the wider application of feedback. It took a

remarkable individual to initiate this larger understanding. The




second thesis of this work is that it was, again, Norbert Wiener who
was primarily responsible for initiating this transformation of the
negative feedback technique into a broader conceptual tool. Thus
Wiener is doubly the central figure of this work.

Although Wiener helped to initiate the transformation of
negative feedback from a technique into a more general concept of
even deeper significance, this significance is still greatly open to
interpretation. That this is the case should not be in the least
surprising. Interpretations of all ideas in the history of science
are continually being renewed. The problem of interpretation is
particularly great in this case because the concept is so recent
that not very much in the way of interpretation has occurred. This
situation is further aggravated by the fact that the significance of
negative feedback has often, and, in fact, generally been lumped
together with larger, more diffuse conceptions such as 'cybernetics"

and "

general systems theory." Thus the concept of negative feedback
has often not been properly considered on its own merits. 1In spite
of the widespread use of negative feedback, then, the conceptual
significance of this use remains to be fully evaluated. 1In the
second chapter of this dissertation I develop and present an
analysis of the deeper significance which may be seen to underlie
the general application of the negative feedback methods. This
presentation contains the third thesis of this dissertation.

Briefly stated, it is that the use of negative feedback provides a

bridge between holistic and reductionistic explanation, and that

the conceptual understanding of this use makes possible a revision




of the scientific view of goal-directedness in nature. To develop
this thesis I first formally characterize the role of negative feed-
back in scientific research, a characterization which, to my
knowledge, has not been previously made. This characterization takes
the form of a research program (of which more presently) delineating
the place of feedback in scientific research. In my analysis of the
implications and underlying assumptions of this program I attempt to
éresent what I believe to be the significance of negative feedback
in explanation. This significance is then used as a perspective to
evaluate Wiener's and others' roles in the transformation process.
In short, some transformation of negative feedback from technique

to conceptual tool occurred, but it has not been exactly clear what
the implications, nature and significance of this transformation has
been. 1In Chapter Two I have attempted to establish what this
transformation was and then have used this result in interpreting
the historical events which led to it.

Because of the complexity, richness, and recency of the subject
material, the interpretation of the current importance of feedback,
a non-historical endeavor, occupies a full chapter of this work, an
unusual amount for an historical study; but without this interpre-
tation an evaluation of the historical events would be made much
more difficult. It is, of course, hoped that this interpretation
will indeed help in clarifying the status of feedback as an
explanation today. One of the primary functions of the history of
science is to help shed light on contemporary problems. The

present work has been undertaken with this view in mind.




Norbert Wiener, the central figure of this study, was an extra-
ordinary individual. As a world-famous child prodigy, he had
developed graduate level proficiency in science, mathematics and
philosophy before he was twenty. Later, as a professor at the
Masgsachusetts Institute of Technology, he became a world-ranking
mathematician. His interests, however, were not limited to
mathematics and he had a virtually insatiable desire to understand
the basic problems of all fields. This desire is well-illustrated
in his characteristic statement, "a clearly framed question which we
cannot answer is an affront to the dignity of the human race.”2

Wiener was the guiding force and one of the three authors of
the 1943 paper, "Behavior, Purpose and Teleology,”3 a paper which
was critical in initiating both the dissemination and transformation
of the negative feedback techniques. A major reason for the
influence of the paper was the fact that it analyzed the role of
negative feedback within a broader conceptual framework useful in
many diverse fields of science. The paper prompted an important
series of interdisciplinary meetings devoted to the discussion of
possible applications of feedback in various sciences. These

meetings not only helped bring about the assimilation of feedback in

2N. Wiener to P. de Kruif, August 3, 1933, Norbert Wiener
Papers (MC 22), Institute Archives and Special Collections,
Massachusetts Institute of Technology Libraries, Cambridge,
Massachusetts.

3Arturo Rosenblueth, Norbert Wiener and Julian Bigelow,
"Behavior, Purpose and Teleology," Philosophy of Science 10 (1943),
pp. 18-24.




diverse fields, but also helped stimulate Wiener to write
Cybernetics,4 his best known work, published in 1948, a work which,
in turn, had much to do with the further spreading of the feedback
ideas. Wiener and the series of events stimulated by the 1943 paper
are thus central to the study of the dissemination and transforma-
tion of negative feedback.

Chapter Three is devoted to Wiener's unusual background and
emphasizes those aspects of Wiener's upbringing and early formation
of character which were most important in developing his multi-
disciplinary skills. These skills were crucial in enabling Wiener
to interact with professionals in different scientific fields and
thereby to spread the feedback ideas. One feature of this chapter
is the presentation of extended excerpts of Wiener's letters to his
parents as a post—graduate student while he was working under
Bertrand Russell in Cambridge, England during the year 1913.

Almost all of these letters, which give tremendous insight into
Wiener's character and development, appear in print for the first
time.

Chapter Four continues Wiener's development from his initial
appointment as a mathematics professor at the Massachusetts
Institute of Technology in 1919. Here the emphasis is first on the

mathematical tools which Wiener developed and later utilized in

4N. Wiener, Cybernetics, Or Control and Communication in the
Animal and the Machine (New York and Paris: John Wiley & Sons, Inc.
and Hermann et Cie, 1948; 2nd ed. (New York: The M.I.T. Press and
John Wiley & Sons, Inc., 1961).
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formulating his cybernetic synthesis; a broad construct through which
he presented his ideas on the significance of feedback. Wiener's
collaboration with the young engineer, Julian Bigelow, during World
War II is presented in great detail as it was from this collaboration
that the wider applicability of feedback first became apparent to
Wiener. The details of this collaboration have also not previously
been published.

The view presented in the ''Behavicr, Purpose and Teleology"
paper and which Wiener helped to advance in the 1940's, was that the
behavior of certain automatic machines known as servomechanisms was
similar in type to the purposeful, or goal-directed, behavior of
living beings. The servomechanism behavior resulted from the
incorporation of negative feedback within the structure of the
devices and the suggestion was advanced in the paper that negative
feedback might also be responsible for similar behavior in living
beings. This suggestion regarding negative feedback can be
categorized under the more general view of "robotics' which holds
that human capabilities can be replicated mechanically. The
proposals concerning the potential of negative feedback to explain
living behavior stirred much interest in the 1940's, not only
because of Wiener's effective involvement, but also because there
were many other concurrent advances in robotics which created an
especially fertile climate for the mutual reinforcement of
developments in this field. These developments included not only

|
advances in basic feedback theory, but also the construction of
sophisticated servomechanisms and computers, and progress in



neurophysiology.

Chapter Five is principally devoted to describing the robotic
advances which were so important in establishing a receptive
environment for the proposed expansion of the feedback methods. The
importance of this enviromment, including Wiener's involvement, is
also illustrated in this chapter by the inclusion of several
"antecedent cases," writings which presented ideas strikingly
similar to the ones Wiener proposed but which failed to be
influential.

Finally, Chapter Six describes the series of meetings
stimulated by the "Behavior, Purpose and Teleology' paper. These
meetings were conscious attempts at a multidisciplinary solution to
scientific problems, a highly unusual endeavor in an age which was
already highly specialized. We observe in these meetings the
problem of scientists from different disciplines attempting to
assimilate and organize a virtual avalanche of technical develop-
ment. Thus the study of these meetings is highly relevant to the
problems stemming from the extreme specialization in modern science.
But most importantly for this study, these meetings were the
primary vehicle for the initial dissemination to and the early
transformation of negative feedback by the larger scientific
community. In this work, the meetings are discussed primarily from
this perspective. Chapter Six ends with a discussion of the
writing of Cybernetics in relation to its effect on the general

assimilation of negative feedback,
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With the appearance of Cybernetics, the concept of negative
feedback became enmeshed with the many other robotic developments
which were then emerging. During this process some of the important
and extremely useful distinctions made in the earlier "Behavior,
Purpose and Teleology' paper seem to have been lost. As a result,
in spite of certain internal problems with the 1943 paper, it
remains as one of the most penetrating insights into the role of
negative feedback in scientific explanation. Chapter Two, then,
commences with a brief synopsis of this important work. In the
analysis which follows I discuss the strengths and limitations of
the paper and from this analysis I construct a research program
to formally identify the role of negative feedback in scientific
research. In deference to Wiener's own derivation of the word
"cybernetics' from the Greek name for an early class of feedback
devices, T refer to the research program as ''cybernetic analysis.”
Although the methodology of negative feedback has not, to my
knowledge, been formalized in this manner before, the program itself
does reflect the actual current use of negative feedback in
scientific research. The formalization facilitates a discussion of
the assumptions underlying the use of negative feedback and the
significance of this use. In short, cybernetic analysis represents
the formal abstraction of a role that negative feedback has already
been playing in scientific research, and this formalization makes
possible a fuller understanding of the significance of this role.

It should be noted that after Wiener derived the term

1

"ecybernetics," in terms of negative feedback, he went on to
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consider a much larger range of topics in his book Cybernetics.
Thus the program of cybernetic analysis refers to the more limited
literal meaning of the word rather than the broad class of topics
which Wiener came to consider. Since Wiener first used the term in

1948, there has been a great deal of confusion surrounding the

" 1

meaning of "cybernetics." As this work will show, the reasons for
this confusion are directly related to the manner in which
cybernetics was originally presented by Wiener, and the events
leading to this presentation. In the conclusion I argue that the
term can be given a more definite and useful meaning in terms of
the program of cybernetic analysis as given in Chapter Two. This
meaning emphasizes the role of negative feedback and hence the
roots of the word as originally derived by Wiener.

In summary then, the three theses of this dissertation are as
follows:

1. Norbert Wiener was the central figure responsible for the
dissemination of the technique of negative feedback from engineering
to the larger scientific community.

2, Norbert Wiener was the central figure responsible for the
transformation of negative feedback from a technique used to control
mechanical devices into a powerful conceptual tool, of general
application, having to do with the organization of behavior.

3. The utilization of negative feedback may be interpreted to
provide a bridge between holistic and reductionistic explanation,

and this understanding leads to a radical revision of the

scientific view of goal-directedness in nature.
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These theses were developed during the course of my research.
Initially my investigations were focused on the development of
"ecybernetics." It soon became apparent, however, that cybernetics
was never a well-defined concept; its lack of definition made it a
poor topic for historical investigation. Negative feedback, on the
other hand, was a well-defined topic which was of critical
importance in the developments relating to cybernetics and which
also had, in my view, far-reaching implications by itself. These
implications, however, have not been widely addressed. As a
result, it took a great deal of effort to identify the topic of
negative feedback and to extract it and its importance from the
broad and very ill-defined history of what is generally termed
cybernetics. To save the reader this same effort, I have chosen
to first present a discussion of negative feedback and its
importance as stated in the third thesis. This discussion will
aid the reader in providing a perspective for interpreting the
historical events which follow in the subsequent chapters. Thus
the third thesis is presented first, in Chapter Two, to which we

now turn.



CHAPTER TWO

THE ROLE AND SIGNIFICANCE OF NEGATIVE FEEDBACK
IN SCIENTIFIC RESEARCH AND EXPLANATION

As described in the Introduction, it is best to initiate a
discussion of the role and significance of negative feedback in
scientific research with a close examination of the 1943 paper,
"Behavior, Purpose and Teleology.”l Besides Wiener, the two other
authors of the paper were Arturo Rosenblueth, a prominent Harvard
physiologist, and Julian Bigelow, at that time a young engineer who
had recently joined Wiener to work on a war research project.
This remarkable little essay, barely seven pages in length, remains
as one of the most penetrating insights into the relationship
between behavior which appears purposeful and the principle of
negative feedback. As noted, however, there are certain problems
inherent in the paper as the reader may very well discover in
reading the next section. Here the paper is presented in its own
terms and without criticism. A critical analysis of the paper

follows in section II.

lArturo Rosenblueth, Norbert Wiener and Julian Bigelow,
"Behavior, Purpose and Teleology," Philosophy of Science 10 (1943),
pp. 18-24,

2
The circumstances surrounding the writing of this important
paper are described in Chapter Three (see below, pp. 152-157).
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I. "Behavior, Purpose and Teleology"

The authors state at the outset the two goals of their essay:
one is "to define the behavioristic study of natural events and to
classify behavior'"; and the second is '"to stress the importance of
the concept of purpose."3 Behavior is defined as "any change of an
entity with respect to its suw_ﬂ:oundings.”ér A "behavioristic study"
is equivalent to what today is sometimes termed a "black box"
approach; that is, when input stimulii are applied to a system only
the external changes of the system are measured. The behavioral
study represents an "input-output' approach where the overt behavior
is considered but no attempt is made to account for this behavior in
terms of the system's intermal structure, or "intrinsic organization,"
to use the term of the paper. A study of the system's intrinsic
organization and its relation to the behavior of the system is termed
by the authors a "functional study." The complimentary aspect of
behavioral and functional studies will be important for the statement
of cybernetic analysis.

Behavior is next subdivided into two classes: active and
passive. Entities exhibiting active behavior have their own energy

source so that the output behavior is not limited in energy by the

3A. Rosenblueth, N. Wiener, and J. Bigelow, "Behavior," p. 18.

4Wiener was quite interested in the scientific program of
"operationalism," related to behavioralism and initiated by the
physicist P. W. Bridgman in the 1920's. Wiener and Bridgman both
attended Josiah Royce's seminar on the scientific method when they
were graduate students at Harvard (see below, pp. 129-130).
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energy of the input, that is, the "input does not energize the output
directly." 1In passive behavior, on the other hand, "all the energy
in the output can be traced to the immediate input" (e.g., the
throwing of an object), or else the object may control energy which
remains external to it throughout the reaction (e.g., the soaring
flight of a bird).5

A pattern followed throughout the paper is to define each level
of behavior dichotomously and then to treat subsequently only one
aspect of the dichotomy, as is illustrated in the authors' diagram
of the classification scheme (Figure 2-1). 1In correspondence with
this pattern, passive behavior is now disregarded while active

"purposeful' and

behavior is subdivided into two subclasses termed
"purposeless.'" The authors state:
The term purposeful is meant to denote that the act or
behavior may be interpreted as directed to the attainment of a
goal--i.e., to a final condition in which the behaving object
reaches a definite correlation in time or in space with respect
to another object or event. Purposeless behavior then is that
which is not interpreted as directed to a goal.6
The authors defend this definition of purpose as a useful concept in
spite of the operational vagueness of the phrase "may be interpreted."
They say, in support of their view, that the notion of purpose is
indispensable to human physiology where purpose, that is, attaining

a goal, is a "physiological fact': we can do physically what we

intend to do.7

5
A. Rosenblueth, N. Wiener, and J. Bigelow, 'Behavior," p. 18.

6Ibid.

7Ibid., p. 19.
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Purposeless behavior is now disregarded while purposeful
behavior is subdivided into two classes, teleological and non-
teleological. It is in this subdivision that negative feedback first
plays a role. The authors state:

Purposeful active behavior may be subdivided into two
classes: 'feed-back' (or 'teleological') and 'non-feed-back'
(or 'non-teleological'). The expression feed-back is used by
some engineers in two different semses. In a broad sense it
may denote that some of the output energy of an apparatus or
machine is returned as input; an example is the electrical
amplifier with feed-back. The feed-back is in these cases
positive———the fraction of the output which reenters the object
has the same sign as the original input signal. Positive
feed-back adds to the input signals, it does not correct them.
The term feed-back is also employed in a more restricted sense
to signify that the behavior of an object is controlled by the
margin of error at which the object stands at a given time with
reference to a relatively specific goal. The feed-back is then
negative, that is, the signals from the goal are used to
restrict outputs which would otherwise go beyond the goal.

It issthis second meaning of the term feed-back that is used
here.

An important clarification of the distinction between feed-back and
non—-feedback behavior follows:

All [teleological] behavior may be considered to require
negative feedback. If a goal is to be attained, some signals
from the goal are necessary at some time to direct the behavior.
By non-feed-back behavior is meant that in which there are no
signals from the goal which modify the activity of the object
in the course of the behavior.’

8Ibid.

9Ibid., pp. 19-20. 1In the original text the term "purposeful"
appears where '"teleological' has been substituted in the above quoted
statement. It appears that the use of the term "purposeful' was
either an error or the result of a misprint since the authors had
just defined purposeful behavior in terms of feedback and non-feed-
back subclasses. This classification is confirmed by the diagram
presented by the authors to illustrate their entire classification
scheme for behavior (see fig. 2-1). It would seem from this diagram
that the term "teleological' was intended, and thus this term has
been here substituted for "purposeful."”




An example is given to illustrate behavior that is non-feedback, but
purposeful: when a snake strikes to catch its prey it launches its
head at the prey on a trajectory from which it does not deviate. It
cannot receive signals from the goal to modify this behavior because
the launch is so rapid that there would not be adequate time for the
new signal to be processed and acted upon by the snake. Thus the
trajectory of the snake's head is directed toward the attainment of
a goal, but it is not modified in the course of this behavior by
changes in the position of the prey. This behavior i1s opposed to
the "more effective" behavior of some machines and living organisms
which employ "a continuous feed-back from the goal that modifies and

guides the behaving object.”lO

' is then

A description of a feedback malfunction, "hunting,'
given, followed by a description of how this malfunction might be
used to account for the tremor exhibited by patients with certain
types of brain injuries (see below, p. 156). This observation leads
to the statement that "The analogy with the behavior of a machine
with undamped feed-back is so vivid that we venture to suggest that
the main function of the cerebellum is the control of the feed-back
nervous mechanisms involved in purposeful motor activity.”ll

Yet another subdivision of behavior is now made. Non-feedback

purposeful behavior is disregarded while purposeful feedback

(teleological) behavior is subdivided into predictive and

Omp44., p. 20.

Mibid.
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non-predictive subclasses. Predictive feedback behavior occurs when
the object's behavior is not only influenced by feedback, but by
predictions it makes concerning the future conditions of the goal.
Thus, "A cat starting to pursue a running mouse does not run
directly toward the region where the mouse is at any given time, but
moves toward an extrapolated future position.'" The cat, of course,
also reacts by feedback to changes in the mouse's position. An
amoeba, on the other hand, seems to show no ability to extrapolate
future conditions. The authors point out that predictive and non-
predictive feedback behavior are both demonstrated by certain
machines.12 Since different applications require different degrees
of complexity of prediction different orders of predictive feedback
behavior are indicated. Different systems will be limited to
differing degrees in the complexity of their extrapolations.
Limitations might include the number, type and sensitivity of
receptors linking the system with the environment, and also the
complexity of "internal organization' with the system., Systems with
highly limited receptors or internal organization would not be able
to perform the complicated feedback-extrapolation operation necessary
to enable, for example, the capture of a rapidly flying insect. With
regard to internal organization, the authors state:

Thus, it is likely that the nervous system of a rat or dog
is such that it does not permit the integration of input and

2Wiener and Bigelow were at this time engaged in a war-time
research project, the goal of which was to produce a better method to
aim antiaircraft guns. Predictive feedback was the critical element
of their attempted solution (see Chapter Three, pp. 160-161).
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output necessary for the performance of a predictive reaction of
the third or fourth order. 1Indeed, it is possible that one of
the features of the discontinuity of behavior observable when
comparing humans with other high mammais may lie in that the
other mammals are limited to predictive behavior of a low

order, whereas man may be capable potentially of quite high
orders of prediction.l3

In defending their overall classification scheme for behavior
the authors state:

It leads to the singling out of the class of predictive
behavior, a class particularly interesting since it suggests
the possibility of systematizing increasingly more complex
tests of the behavior of organisms. It emphasizes the concepts
of purpose and teleology, concepts which, although rather
discredited at present, are shown to be important. Finally, it
reveals that a uniform behavioristic analysis is applicable to
both machines and living organisms, regardiess of the
complexity of the behavior. . . . A further comparison of
living organisms and machines leads to the following inferences,
Whether they should always be the same may depend on whether or
not there are one or more qualitatively distinct, unique
characteristics present in one group and absent in the other.
Such qualitative differences have not appeared so far.l4

Thus the advantages of the behavioral approach are seen to include
first the definition of the useful concepts of purpose and teleology
in scientifically testable terms, and second a unification of the
description of behavior in both the life and physical sciences. The
fact that machines and organisms can be described in terms of the
same behavioral classifications is seen as being quite important,
but at the same time it is emphasized that, at the present time,
there are '"deep" functional differences between the way in which

machines and organisms achieve this similar behavior. Thus the

authors observe:

Bipid., p. 21.

14Ibid., p. 22.
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Structurally, organisms are mainly colloidal, and include
prominently protein molecules, large, complex and anisotropic;
machines are chiefly metallic and include mainly simple
molecules. From the standpoint of their energetics, machines
usually exhibit relatively large differences of potential,
which permit rapid mobilization of energy; in organisms the
energy is more uniformly distributed, it is not very mobile.
Thus, in electric machines conduction is mainly electronic,
whereas in organisms electric changes are usually ionic.1

A further illustration of the functional differences responsible for
similar behavior is given in terms of the eye and the television

receiver:

Scope and flexibility are achieved in machines largely by
temporal multiplication of effects; frequencies of one million
per second or more are readily obtained and utilized. 1In
organisms, spatial multiplication, rather than temporal, is the
rule; the temporal achievements are poor—--the fastest nerve
fibers can only conduct about one thousand impulses per second;
spatial multiplication is on the other hand abundant and
admirable in its compactness. This difference is well
illustrated by the comparison of a television receiver and the
eye. The television receiver may be described as a single cone
retina; the images are formed by scanning---i.e. by orderly
successive detection of the signal with a rate of about 20
million per second. Scanning is a process which seldom or
never occurs in organisms, since it requires fast frequencies
for effective performance. The eye uses a spatial, rather than
a temporal multiplier. Instead of the one cone of the television
receiver a human eye has about 6.5 million cones and about 115
million rods.l6

Finally, a defense of the use of teleological concepts, as
defined in the paper, is given. It is noted that, as defined,
teleology is severed from the concept of final cause. At the same
time, the useful concept of purpose is maintained:

In classifying behavior the term 'teleology' was used as

synonymous with 'purpose controlled by feed-back.' Teleology
has been interpreted in the past to imply purpose and the vauge

15Ibid., P.

16Ibid.

N
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concept of a 'final cause' has been often added. This concept
of final causes has led to the opposition of teleology to
determinism. A discussion of causality, determinism and final
causes is beyond the scope of this essay. It may be pointed
out, however, that purposefulness, as defined here, is quite
independent of causality, initial or final. Teleology has

been discredited chiefly because it was defined to imply a
cause subsequent in time to a given effect. When this aspect
of teleology was dismissed, however, the associated recognition
of the importance of purpose was also unfortunately discarded.
Since we consider purposefulness a concept necessary for the
understanding of certain modes of behavior we suggest that a
teleological study is useful if it avoids problems of causality
and concerns itself merely with an investigation of purpose.

IT. '"Behavior, Purpose and Teleology': Analysis

Although the "Behavior, Purpose and Teleology" paper remains the
most useful work in suggesting the role of feedback in scientific
explanation, it is not entirely adequate to characterize this role
completely. This inadequacy stems, in part, from the self-imposed
restriction to the behavioral approach. While the authors made great
progress in defining purpose and teleology in behavioral terms, their
strict severence of these terms from any kind of causality, "initial
or final,"18 restricted the role of these térms in scientific
explanation. Science is interested in the causes of phenomena as
well as their classification. Since the behavioral approach does not
deal with causality, it must be integrated with the other type of
study defined in the paper; the functional study. The explanation of
how the parts of a system work, which is treated in this second type

of study, is obviously an important part of scientific explanation.

17Ibid.

18Ibid.
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The status of negative feedback with regard to functional and
behavioral studies must be clarified for our purposes. As we shall
see, an internal problem of the joint paper was to treat negative
feedback as determinable behaviorally, when it is actually
functionally determined. The actual behavioral definitions given by
the authors for purposeful and teleological behavior are somewhat
problematic in that they involve a redefinition of fairly well
established terms, leading to possible confusion in this regard.

These problems of the paper, with regard to the full development
of the role of negative feedback in scientific explanation, will now
be considered in more detail. Their proposed resolution, also
treated in this section, will lead us to the program of cybernetic
analysis, the formal research program of negative feedback which I

wish to advance,
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The Problem of Terminology

The authors of '"Behavior, Purpose and Teleology" defined the
behavior of an object or system as being purposeful and teleological
if the behavior satisfied certain criteria. First, one had to be
able to interpret the behavior as being directed to the attainment
of a goal; that is, '"to a final condition in which the behaving
object reaches a definite correlation in time or in space with
respect to another object or event."l9 Second, the object or system
had to exhibit the behavioral characteristics of a negative feedback
system; that is, the object or system receives signals from the goal
which modifies the activity of the object in the course of the
behavior.20

How does this use of the terms ''purpose" and "teleology"
correspond with their traditional meanings? 1In certain respects the
usage is quite different. Purpose and teleclogy are traditionally a
form of explanation as opposed to a form of behavior. Traditionally,
teleology takes the goal or end of a process to be the cause of the

. . 2
events leading up to this goal or event. 1 The antecedent events

19Ibid., p. 18.

2OIbid., pp. 19-20.

l"Cause,” here, is used in the sense of "final cause,'" the
Aristotelian term classically associated with teleology (see below,
P. 26). As will be presently described, however, the modern usage of
the term "causality" does not include the process designated by final
cause. Partly for this reason, modern writers do not generally speak
of "teleological causation,'" but of "teleological explanation." The
nature of the relationship between teleological explanation and
causality, from the modern point of view, is highly controversial;
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occur "for the sake of" the goal, or "in order to'" bring it about.
Thus if we ask the question, "Why does the heart beat?" the
teleological answer is "in order to maintain the circulation of the
blood." Such teleological explanations are quite common in everyday
life, and in certain sciences, especially biology.

Teleological explanation is modelled on the human ability to
envision a goal and then take action "in order to' bring about this
goal. Such actions based on this ability have been termed ''goal
intended" by R. B. Braithwaite.22 Thus the goal is the "purpose' of
a goal-intended action, as is illustrated in the statement, "My
purpose in going to New York was to visit my father.'" Because so
many processes in nature, and biology in particular, appear to be
directed toward a goal as a human might direct events toward a goal,

the human derived idea of purpose was often transferred to nature in

as a form of explanation, however, teleology must deal with causality
in some sense. Richard Bevan Braithwaite has written:

. . in a teleological explanation the explicandum is
explained as being causally related either to a particular goal
in the future or to a biological end which is as much future as
present or past. It is the reference in teleological explana-
tion to states of affairs in the future, and often in the
comparatively distant future, which has been a philosophical
problem ever since Aristotle introduced the notion of 'final
cause'; the controversy as to the legitimacy of explanations in
terms of final causes rages continually among philosophers of
biology and, to a less extent, among working biologists.

[See Richard Bevan Braithwaite, '"Causal and Teleological Explanation,'
in John V. Canfield, ed., Purpose in Nature (Englewood Cliffs, N.J.:
Prentice-Hall, Inc., 1966), p. 32.]

a
221p14.
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general. This anthropomorphic character of purpose has been
described by Moritz Schlick:

. . . what are we to understand by 'purpose'? No doubt it

is a concept derived from human action. What we call purpose

is nothing but the anticipated outcome of our actions. In

each action that is consciously carried out, the goal of the

action is envisaged by consciousness. Hence, the existence of

a purpose presupposes the presence of consciousness capable of

representation. Wherever consciousness is absent or wherever

a conceptual system is utilized which does not refer to

consciousness, it is therefore impossible to speak of ''purposes"

in the original sense of the word.23

The idea of 'final cause" in Aristotelian philosophy represented
a model for teleological explanation; a model which David Ross, the
noted Aristotle scholar summarized in the statement: "It is not that
. n2b
B must be because A has been but A must be because B is to be.
Of course not all events were teleologically determined in Aristotle's
view. The color of ones eyes, for example, could be explained by
antecedent events, the "efficient cause." Nevertheless, in many
cases, especially those involving the overall development of
organization in organisms, teleological explanation was required.
This anthropomorphic basis of Aristotle's philosophy of causation is
one of the primary reasons for terming his world view ''organic." In

it nature is alive and conscious. It is capable of carrying out

goals just as humans are.

23Moritz Schlick, "Philosophy of Organic Life," in Herbert Feigl

and May Brodbeck, eds., Readings in the Philosophy of Science (New
York: Appleton~Century-Crofts, Inc., 1953), p. 527.

2
4David Ross, Aristotle (New York: Barnes & Noble, Inc. 1960),
p. 79.
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With the rise of the mechanistic world view during the
seventeenth century, and its continued growth throughout the
eighteenth, nineteenth and twentieth centuries, the validity of
this "backwards causality" under any circumstances was severely
questioned. In the modern view, events are entirely determined by
other events concurrent with and preceding the event to be explained.
Final cause, in other words, has been discredited as explanation and
only the use of efficient cause has become proper. When we give a
"causal" or "deterministic' explanation today we imply this process
of antecedent causation in terms of known natural law. A
"mechanistic' explanation, then, denotes explanation in terms of
efficient cause; that is, a causal chain in which, by natural law,
one event invariably leads to the next and culminates in the

phenomenon to be explained.25

25 . . .
The term "mechanism' has been subject to a multitude of

definitions. A good discussion of some of these is given in Jan
Eduard Dijksterhuis, The Mechanization of the World Picture, tr., C.
Dikshoorn (Oxford: Clarendon Press, 1961), pp. 495-501. The
definition of mechanism presented above, in the present work, in
terms of efficient cause and causal chains seems to me to be the most
inclusive and, at the same time, the most accurate representation of
the current meaning of the word. This definition is, in fact,
suggested by Anthony Quinton in Alan Bullock and Oliver Stallybrass,
eds., The Harper Dictionary of Modern Thought (New York: Harper &
Row, Pub., 1977). He notes that the 'traditional opponent of
mechanism is teleology, the view that some, perhaps all, events must
be explained in terms of the purposes which they serve, and thus that
the present is determined by the future rather than by the past"

(p. 379). Mechanism, for Quinton, is the 'theory that all causation
is, in Aristotle's terminology, efficient, i.e., that for an event to
be caused is for its occurrence to be deducible from the antecedent
(in some cases contemporaneous) condition in which it occurs,
together with the relevant universal law of nature" (Ibid.).

The concept of a '"causal chain' is formally defined by
Braithwaite:
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The problem with teleological causation for the modern mind,
steeped in the mechanistic tradition, is that we are umnable to
conceive of a physical method by which the future could effect the
present.26 Thus the authors of "Behavior, Purpose and Teleology"
state without comment, ''Teleology has been discredited chiefly
because it was designed to imply a cause subsequent in time to a
given effect."27
In one area, however, teleological causation does satisfy modern
causation criteria. In the case of actions carried out by human
intention the intention is temporally antecedent to the realized
goal and thus acts as an efficient cause. But it is the ability to
conceive the future that gives humans this ability, an ability which

lower animals and plants are not thought to have. We can say that

we are "trying" to get out of a house when we are pulling on the door

. a spatio-temporally continuous chain of events . . .
form{s] a causal chain if every event in the chain nomically
determines its neighbors in the chain in such a way that the
causal law relating the explans-event with the explicadum-event
is a consequence within a true deductive system of higher-level
laws which relate only spatio-temporally continuous events.

See R. B. Braithwaite, ''Causal and Teleological Explanation," p. 29.

26 " . . 1"
The phrase, "unable to conceive of a physical method
reflects, of course, our mechanistic bias. If one accepts the
suppositions of traditional teleology, teleological causation
represents a process which is just as '"determined' as that of
efficient causation.

27
p. 18.

A. Rosenblueth, N. Wiener, and J. Bigelow, ''Behavior,"
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in order to get out. We might explain a dog's behavior under the
same circumstances in similar terms. But would we say that a fish
flaps about on the sand in order to get back in the water? Would we
say that plants bend toward the sun in order to get more sunlight?
How can we explain these apparently goal-directed activities in
entities which are not conscious in the human sense? How can these
entities achieve a goal without "knowing' what they are doing? Do
birds build their nests with no conception of the final product?

How does the dividing zygote "know'' how to differentiate the cells

so as to produce a human rather than a mass of protoplasm? These and
questions like them, relating to life processes which seem to carry
out intention, have been so difficult to answer in mechanistic terms
that it has often been claimed that life must have some special
property which enables this behavior. This property has been given
different names; the "entelechy" of H. Driesch, and the "élan vitale"
of Bergson, are just two of them. What these vitalistic views all
have in common is that they depend on teleological causation; final
cause acts as efficient cause. Attempted mechanistic explanations
for 1life processes from Descartes until the beginning of this century
were thwarted by the apparent qualitative differences between the
behavior of living and non-living entities. Thus when the turn-of-
the-century biologist, Hans Driesch, cut an embryo in half and then
observed each half develop into a normal, full organism, he took this
development as evidence that some non-mechanical, vital, goal-
directing agent was at work in the embryo. A machine would

necessarily be "'too stupid" to compensate for this violent disturbance
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to the embryo. As Anatol Rapoport has commented, the term 'mechanical
process"
. . carries overtones of stupidity, at least of failing
to take into account the variable environment. . . . Driesch
evidently thought that the two separated halves of the embryo,
if they were guided by mechanical process, should have exhibited
'stupid' behavior. Unaware of the changed circumstances, they
should have continued blindly along the same path as if they had
not been separated. . .2
Driesch's vitalistic views were not, of course, typical of the many
biologists and naturalists who felt that organic processes could,
. . . . 29 . . .
indeed, be explained in mechanistic terms. The important point is,
however, that until negative feedback became understood as a
mechanism to account for goal-directed behavior, there was, in fact,
no plausible mechanism to account for this critical organic property.
Thus, the mechanistic potential to explain organic phenomena was, in
fact, severely limited.

The advent of "intelligent" machines in the areas of

servomechanisms and computers during World War II initiated a

profound reconsideration of the potential of "mere'" mechanisms (see

28Anatol Rapoport, '"The Impact of Cybernetics on the Philosophy
of Biology," in Norbert Wiener and J. P. Schadé, eds., Progress in
Biocybernetics, vol 2 (New York: Elsevier Pub. Co., 1965), p. 147.

29

See Garland Allen's discussion of "mechanistic materialism" in
biology in his Life Science in the Twentieth Century (New York: John
Wiley & Sons, 1975), pp. xix-xxiii. A particularly interesting case
of a biologist who attempted to account for organization in
mechanistic terms is that of Lamarck. Because of the lack of any
specific known mechanisms to account for organization, Lamarck was
eventually forced into a vitalist position in spite of his professed
adherence to the mechanistic view. See Christopher Michael Dobson,
"Lamarck's Approach to an Understanding of Man" (Masters dissertation,
Oregon State University, 1978), pp. 20-28.
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Chapter Five). But to state that mechanisms can act ''purposefully"
risks the danger of imparting to their action the presence of a final
cause which, as we have seen, has been traditionally associated with
"purpose” and "teleology." The solution to this problem involves
retaining the behavioral content of the terms purpose and teleology,
but dropping the terms themselves. The essential aspect of both
purposeful and teleological behavior in the 1943 paper was
goal-directedness; the observation that the "act or behavior may be

. . . 30
interpreted as directed to the attainment of a goal." Rather than

" then, we will

saying that a certain entity is acting "'purposefully,
say that its actions are goal-directed. But in order to maintain the
important distinction between purposeful and teleological behavior
made by the authors of the 1943 paper, the distinction of the presence
or absence of negative feedback, it will be necessary to designate two

types of goal-directed behavior. For reasons which will soon be made

clear, we will designate these two categories as adaptive goal-

directed behavior (or, in brief, "adaptive behavior'") and

non-adaptive goal-directed behavior (or, in brief, '"non-adaptive

behavior'"). We define these terms as follows:

Adaptive goal-directed behavior is that which occurs when a system

continues to manifest a certain state or property, G, or to develop

towards G, while being subjected to changes in its external

environment or in some of its internal parts.

30
p. 18.

A. Rosenblueth, N. Wiener, and J. Bigelow, "Behavior,"
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Non-~adaptive goal-directed behavior is that which occurs when a system

continues to manifest a certain state or property, G, or develop

towards G, but only while it is not being subjected to changes in its

external environment or in some of its internal parts.

In terms of the 1943 paper, what is here called non-adaptive would be
termed purposeful, and what is here called adaptive would be termed
teleological. The definitions here are entirely behavioral. The
fundamental difference between adaptive and non-adaptive behavior is
that adaptive behavior persists even while being subjected to
disturbances; that is, the behavior "adapts' to the disturbance.
Non-adaptive behavior does not have this property and this distinction
is crucial in understanding the role of negative feedback in
explanation. It should be noted that the determination of whether
the behavior is goal-directed in either sense is an experimental
question and thus conclusions in regard to this determination will
only be as strong as the experimental evidence. This experimental
aspect of the definitions will be important in treating certain

objections to the behavioral approach (see below, pp. 53-63).

3lThe definitions presented here stem from one given by Ernst
Nagel for "the structure of systems which have goal-directed
organization." Nagel did not distinguish between adaptive and non-
adaptive behavior in his definition and thus certain important
modifications had to be made. Additional modifications result from
the fact that Nagel's definition may be interpreted as not being
entirely behavioral. See, Ernst Nagel, "Teleological Explanation
and Teleological Systems,'" in S. Ratmer, ed., Vision and Action
(Rutgers, N.J.: Rutgers Univ. Press, 1953); reprinted in
H. Feigel and M. Brodbeck eds., Readings, p. 546.
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The term 'megative feedback' does not appear in the adaptive
behavior definition because these definitions are entirely behavioral
and negative feedback is a mechanism rather than a form of behavior.
We will return to this point presently. But if experiment leads us
to the conclusion that the behavior of a system is adaptive, then we
may assume, as a hypothesis, that the mechanism causing the behavior
is one of negative feedback. This assumption is justified by the fact
that servomechanisms and other negative feedback devices exhibit the
same behavior pattern. Once made, the assumption becomes quite useful
because the entire repetoire of feedback theory (see below, pp. 185)
becomes available to help make predictions as to how the behavior of
the system will vary when the disturbances applied to it are varied.
It should be noted that for relatively simple systems, the mechanisms
of which are well understood, predictions of the system's behavior
under different disturbances can be made from knowledge of this
mechanism and its '"causal chain" alome. The value of feedback theory
is that it can give predictions concerning behavior under different
disturbances when nothing is known about the workings of the intermal
mechanism itself. As Braithwaite has commented, ". . . in this case
we are unable, through ignorance of the causal laws, to infer the
future behavior of the system from our knowledge of the causal laws;
but we are able to make such an inference from knowledge of how

32

similar systems have behaved in the past."” Of course the question

of whether or not the assumption of negative feedback was well taken

32
p. 40,

R. B. Braithwaite, "Causal and Teleological Explanation,"
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can be judged by the success of these predictions.33

The Role of the Functional Study

One of the stated goals of the '"Behavior, Purpose and Teleology"
paper was to ''define the behavioristic study of natural events and to
classify behavior.”34 The authors also state,

All [teleological] behavior may be considered to require
negative feed-back. If a goal is to be attained, some signals
from the goal are necessary at some time to direct the
behavior.35

This statement is troublesome. It is possible to obtain a goal
without feedback. The authors' own example of the snake striking at
its prey illustrated this possibility. But further, can one use
negative feedback as a behavioral classification? Can one identify a
system as employing negative feedback or any other mechanism by
observing its behavior only? Or does one have to examine the inner

structure of the system to determine if negative feedback is being

used? The authors seem to define it as a behavioral characteristic

31t is equally clear that successful predictions do not validate
the assumption in an epistemological sense. The working value of a
scientific theory, however, is frequently measured by its ability to
predict phenomena, and it is in this sense that the phrase "well
taken" is used here. This is not to say that scientific theories
which yield consistently good predictions have no philosophical or
intellectual impact. Quite the opposite is the case. See below,
pp. 30-31.

4
3 A. Rosenblueth, N. Wiener, and J. Bigelow, "Behavior," p. 18.

35Ibid., p. 19. See note 9.
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alone, but in actuality, one cannot determine if a system employes
negative feedback without a functional study.36 Two entities may
exhibit the same behavior, but one cannot assume they are doing so
for the same reasons. The fact that servomechanisms operate on the
principle of negative feedback is no guarantee that organisms do,
even if they both behave similarly. In order to establish the
functional identity a functional study 1s required; a study which
the authors actually do pursue in the paver. They are concerned, for
instance, with the functioning of the retina and the speed of nerve
transmission in a snake. Thus the paper, which was ostensibly a
behavioral study, eschewing any consideration of any causality,

' was, in reality, quite concerned with matters of

"initial or final,'
function. In fact, the major force of the paper came not only from
its demonstration that organisms behaved like machines, but also its
provision of a mechanism to account for this similar behavior; the
mechanism of negative feedback.

Thus if it appears that a system is adaptive, and if we assume
that this behavior is the result of negative feedback, the next
apparent step is to perform a functional study; a study to determine
how the interaction of specific parts of the system produces this
behavior. The functional study can be guided by the known

characteristics of negative feedback mechanisms, but more importantly,

the functioning of the parts is seen as a means to an end. The

6
That behavior cannot be an indication of intermnal structure
was apparently first pointed out by John von Neumann (see below,

pPp. 267=268).




guiding question becomes, how do the parts produce the adaptive
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goal—-directed behavior? It had previously been assumed that adaptive

behavior required some special, perhaps non-mechanistic property in
living beings. Negative feedback mechanisms provided a new possible
explanation. These mechanisms were the expression of the physical
organization of the system (see Chapter Five) and not any vitalistic
property. The importance of the acceptance of goal-directedness in
mechanistic terms cannot be overemphasized, and this importance will
be treated in the next section.

Another way in which the functional study is guided by the
behavioral study involves, once again, prediction. The functional
study will predict, on the basis of the understanding of the
feedback mechanism, how the behavior of the system will change when
the component characteristics are varied. Once again, these
predictions can be experimentally tested. This approach has been
quite common when negative feedback has been used in scientific

. 37
explanation.

7A typical example of how behavior guides the functional study
in terms of feedback is that involving the elucidation of allosteric
mechanisms in biochemistry. See Albert L. Lehninger, Biochemistry,
2nd ed. (New York: Worth Pub. Inc., 1976), pp. 234-235,
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CYBERNETIC ANALYSIS

In the preceeding section we found that in order to fully
characterize the role of negative feedback in scientific explanation
certain modifications had to be made in the "Behavior, Purpose and
Teleology" paper. Nevertheless, the basic behavioral approach of the
paper, its separate classifications for goal-directed behavior with
and without feedback, and its distinction between behavioral and
functional studies proved to be wvaluable.

The problems with the paper included the possible confusion over
the redefinition of the terms "purposeful' and '"teleological' and the
uncertainty over the status of negative feedback as a behavioral or
a functional consideration. We approached the first problem by
dropping the terms purpose and teleology altogether and substituted
instead the two behaviorally defined terms related to non-adaptive
and adaptive goal-directed behavior. A discussion of the status of
negative feedback led us to the importance of the functional study.
Both the behavioral and functional studies lead to predictions of
behavior, predictions which can be tested by experiment. The degree
to which a system is goal-directed in either sense is thus an
experimental question.

Based on the considerations of the previous section, then, I
will attempt to summarize the overall methodology of scientific
research based on negative feedback. It is most convenient to
present this methodology as a series of steps in an overall program.

These steps are as follows:




38

1. 1Identify a system of interest.3

2. Perform a behavioral study to determine if the system is
adaptively goal-directed; that is whether the system persists in its
behavior even while being subjected to disturbances (see definition
of adaptive goal-directed behavior on p. 31).

3. If the system is behaviorally determined to be adaptively
goal~directed, make the hypothesis that this behavior is the result
of a negative feedback mechanism or mechanisms within the system.

4. Test this hypothesis by attempting to apply feedback theory
to the system and thereby to arrive at successful predictions of
behavior changes when the disturbances applied to the system are
varied.

5. Perform a functional study to determine how the components
of the system interact to produce the negative feedback mechanisms(s)

of the system.

6. Test functional theories by making predictions of behavior

. . . e 39
when components or component interrelationships are modified.

38Robert Lilienfeld, in his critique of systems theory, advances
as a criticism the view that the systems approach is flawed because a
"system" can never be completely isolated from its surroundings.
While this statement is true, it is not damaging because, in
practical terms, systems are commonly identified and used successfully
for research purposes. For Lilienfeld's views see his The Rise of
Systems Theory (New York: John Wiley & Sons, 1978), p. 256.

39The program stated here is in analytical form. Negative feed-
back also plays an important role in the synthesis of behavior,
especially in engineering applications. Thus "cybernetic synthesis"
also occurs in science and technology. Because of space limitations
this aspect of negative feedback cannot be treated in this work.
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In deference to Wiener's derivation of the term 'cybernetics,'
which involved the Greek and Latin roots for a class of early negative
feedback devices (see p. 278), . I term this program of research

cybernetic analysis. Although the methodology of negative feedback

has not, to my knowledge, been formalized in this manner before, the
fact remains that this method is used throughout the sciences where
negative feedback is utilized as a research tool. The particular
interplay of functional and behavioral studies with respect to
negative feedback described by cybernetic analysis is quite common-
place in science.40 It should be noted, however, that the program
represents the fullest use of negative feedback in research, and that

in practice, different researchers frequently deal with different and

OAs noted in the introduction, it is impossible to fully
describe or cite all the research which is being performed on the
basis of negative feedback. A rigorous defense of my statement that
cybernetic analysis mirrors the usage of negative feedback in science
would require a large research project in itself; but I think those
familiar with the use of negative feedback in science would agree
that the program of cybernetic analysis described here is a fair
statement of the manner in which negative feedback is used as an
analytical tocl in science. It goes almost without saying that the
behavioral aspects of the system must be determined before it can be
usefully hypothesized that the system operates on the basis of a
negative feedback mechanism, and before the elucidation of this
mechanism in functional terms can be accomplished. Step four, the
application of feedback theory to make predictions of behavior, is
often not practical in biological applications where the frequency
response methods from control engineering (see below, pp.185-191) are
difficult to apply. The step is included, however, to indicate the
total possible use of negative feedback in scientific research. Two
very useful presentations detailing applications in biology where
control theory has been successful are: William S. Yamamoto and
John R. Brobeck, eds., Physiological Controls and Regulations
(Philadelphia: W. B. Saunders Co., 1965); and H. Kalmus, ed.,
Regulation and Control in Living Systems (New York: John Wiley &
Sons, 1966).
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isolated steps of the program. This application of the various steps
to a particular problem may even occur many years apart.

In the investigation of any of the well known homeostatic
properties of organisms, for example, such as the maintenance of
body temperature in mammals or the blood pH, it is clear that the
behavioral property of regulation had to be observed before any
attempt could have been made to functionally account for this
behavior. Such studies of behavioral regulation, in fact, comprised
a good portion of early physiological research.41 When the negative
feedback mechanism became generally understood some of this behavior
became explainable in terms of this mechanism; that is, predictions
of behavior changes resulting from environmental disturbances and
component characteristic variations, became possible when the
behavior was analyzed in terms of negative feedback.

Thus we see that cybernetic analysis is a formal statement of
the manner in which negative feedback is already being used in
scientific research. The formal statement is useful in clarifying
this role, as well as facilitating a discussion of the implications,
underlying assumptions and limitations of the use of negative feed-

back in research, the discussion of which follows.

41See J. S. Wilkie, "Early Studies of Biological Regulation:

An Historical Survey,' in H. Kalmus, ed., Regulation and Control in
Living Systems (New York: John Wiley & Sons, 1966), pp. 259-289.
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Limitations and Importance of the Program

The program of cybernetic analysis represents a research
strategy. Its success is based on the accuracy of its predictions
with regard to behavior. One cannot claim, therefore, that those who
attempt this program hold that all complex phenomena, including life
processes, are already understood in these terms, or even that these
phenomena must necessarily be explainable in these terms. In most
complex systems the functional elucidation of the feedback structure
is immensely complicated by the complex properties of the structural
components themselves. Thus a nerve cell may be one element within
a feedback system, but it is itself an enormously complex system.

In complex systems, where the functioning of the components
themselves is not understood, one cannot expect to proceed beyond
the behavioral stage of cybernetic analysis.

Another limitation is that the program of cybernetic analysis
does not represent an epistemological statement or claim. It does
not attempt, on philosophical grounds, to refute the notions of
final cause and traditional teleology. It ignores them. Thus the
many arguments that a mechanistic approach such as that used in
cybernetic analysis does not represent "a legitimate teleological
expression,”4la to use the phrase of one writer, simply do not apply
here. This is mnot to say, however, that cybernetic analysis does

not have profound intellectual and philosophical implications. The

laLarry Wright, "The Case Against Teleological Reductionism,"
Brit. J. Phil. Sci. 19 (1968), p. 211.
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nature of the relationship between scientific developments and larger
"world views'" is, of course, a topic of active investigation in the
history and philosophy of science. Among the many interpretations
of this relationship from which one might choose, it is most

. s 42
convenient here to utilize that of Larry Laudan.

Laudan views science as basically a problem solving activity.
Progress in science stems from solving problems. 1In so far as
cybernetic analysis results in successful predictions of behavior it
will, by this view, represent scientific progress., The concept of
the "research tradition'" is highly important for Laudan. A given
research tradition stems not only from a line of empirical problems
within science, but also from conceptual problems related to the
world view in which the scientific activity is enclosed. Laudan
devotes much effort to fully exploring the concept of the research
tradition, and it will be useful to state three of its major
characteristics as stated by Laudan:

1. Every research tradition has a number of specific
theories which exemplify and partially constitute it; some of
these theories will be contemporaneous, others will be temporal
successors of earlier ones;

2. Every research tradition exhibits certain metaphysical
and methodological commitments which, as an ensemble,

individuate the research tradition and distinguish it from
others;

3. Each research tradition (unlike a specific theory)
goes through a number of different, detailed (and often
mutually contradictory) formulations and generally has a long
history extending through a significant period of time. (By
contrast, theories are frequently short lived.)43

2Larry Laudan, Progress and Its Problems (Berkeley: Univ. of
Cal. Press, 1978).

431bid., pp. 78-79.
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In examining these characteristics and also certain developments
in science prior to 1943 (see Chapter Five, pp. 192-193), it becomes
clear that cybernetic analysis represents the latest manifestation of
the well-established research tradition of robotics. Briefly stated,
the robotic view holds that all the behavioral capabilities of humans
can be duplicated mechanically. Cybernetic analysis is not a theory
within the robotic tradition but rather, as just noted, its current
manifestation. The linking of cybernetic analysis with its research
tradition of robotics provides the means for understanding how
cybernetic analysis as a research program is yet able to affect the
philosophical and intellectual climate. This influence comes about
because, as Laudan notes, a successful research tradition, one that
solves many problems, can challenge an established world view, and
may sometimes alter it. As he writes:

. . . research traditions and theories can encounter
serious cognitive difficulties if they are incompatible with
certain broader systems of belief within a given culture. Such
incompatibilities constitute conceptual problems which may
seriously challenge the acceptability of the theory. But it
may equally well happen that a highly successful research
tradition will lead to the abandonment of that worldview which
is compatible with the research tradition. Indeed, it is in
precisely this manner that many radically new scientific systems
eventually come to be 'canonized' as part of our collective
'common sense.' In the seventeenth and eighteenth centuries,
for instance, the new research traditions of Descartes and
Newton went violently counter to many of the most cherished
beliefs of the age on such questions as 'man's place in Nature,'
the history and extent of the cosmos, and, more generally, the
nature of physical processes. Everyone at the time acknowledged
the existence of these conceptual problems. They were
eventually resolved, not by modifying the offending research
traditions to bring them in line with more traditional world
views, but rather by forging a new world view which could be
reconciled with the scientific research traditions.

44 1p1d., p. 101.
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The numerous great developments in robotics during the World

War 11 period, reflected in the production of "intelligent' machines
in the form of sophisticated servomechanisms and computers (see
Chapter Five), seriously challenged the older world view with regard
to the potential of "mere' mechanisms. The example of Driesch's
interpretation of the embryo experiments given above illustrates an
extreme example of this older view. The newer view of mechanistic
processes attributed to them a behavioral potential far beyond any
which had generally been plausible given the relatively limited
behavior of machines before the twentieth century robotic develop-

ments. The characteristics of this new mechanistic potential will

now be examined.

Goal—-directedness and Mechanism

Basic to the new estimate of the potential of mechanistic
explanation is the concept of goal-directedness. In the formulation
of cybernetic analysis, two types of goal-directed behavior were
defined, adaptive and non-adaptive. The tendency of modern science
has been to associate all goal-directedness with the unacceptable
concepts of teleology and final cause. This association has led to
profound problems in science because it has always been true that,
behaviorally, many, of not most, systems, organic and inorganic, do
exhibit goal-directedness. Since goal-directedness was assoclated
with teleology, however, it had to be denied whereever it occurred
in forms not related to conscious human intention. This dissocia-

tion has led to a kind of blindness in which it is denied that
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goal-directed systems actually do have that property. An interesting
example illustrating this problem, relating to equilibria phenomena
such as pendulum motion, will be given in the next section (see
below, pp. 53-57).

As it has become apparent that goal-directedness, especially in
its adaptive form, can result from mechanical and not teleological
sources, science has become free to state problems in these very
useful terms.45 Progress (in Laudan's sense of problem solution) is
much more likely to be made, for example, when the problem of
temperature regulation in the body is stated in goal-directed terms
than when it is not: The goal-directed question, "How does the body
maintain constant temperature?' provides a framework around which
functional studies can be made. If we insist on not recognizing the
goal-directedness of the system the functional study becomes
unfocused. To not recognize the goal-directedness of the system is
to deny the existence of precisely that aspect of the system which
it is most important to explain. Thus, the dominant methodology of
modern science, the reductionist approach, which has not recognized
the goal-directedness of systems, has been forced into describing,
in ever greater detail, the functioning of the parts of systems
without ever recognizing the most interesting property of the system

as a whole. Now that, due to the development of cybernetic analysis,

4 . . . .
5Of course, for practical work in the life sciences, the

teleological approach has been used continuously. But this approach
has been viewed more as a convenience than as a true reflection of
reality, at least by non-vitalist biologists, who have dominated
modern biology.
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goal~directedness no longer needs to be associated with final cause,
the reductionist approach is freed to deal with this most important
system property. Morever, the goal-directedness of the systems
specifies what the functional or reductionist study must explain.
With regard to the regulation of body temperature, for example, we
can now ask, "How does hormone X contribute to the maintenance of
body temperature?" Previously, one would expect that if one studied
all the hormones and other relevant metabolic factors in the body,
the maintenance of constant body temperature would inevitably result
from this functional study, much as the crystal structure of common
salt inevitably results from the known electrochemical properties of
the sodium and chloride ions. Clearly, however, with the enormously
greater complexity of biological and other systems outside of the
relatively simple and idealized world of physics and chemistry, the
chances of an "inevitable behavior" emerging from a purely functional
study in these areas are much smaller, if, indeed, they exist at all.
Without the recognition and use of the goal-directed nature of the
system, then, the functional study is unlikely to account for the
behavior of the total system. With this recognition, and the use of
the negative feedback mechanism to account for goal-directedness, a
path is opened to explain this critical "holistic'" property in
mechanistic and reductionist terms. The behavior of the whole at
least with regard to this property, is explained in terms of its
parts, the particular interactions of which comprise the negative
feedback mechanism. Thus the mechanism of negative feedback

provides a bridge between holistic and reductionistic explanation.
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When the system is not viewed as being goal-directed, it causes
the functional study to lack direction, and progress in accounting
for the system's behavior will be hindered. This is not to say that
all functional studies are useless unless put in the context of a
behavioral study. One can study the properties of the individual
nerve cell, for instance, and learn much about its functioning
without reference to the larger behavior patterns which it helps to
create. This basic research is an invaluable element of science.
Nevertheless, if one is faced with a system which is experimentally
determined to be goal-directed, one needs to evaluate the functional
properties of the components, perhaps determined by previous basic
research, in light of the total behavior.

The program of cybernetic analysis has really just begun. But
if it continues to successfully solve problems it stands to change
our basic conception of nature from one dominated by 'chance and
necessity" to one dominated by the natural occurrence of goal-
directed systems. Of course the question immediately arises as to
how natural systems become organized to produce goal-directed
behavior. Strictly speaking, this question is not relevant to the
program of cybernetic analysis which takes given systems and attempts
to account for their behavior. But it should be noted that the
statement of the question above implies a world view which is
foreign to that of cybernetic analysis. The assumption behind the

question is that we must start with chaos and then account for order.




As Stafford Beer has argued,46 true chaos is almost nowhere to be
found in nature. All events we observe seem to conform to natural
law, whether these events occur inside the atom, inside the cell, or
in another galaxy. Almost all the behavior in the universe can be
categorized under the headings of either non-adaptive or adaptive
goal-directed behavior. Cybernetic analysis, in emphasizing these
characteristics of goal-directedness reflects a much truer picture
of nature than the chaotic assumptions of the posed question.

Another question which should be addressed is, '"Does cybernetic
analysis rest on the assumption that nature as a whole is goal-
directed?" The answer is ''No.'" Cybernetic analysis stems from the
fact that certain systems, organic and inorganic, exhibit common
behavioral properties of adaptive goal~directedness. Whether nature
as a whole exhibits these properties is certainly an interesting
question, but it remains a question, and not an assumption.

The change to a methodology which can operate in terms of goal-
directedness will, in a practical sense, do much to alleviate a

problem which has plagued scientific research since the rise of the

Z‘L6Stafford Beer, "Below the Twilight Arch,'" in General Systems
Yearbook vol. 5 (Ann Arbor, Mich.: Society for General Systems
Research, 1960), pp. 9-20.
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When one addresses questions in terms of "nature as a whole,"
the phenomenon of evolution immediately comes to mind. Even though
it is almost certainly premature to expect a full solution to the
problem of evolutionary mechanisms, the framing of this problem in
terms of cybernetic analysis will at least greatly clarify the
statement of some of the problems: Does the fossil record indicate
any of the behavioral properties of goal-directedness? If so, is
this directedness adaptive or non-adaptive? Can current functional
theories account for this behavior?

48
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mechanistic world view; the problem of the relation between the
behavior of the parts of a system and the behavior of the system as
a whole: ''Can the behavior of the whole be determined, or 'reduced
to,' the sum of the component behavicrs?" This question is examined
in somewhat more detail in Chapter Five. But, as we have already
seen, vitalists, such as Driesch felt that the behavior of organisms
could not be reduced to component effects in this manner. The
evidence that machines can, indeed, behave purposefully does much to
resolve this aspect of the mechanist-vitalist debate. While
cybernetic analysis is strictly a research program, and its success
in accounting for biological behavior is at this time quite limited
with regard to the total range of biological behavior, it has
elucidated the regulation of certain biological processes with great
success (see footnote 1,p, 1). These successes in the organic domain,
limited as they are, still indicate the great potential of the
program.

The relationship of the whole to the parts is a problem in
general for all of science, not just biology. The problem has
sometimes been stated in the form, '"Is the whole equal to or more
than the sum of its parts?" 1In view of cybernetic analysis the
answer is, "It depends on how the parts are 'summed.'" In holding
that goal-directedness is an expression of the organization of the
parts of the system, it is clear that if the parts are "summed" in
an organized manner there can be goal-directed behavior. A watch
does not have to lose any parts to cease functioning. All we need

do is line the pieces up in a row and we have no watch. Cybernetic




analysis simply recognizes the fact that many man-made systems
display the behavioral characteristics of organization, that is,
goal-directedness, and in particular, adaptive goal-directedness,
and suggests that it is reasonable to attempt to analyze all systems
displaying a similar behavior in terms of these man-made systems
which we already understand. This point of view, especially with
reference to the mechanist-vitalist debate, has been well described
by the British biologist, H. Kalmus:

In so far as cells, organisms or societies are more than
the sum of their parts, they are so by virtue of controlled
interactions or regulations between these parts. These
interactions can only be understood in terms of the systems
within which they operate and not simply by studying the
isolated parts. This Aristotelian, 'holistic' approach
familiar to technologists and naturalists is in some ways
easier than the atomistic, Democritean study of the parts as
practised in classical physics and the biological ancillaries;
a boy can 'understand' the principles of a clock in a
qualitative way many years before he can grasp quantitatively
the mechanical properties of the parts of the clock. To
understand 'fully' the working of the clock he will later in
his life require information of both the parts and the whole
system. . . . The Aristotelian and Democritean approach . .
will always stay in opposition to each other and will both be
needed to complement each other in any attempt to understand
life. The anti-thesis between holism and atomism, which at the
beginning of the century was confused by the ideological
quarrel between vitalists and mechanists, can now be resolved
by the science of cybernetics-—-the study of systems, which
appear goal directed and simultaneously have a transparently
causal structure [emphasis added].48

48 . . s
H. Kalmus, "Control and Regulation as Interactions within

Systems," in H. Kalmus, ed., Regulation, pp. 1-2. Kalmus'
designation of the Aristotelian vs. the Democritean approaches may
be considered as roughly equivalent to the behaviorist-functional
approach of cybernetic analysis. 1In both cases it is emphasized
that a full understanding of the system will only be obtained when
these two types of studies are used to complement each other.
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In concluding this section it should be reemphasized that
cybernetic analysis is a research program, an undertaking prompted by
the fact that machines can demonstrate adaptive goal-directed
behavior, a type of behavior which previously had been thought to be
unique to life. Once this behavior became explainable in mechanical
terms, the path was opened for the growth of the "intelligent
machine." As noted above, however, an intelligent machine requires
far more than feedback for its operation. For example, the
functioning of the components to produce a calculating or extra-
polating ability is important in such systems. Although feedback may
be utilized in the components which together produce abilities such
as these, feedback is generally not the main concept required for
their understanding. Feedback systems also require the measuring of
many quantities and the transmission of this information to various
parts of the system. Again, this measurement and transmission
require functional understanding independent of the feedback
properties of the system. The manner in which these abilities could
be reproduced mechanically was greatly clarified during the first
half of this century and especially during the World War II period.
These robotic developments, although not directly a part of
cybernetic analysis, were invaluable for giving the program a firm
foundation. As we shall see in Chapter Six, the development of
cybernetic analysis and these robotic advances were totally inter-
woven. One may view cybernetic analysis as the most general
expression of the robotic tradition today, but it is an expression

which has been greatly enhanced by these other robotic developments.
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It is for this reason that a large portion of Chapter Five is devoted

to an exposition of the associated events in robotics.
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OBJECTIONS TO THE BEHAVIORALISTIC APPROACH TOWARD
GOAL-DIRECTEDNESS

It will be useful to examine several objections to the
behavioral approach described here which have been raised by various
writers. These objections may, in general, be characterized as
follows: First, the behavioral definition of goal-directedness does
not discriminate between systems that are goal-directed and those
that are not, and, second, behavioral goal-directedness cannot
really be equated with purpose. These objections will now be

examined.

Goal-directedness and Equilibrium

When, under standard conditions, a pendulum is displaced from
its rest point and released, it invariably returns to its rest point,
Should one say that the pendulum's behavior is directed toward the
goal of restoring equilibrium? Is there not a fundamental
difference between this behavior, and, for example, the maintenance
of temperature in the body? Ernst Nagel has described this problem
in the following manner:

When a ball at rest inside a hemispherical bowl is
displaced from its equilibrium position, restoring forces
come into play that in the end bring the ball to rest at its
initial position. Is this a goal-directed process, whose goal
is the restoration of equilibrium? Were the process so
classified, every process in which some equilibrium state is
restored would also have to be designated as goal-directed;
and in consequence, the designation would be applicable to
well-nigh all processes, so that the concept of being goal-
directed would not be differentiating, and would therefore be
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superfluous. On purely 'intuitive' grounds, however, the answer
to the question just raised is negative. 49

Nagel follows G. Sommerhoff50 in asserting there is a qualita-
tive difference between simple equilibria behavior such as the ball
in the hemisphere or the pendulum, and behavior which is goal-
directed, or in Sommerhoff's term, '"directively correlated."
Specifically, the equilibrium behavior is not viewed as goal-directed
both on intuitive grounds and the conclusion that such a designation
would lead all processes to be categorized alike. The technical
distinction between the two types of behavior made by Sommerhoff,
and followed by Nagel, involves the requirement that in goal-directed
behavior one of the variables in the system must be able to exhibit
several values for any given value of another variable relevant to
the behavior. This requirement is termed by Sommerhoff, "epistemic
independence.”Sl 1f, for example, we consider a standard pendulum,
we find that the relevant variables of the pendulum's displacement
and the restoring force are not epistemically independent. For every
value of the displacement there is only a single value of the
restoring force. It is claimed that the requirement of epistemic
independence can be used to distinguish goal-directed processes from

those which, "on purely 'intuitive' grounds'" are not goal-directed.

49Ernst Nagel, Teleology Revisited and Other Essays in the
Philosophy and History of Science (New York: Columbia Univ. Press,
1979), pp. 288-289.

50G. Sommerhoff, Analytical Biology (London: Oxford Univ.
Press, 1950), pp. 99-102.

>Irpid., p. 100.
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Whether or not the requirement of epistemic independence makes
the distinction it is designed to is not of great importance here.
What is important is that some distinction is required between the
two types of behavior, or else, as Nagel indicated, we would be
designating a superfluous term. We have already made the required
distinction, however, in our definitions of adaptive and non-adaptive
goal-directed behavior. The pendulum is an example of non-adaptive
goal-directed behavior. It persists toward its real state only while

it is not being disturbed. The disturbance must cease before the

pendulum will return permanently to its equilibrium position. If
the pendulum were able to retain its rest position while being
subjected to disturbing forces it would be demonstrating the
qualitatively different property of adaptive goal-directed behavior.
A simple pendulum does not have this property, however. A target-
seeking missile, on the other hand, will correct its motions even
while a disturbance, such as a change in wind force, acts on it. It
is an adaptive system. The distinction of behavior in terms of
adaptiveness and non-adaptiveness would seem to be more easily
determinable by experiment (han the requirement of epistemic
independence, which is subject to certain problems of
interpretation.

But what do we say to Nagel's "intuitive" reaction that the

pendulum's behavior should not be described as goal-directed?

52See Andrew Woodfield, Teleology (New York: Cambridge Univ.
Press, 1976), pp. 67-72 and E. Nagel, Teleology Revisited,
pp. 289-290.
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First, Nagel's exposition did not make the distinction, made here,
between adaptive and non-adaptive goal-directedness. Thus in his
terminology the equilibrium behavior perhaps should not have been
described as goal-directed. Sommerhoff was much in the same
position. The basic point to be made here is that the pendulum's
behavior is goal-directed, but not adaptively so, and this important
distinction represents the qualitative difference sought by the
authors. The intuition that phenomena such as the pendulum should
not be designated as goal-directed probably stemmed from the tendency
to consider all goal-directed behavior in adaptive terms.S3 Once the
distinction between adaptive and non-adaptive behavior is made,
however, there is no longer any reason to object to terming as
"goal-directed" phenomena such as the pendulum, so long as the term
is properly qualified.

The lack of the distinction between adaptive and non-adaptive
goal-directed behavior has led, in the past, to the restriction of
the term ''goal-directed" to behavior which is here described as
"adaptively goal-directed." This restriction is problematic for
science, and, in fact, counter-productive. As stated above (p. 45),
whether for an adaptive or non-adaptive system, the goal-directed

nature of the system is of great conceptual importance in framing

3Sommerhoff defined the terms "effective" and "appropriate" in
ways which might have made them useful to define an equivalent to
non~adaptive goal-directed behavior, but he did not use this
approach in his treatment of equilibrium phenomena. Sommerhoff also
used the term "adaptive'" much as it is used here, but he did not
make use of the non-adaptive category. See G. Sommerhoff,
Analytical Biology, pp. 48-51.
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the functional study. If we arbitrarily limit goal-directedness to
the adaptive case, this conceptual advantage will be lost for a great
number of systems which are goal-directed but not adaptively so. An
example here will not only illustrate this advantage, but also

1

indicate another use of the word "purpose." When we say, '"The

purpose of the spark plug in the internal combustion engine is to

' we are assuming a goal-directed system in

ignite the vapor mixture,'
which we are specifying one element of the causal chain which results
in the overall behavior of the system. It is understood that the
ignition of the vapor mixture will cause further events leading to

the turning of the engine. ''Purpose,' here, then, is associated

with the functioning of the component; that is, its role in the

causal chain. The idea of function implies a perceived goal. Thus,
whenever we talk of the functions of components we are talking about

a goal-directed system. If we invalidate the use of goal-directedness
for non-adaptive systems, then we in turn invalidate the use of the
concept of function within these systems as well. This approach is
clearly unacceptable as the idea of function is basic to our
understanding of all systems; that is, the understanding is not
complete until a successful functional study is made. The common use
of the function concept in explaining non-adaptive systems, such as
the engine shows that these systems are commonly considered to be

goal~directed. The designation of non-adaptive goal-directedness

simply recognizes this fact.
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We recall that in the '"Behavior, Purpose and Teleology' paper
the term ''purpose' was equated with the attainment of a goal. 1In
behavioral terms we determine if a system is purposeful, or goal-
directed, by the formal definitions of adaptive and non-adaptive
goal-directedness given above (pp. 31-32). The basic viewpoint of
cybernetic analysis is that this goal-attaining behavior is an
expression of the physical organization of the system. But how do
we know that the observed behavior accurately reflects the goal
embodied in the organization? Behavior can be deceptive, especially
in complex systems. The problem of the relationship between goal-
directed behavior and the system structure is central to many of the
criticisms made of the behavioral approach. A particularly
interesting exchange, relating to this problem, took place between
Richard Taylor, a professor of philosophy at Brown University, and
Rosenblueth and Wiener. Taylor wrote a critique of "Behavior,
Purpose and Teleology" in 1950 which was immediately rebutted by

Rosenblueth and Wiener. A rejoinder by Taylor followed,54

4Richard Taylor, '"Comments on a Mechanistic Conception of
Purposefulness,' Phil. Sci. 17 (1950), pp. 310-317; Arturo
Rosenblueth and Norbert Wiener, 'Purposeful and Non-Purposeful
Behavior," Phil. Sei. 17 (1950), pp. 318-326; Richard Taylor,
"Purposeful and Non-Purposeful Behavior: A Rejoinder," Phil. Sci.
17 (1950), pp. 327-332. The rebuttal of Wiener and Rosenblueth
provides an extremely valuable amplification of the original
'""Behavior, Purpose and Teleclogy" paper. 1In their rebuttal,
Rosenblueth and Wiener do, indeed, designate as 'purposeful,"
equilibrium phenomena such as the pendulum and the magnetic compass,
but curiously, they no longer make the explicit distinction (made
in their earlier paper with Bigelow) as to the difference between
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In their rebuttal to Taylor, Rosenblueth and Wiener wrote:

. «. . let us consider a car following a man along a road
with the clear purpose of running him down. What important
difference will there be in our analysis of the behavior of the
car if it is driven by a human being, or if it is guided by the
appropriate mechanical sense organs and mechanical controls?

Taylor, in his rejoinder, replied:

Now I submit that, from observable behavior alomne, one
cannot certainly determine what the purpose of the behaving
object is, nor indeed, whether it is purposeful at all. Surely
the observable behavior of the car and its driver might be
exactly the same, whether the purpose is, as supposed, to over-
run a pedestrian, or merely, as a joke, to frighten him, or
indeed, to rid the car of a bee, the driver being in this case
wholly unaware that his car is endangering another person. 1If,
however, purpose were definable solely in terms of observable
behavior, as these writers suppose, then any driver who appeared
to behave as if he were trying to run down a pedestrian, but who
yet pleaded that he had no such intention, would not simply be
probably lying, but could not possibly be telling the truth.5®

purposeful and teleological behavior. Feedback, in fact, does not
play a significant role in this later paper at all. TInstead, the
compass behavior is differentiated from the adaptive behavior on the
basis of the '"passive-active' behavior distinction made in the
original paper. Although it may not be true that all non-adaptive
goal-directed behavior is passive, this distinction is probably
generally true. It takes energy to resist disturbances and most
systems do not use the energy of the disturbance to resist it; they
require their own energy source which puts these systems in the
active category of Rosenblueth and Wiener. Still, the active-passive
designation cannot be behaviorally determined. Why Rosenblueth and
Wiener discarded the important and useful distinction with regard to
negative feedback is an unanswered question. It seems that Wiener
had already discarded it when he wrote Cybernetics in 1947, and this
action of Wiener's led to a serious problem with the first chapter
of his book. See below, pp. 283-285,

55

A. Rosenblueth and N. Wiener, "Purposeful Behavior," p. 319.

56R. Taylor, "Rejoinder," p. 329. This example of Taylor's is
essentially the "multiple goals" objection of Isreal Schleffler.
See J. Canfield, Purpose in Nature, p. 56.
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Several points need to be made here. First, Taylor has limited
in crucial ways the observable behavior. We are asked to make an
experimental judgment on the basis of a single incident, and one
which is not fully reported. Did or did not the driver hit the
pedestrian? 1If a driver runs down a pedestrian (or different ones)
time after time under similar conditions we would have reasonable
cause to assume the purpose of the driver. More generally,
accidental coincidences will always occur and thus behavioral
analyses will always require that the behavior be repeatable or have
a statistical bias toward repetition. As Rosenblueth and Wiener
stated:

To give causation degrees means to correlate changes in
initial conditions with the corresponding changes in later
conditions. This requires the entire apparatus of statistics
and probability. However, in a science subject to statistics
and probability it is possible to enquire not only to what
extent a phenomenon causes another, but also to what extent a
purpose causes a result.>/

The statistical aspect of data evaluation points to an important
characteristic of cybernetic analysis. We can never be absolutely

certain that the goal toward which the system appears, by its

behavior, to be directed, is the "final" goal of the system. The

57A. Rosenblucth and N. Wiener, "Purposeful Behavior," p. 320.
See also p. 325, point "d." 1In the interesting comment quoted
above, the authors are using "purpose" in a behavioral sense. That
is, if we hypothesize from behavior studies that the system is
directed toward a certain goal (or ''purpose'), we can make
statistical correlations between the goal and the behavior of the
system. Thus, in the example of the driver, it takes such a
statistical correlation to correlate the actions of the driver with
his purpose. The statistical correlation of a single event is
useless; the conclusion is never absolute, but becomes more and more
probable as the number of events increase.
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system may repeatedly go to a certain state, leading us to one
conclusion, and then suddenly exhibit new behavior. If we observe a
thermostat-furnace system, with the thermostat set at 70 degrees, we
can observe many cycles of the system which will indicate that the
goal of the system is to maintain this temperature. 3But if it is
actually a time-controlled thermostat, set to shut off the furnace at
nine o'clock in the morning, we will have to revise our conclusion
regarding the system's behavior when the nine-o'clock data is
collected. This limitation of non-certainty is, however, a
limitation of any experimental determination. The fact that
conclusions can be revised on the basis of new data is an essential
part of the scientific method.

The basis of many problems related to human behavior is that the
human is an enormously complex system. If a timed thermostat can fool
us by not immediately displaying the full expression of its structural
potential, should we be surprised that it 1s difficult to behaviorally
discern the "true" purposes or goals of humans? This observation does
not invalidate the view that goal-directedness is a structural
property, it only invalidates the idea that behavioral studies must
give an absolute indication of the full structural potential of the

system. As has just been observed, to expect such an absolute

58Other objections raised by writers such as R. Taylor and I.

Schleffler do not take the statistical aspect of the determination
of goal-directedness into consideration. The objection of the
"missing goal" belongs in this category. See R. Taylor, "Comments,'
P. 329; and J. Canfield, ed., Purpose in Nature, pp. 41-42,




indication would be unrealistic in any realm of scientific inquiry.

9For an interesting discussion of the issues related to the
consideration of mind as mechanism and the "mind-body" problem,
from the robotic viewpoint, see Norman J. Faramelli, "Some
Implications of Cybernetics For Our Understanding of Man: An
Appreciation of the Works of Dr. Norbert Wiener and Their
Implications for Religious Thought' (doctoral dissertation, Temple
Univ., 1968), pp. 144-247. For a fascinating view of mind as a
subjective awareness of the goal-directed cellular organization of
the organism, see, Edmund W. Sinnot, Cell & Psyche: The Biology of

Purpose (New York: Harper & Row, Pub., 1961).
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Summary of Response to Objections

One may summarize the responses to the two main classes of
objections to the behavioral approach, raised at the beginning of
this section, as follows:

With regard to the problem of definition of goal-directed
systems we see that once the distinction between adaptive and non-
adaptive goal-directed behavior is made the necessity for equating
simple behavior with complex behavior is removed, and yet, the
inevitable conclusion that simple phenomena, such as the pendulum,
are somehow goal-directed is preserved. Goal-directedness is freed
to become the central theme of the study of both natural and man-made
organization.

With regard to the problem of the interpretation of goals by
behavioral studies we recall that the primary objective of the
behavioral approach in cybernmetic analysis is to obtain an under-
standing of adaptive goal-directed systems. This approach inevitably
involves experimental data which must be evaluated statistically, and
hence conclusions will only be as strong as the statistical
inferences. No absolute certainty of the ultimate behavioral
potential of any system can be obtained behaviorally. This
limitation does not detract from the usefulness of conclusions made
on a statistical basis, especially when these conclusions are
successfully used to make predictions relating to further behavior

of the system.
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SUMMARY

In order to precisely state the role of negative feedback in
scientific explanation, we must first define the behavior of systems
employing negative feedback. This definition has been given under
the category of "adaptive goal-directed behavior" (p. 31). The fact
that a system persists toward a certain state, or goal, even while
being disturbed is assumed to result from a negative feedback
mechanism within the system, an assumption which can be tested by the
success of predictions made from negative feedback theory. A
functional study of the system is required to explain how the
components interact to produce the negative feedback mechanism.
Again, the success of the functional study is determined by the
success of predictions of behavior made from it. The use of negative
feedback in both the behavioral and functional studies has here been
subsumed under a research program entitled "cybernetic analysis.”
The methodology described in this program mirrors the actual use of
negative feedback in scientific research although this role has
never, to the author's knowledge, been formally defined.

A crucial distinction in the definition of cybermetic analysis
is that between adaptive and non-adaptive goal-directed behavior.
Without this distinction the concept of goal-directedness becomes
useless because all but totally random systems become classifie