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BEHAVIOR, PURPOSE AND TELEOLOGY
ARTURO ROSENBLUETH, NORBERT WIENER anp JULIAN BIGELOW

This essay has two goals. The first is to define the behavioristic study of
natural events and to classify behavior. The second is to stress the importance
of the concept of purpose.

Given any object, relatively abstracted from its surroundings for study, the
behavioristic approach consists in the examination of the output of the object
and of the relations of this output to the input. By output is meant any change
produced in the surroundings by the object. By input, conversely, is meant any
event external to the object that modifies this object in any manner.

The above statement of what is meant by the behavioristic method of study
omits the specific structure and the instrinsic organization of the object. This
omission is fundamental because on it is based the distinction between the be-
havioristic and the alternative functional method of study. In a functional
analysis, as opposed to a behavioristic approach, the main goal is the intrinsic
organization of the entity studied, its structure and its properties; the relations
between the object and the surroundings are relatively incidental.

From this definition of the behavioristic method a broad definition of behavior
ensues. By behavior is meant any change of an entity with respect to its sur-
roundings. This change may be largely an output from the object, the input
being then minimal, remote or irrelevant; or else the change may be immediately
traceable to a certain input. Accordingly, any modification of an object, de-
tectable externally, may be denoted as behavior. The term would be, therefore,
too extensive for usefulness were it not that it may be restricted by apposite
adjectives—i.e., that behavior may be classified.

The consideration of the changes of energy involved in behavior affords a
basis for classification. Active behavior is that in which the object is the source
of the output energy involved in a given specific reaction. The object may store
energy supplied by a remote or relatively immediate input, but the input does
not energize the output directly. In passive behavior, on the contrary, the
object is not a source of energy; 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).

Active behavior may be subdivided into two classes: purposeless (or random)
and purposeful. The term purposeful is meant to denote that the act or be-
havior 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.

The vagueness of the words “may be interpreted” as used above might be
considered so great that the distinction would be useless. Yet the recognition
that behavior may sometimes be purposeful is unavoidable and useful, as follows.
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The basis of the concept of purpose is the awareness of “voluntary activity.”
Now, the purpose of voluntary acts is not a matter of arbitrary interpretation but
a physiological fact. When we perform a voluntary action what we select volun-
tarily is a specific purpose, not a specific movement, Thus, if we decide to take
a glass containing water and carry it to our mouth we do not command certain
muscles to contract to a certain degree and in a certain sequence; we merely trip
the purpose and the reaction follows automatically. Indeed, experimental
physiology has so far been largely incapable of explaining the mechanism of
voluntary activity. We submit that this failure is due to the fact that when an
experimenter stimulates the motor regions of the cerebral cortex he does not
duplicate a voluntary reaction; he trips efferent, “output”’ pathways, but does
not trip a purpose, as is done voluntarily.

The view has often been expressed that all machines are purposeful. This
view is untenable. First may be mentioned mechanical devices such as a rou-
lette, designed precisely for purposelessness. Then may be considered devices
such as a clock, designed, it is true, with a purpose, but having a performance
which, although orderly, is not purposeful—i.e., there is no specific final condition
toward which the movement of the clock strives. Similarly, although a gun may
be used for a definite purpose, the attainment of a goal is not intrinsic to the
performance of the gun; random shooting can be made, deliberately purposeless.

Some machines, on the other hand, are intrinsically purposeful. A torpedo
with a target-seeking mechanism is an example. The term servomechanisms
has been coined precisely to designate machines with intrinsic purposeful
behavior.

It is apparent from these considerations that although the definition of pur-
poseful behavior is relatively vague, and hence operationally largely meaning-
less, the concept of purpose is useful and should, therefore, be retained.

Purposeful active behavior may be subdivided into two classes: ‘“feed-back”
(or “teleclogical”’) and “non-feed-back’ (or “non-teleological’’). The expres-
sion feed-back is used by engineers in two different senses. In a broad sense it
may denote that some of the output energy of an apparatus or machine is re-
turned as input; an example is an 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 is this second meaning of the term feed-back that
is used here.

All purposeful 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. 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
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course of the behavior. Thus, a machine may be set to impinge upon a luminous
object although the machine may be insensitive to light. Similarly, a snake may
strike at a frog, or a frog at a fly, with no visual or other report from the prey
after the movement has started. Indeed, the movement is in these cases so
fast that it is not likely that nerve impulses would have time to arise at the retina,
travel to the central nervous system and set up further impulses which would
reach the muscles in time to modify the movement effectively.

As opposed to the examples considered, the behavior of some machines and
some reactions of living organisms involve a continuous feed-back from the goal
that modifies and guides the behaving object. This type of behavior is more
effective than that mentioned above, particularly when the goal is not stationary.
But continuous feed-back control may lead to very clumsy behavior if the feed-
back is inadequately damped and becomes therefore positive instead of negative
for certain frequencies of oscillation. Suppose, for example, that a machine is
designed with the purpose of impinging upon a moving luminous goal; the path
followed by the machine is controlled by the direction and intensity of the light
from the goal. Suppose further that the machine overshoots seriously when it
follows a movement of the goal in a certain direction; an even stronger stimulus
will then be delivered which will turn the machine in the opposite direction.
If that movement again overshoots a series of increasingly larger oscillations will
ensue and the machine will miss the goal.

This picture of the consequences of undamped feed-back is strikingly similar
to that seen during the performance of a voluntary act by a cerebellar patient.
At rest the subject exhibits no obvious motor disturbance. If he is asked to
carry a glass of water from a table to his mouth, however, the hand carrying the
glass will execute a series of oscillatory motions of increasing amplitude as the
glass approaches his mouth, so that the water will spill and the purpose will not
be fulfilled. This test is typical of the disorderly motor performance of patients
with cerebellar disease. The analogy with the behavior of a machine with un-
damped feed-back is so vivid that we venture to suggest that the main funetion
of the cerebellum is the control of the feed-back nervous mechanisms involved
in purposeful motor activity.

Feed-back purposeful behavior may again be subdivided. It may be extra-
polative (predictive), or it may be non-extrapolative (non-predictive). The
reactions of unicellular organisms known as tropisms are examples of non-
predictive performances. The amoeba merely follows the source to which it
reacts; there is no evidence that it extrapolates the path of a moving source.
Predictive animal behavior, on the other hand, is a commonplace. A cat start-
ing 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.
Examples of both predictive and non-predictive servomechanisms may also be
found readily.

Predictive behavior may be subdivided into different orders. The cat chasing
the mouse is an instance of first-order prediction; the cat merely predicts the
path of the mouse. Throwing a stone at a moving target requires a second-
order prediction; the paths of the target and of the stone should be foreseen.



