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SECTION I

THE POSSIBILITY OF
A SCIENCE OF
HUMAN BEHAVIOR



CHAPTER |

CAN SCIENCE HELP?

THE MISUSE OF SCIENCE

By the middle of the seventeenth century it had come to be understood that the
world was enclosed in a sea of air, much as the greater part of it was covered by water. A
scientist of the period, Francesco Lana, contended that a lighter-than-air ship could float
upon this sea, and he suggested how such a ship might be built. He was unable to put his
invention to a practical test, but he saw only one reason why it might not work:

. that God will never suffer this Invention to take effect, because of the many
consequencies which may disturb the Civil Government of men. For who sees not, that no
City can be secure against attack, since our Ship may at any time be placed directly over it, and
descending down may discharge Souldiers; the same would happen to private Houses, and
Ships on the Sea: for our Ship descending out of the Air to the sails of Sea-Ships, it may cut
their Ropes, yea without descending by casting Grapples it may over-set them, kill their men,
burn their Ships by artificial Fire works and Fire-balls. And this they may do not only to Ships
but to great Buildings, Castles, Cities, with such security that they which cast these things
down from a height out of Gun-shot, cannot on the other side be offended by those below.
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Lana's reservation was groundless. He had predicted modern air warfare in surprisingly
accurate detail—with its paratroopers and its strafing and bombing. Contrary to his
expectation, God has suffered his invention to take effect.

And so has Man. The story emphasizes the irresponsibility with which science and the
products of science have been used. Man's power appears to have increased out of all
proportion to his wisdom. He has never been in a better position to build a healthy, happy,
and productive world; yet things have perhaps never seemed so black. Two exhausting
world wars in a single half century have given no assurance of a lasting peace. Dreams of
progress toward a higher civilization have been shattered by the spectacle of the murder of
millions of innocent people. The worst may be still to come. Scientists may not set off a
chain reaction to blow the world into eternity, but some of the more plausible prospects are
scarcely less disconcerting.

In the face of this apparently unnecessary condition men of good will find themselves
helpless or afraid to act. Some are the prey of a profound pessimism. Others strike out
blindly in counteraggression, much of which is directed toward science itself. Torn from its
position of prestige, science is decried as a dangerous toy in the hands of children who do
not understand it. The conspicuous feature of any period is likely to be blamed for its
troubles, and in the twentieth century science must play the scapegoat. But the attack is not
entirely without justification. Science has developed unevenly. By seizing upon the easier
problems first, it has extended our control of inanimate nature without preparing for the
serious social problems which follow. The technologies based upon science are disturbing.
Isolated groups of relatively stable people are brought into contact with each other and lose
their equilibrium. Industries spring up for which the life of a community may be
unprepared, while others vanish leaving millions unfit for productive work. The application
of science prevents famines and plagues, and lowers death rates—only to populate the earth
beyond the reach of established systems of cultural or governmental control. Science has
made war more terrible and more destructive. Much of this has not been done deliberately,
but it has
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been done. And since scientists are necessarily men of some intelligence, they might
have been expected to be alert to these consequences.

It is not surprising to encounter the proposal that science should be abandoned, at
least for the time being. This solution appeals especially to those who are fitted by
temperament to other ways of life. Some relief might be obtained if we could divert
mankind into a revival of the arts or religion or even of that petty quarreling which we
now look back upon as a life of peace. Such a program resembles the decision of the
citizens of Samuel Butler's Erewhon, where the instruments and products of science were
put into museums—as vestiges of a stage in the evolution of human culture which did not
survive. But not everyone is willing to defend a position of stubborn "not knowing."
There is no virtue in ignorance for its own sake. Unfortunately we cannot stand still: to
bring scientific research to an end now would mean a return to famine and pestilence and
the exhausting labors of a slave culture.

SCIENCE AS A CORRECTIVE

Another solution is more appealing to the modern mind. It may not be science which is
wrong but only its application. The methods of science have been enormously successful
wherever they have been tried. Let us then apply them to human affairs. We need not retreat
in those sectors where science has already advanced. It is necessary only to bring our
understanding of human nature up to the same point. Indeed, this may well be our only
hope. If we can observe 'human behavior carefully from an objective point of view and
come to understand it for what it is, we may be able to adopt a more sensible course of
action. The need for establishing some such balance is now widely felt, and those who are
able to control the direction of science are acting accordingly. It is understood that there is
no point in furthering a science of nature unless it includes a sizable science of human
nature, because only in that case will the results be wisely used. It is possible that science
has come to the rescue and that order will eventually be achieved in the field of human affairs.
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THE THREAT TO FREEDOM

There is one difficulty, however. The application of science to human behavior is not
so simple as it seems. Most of those who advocate it are simply looking for "the facts.”
To them science is little more than careful observation. They want to evaluate human
behavior as it really is rather than as it appears to be through ignorance or prejudice, and
then to make effective decisions and move on rapidly to a happier world. But the way in
which science has been applied in other fields shows that something more is involved. Science
IS not concerned just with "getting the facts," after which one may act with greater wisdom
in an unscientific fashion. Science supplies its own wisdom. It leads to a new conception of
a subject matter, a new way of thinking about that part of the world to which it has
addressed itself. If we are to enjoy the advantages of science in the field of human affairs,
we must be prepared to adopt the working model of behavior to which a science will
inevitably lead. But very few of those who advocate the application of scientific method
to current problems are willing to go that far.

Science is more than the mere description of events as they occur. It is an attempt to
discover order, to show that certain events stand in lawful relations to other events. No
practical technology can be based upon science until such relations have been discovered.
But order is not only a possible end product; it is a working assumption which must be
adopted at the very start. We cannot apply the methods of science to a subject matter which
is assumed to move about capriciously. Science not only describes, it predicts. It deals not
only with the past but with the future. Nor is prediction the last word: to the extent that
relevant conditions can be altered, or otherwise controlled, the future can be controlled. If
we are to use the methods of science in the field of human affairs, we must assume that
behavior is lawful and determined. We must expect to discover that what a man does is the
result of specifiable conditions and that once these conditions have been discovered, we can
anticipate and to some extent determine his actions.

This possibility is offensive to many people. It is opposed to a
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tradition of long standing which regards man as a free agent, whose behavior is the
product, not of specifiable antecedent conditions, but of spontaneous inner changes of course.
Prevailing philosophies of human nature recognize an internal "will" which has the power
of interfering with causal relationships and which makes the prediction and control of
behavior impossible. To suggest that we abandon this view is to threaten many cherished
beliefs—to undermine what appears to be a stimulating and productive conception of human
nature. The alternative point of view insists upon recognizing coercive forces in human
conduct which we may prefer to disregard. It challenges our aspirations, either worldly or
otherworldly. Regardless of how much we stand to gain from supposing that human
behavior is the proper subject matter of a science, no one who is a product of Western
civilization can do so without a struggle. We simply do not want such a science.

Conflicts of this sort are not unknown in the history of science. When Aesop's lion was
shown a painting in which a man was depicted killing a lion, he commented
contemptuously, "The artist was obviously a man." Primitive beliefs about man and his
place in nature are usually flattering. It has been the unfortunate responsibility of science
to paint more realistic pictures. The Copernican theory of the solar system displaced man
from his pre-eminent position at the center of things. Today we accept this theory without
emotion, but originally it met with enormous resistance. Darwin challenged a practice of
segregation in which man set himself firmly apart from the animals, and the bitter struggle
which arose is not yet ended. But though Darwin put man in his biological place, he did
not deny him a possible position as master. Special faculties or a special capacity for
spontaneous, creative action might have emerged in the process of evolution. When that
distinction is now questioned, a new threat arises.

There are many ways of hedging on the theoretical issue. It may be insisted that a science of
human behavior is impossible, that behavior has certain essential features which forever
keep it beyond the pale of science. But although this argument may dissuade many people
from further inquiry, it is not likely to have any effect upon those
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who are willing to try and see. Another objection frequently offered is that science is
appropriate up to a certain point, but that there must always remain an area in which one
can act only on faith or with respect to a "value judgment": science may tell us how to deal
with human behavior, but just what is to be done must be decided in an essentially
nonscientific way. Or it may be argued that there is another kind of science which is
compatible with doctrines of personal freedom. For example, the social sciences are
sometimes said to be fundamentally different from the natural sciences and not concerned
with the same kinds of lawfulness. Prediction and control may be forsworn in favor of
"interpretation” or some other species of understanding. But the kinds of intellectual
activities exemplified by value judgments or by intuition or interpretation have never been
set forth clearly, nor have they yet shown any capacity to work a change in our present
predicament.

THE PRACTICAL ISSUE

Our current practices do not represent any well-defined theoretical position. They are, in
fact, thoroughly confused. At times we appear to regard a man's behavior as spontaneous
and responsible. At other times we recognize that inner determination is at least not
complete, that the individual is not always to be held to account. We have not been able to
reject the slowly accumulating evidence that circumstances beyond the individual are
relevant. We sometimes exonerate a man by pointing to “extenuating circumstances.” We
no longer blame the uneducated for their ignorance or call the unemployed lazy. We no
longer hold children wholly accountable for their delinquencies. "Ignorance of the law" is
no longer wholly inexcusable: "Father, forgive them; for they know not what they do.” The
insane have long since been cleared of responsibility for their condition, and the kinds of
neurotic or psychotic behavior to which we now apply this extenuation are multiplying.

But we have not gone all the way. We regard the common man as the product of his
environment; yet we reserve the right to give personal credit to great men for their
achievements. (At the same time we take a certain delight in proving that part of the
output of
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even such men is due to the “influence"” of other men or to some trivial circumstance in
their personal history.) We want to believe that right-minded men are moved by valid
principles even though we are willing to regard wrong-minded men as victims of
erroneous propaganda. Backward peoples may be the fault of a poor culture, but we want
to regard the elite as something more than the product of a good culture. Though we
observe that Moslem children in general become Moslems while Christian children in
general become Christians, we are not willing to accept an accident of birth as a basis for
belief. We dismiss those who disagree with us as victims of ignorance, but we regard the
promotion of our own religious beliefs as something more than the arrangement of a
particular environment.

All of this suggests that we are in transition. We have not wholly abandoned the
traditional philosophy of human nature; at the same time we are far from adopting a
scientific point of view without reservation. We have accepted the assumption of
determinism in part; yet we allow our sympathies, our first allegiances, and our personal
aspirations to rise to the defense of the traditional view. We are currently engaged in a
sort of patchwork in which new facts and methods are assembled in accordance with
traditional theories.

If this were a theoretical issue only, we would have no cause for alarm; but theories
affect practices. A scientific conception of human behavior dictates one practice, a
philosophy of personal freedom another. Confusion in theory means confusion in
practice. The present unhappy condition of the world may in large measure be traced to
our vacillation. The principal issues in dispute between nations, both in peaceful
assembly and on the battlefield, are intimately concerned with the problem of human
freedom and control. Totalitarianism or democracy, the state or the individual, planned
society or laissez-faire, the impression of cultures upon alien peoples, economic
determinism, individual initiative, propaganda, education, ideological warfare—all
concern the fundamental nature of human behavior. We shall almost certainly remain
ineffective in solving these problems until we adopt a consistent point of view.

We cannot really evaluate the issue until we understand the alter-natives. The
traditional view of human nature in Western culture
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is well known. The conception of a free, responsible individual is
embedded in our language and pervades our practices, codes, and
beliefs. Given an example of human behavior, most people can de-
scribe it immediately in terms of such a conception. The practice is
so natural that it is seldom examined. A scientific formulation, on the
other hand, is new and strange. Very few people have any notion of
the extent to which a science of human behavior is indeed possible.
In what way can the behavior of the individual or of groups of indi-
viduals be predicted and controlled? What are laws of behavior like?
What over-all conception of the human organism as a behaving sys-
tem emerges? It is only when we have answered these questions, at
least in a preliminary fashion, that we may consider the implications
of a science of human behavior with respect to either a theory of
human nature or the management of human affairs.



CHAPTER ||

A SCIENCE OF BEHAVIOR

The immediate tangible results of science make it
easier to appraise than philosophy, poetry, art, or theology. As
George Sarton has pointed out, science is unique in showing a
cumulative progress. Newton explained his tremendous
achievements by saying that he stood on the shoulders of
giants. All scientists, whether giants or not, enable those who
follow them to begin a little further along. This is not
necessarily true elsewhere. Our contemporary writers, artists,
and philosophers are not appreciably more effective than those
of the golden age of Greece, yet the average high-school
student understands much more of nature than the greatest
of Greek scientists. A comparison of the effectiveness of
Greek and modern science is scarcely worth making.

It is clear, then, that science "has something.” It is a
unique intellectual process which yields remarkable results.
The danger is that its astonishing accomplishments may
conceal its true nature. This is especially important when we
extend the methods of science to a new field. The basic
characteristics of science are not restricted to any particular
subject matter. When we study physics, chemistry, or biology,
we study organized accumulations of information. These are
not science itself but the products of science. We may not be

11
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to use much of this material when we enter new territory.
Nor should we allow ourselves to become enamored of
instruments of research. We tend to think of the scientist in
his observatory or laboratory, with his telescopes,
microscopes, and cyclotrons. Instruments give us a dramatic
picture of science in action. But although science could not
have gone very far without the devices which improve our
contact with the surrounding world, and although any
advanced science would be helpless without them, they are
not science itself. We should not be disturbed if familiar
instruments are lacking in a new field. Nor is science to be
identified with precise measurement or mathematical
calculation. It is better to be exact than inexact, and much of
modern science would be impossible without quantitative
observations and without the mathematical tools needed to
convert its reports into more general statements; but we may
measure or be mathematical without being scientific at all,
just as we may be scientific in an elementary way without
these aids.

SOME IMPORTANT CHARACTERISTICS OF SCIENCE

Science is first of all a set of attitudes. It is a disposition to
deal with the facts rather than with what someone has said
about them. Rejection of authority was the theme of the
revival of learning, when men dedicated themselves to the
study of "nature, not books." Science rejects even its own
authorities when they interfere with the observation of
nature.

Science is a willingness to accept facts even when they are
opposed to wishes. Thoughtful men have perhaps always
known that we are likely to see things as we want to see
them instead of as they are, but thanks to Sigmund Freud we
are today much more clearly aware of "wishful thinking."
The opposite of wishful thinking is intellectual honesty—an
extremely important possession of the successful scientist.
Scientists are by nature no more honest than other men but,
as Bridgman has pointed out, the practice of science puts an
exceptionally high premium on honesty. It is characteristic
of science that any lack of honesty quickly brings disaster.
Consider, for example, a scientist who conducts research to
test a theory for which he is already well known. The
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result may confirm his theory, contradict it, or leave it in
doubt. In spite of any inclination to the contrary, he must
report a contradiction just as readily as a confirmation. If he
does not, someone else will—in a matter of weeks or
months or at most a few years—and this will be more
damaging to his prestige than if he himself had reported it.
Where right and wrong are not so easily or so quickly
established, there is no similar pressure. In the long run, the
issue is not so much one of personal prestige as of effective
procedure. Scientists have simply found that being honest
—with oneself as much as with others—is essential to
progress. Experiments do not always come out as one
expects, but the facts must stand and the expectations fall.
The subject matter, not the scientist, knows best. The same
practical consequences have created the scientific
atmosphere in which statements are constantly submitted to
check, where nothing is put above a precise description of
the facts, and where facts are accepted no matter how
distasteful their momentary consequences.

Scientists have also discovered the value of remaining
without an answer until a satisfactory one can be found.
This is a difficult lesson. It takes considerable training to
avoid premature conclusions, to refrain from making
statements on insufficient evidence, and to avoid
explanations which are pure invention. Yet the history of
science has demonstrated again and again the advantage of
these practices.

Science is, of course, more than a set of attitudes. It is a
search for order, for uniformities, for lawful relations among
the events in nature. It begins, as we all begin, by observing
single episodes, but it quickly passes on to the general rule,
to scientific law. Something very much like the order
expressed in a scientific law appears in our behavior at an
early age. We learn the rough geometry of the space in
which we move. We learn the "laws of motion" as we move
about, or push and pull objects, or throw and catch them. If
we could not find some uniformity in the world, our conduct
would remain haphazard and ineffective. Science sharpens
and supplements this experience by demonstrating more and
more relations among events and by demonstrating them
more and more precisely. As Ernst Mach showed in tracing
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the history of the science of mechanics, the earliest laws of
science were probably the rules used by craftsmen and arti-
sans in training apprentices. The rules saved time because the
experienced craftsman could teach an apprentice a variety of
details in a single formula. By learning a rule the apprentice
could deal with particular cases as they arose.

In a later stage science advances from the collection of
rules or laws to larger systematic arrangements. Not only
does it make statements about the world, it makes
statements about statements. It sets up a "model” of its
subject matter, which helps to generate new rules very much
as the rules themselves generate new practices in dealing
with single cases. A science may not reach this stage for
some time.

The scientific "system," like the law, is designed to
enable us to handle a subject matter more efficiently. What
we call the scientific conception of a thing is not passive
knowledge. Science is not concerned with contemplation.
When we have discovered the laws which govern a part of
the world about us, and when we have organized these laws
into a system, we are then ready to deal effectively with that
part of the world. By predicting the occurrence of an event
we are able to prepare for it. By arranging conditions in
ways specified by the laws of a system, we not only predict,
we control: we "cause" an event to occur or to assume
certain characteristics.

BEHAVIOR AS A SCIENTIFIC SUBJECT MATTER

Behavior is not one of those subject matters which
become accessible only with the invention of an instrument
such as the telescope or microscope. We all know thousands
of facts about behavior. Actually there is no subject matter
with which we could be better acquainted, for we are always
in the presence of at least one behaving organism. But this
familiarity is something of a disadvantage, for it means that
we have probably jumped to conclusions which will not be
supported by the cautious methods of science. Even though
we have observed behavior for many years, we are not
necessarily able, without help, to express useful uniformities
or lawful relations. We may show considerable skill in
making plausible guesses about what our friends and
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acquaintances will do under various circumstances or what
we ourselves will do. We may make plausible
generalizations about the conduct of people in general. But
very few of these will survive careful analysis. A great deal
of unlearning generally takes place in our early contact with
a science of behavior.

Behavior is a difficult subject matter, not because it is
inaccessible, but because it is extremely complex. Since it is a
process, rather than a thing, it cannot easily be held still for
observation. It is changing, fluid, and evanescent, and for
this reason it makes great technical demands upon the
ingenuity and energy of the scientist. But there is nothing
essentially insoluble about the problems which arise from
this fact.

Several kinds of statements about behavior are
commonly made. When we tell an anecdote or pass along a
bit of gossip, we report a single event—what someone did
upon such and such an occasion: "She slammed the door
and walked off without a word." Our report is a small bit of
history. History itself is often nothing more than similar
reporting on a broad scale. The biographer often confines
himself to a series of episodes in the life of his subject. The
case history, which occupies an important place in several
fields of psychology, is a kind of biography which is also
concerned mainly with what a particular person did at
particular times and places: "When she was eleven, Mary
went to live with her maiden aunt in Winchester." Novels
and short stories may be thought of as veiled biography or
history, since the ingredients of even a highly fanciful work
of fiction are somehow or other taken from life. The narrative
reporting of the behavior of people at particular times and
places is also part of the sciences of archeology, ethnology,
sociology, and anthropology.

These accounts have their uses. They broaden the
experience of those who have not had firsthand access to
similar data. But they are only the beginnings of a science.
No matter how accurate or quantitative it may be, the report
of the single case is only a preliminary step. The next step is
the discovery of some sort of uniformity. When we tell an
anecdote to support an argument, or report a case history to
exemplify a principle, we imply a general rule, no matter
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how vaguely it may be expressed. The historian is seldom
content with mere narration. He reports his facts to support
a theory—of cycles, trends, or patterns of history. In doing
so he passes from the single' instance to the rule. When a
biographer traces the influence of an early event upon a
man's later life, he transcends simple reporting and asserts,
no matter how hesitantly, that one thing has caused another.
Fable and allegory are more than storytelling if they imply
some kind of uniformity in human behavior, as they
generally do. Our preference for "consistency of character"
and our rejection of implausible coincidences in literature
show that we expect lawfulness. The "manners" and
"customs™ of the sociologist and anthropologist report the
general behavior of groups of people.

A vague sense of order emerges from any sustained
observation of human behavior. Any plausible guess about
what a friend will do or say in a given circumstance is a
prediction based upon some such uniformity. If a reasonable
order was not discoverable, we could scarcely be effective
in dealing with human affairs. The methods of science are
designed to clarify these uniformities and make them
explicit. The techniques of field study of the anthropologist
and social psychologist, the procedures of the psychological
clinic, and the controlled experimental methods of the
laboratory are all directed toward this end, as are also the
mathematical and logical tools of science.

Many people interested in human behavior do not feel
the need for the standards of proof characteristic of an exact
science; the uniformities in behavior are "obvious™ without
them. At the same time, they are reluctant to accept the
conclusions toward which such proof inescapably points if
they do not "sense" the uniformity themselves. But these
idiosyncrasies are a costly luxury. We need not defend the
methods of science in their application to behavior. The
experimental and mathematical techniques used in
discovering and expressing uniformities are the common
property of science in general. Almost every discipline has
contributed to this pool of resources, and all disciplines
borrow from it. The advantages are well established.
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SOME OBJECTIONS TO A SCIENCE OF BEHAVIOR

The report of a single event raises no theoretical
problems and comes into no conflict with philosophies of
human behavior. The scientific laws or systems which
express uniformities are likely to conflict with theory
because they claim the same territory. When a science of
behavior reaches the point of dealing with lawful rela-
tionships, it meets the resistance of those who give their
allegiance to prescientific or extrascientific conceptions.
The resistance does not always take the form of an overt
rejection of science. It may be transmuted into claims of
limitations, often expressed in highly scientific terms.

It has sometimes been pointed out, for example, that
physical science has been unable to maintain its philosophy of
determinism, particularly at the subatomic level. The Principle
of Indeterminacy states that there are circumstances under
which the physicist cannot put himself in possession of all
relevant information: if he chooses to observe one event, he
must relinquish the possibility of observing another. In our
present state of knowledge, certain events therefore appear to
be unpredictable. It does not follow that these events are free
or capricious. Since human behavior is enormously complex and
the human organism is of limited dimensions, many acts may
involve processes to which the Principle of Indeterminacy
applies. It does not follow that human behavior is free, but
only that it may be beyond the range of a predictive or
controlling science. Most students of behavior, however,
would be willing to settle for the degree of prediction and
control achieved by the physical sciences in spite of this
limitation. A final answer to the problem of lawfulness is to be
sought, not in the limits of any hypothetical mechanism
within the organism, but in our ability to demonstrate
lawfulness in the behavior of the organism as a whole.

A similar objection has a logical flavor. It is contended that
reason cannot comprehend itself or—in somewhat more
substantial terms— that the behavior required in understanding
one's own behavior must be something beyond the behavior
which is understood. It is true that knowledge is limited by the
limitations of the knowing organism.
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The number of things in the world which might be known
certainly exceeds the number of possible different states in all
possible knowers, But the laws and systems of science are
designed to make a knowledge of particular events
unimportant. It is by no means necessary that one man
should understand all the facts in a given field, but only that
he should understand all the kinds of facts. We have no
reason to suppose that the human intellect is incapable of
formulating or comprehending the basic principles of human
behavior—certainly not until we have a clearer notion of what
those principles are. The assumption that behavior is a lawful
scientific datum sometimes meets with another objection.
Science is concerned with the general, but the behavior of
the individual is necessarily unique. The "case history" has a
richness and flavor which are in decided contrast with
general principles. It is easy to convince oneself that there
are two distinct worlds and that one is beyond the reach of
science. This distinction is not peculiar to the study of
behavior. It can always be made in the early stages of any
science, when it is not clear what we may deduce from a
general principle with respect to a particular case. What the
science of physics has to say about the world is dull and
colorless to the beginning student when compared with his
daily experience, but he later discovers that it is actually a
more incisive account of even the single instance. When we
wish to deal effectively with the single instance, we turn to
science for help. The argument will lose cogency as a science
of behavior progresses and as the implications of its general
laws become clear. A comparable argument against the
possibility of a science of medicine has already lost its
significance. In War and Peace, Tolstoy wrote of the illness of
a favorite character as follows:

Doctors came to see Natasha, both separately and in
consultation. They said a great deal in French, in German, and
in Latin. They criticised one another, and prescribed the most
diverse remedies for all the diseases they were familiar with. But
it never occurred to one of them to make the simple reflection
that they could not understand the disease from which Natasha
was suffering, as no single disease can be fully understood in a
living person; for every living person has his individual
peculiarities and always has his own peculiar, new, complex
complaints unknown to medicine—not a disease of the lungs,
of the kidneys, of the skin, of the heart, and so on,
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as described in medical books, but a disease that consists of one
out of the innumerable combinations of ailments of those organs.

Tolstoy was justified in calling every sickness a unique event.
Every action of the individual is unique, as well as every event
in physics and chemistry. But his objection to a science of
medicine in terms of uniqueness was unwarranted. The
argument was plausible enough at the time; no one could then
contradict him by supplying the necessary general principles.
But a great deal has happened in medical science since then,
and today few people would care to argue that a disease
cannot be described in general terms or that a single case
cannot be discussed by referring to factors common to many
cases. The intuitive wisdom of the old-style diagnostician has
been largely replaced by the analytical procedures of the clinic,
just as a scientific analysis of behavior will eventually replace
the personal interpretation of unique instances.

A similar argument is leveled at the use of statistics in a
science of behavior. A prediction of what the average
individual will do is often of little or no value in dealing with
a particular individual. The actuarial tables of life-insurance
companies are of no value to a physician in predicting the
death or survival of a particular patient. This issue is still alive
in the physical sciences, where it is associated with the
concepts of causality and probability. It is seldom that the
science of physics deals with the behavior of individual
molecules, atoms, or subatomic particles. When it is
occasionally called upon to do so, all the problems of the
particular event arise. In general a science is helpful in
dealing with the individual only insofar as its laws refer to
individuals. A science of behavior which concerns only the
behavior of groups is not likely to be of help in our
understanding of the particular case. But a science may also
deal with the behavior of the individual, and its success in
doing so must be evaluated in terms of its achievements rather
than any a priori contentions.

The extraordinary complexity of behavior is sometimes
held to be an added source of difficulty. Even though
behavior may be lawful, it may be too complex to be dealt
with in terms of law. Sir Oliver Lodge once asserted that
"though an astronomer can calculate the orbit of a planet or
comet or even a meteor, although a physicist can deal with
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the structure of atoms, and a chemist with their possible
combinations, neither a biologist nor any scientific man can
calculate the orbit of a common fly." This is a statement
about the limitations of scientists or about their aspirations,
not about the suitability of a subject matter. Even so, it is
wrong. It may be said with some assurance that if no one has
calculated the orbit of a fly, it is only because no one has been
sufficiently interested in doing so. The tropistic movements of
many insects are now fairly well understood, but the
instrumentation needed to record the flight of a fly and to
give an account of all the conditions affecting it would cost
more than the importance of the subject justifies. There is,
therefore, no reason to conclude, as, the author does, that "an
incalculable element of self-determination thus makes its
appearance quite low down the animal scale." Self-
determination does not follow from complexity. Difficulty
in calculating the orbit of the fly does not prove
capriciousness, though it may make it impossible to prove
anything else. The problems imposed by the complexity of a
subject matter must be dealt with as they arise. Apparently
hopeless cases often become manageable in time. It is only
recently that any sort of lawful account of the weather has
been possible. We often succeed in reducing complexity to a
reasonable degree by simplifying conditions in the laboratory;
but where this is impossible, a statistical analysis may be
used to achieve an inferior, but in many ways acceptable,
prediction. Certainly no one is prepared to say now what a
science of behavior can or cannot accomplish eventually.
Advance estimates of the limits of science have generally
proved inaccurate. The issue is in the long run pragmatic: we
cannot tell until we have tried.

Still another objection to the use of scientific method in
the study of human behavior is that behavior is an anomalous
subject matter because a prediction made about it may alter
it. If we tell a friend that he is going to buy a particular kind
of car, he may react to our prediction by buying a different
kind. The same effect has been used to explain the failures of
public opinion polls. In the presidential election of 1948 it
was confidently predicted that a majority of the voters would
vote for a candidate who, as it turned out, lost the election. It
has been asserted that the electorate reacted to the prediction
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in a contrary way and that the published prediction therefore
had an effect upon the predicted event. But it is by no means
necessary that a prediction of behavior be permitted to affect
the behaving individual. There may have been practical
reasons why the results of the poll in question could not be
withheld until after the election, but this would not be the
case in a purely scientific endeavor.

There are other ways in which observer and observed
interact. Study distorts the thing studied. But there is no
special problem here peculiar to human behavior. It is now
accepted as a general principle in scientific method that it is
necessary to interfere in some degree with any phenomenon
in the act of observing it. A scientist may have an effect upon
behavior in the act of observing or analyzing it, and he must
certainly take this effect into account. But behavior may also
be observed with a minimum of interaction between subject
and scientist, and this is the case with which one naturally
tries to begin.

A final objection deals with the practical application of a
scientific analysis. Even if we assume that behavior is lawful
and that the methods of science will reveal the rules which
govern it, we may be unable to make any technological use
of these rules unless certain conditions can be brought under
control. In the laboratory many conditions are simplified and
irrelevant conditions often eliminated. But of what value are
laboratory studies if we must predict and control behavior
where a comparable simplification is impossible? It is true
that we can gain control over behavior only insofar as we can
control the factors responsible for it. What a scientific study
does is to enable us to make optimal use of the control we
possess. The laboratory simplification reveals the relevance
of factors which we might otherwise overlook.

We cannot avoid the problems raised by a science of
behavior by simply denying that the necessary conditions can
be controlled. In actual fact there is a considerable degree of
control over many relevant conditions. In penal institutions
and military organizations the control is extensive. We
control the environment of the human organism in the
nursery and in institutions which care for those to whom the
conditions of the nursery remain necessary in later life.
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Fairly extensive control of conditions relevant to human
behavior is maintained in industry in the form of wages and
conditions of work in schools in the form of grades and
conditions of work, in commerce by anyone in possession of
goods or money, by governmental agencies through the police
and military, in the psychological clinic through the consent
of the controllee, and so on. A degree of effective control not so
easily identified, rests in the hands of entertainers, writers
advertisers, and propagandists. These controls, which are
often al too evident in their practical application, are more
than sufficient to permit us to extend the results of a laboratory
science to the interpretation of human behavior in daily
affairs—for either theoretical or practical purposes. Since a
science of behavior will continue to increase the effective
use of this control, it is now more important than ever to
understand the processes involved and to prepare ourselves
for the problems which will certainly arise.



CHAPTER |1l

WHY ORGANISMS BEHAVE

The terms "cause™ and "effect” are no longer widely
used in science. They have been associated with so many
theories of the structure and operation of the universe that
they mean more than scientists want to say. The terms
which replace them, however, refer to the same factual core.
A "cause" becomes a "change in an independent variable"
and an "effect” a "change in a dependent variable.” The old
"cause-and-effect connection™ becomes a "functional rela-
tion." The new terms do not suggest how a cause causes its
effect; they merely assert that different events tend to occur
together in a certain order. This is important, but it is not
crucial. There is no particular danger in using "cause" and
"effect” in an informal discussion if we are always ready to
substitute their more exact counterparts.

We are concerned, then, with the causes of human
behavior. We want to know why men behave as they do.
Any condition or event which can be shown to have an
effect upon behavior must be taken into account. By
discovering and analyzing these causes we can predict
behavior; to the extent that we can manipulate them, we can
control behavior.

There is a curious inconsistency in the zeal with which
23
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the doctrine of personal freedom has been defended,
because men have always been fascinated by the search for
causes. The spontaneity of human behavior is apparently no
more challenging than its "why and wherefore." So strong is
the urge to explain behavior that men have been led to
anticipate legitimate scientific inquiry and to construct
highly implausible theories of causation. This practice is not
unusual in the history of science. The study of any subject
begins in the realm of superstition. The fanciful explanation
precedes the valid. Astronomy began as astrology;
chemistry as alchemy. The field of behavior has had, and
still has, its astrologers and alchemists. A long history of
prescientific explanation furnishes us with a fantastic array
of causes which have no function other than to supply
spurious answers to questions which must otherwise go
unanswered in the early stages of a science.

SOME POPULAR "CAUSES" OF BEHAVIOR

Any conspicuous event which coincides with human
behavior is likely to be seized upon as a cause. The
position of the planets at the birth of the individual is an
example. Usually astrologers do not try to predict specific
actions from such causes, but when they tell us that a man
will be impetuous, careless, or thoughtful, we must sup-
pose that specific actions are assumed to be affected.
Numerology finds a different set of causes—for example,
in the numbers which compose the street address of the
individual or in the number of letters in his name. Millions
of people turn to these spurious causes every year in their
desperate need to understand human behavior and to deal
with it effectively.

The predictions of astrologers, numerologists, and the
like are usually so vague that they cannot be confirmed or
disproved properly. Failures are easily overlooked, while an
occasional chance hit is dramatic enough to maintain the
behavior of the devotee in considerable strength. Certain
valid relations which resemble such superstitions offer
spurious support. For example, some characteristics of
behavior can be traced to the season in which a man is born
(though not to the position of the planets at his birth), as
well as to climatic conditions due in part to the position of
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the earth in the solar system or to events in the sun. Effects
of this sort, when properly validated, must not be overlooked.
They do not, of course, justify astrology.

Another common practice is to explain behavior in terms
of the structure of the individual. The proportions of the
body, the shape of the head, the color of the eyes, skin, or
hair, the marks on the palms of the hands, and the features of
the face have all been said to determine what a man will do.
The "jovial fat man," Cassius with his "lean and hungry
look," and thousands of other characters or types thoroughly
embedded in our language affect our practices in dealing with
human behavior. A specific act may never be predicted from
physique, but different types of personality imply predisposi-
tions to behave in different ways, so that specific acts are
presumed to be affected. This practice resembles the mistake we
all make when we expect someone who looks like an old
acquaintance to behave like him also. When a "type™ is once
established, it survives in everyday use because the predictions
which are made with it, like those of astrology, are vague, and
occasional hits may be startling. Spurious support is also offered
by many valid relations between behavior and body type.
Studies of the physiques of men and women predisposed to
different sorts of disorders have from time to time held the
attention of students of behavior. The most recent
classification of body structure—the somatotyping of W. H.
Sheldon—has already been applied to the prediction of
temperament and of various forms of delinquency. Valid
relations between behavior and body type must, of course, be
taken into account in a science of behavior, but these should
not be confused with the relations invoked in the uncritical
practice of the layman.

Even when a correlation between behavior and body
structure is demonstrated, it is not always clear which is the
cause of which. Even if it could be shown by proper statistical
methods that fat men are especially likely to be jolly, it still
would not follow that the physique causes the temperament.
Fat people are at a disadvantage in many ways, and they may
develop jolly behavior as a special competitive technique.
Jolly people may grow fat because they are free of the
emotional disturbances which drive other people to overwork
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or to neglect their diet or their health. Fat people may be
jolly because they have been successful in satisfying their
needs through excessive eating. Where the feature of
physique can be modified, then, we must ask whether the
behavior or the feature comes first.

When we find, or think we have found, that conspicuous
physical features explain part of a man's behavior, it is
tempting to suppose that inconspicuous features explain
other parts. This is implied in the assertion that a man shows
certain behavior because he was "born that way." To object to
this is not to argue that behavior is never determined by
hereditary factors. Behavior requires a behaving organism
which is the product of a genetic process. Gross differences in
the behavior of different species show that the genetic
constitution, whether observed in the body structure of the
individual or inferred from a genetic history, is important.
But the doctrine of "being born that way" has little to do
with demonstrated facts. It is usually an appeal to ignorance.
"Heredity,” as the layman uses the term, is a fictional
explanation of the behavior attributed to it.

Even when it can be shown that some aspect of behavior
is due to season of birth, gross body type, or genetic
constitution, the fact is of limited use. It may help us in
predicting behavior, but it is of little value in an experimental
analysis or in practical control because such a condition cannot
be manipulated after the individual has been conceived. The
most that can be said is that the knowledge of the genetic factor
may enable us to make better use of other causes. If we know
that an individual has certain inherent limitations, we may
use our techniques of control more intelligently, but we
cannot alter the genetic factor.

The practical deficiencies of programs involving causes
of this sort may explain some of the vehemence with which
they are commonly debated. Many people study human
behavior because they want to do something about it—they
want to make men happier, more efficient and productive,
less aggressive, and so on. To these people, inherited
determiners—as epitomized in various "racial types" —appear
to be insurmountable barriers, since they leave no course of
action but the slow and doubtful program of eugenics. The
evidence for genetic traits is therefore closely scrutinized, and
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any indication that it is weak or inconsistent is received with
enthusiasm. But the practical issue must not be allowed to
interfere in determining the extent to which behavioral
dispositions are inherited. The matter is not so crucial as is
often supposed, for we shall see that there are other types of
causes available for those who want quicker results.

INNER "CAUSES"

Every science has at some time or other looked for causes of
action inside the things it has studied. Sometimes the practice
has proved useful, sometimes it has not. There is nothing
wrong with an inner explanation as such, but events which are
located inside a system are likely to be difficult to observe. For
this reason we are encouraged to assign properties to them
without justification. Worse still, we can invent causes of this
sort without fear of contradiction. The motion of a rolling
stone was once attributed to its vis viva. The chemical
properties of bodies were thought to be derived from the
principles or essences of which they were composed.
Combustion was explained by the phlogiston inside the
combustible object. Wounds healed and bodies grew well
because of a vis medicatrix. It has been especially tempting to
attribute the behavior of a living organism to the behavior of
an inner agent, as the following examples may suggest.

Neural causes. The layman uses the nervous system as
a ready explanation of behavior. The English language
contains hundreds of expressions which imply such a causal
relationship. At the end of a long trial we read that the jury
shows signs of brain fag, that the nerves of the accused are on
edge, that the wife of the accused is on the verge of a nervous
breakdown, and that his lawyer is generally thought to have
lacked the brains needed to stand up to the prosecution.
Obviously, no direct observations have been made of the nervous
systems of any of these people. Their "brains™ and "nerves"
have been invented on the spur of the moment to lend
substance to what might otherwise seem a superficial account of
their behavior.

The sciences of neurology and physiology have not divested
themselves entirely of a similar practice. Since techniques for
observing the electrical and chemical processes in nervous
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tissue had not yet been developed, early information about
the nervous system was limited to its gross anatomy. Neural
processes could only be inferred from the behavior which
was said to result from them. Such inferences were
legitimate enough as scientific theories, but they could not
justifiably be used to explain the very behavior upon which
they were based. The hypotheses of the early physiologist
may have been sounder than those of the layman, but until
independent evidence could be obtained, they were no more
satisfactory as explanations of behavior. Direct information
about many of the chemical and electrical processes in the
nervous system is now available. Statements about the
nervous system are no longer necessarily inferential or
fictional. But there is still a measure of circularity in much
physiological explanation, even in the writings of
specialists. In World War | a familiar disorder was called
"shell shock." Disturbances in behavior were explained by
arguing that violent explosions had damaged the structure of
the nervous system, though no direct evidence of such
damage was available. In World War 1l the same disorder
was classified as "neuropsychiatric.” The prefix seems to
show a continuing unwillingness to abandon explanations in
terms of hypothetical neural damage.

Eventually a science of the nervous system based upon
direct observation rather than inference will describe the
neural states and events which immediately precede
instances of behavior. We shall know the precise
neurological conditions which immediately precede, say, the
response, "No, thank you." These events in turn will be
found to be preceded by other neurological events, and these
in turn by others. This series will lead us back to events
outside the nervous system and, eventually, outside the
organism. In the chapters which follow we shall consider
external events of this sort in some detail. We shall then be
better able to evaluate the place of neurological explanations
of behavior. However, we may note here that we do not have
and may never have this sort of neurological information at
the moment it is needed in order to predict a specific
instance of behavior. It is even more unlikely that we shall
be able to alter the nervous system directly in order to set up
the antecedent conditions of a particular instance. The
causes to be sought in the nervous system are, therefore, of
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limited usefulness in the prediction and control of specific
behavior.

Psychic inner causes. An even more common practice is to
explain behavior in terms of an inner agent which lacks
physical dimensions and is called "mental” or "psychic." The
purest form of the psychic explanation is seen in the animism
of primitive peoples. From the immobility of the body after
death it is inferred that a spirit responsible for movement has
departed. The enthusiastic person is, as the etymology of the
word implies, energized by a "god within." It is only a
modest refinement to attribute every feature of the behavior of
the physical organism to a corresponding feature of the
"mind" or of some inner “personality.” The inner man is
regarded as driving the body very much as the man at the
steering wheel drives a car. The inner man wills an action,
the outer executes it. The inner loses his appetite, the outer
stops eating. The inner man wants and the outer gets. The
inner has the impulse which the outer obeys.

It is not the layman alone who resorts to these practices, for
many reputable psychologists use a similar dualistic system of
explanation. The inner man is sometimes personified clearly, as
when delinquent behavior is attributed to a "disordered
personality,” or he may be dealt with in fragments, as when
behavior is attributed to mental processes, faculties, and traits.
Since the inner man does not occupy space, he may be
multiplied at will. 1t has been argued that a single physical
organism is controlled by several psychic agents and that its
behavior is the resultant of their several wills. The Freudian
concepts of the ego, superego, and id are often used in this
way. They are frequently regarded as nonsubstantial creatures,
often in violent conflict, whose defeats or victories lead to the
adjusted or maladjusted behavior of the physical organism in
which they reside.

Direct observation of the mind comparable with the
observation of the nervous system has not proved feasible. It
is true that many people believe that they observe their
"mental states” just as the physiologist observes neural
events, but another interpretation of what they observe is
possible, as we shall see in Chapter XVII. Introspective
psychology no longer pretends to supply direct information
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about events which are the causal antecedents, rather than
the mere accompaniments, of behavior. It defines its
"subjective” events in ways which strip them of any
usefulness in a causal analysis. The events appealed to in
early mentalistic explanations of behavior have remained
beyond the reach of observation. Freud insisted upon this by
emphasizing the role of the unconscious—a frank
recognition that important mental processes are not directly
observable. The Freudian literature supplies many examples
of behavior from which unconscious wishes, impulses,
instincts, and emotions are inferred. Unconscious thought-
processes have also been used to explain intellectual
achievements. Though the mathematician may feel that he
knows "how he thinks," he is often unable to give a coherent
account of the mental processes leading to the solution of a
specific problem. But any mental event which is
unconscious is necessarily inferential, and the explanation is
therefore not based upon independent observations of a valid
cause.

The fictional nature of this form of inner cause is shown
by the ease with which the mental process is discovered to
have just the properties needed to account for the behavior.
When a professor turns up in the wrong classroom or gives
the wrong lecture, it is because his mind is, at least for the
moment, absent. If he forgets to give a reading assignment,
it is because it has slipped his mind (a hint from the class
may remind him of it). He begins to tell an old joke but
pauses for a moment, and it is evident to everyone that he is
trying to make up his mind whether or not he has already
used the joke that term. His lectures grow more tedious with
the years, and questions from the class confuse him more
and more, because his mind is failing. What he says is often
disorganized because his ideas are confused. He is
occasionally unnecessarily emphatic because of the force of
his ideas. When he repeats himself, it is because he has an
idee fixe; and when he repeats what others have said, it is
because he borrows his ideas. Upon occasion there is
nothing in what he says because he lacks ideas. In all this it
is obvious that the mind and the ideas, together with their
special characteristics, are being invented on the spot to
provide spurious explanations. A science of behavior can
hope to gain very little from so cavalier a practice. Since
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mental or psychic events are asserted to lack the dimensions
of physical science, we have an additional reason for rejecting
them.

Conceptual inner causes. The commonest inner causes
have no specific dimensions at all, either neurological or
psychic. When we say that a man eats because he is hungry,
smokes a great deal because he has the tobacco habit, fights
because of the instinct of pugnacity, behaves brilliantly because
of his intelligence, or plays the piano well because of his musical
ability, we seem to be referring to causes. But on analysis these
phrases prove to be merely redundant descriptions. A single set
of facts is described by the two statements: "He eats" and "He
is hungry." A single set of facts is described by the two state-
ments: "He smokes a great deal” and "He has the smoking
habit." A single set of facts is described by the two
statements: "He plays well" and "He has musical ability.” The
practice of explaining one statement in terms of the other is
dangerous because it suggests that we have found the cause and
therefore need search no further. Moreover, such terms as
"hunger,” "habit,” and "intelligence" convert what are
essentially the properties of a process or relation into what
appear to be things. Thus we are unprepared for the properties
eventually to be discovered in the behavior itself and
continue to look for something which may not exist.

THE VARIABLES OF WHICH BEHAVIOR IS A
FUNCTION

The practice of looking inside the organism for an
explanation of behavior has tended to obscure the variables
which are immediately available for a scientific analysis.
These variables lie outside the organism, in its immediate
environment and in its environmental history. They have a
physical status to which the usual techniques of science are
adapted, and they make it possible to explain behavior as other
subjects are explained in science. These independent variables
are of many sorts and their relations to behavior are often
subtle and complex, but we cannot hope to give an adequate
account of behavior without analyzing them.

Consider the act of drinking a glass of water. This is not
likely to be an important bit of behavior in anyone's life, but
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it supplies a convenient example. We may describe the
topography of the behavior in such a way that a given
instance may be identified quite accurately by any qualified
observer. Suppose now we bring someone into a room and
place a glass of water before him. Will he drink? There
appear to be only two possibilities: either he will or he will
not. But we speak of the chances that he will drink, and this
notion may be refined for scientific use. What we want to
evaluate is the probability that he will drink. This may range
from virtual certainty that drinking will occur to virtual
certainty that it will not. The very considerable problem of
how to measure such a probability will be discussed later.
For the moment, we are interested in how the probability
may be increased or decreased.

Everyday experience suggests several possibilities, and
laboratory and clinical observations have added others. It is
decidedly not true that a horse may be led to water but
cannot be made to drink. By arranging a history of severe
deprivation we could be "absolutely sure™ that drinking
would occur. In the same way we may be sure that the glass
of water in our experiment will be drunk. Although we are
not likely to arrange them experimentally, deprivations of
the necessary magnitude sometimes occur outside the
laboratory. We may obtain an effect similar to that of
deprivation by speeding up the excretion of water. For
example, we may induce sweating by raising the
temperature of the room or by forcing heavy exercise, or we
may increase the excretion of urine by mixing salt or urea in
food taken prior to the experiment. It is also well known that
loss of blood, as on a battlefield, sharply increases the
probability of drinking. On the other hand, we may set the
probability at virtually zero by inducing or forcing our
subject to drink a large quantity of water before the
experiment.

If we are to predict whether or not our subject will drink,
we must know as much as possible about these variables. If
we are to induce him to drink, we must be able to
manipulate them. In both cases, moreover, either for
accurate prediction or control, we must investigate the effect
of each variable quantitatively with the methods and
techniques of a laboratory science.

Other variables may, of course, affect the result. Our
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subject may be "afraid” that something has been added to
the water as a practical joke or for experimental purposes.
He may even "suspect” that the water has been poisoned.
He may have grown up in a culture in which water is drunk
only when no one is watching. He may refuse to drink
simply to prove that we cannot predict or control his be-
havior. These possibilities do not disprove the relations
between drinking and the variables listed in the preceding
paragraphs; they simply remind us that other variables may
have to be taken into account. We must know the history of
our subject with respect to the behavior of drinking water,
and if we cannot eliminate social factors from the situation,
then we must know the history of his personal relations to
people resembling the experimenter. Adequate prediction in
any science requires information about all relevant
variables, and the control of a subject matter for practical
purposes makes the same demands.

Other types of "explanation” do not permit us to
dispense with these requirements or to fulfill them in any
easier way. It is of no help to be told that our subject will
drink provided he was born under a particular sign of the
zodiac which shows a preoccupation with water or provided
he is the lean and thirsty type or was, in short, "born
thirsty." Explanations in terms of inner states or agents,
however, may require some further comment. To what
extent is it helpful to be told, "He drinks because he is
thirsty"? If to be thirsty means nothing more than to have a
tendency to drink, this is mere redundancy. If it means that
he drinks because of a state of thirst, an inner causal event is
invoked. If this state is purely inferential— if no dimensions
are assigned to it which would make direct observation
possible—it cannot serve as an explanation. But if it has
physiological or psychic properties, what role can it play in
a science of behavior?

The physiologist may point out that several ways of
raising the probability of drinking have a common effect:
they increase the concentration of solutions in the body.
Through some mechanism not yet well understood, this may
bring about a corresponding change in the nervous system
which in turn makes drinking more probable. In the same
way, it may be argued that all these operations make the
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organism "feel thirsty” or "want a drink" and that such a
psychic state also acts upon the nervous system in some
unexplained way to induce drinking. In each case we have a
causal chain consisting of three links: (1) an operation
performed upon the organism from without— for example,
water deprivation; (2) an inner condition—for example,
physiological or psychic thirst; and (3) a kind of behavior—
for example, drinking. Independent information about the
second link would obviously permit us to predict the third
without recourse to the first. It would be a preferred type of
variable because it would be non-historic; the first link may
lie in the past history of the organism, but the second is a
current condition. Direct information about the second link
IS, however, seldom, if ever, available. Sometimes we infer
the second link from the third: an animal is judged to be
thirsty if it drinks. In that case, the explanation is spurious.
Sometimes we infer the second link from the first: an animal
is said to be thirsty if it has not drunk for a long time. In that
case, we obviously cannot dispense with the prior history.

The second link is useless in the control of behavior
unless we can manipulate it. At the moment, we have no
way of directly altering neural processes at appropriate
moments in the life of a behaving organism, nor has any way
been discovered to alter a psychic process. We usually set up
the second link through the first: we make an animal thirsty,
in either the physiological or the psychic sense, by depriving
it of water, feeding it salt, and so on. In that case, the second
link obviously does not permit us to dispense with the first.
Even if some new technical discovery were to enable us to
set up or change the second link directly, we should still
have to deal with those enormous areas in which human
behavior is controlled through manipulation of the first link.
A technique of operating upon the second link would
increase our control of behavior, but the techniques which
have already been developed would still remain to be
analyzed.

The most objectionable practice is to follow the causal
sequence back only as far as a hypothetical second link. This
is a serious handicap both in a theoretical science and in the
practical control of behavior. It is no help to be told that to
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get an organism to drink we are simply to "make it thirsty"
unless we are also told how this is to be done. When we have
obtained the necessary prescription for thirst, the whole
proposal is more complex than it need be. Similarly, when an
example of maladjusted behavior is explained by saying that the
individual is "suffering from anxiety,” we have still to be told
the cause of the anxiety. But the external conditions which
are then invoked could have been directly related to the
maladjusted behavior. Again, when we are told that a man stole
a loaf of bread because "he was hungry," we have still to learn
of the external conditions responsible for the "hunger.” These
conditions would have sufficed to explain the theft.

The objection to inner states is not that they do not exist,
but that they are not relevant in a functional analysis. We
cannot account for the behavior of any system while staying
wholly inside it; eventually we must turn to forces operating
upon the organism from without. Unless there is a weak spot in
our causal chain so that the second link is not lawfully
determined by the first, or the third by the second, then the
first and third links must be lawfully related. If we must always
go back beyond the second link for prediction and control, we
may avoid many tiresome and exhausting digressions by
examining the third link as a function of the first. Valid
information about the second link may throw light upon this
relationship but can in no way alter it.

A FUNCTIONAL ANALYSIS

The external variables of which behavior is a function
provide for what may be called a causal or functional
analysis. We undertake to predict and control the behavior of
the individual organism. This is our "dependent variable"—the
effect for which we are to find the cause. Our "independent
variables"—the causes of behavior—are the external conditions
of which behavior is a function. Relations between the two—
the "cause-and-effect relationships” in behavior-are the laws
of a science. A synthesis of these laws expressed in quantitative
terms yields a comprehensive picture of the organism as a
behaving system.

This must be done within the bounds of a natural
science. We cannot assume that behavior has any peculiar
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properties which require unique methods or special kinds of
knowledge. It is often argued that an act is not so important
as the "intent" which lies behind it, or that it can be described
only in terms of what it "means” to the behaving individual or
to others whom it may affect. If statements of this sort are
useful for scientific purposes, they must be based upon
observable events, and we may confine ourselves to such
events exclusively in a functional analysis. We shall see
later that although such terms as "meaning™ and “intent"
appear to refer to properties of behavior, they usually conceal
references to independent variables. This is also true of
"aggressive,” “friendly,” "disorganized,” "intelligent,” and
other terms which appear to describe properties of behavior
but in reality refer to its controlling relations.

The independent variables must also be described in physical
terms. An effort is often made to avoid the labor of
analyzing a physical situation by guessing what it "means"
to an organism or by distinguishing between the physical
world and a psychological world of "experience." This
practice also reflects a confusion between dependent and
independent variables. The events affecting an organism must
be capable of description in the language of physical science. It is
sometimes argued that certain "social forces" or the
"influences” of culture or tradition are exceptions. But we
cannot appeal to entities of this sort without explaining how
they can affect both the Scientist and the individual under
observation. The physical events which must then be
appealed to in such an explanation will supply as with
alternative material suitable for a physical analysis.

By confining ourselves to these observable events, we gain a
considerable advantage, not only in theory, but in practice.
A "social force" is no more useful in manipulating behavior
than an inner state of hunger, anxiety, or skepticism. Just as
we must trace these inner events to the manipulable variables
of which they are said to be functions before we may put
them to practical use, so we must identify the physical
events through which a "social force" is said to affect the
organism before we can manipulate it for purposes of
control. In dealing with the directly observable data we need
not refer to either the inner state or the outer force.
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The material to be analyzed in a science of behavior
comes from many sources:

(1) Our casual observations are not to be dismissed
entirely. They are especially important in the early stages of
investigation. Generalizations based upon them, even
without explicit analysis, supply useful hunches for further
study.

(2) In controlled field observation, as exemplified by some
of the methods of anthropology, the data are sampled more
carefully and conclusions stated more explicitly than in casual
observation. Standard instruments and practices increase the
accuracy and uniformity of field observation.

(3) Clinical observation has supplied extensive material.
Standard practices in interviewing and testing bring out behavior
which may be easily measured, summarized, and compared
with the behavior of others. Although it usually emphasizes
the disorders which bring people to clinics, the clinical sample
is often unusually interesting and of special value when the
exceptional condition points up an important feature of
behavior.

(4) Extensive observations of behavior have been made
under more rigidly controlled conditions in industrial,
military, and other institutional research. This work often
differs from field or clinical observation in its greater use of the
experimental method.

(5) Laboratory studies of human behavior provide
especially useful material. The experimental method includes
the use of instruments which improve our contact with
behavior and with the variables of which it is a function.
Recording devices enable us to observe behavior over long
periods of time, and accurate recording and measurement
make effective quantitative analysis possible. The most
important feature of the laboratory method is the deliberate
manipulation of variables: the importance of a given condition is
determined by changing it in a controlled fashion and observing
the result.

Current experimental research on human behavior is
sometimes not so comprehensive as one might wish. Not all
behavioral processes are easy to set up in the laboratory, and
precision of measurement is sometimes obtained only at the
price of unreality in conditions. Those who are primarily
concerned with the everyday life of the individual are often
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impatient with these artificialities, but insofar as relevant
relationships can be brought under experimental control, the
laboratory offers the best chance of obtaining the
quantitative results needed in a scientific analysis.

(6) The extensive results of laboratory studies of the
behavior of animals below the human level are also
available. The use of this material often meets with the
objection that there is an essential gap between man and the
other animals, and that the results of one cannot be
extrapolated to the other. To insist upon this discontinuity at
the beginning of a scientific investigation is to beg the
question. Human behavior is distinguished by its complexity,
its variety, and its greater accomplishments, but the basic
processes are not therefore necessarily different. Science
advances from the simple to the complex; it is constantly
concerned with whether the processes and laws discovered at
one stage are adequate for the next. It would be rash to assert
at this point that there is no essential difference between
human behavior and the behavior of lower species; but until
an attempt has been made to deal with both in the same terms,
it would be equally rash to assert that there is. A discussion of
human embryology makes considerable use of research on the
embryos of chicks, pigs, and other animals. Treatises on
digestion, respiration, circulation, endocrine secretion, and
other physiological processes deal with rats, hamsters, rabbits,
and so on, even though the interest is primarily in human
beings. The study of behavior has much to gain from the
same practice.

We study the behavior of animals because it is simpler.
Basic processes are revealed more easily and can be recorded
over longer periods of time. Our observations are not
complicated by the social relation between subject and
experimenter. Conditions may be better controlled. We may
arrange genetic histories to control certain variables and
special life histories to control others—for example, if we
are interested in how an organism learns to see, we can raise
an animal in darkness until the experiment is begun. We are
also able to control current circumstances to an extent not
easily realized in human behavior—for example, we can vary
states of deprivation over wide ranges. These are advantages
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which should not be dismissed on the a priori contention
that human behavior is inevitably set apart as a separate field.

ANALYSIS OF THE DATA

There are many ways in which data concerning human
behavior may be formulated and analyzed. The plan to be
followed in the present book may be summarized as follows:

Section 1l contains a classification of the variables of
which behavior is a function and a survey of the processes
through which behavior changes when any of these variables is
changed.

Section 111 provides a broader view of the organism as a
whole. Certain complex arrangements are considered in which
one part of the behavior of the individual alters some of the
variables of which other parts are a function. These are the
activities which we describe by saying, for example, that the
individual "controls himself," "thinks out a solution to a
problem,” or "is aware of his own behavior."

Section IV analyzes the interaction of two or more
individuals in a social system. One person is often part of
the environment of another, and this relationship is usually
reciprocal. An adequate account of a given social episode
explains the behavior of all participants.

Section V analyzes various techniques through which
human behavior is controlled in government, religion,
psychotherapy, economics, and education. In each of these
fields the individual and the controlling agency constitute a
social system in the sense of Section IV.

Section VI surveys the total culture as a social environment,
and discusses the general problem of the control of human
behavior.

The plan is obviously an example of extrapolation from the
simple to the complex. No principle is used in any part of the
book which is not discussed in Section II. The basic relations
and processes of this section are derived from data obtained
under conditions which most closely approximate those of an
exact science. In Section V complex examples of human
behavior drawn from certain established fields of knowledge are
analyzed in terms of these simpler processes and relations.
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The procedure is often referred to as reductionism. If our
interest is primarily in the basic process, we turn to material
of this sort as a test of the adequacy of our analysis. If, on
the other hand, our interest is primarily in the complex case,
we still have much to gain in utilizing a formulation which
has been worked out under more favorable circumstances.
For example, historical and comparative facts about
particular governments, religions, economic systems, and so
on have led to certain traditional conceptions of the
behaving individual, but each of these conceptions has been
appropriate only to the particular set of facts from which it
was derived. This restriction has proved to be a serious
handicap. The conception of man which has emerged from
the study of economic phenomena has been of little or no
value in the field of psychotherapy. The conception of
human behavior developed for use in the field of education
has had little or nothing in common with that employed in
explaining governmental or legal practices. A basic
functional analysis, however, provides us with a common
formulation of the behavior of the individual with which we
may discuss issues in all these areas and eventually consider
the effect upon the individual of the social environment as a
whole.

Certain limitations in dealing with historical and
comparative facts may be acknowledged. We are often
asked to explain more about human behavior than is asked
of other scientists in their respective fields. How can we
account for the behavior of literary or historical figures?
Why could Hamlet not kill his uncle to avenge his father's
murder? What were Robespierre's real motives? How can we
explain Leonardo's paintings? Was Hitler paranoid?
Questions of this sort have tremendous human interest.
Many psychologists, historians, biographers, and literary
critics have tried to answer them, and there is therefore a
strong presumption that they can be answered. But this may
not be so. We lack the information needed for a functional
analysis. Although we can make plausible guesses as to the
variables which operated in each case, we cannot be sure.
Comparable questions in the fields of physics, chemistry,
and biology can be answered only in the same limited way.
Why did the old Campanile in the Piazza San Marco
collapse into a heap of brick? The physicist may know how
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mortar was made at the time the Campanile was built, in
what atmospheric conditions it disintegrated, and so on; yet,
although he may give a plausible explanation, he cannot with
certainty account for the collapse. The meteorologist cannot
account for the flood which bore Noah's ark to Mount Ararat,
nor the biologist for the extinction of the dodo. The
specialist may give the most plausible explanation of a
historical event, but if necessary information is lacking, he
cannot give a rigorous account within the framework of a
science. The scientist is under greater pressure to answer
comparable questions about human behavior. He may feel,
or be forced to accept, the challenge of those who pretend to
give valid answers. Moreover, his answers may be of great
practical importance. The clinician, for example, may be urged
to interpret the behavior of his patient when the available
information is far from adequate, and it is often more
difficult for him than for the physicist to say that he does not
know.

The commonest objection to a thoroughgoing functional
analysis is simply that it cannot be carried out, but the only
evidence for this is that it has not yet been carried out. We
need not be discouraged by this fact. Human behavior is
perhaps the most difficult subject to which the methods of
science have ever been applied, and it is only natural that
substantial progress should be slow. It is encouraging to
reflect, however, that science seldom moves at an even pace.
Progress is sometimes arrested for a long time merely
because the particular aspect of a subject which is emphasized
proves unimportant and unproductive. A slight change in point
of attack is enough to bring rapid progress. Chemistry made
great strides when it was recognized that the weights of
combining substances, rather than their qualities or essences,
were the important things to study. The science of mechanics
moved forward rapidly when it was discovered that distances
and times were more important for certain purposes than
size, shape, color, hardness, and weight. Many different
properties or aspects of behavior have been studied for many
years with varying degrees of success. A functional analysis
which specifies behavior as a dependent variable and proposes
to account for it in terms of observable and manipulable
physical conditions is of recent advent.
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It has already shown itself to be a promising formulation, and
until it has been put to the test, we have no reason to prophesy
failure.

Such a plan cannot be carried out at a superficial level.
The engineer who builds a bridge successfully has more
than a casual impression of the nature of his materials, and
the time has come when we must admit that we cannot solve
the important problems in human affairs with a general
"philosophy of human behavior." The present analysis
requires considerable attention to detail. Numerical data
have been avoided, but an attempt has been made to define
each behavioral process rigorously and to exemplify each
process or relation with specific instances. If the reader is to
participate fully in the broader interpretations of the later
sections, he will have to examine these definitions and to
observe the distinctions which they make between different
processes. This may be hard work, but there is no help for it.
Human behavior is at least as difficult a subject matter as the
chemistry of organic materials or the structure of the atom.
Superficial sketches of what science has to say about any
subject are often entertaining, but they are never adequate
for effective action. If we are to further our understanding of
human behavior and to improve our practices of control, we
must be prepared for the kind of rigorous thinking which
science requires.
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CHAPTER IV

REFLEXES AND
CONDITIONED REFLEXES

MAN A MACHINE

Behavior is a primary characteristic of living things.
We almost identify it with life itself. Anything which
moves is likely to be called alive—especially when the
movement has direction or acts to alter the environment.
Movement adds verisimilitude to any model of an
organism. The puppet comes to life when it moves, and
idols which move or breathe smoke are especially awe-
inspiring. Robots and other mechanical creatures entertain
us just because they move. And there is significance in the
etymology of the animated cartoon.

Machines seem alive simply because they are in motion.
The fascination of the steam shovel is legendary. Less
familiar machines may actually be frightening. We may
feel that it is only primitive people who mistake them for
living creatures today, but at one time they were unfamiliar
to everyone. When Wordsworth and Coleridge once passed
a steam engine, Wordsworth observed that it was scarcely
possible to divest oneself of the impression that it had life
and volition. "Yes," said Coleridge, "it is a giant with one
idea."

45
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A mechanical toy which imitated human behavior led to
the theory of what we now call reflex action. In the first part
of the seventeenth century certain moving figures were
commonly installed in private and public gardens as sources
of amusement. They were operated hydraulically. A young
lady walking through a garden might step upon a small
concealed platform. This would open a valve, water would
flow into a piston, and a threatening figure would swing out
from the bushes to frighten her. Rene Descartes knew how
these figures worked, and he also knew how much they
seemed like living creatures. He considered the possibility
that the hydraulic system which explained the one might
also explain the other. A muscle swells when it moves a
limb—perhaps it is being inflated by a fluid coming along
the nerves from the brain. The nerves which stretch from the
surface of the body into the brain may be the strings which
open the valves.

Descartes did not assert that the human organism always
operates in this way. He favored the explanation in the case
of animals, but he reserved a sphere of action for the
"rational soul"—perhaps under religious pressure. It was not
long before the additional step was taken, however, which
produced the full-fledged doctrine of "man a machine.” The
doctrine did not owe its popularity to its plausibility —there
was no reliable support for Descartes's theory—nbut rather to
its shocking metaphysical and theoretical implications.

Since that time two things have happened: machines
have become more lifelike, and living organisms have been
found to be more like machines. Contemporary machines
are not only more complex, they are deliberately designed to
operate in ways which resemble human behavior. "Almost
human™ contrivances are a common part of our daily
experience. Doors see us coming and open to receive us.
Elevators remember our commands and stop at the correct
floor. Mechanical hands lift imperfect items off a conveyor
belt. Others write messages of fair legibility. Mechanical or
electric calculators solve equations too difficult or too time-
consuming for human mathematicians. Man has, in short,
created the machine in his own image. And as a result, the
living organism has lost some of its uniqueness. We are
much less awed by machines than our ancestors were and
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less likely to endow the giant with even one idea. At the
same time, we have discovered more about how the living
organism works and are better able to see its machine-like
properties.

REFLEX ACTION

Descartes had taken an important step in suggesting that
some of the spontaneity of living creatures was only
apparent and that behavior could sometimes be traced to
action from without. The first clear-cut evidence that he had
correctly surmised the possibility of external control came
two centuries later in the discovery that the tail of a
salamander would move when part of it was touched or
pierced, even though the tail had been severed from the
body. Facts of this sort are now familiar, and we have long
since adapted our beliefs to take them into account. At the
time the discovery was made, however, it created great
excitement. It was felt to be a serious threat to prevailing
theories of the inner agents responsible for behavior. If the
movement of the amputated tail could be controlled by
external forces, was its behavior when attached to the
salamander of a different nature? If not, what about the
inner causes which had hitherto been used to account for it?
It was seriously suggested as an answer that the "will" must
be coexistent with the body and that some part of it must
invest any amputated part. But the fact remained that an
external event had been identified which could be
substituted, as in Descartes's daring hypothesis, for the inner
explanation.

The external agent came to be called a stimulus. The
behavior controlled by it came to be called a response.
Together they comprised what was called a reflex—on the
theory that the disturbance caused by the stimulus passed to
the central nervous system and was "reflected” back to the
muscles. It was soon found that similar external causes
could be demonstrated in the behavior of larger portions of
the organism—for example, in the body of a frog, cat, or
dog in which the spinal cord had been severed at the neck.
Reflexes including parts of the brain were soon added, and it
is now common knowledge that in the intact organism many
kinds of stimulation lead to almost inevitable reactions of
the same reflex nature. Many characteristics of the relation
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have been studied quantitatively. The time which elapses
between stimulus and response (the "latency") has been
measured precisely. The magnitude of the response has
been studied as a function of the intensity of the stimulus.
Other conditions of the organism have been found to be
important in completing the account—for example, a reflex
may be "fatigued” by repeated rapid elicitation.

The reflex was at first closely identified with
hypothetical neural events in the so-called "reflex arc." A
surgical division of the organism was a necessary entering
wedge, for it provided a simple and dramatic method of
analyzing behavior. But surgical analysis became
unnecessary as soon as the principle of the stimulus was
understood and as soon as techniques were discovered for
handling complex arrangements of variables in other ways.
By eliminating some conditions, holding others constant,
and varying others in an orderly manner, basic lawful
relations could be established without dissection and could be
expressed without neurological theories.

The extension of the principle of the reflex to include
behavior involving more and more of the organism was
made only in the face of vigorous opposition. The reflex
nature of the spinal animal was challenged by proponents of
a "spinal will." The evidence they offered in support of a
residual inner cause consisted of behavior which apparently
could not be explained wholly in terms of stimuli. When
higher parts of the nervous system were added, and when
the principle was eventually extended to the intact organism,
the same pattern of resistance was followed. But arguments
for spontaneity, and for the explanatory entities which
spontaneity seems to demand, are of such form that they
must retreat before the accumulating facts. Spontaneity is
negative evidence; it points to the weakness of a current
scientific explanation, but does not in itself prove an alterna-
tive version. By its very nature, spontaneity must yield
ground as a scientific analysis is able to advance. As more
and more of the behavior of the organism has come to be
explained in terms of stimuli, the territory held by inner
explanations has been reduced. The "will" has retreated up
the spinal cord, through the lower and then the higher parts
of the brain, and finally, with the conditioned reflex, has
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escaped through the front of the head. At each stage, some
part of the control of the organism has passed from a
hypothetical inner entity to the external environment.

THE RANGE OF REFLEX ACTION

A certain part of behavior, then, is elicited by stimuli,
and our prediction of that behavior is especially precise.
When we flash a light in the eye of a normal subject, the
pupil contracts. When he sips lemon juice, saliva is secreted.
When we raise the temperature of the room to a certain point,
the small blood vessels in his skin enlarge, blood is brought
nearer to the skin, and he "turns red."” We use these relations for
many practical purposes. When it is necessary to induce
vomiting, we employ a suitable stimulus—an irritating fluid
or a finger in the throat. The actress who must cry real tears
resorts to onion juice on her handkerchief.

As these examples suggest, many reflex responses are
executed by the "smooth muscles™ (for example, the muscles in
the walls of the blood vessels) and the glands. These structures
are particularly concerned with the internal economy of the
organism. They are most likely to be of interest in a science
of behavior in the emotional reflexes to be discussed in
Chapter X. Other reflexes use the "striped muscles” which move
the skeletal frame of the organism. The "knee jerk™ and other
reflexes which the physician uses for diagnostic purposes are
examples. We maintain our posture, either when standing still
or moving about, with the aid of a complex network of such
reflexes.

In spite of the importance suggested by these examples, it
is still true that if we were to assemble all the behavior which
falls into the pattern of the simple reflex, we should have only a
very small fraction of the total behavior of the organism. This is
not what early investigators in the field expected. We now see
that the principle of the reflex was overworked. The
exhilarating discovery of the stimulus led to exaggerated claims.
It is neither plausible nor expedient to conceive of the
organism as a complicated jack-in-the-box with a long list of
tricks, each of which may be evoked by pressing the proper
button. The greater part of the behavior of the intact organism is
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not under this primitive sort of stimulus control. The
environment affects the organism in many ways which are
not conveniently classed as "stimuli,” and even in the field
of stimulation only a small part of the forces acting upon the
organism elicit responses in the invariable manner of reflex
action. To ignore the principle of the reflex entirely,
however, would be equally unwarranted.

CONDITIONED REFLEXES

The reflex became a more important instrument of
analysis when it was shown that novel relations between
stimuli and responses could be established during the
lifetime of the individual by a process first studied by the
Russian physiologist, 1. P. Pavlov. H. G. Wells once
compared Pavlov with another of his distinguished
contemporaries, George Bernard Shaw. He considered the
relative importance to society of the quiet laboratory worker
and the skillful propagandist and expressed his opinion by
describing a hypothetical situation: if these two men were
drowning and only one life preserver were available, he
would throw it to Pavlov.

Evidently Shaw was not pleased, and, after what appears
to have been a hasty glance at Pavlov's work, retaliated. His
book, The Adventures of the Black Girl in Her Search for
God, describes a girl's experiences in a jungle of ideas. The
jungle is inhabited by many prophets, some of them ancient
and some as modern as an "elderly myop" who bears a close
resemblance to Pavlov. The black girl encounters Pavlov
just after she has been frightened by a fearful roar from the
prophet Micah. She pulls herself up in her flight and
exclaims:

"What am | running away from? I'm not afraid of that
dear noisy old man."

"Your fears and hopes are only fancies" said a voice close
to her, proceeding from a very shortsighted elderly man in
spectacles who was sitting on a gnarled log. "In running
away you were acting on a conditioned reflex. It is quite
simple. Having lived among lions you have from your
childhood associated the sound of a roar with deadly danger.
Hence your precipitate flight when that superstitious old
jackass brayed at you. This remarkable discovery cost me
twenty-five years of devoted research, during which I cut out
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the brains of innumerable dogs, and observed their spittle by
making holes in their cheeks for them to salivate through in-
stead of through their tongues. The whole scientific world is
prostrate at my feet in admiration of this colossal achievement
and gratitude for the light it has shed on the great problems of
human conduct."

"Why didn't you ask me?" said the black girl. "I could have
told you in twenty-five seconds without hurting those poor dogs."

"Your ignorance and presumption are unspeakable" said the old
myop. "The fact was known of course to every child; but it had
never been proved experimentally in the laboratory; and
therefore it was not scientifically known at all. It reached me as
an unskilled conjecture: I handed it on as science. Have you ever
performed an experiment, may | ask?"

"Several™ said the black girl. "I will perform one now. Do you
know what you are sitting on?"

"l am sitting on a log grey with age, and covered with an
uncomfortable rugged bark" said the myop.

"You are mistaken" said the black girl. "You are sitting on a
sleeping crocodile.”

With a yell which Micah himself might have envied, the
myop rose and fled frantically to a neighboring tree, up which
he climbed catlike with an agility which in so elderly a
gentleman was quite superhuman.

"Come down" said the black girl. "You ought to know that
crocodiles are only to be found near rivers. | was only trying an
experiment. Come down."

But the elderly myop is unable to come down and begs the
girl to perform another experiment.

"I will" said the black girl. "There is a tree snake smelling at the
back of your neck." The myop was on the ground in a jiffy.*

It is clear that Shaw has caught the spirit of a science of
behavior. The black girl is undeniably a good behavioral
engineer. In two very neat examples of stimulus control she
induces clearcut responses in the elderly myop. (His behavior
does not, as we shall see later, exemplify the simple reflex,
conditioned or otherwise.) But if the author is fully aware of
the potentialities of the practical control of behavior, he is
not so strong on theory, for the passage exemplifies a
common misunderstanding regarding the achievement of
science.

! George Bernard Shaw, The Adventures of the Black Girl in Her
Search for God, copyright, 1933, by George Bernard Shaw, and used by

permission of the Society of Authors, on behalf of the Bernard Shaw
estate.
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The facts of science are seldom entirely unknown "to
every child." A child who can catch a ball knows a good
deal about trajectories. It may take science a long time to
calculate the position of a ball at a given moment any more
exactly than the child must "calculate” it in order to catch it.
When Count Rumford, while boring cannon in the military
arsenal in Munich, demonstrated that he could produce any
desired amount of heat without combustion, he changed the
course of scientific thinking about the causes of heat; but he
had discovered nothing which was not already known to the
savage who kindles a fire with a spinning stick or the man
who warms his hands on a frosty morning by rubbing them
together vigorously.

The difference between an unskilled conjecture and a
scientific fact is not simply a difference in evidence. It had
long been known that a child might cry before it was hurt or
that a fox might salivate upon seeing a bunch of grapes.
What Pavlov added can be understood most clearly by
considering his history. Originally he was interested in the
process of digestion, and he studied the conditions under
which digestive juices were secreted. Various chemical
substances in the mouth or in the stomach resulted in the
reflex action of the digestive glands. Pavlov's work was
sufficiently outstanding to receive the Nobel Prize, but it was
by no means complete. He was handicapped by a certain
unexplained secretion. Although food in the mouth might
elicit a flow of saliva, saliva often flowed abundantly when
the mouth was empty. We should not be surprised to learn
that this was called "psychic secretion.” It was explained in
terms which "any child could understand.” Perhaps the dog
was “thinking about food." Perhaps the sight of the
experimenter preparing for the next experiment "reminded”
the dog of the food it had received in earlier experiments.
But these explanations did nothing to bring the
unpredictable salivation within the compass of a rigorous
account of digestion.

Pavlov's first step was to control conditions so that
"psychic secretion™ largely disappeared. He designed a room
in which contact between dog and experimenter was
reduced to a minimum. The room was made as free as
possible from incidental stimuli. The dog could not hear the
sound of footsteps in neighboring rooms or smell accidental
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odors in the ventilating system. Pavlov then built up a
"psychic secretion” step by step. In place of the complicated
stimulus of an experimenter preparing a syringe or filling a
dish with food, he introduced controllable stimuli which
could be easily described in physical terms. In place of the
accidental occasions upon which stimulation might precede
or accompany food, Pavlov arranged precise schedules in
which controllable stimuli and food were presented in
certain orders. Without influencing the dog in any other
way, he could sound a tone and insert food into the dog's
mouth. In this way he was able to show that the tone
acquired its ability to elicit secretion, and he was also able
to follow the process through which this came about. Once
in possession of these facts, he could then give a satisfactory
account of all secretion. He had replaced the "psyche” of
psychic secretion with certain objective facts in the recent
history of the organism.

The process of conditioning, as Pavlov reported it in his
book Conditioned Reflexes, is a process of stimulus
substitution. A previously neutral stimulus acquires the
power to elicit a response which was originally elicited by
another stimulus. The change occurs when the neutral
stimulus is followed or "reinforced" by the effective
stimulus. Pavlov studied the effect of the interval of time
elapsing between stimulus and reinforcement. He
investigated the extent to which various properties of
stimuli could acquire control. He also studied the converse
process, in which the conditioned stimulus loses its power to
evoke the response when it is no longer reinforced —a
process which he called "extinction."”

The quantitative properties which he discovered are by
no means "known to every child." And they are important.
The most efficient use of conditioned reflexes in the
practical control of behavior often requires quantitative
information. A satisfactory theory makes the same demands.
In dispossessing explanatory fictions, for example, we cannot
be sure that an event of the sort implied by "psychic secre-
tion™ is not occasionally responsible until we can predict the
exact amount of secretion at any given time. Only a
quantitative description will make sure that there is no
additional mental process in which the dog "associates the
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sound of the tone with the idea of food" or in which it
salivates because it "expects" food to appear. Pavlov could
dispense with concepts of this sort only when he could give a
complete quantitative account of salivation in terms of the
stimulus, the response, and the history of conditioning.

Pavlov, as a physiologist, was interested in how the
stimulus was converted into neural processes and in how
other processes carried the effect through the nervous system
to the muscles and glands. The subtitle of his book is An
Investigation of the Physiological Activity of the Cerebral
Cortex. The "physiological activity” was inferential. We
may suppose, however, that comparable processes will
eventually be described in terms appropriate to neural
events. Such a description will fill in the temporal and
spatial gaps between an earlier history of conditioning and
its current result. The additional account will be important
in the integration of scientific knowledge but will not make
the relation between stimulus and response any more lawful
or any more useful in prediction and control. Pavlov's
achievement was the discovery, not of neural processes, but
of important quantitative relations which permit us,
regardless of neurological hypotheses, to give a direct
account of behavior in the field of the conditioned reflex.

THE "SURVIVAL VALUE" OF REFLEXES

Reflexes are intimately concerned with the well-being of
the organism. The process of digestion could not go on if
certain secretions did not begin to flow when certain types
of food entered the stomach. Reflex behavior which involves
the external environment is important in the same way. If a
dog's foot is injured when it steps on a sharp object, it is
important that the leg should be flexed rapidly so that the
foot is withdrawn. The so-called "flexion reflex™ brings this
about. Similarly, it is important that dust blown into the eye
should be washed out by a profuse secretion of tears, that an
object suddenly moved toward the eyes should be warded
off by blinking, and so on. Such biological advantages
"explain” reflexes in an evolutionary sense: individuals who
are most likely to behave in these ways are presumably most
likely to survive and to pass on the adaptive characteristic to
their offspring.
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The process of conditioning also has survival value.
Since the environment changes from generation to
generation, particularly the external rather than the internal
environment, appropriate reflex responses cannot always
develop as inherited mechanisms. Thus an organism may be
prepared to secrete saliva when certain chemical substances
stimulate its mouth, but it cannot gain the added advantage
of salivating before food is actually tasted unless the
physical appearance of foodstuffs remains the same from
environment to environment and from time to time. Since
nature cannot foresee, so to speak, that an object with a
particular appearance will be edible, the evolutionary
process can only provide a mechanism by which the
individual will acquire responses to particular features of a
given environment after they have been encountered. Where
inherited behavior leaves off, the inherited modifiability of the
process of conditioning takes over.

It does not follow that every conditioned reflex has
survival value. The mechanism may go wrong. Certain pairs
of stimuli, such as the appearance and taste of food, may
occur together in a consistent way which is important to the
organism throughout its life, but we have no guarantee that
conditioning will not occur when the pairing of stimuli is
temporary or accidental. Many "superstitions” exemplify
conditioned responses arising from accidental contingencies.
The behavior is due to an actual pairing of stimuli, but the
resulting conditioned reflex is not useful. We call some such
reflexes "irrational.” A child who has been attacked by a dog
may fear all dogs. The visual stimulus supplied by a dog has
been paired with the terrifying stimulation of physical
attack. But the pairing is not inevitable for all dogs. When
the response is later elicited at the sight of a harmless dog, it
serves no useful function. It is, nevertheless, due to a
process which does prove valuable elsewhere. We all suffer
from this miscarriage of the evolutionary process when we
make stereotyped responses. Strong behavior appropriate to
the sight of someone we dislike violently may be evoked by
other people with the same features, wearing the same type
of clothes, and so on. Minor effects of the same sort are less
troublesome. A nostalgic reaction to a tune which was
popular during an old love affair is a conditioned response
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arising from a nonfunctional pairing of stimuli, but we do
not call it superstitious or irrational.

THE RANGE OF CONDITIONED REFLEXES

Although the process of conditioning greatly extends the
scope of the eliciting stimulus, it does not bring all the
behavior of the organism within such stimulus control.
According to the formula of stimulus substitution we must
elicit a response before we can condition it. All conditioned
reflexes are, therefore, based upon unconditioned reflexes.
But we have seen that reflex responses are only a small part of
the total behavior of the organism. Conditioning adds new
controlling stimuli, but not new responses. In using the
principle, therefore, we are not subscribing to a
"conditioned-reflex theory" of all behavior.

A fair measure of the range of the conditioned reflex is
its use in the practical control of behavior. Reflexes which
are concerned with the internal economy of the organism are
seldom of practical importance to other people, but an
occasion may arise when we are interested in making
someone blush or laugh or cry, and we then resort to
conditioned or unconditioned stimuli. It is frequently the
business of literature to generate behavior in this way. The
"tear-jerker” has a literal meaning. More subtle effects are
similar: it is important in understanding the effect of a poem
to note that conditioned responses may be elicited by such
verbal stimuli as "death,” "love," "sorrow," and so on, quite
apart from the effect of the prose meaning of the poem. The
emotional effects of music and painting are largely con-
ditioned.

We also use this process to arrange for the control of
behavior at a later date. In patriotic and religious education,
for example, emotional responses to flags, insignia, symbols,
and rituals are conditioned so that these stimuli will be
effective upon future occasions. A commonly proposed
"cure" for excessive drinking or smoking consists of adding
substances to liquor or tobacco which generate nausea, head-
aches, and so on. When liquor or tobacco are later seen or
tasted, similar responses are evoked as the result of
conditioning. They may compete with the behavior of
drinking or smoking—as by "taking all the fun out of it."
Conditioning of this sort is treating a symptom rather than
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a cause, but it may make it easier for the patient to stop
drinking or smoking for other reasons.

Training a soldier consists in part of conditioning
emotional responses. If pictures of the enemy, the enemy's
flag, and so on are paired with stories or pictures of atrocities, a
suitable aggressive reaction will probably occur at the sight of
the enemy. Favorable reactions are generated in somewhat the
same way. Responses to delectable foods are -easily
transferred to other objects. Just as we "dislike" the liquor or
tobacco which makes us ill, so we "like" stimuli which
accompany delicious food. The successful salesman is likely
to buy his customer a drink or take him out to dinner. The
salesman is not interested in gastric reactions but in the
customer's predisposition to act favorably toward him and
his product which, as we shall see later, also follows from
the pairing of stimuli. The free lunch at a political rally has a
similar effect. So has the stick of gum which the pediatrician
gives his young patient. It has been shown experimentally that
people come to "like" modern music if they listen to it while
eating. When the Jewish child first learns to read, he kisses a
page upon which a drop of honey has been placed. The
important thing is not that he will later salivate at the sight of
a book, but that he will exhibit a predisposition "in favor of"
books. The reinforcements which establish predispositions
of this sort are not all gastric. As advertisers well know, the
responses and attitudes evoked by pretty girls, babies, and
pleasant scenes may be transferred to trade names, products,
pictures of products, and so on.

We are sometimes interested in generating one emotional
response in order to counteract or balance another. The
dentist for example, faces a practical problem in that he must
administer painful stimuli. These stand in such relation to the
stimuli supplied by the waiting room, the dental chair, the
instruments, and the sound of the drill that eventually the
latter evoke a variety of emotional reactions. Some of these
we characterize roughly as anxiety. A funny picture-book in
the waiting room may elicit responses which are incompatible
with anxiety and which to some extent cancel it. This
momentary effect exemplifies the use of stimuli which have
already been conditioned. The "educational™ effect of such a
book in creating a less unfavorable attitude toward the dentist
exemplifies the use of conditioning in the control of
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behavior. The flowers and music in "funeral homes" have
an immediate effect in counteracting the reactions evoked
by a dead body, and through the process of conditioning
they create a more favorable predisposition in the future
toward burial practices.

Eliminating a conditioned response is also a common
practical problem. For example, we may want to reduce
the fear reactions which have come to be evoked by
people, animals, air raids, or military combat. Following
the procedures in the conditioned-reflex experiment, we
present a conditioned stimulus while omitting the
reinforcing stimulus responsible for its effect. A major
step in the treatment of stuttering, for example, is to
extinguish reactions of anxiety or embarrassment generated
by thoughtless persons who have laughed at the stutterer or
grown impatient with him. A common technique is to
encourage him to talk to anyone he encounters. Functional
responses of anxiety and embarrassment are generally con-
ditioned in early childhood. If the adult stutterer is no longer
laughed at, the responses may undergo extinction. The
therapy consists simply of encouraging the stutterer to talk
so that the conditioned stimuli thus automatically
generated may occur without reinforcement.

If the conditioned stimulus elicits too strong a
response, it may be necessary to present it in graded doses.
If a child who has been frightened by a dog is given a
small puppy, the similarity between the puppy and the
frightening dog is not great enough to elicit a strong
conditioned fear response. Any slight response which
happens to appear undergoes extinction. As the puppy
grows to resemble the dog, extinction proceeds by easy
stages. A similar technique is sometimes used in reducing
excessive emotional reactions to air raids, combat, and
similar traumatic conditions. Extinction is brought about
with stimuli which are at first only slightly disturbing—
vague noises, faint sirens, or distant sounds of bursting
shells. Visual stimuli are presented without their auditory
accompaniments in silent moving pictures of actual combat.
As extinction occurs, the verisimilitude is increased.
Eventually, if the treatment is successful, little or no
response is elicited by a full-scale stimulus.



CHAPTER V

OPERANT BEHAVIOR

THE CONSEQUENCES OF BEHAVIOR

Reflexes, conditioned or otherwise, are mainly
concerned with the internal physiology of the organism. We
are most often interested, however, in behavior which has
some effect upon the surrounding world. Such behavior raises
most of the practical problems in human affairs and is also of
particular theoretical interest because of its special
characteristics. The consequences of behavior may "feed
back™ into the organism. When they do so, they may change
the probability that the behavior which produced them will
occur again. The English language contains many words,
such as "reward" and “punishment,” which refer to this
effect, but we can get a clear picture of it only through
experimental analysis.

LEARNING CURVES

One of the first serious attempts to study the changes
brought about by the consequences of behavior was made by
E. L. Thorndike in 1898. His experiments arose from a
controversy which was then of considerable interest. Darwin,
in insisting upon the continuity of species, had questioned
the belief that man was unique among the animals in his
ability to think. Anecdotes in which lower animals seemed to
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show the "power of reasoning" were published in great
numbers. But when terms which had formerly been applied
only to human behavior were thus extended, certain
questions arose concerning their meaning. Did the observed
facts point to mental processes, or could these apparent
evidences of thinking be explained in other ways?
Eventually it became clear that the assumption of inner
thought-processes was not required. Many years were to
pass before the same question was seriously raised
concerning human behavior, but Thorndike's experiments
and his alternative explanation of reasoning in animals were
important steps in that direction.

If a cat is placed in a box from which it can escape only
by unlatching a door, it will exhibit many different kinds of
behavior, some of which may be effective in opening the
door. Thorndike found that when a cat was put into such a
box again and again, the behavior which led to escape
tended to occur sooner and sooner until eventually escape
was as simple and quick as possible. The cat had solved its
problem as well as if it were a "reasoning” human being,
though perhaps not so speedily. Yet Thorndike observed no
"thought-process"” and argued that none was needed by way
of explanation. He could describe his results simply by
saying that a part of the cat's behavior was "stamped in"
because it was followed by the opening of the door.

The fact that behavior is stamped in when followed by
certain consequences, Thorndike called "The Law of
Effect.” What he had observed was that certain behavior
occurred more and more readily in comparison with other
behavior characteristic of the same situation. By noting the
successive delays in getting out of the box and plotting them
on a graph, he constructed a "learning curve." This early
attempt to show a quantitative process in behavior, similar
to the processes of physics and biology, was heralded as an
important advance. It revealed a process which took place
over a considerable period of time and which was not
obvious to casual inspection. Thorndike, in short, had made
a discovery. Many similar curves have since been recorded
and have become the substance of chapters on learning in
psychology texts.

Learning curves do not, however, describe the basic
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process of stamping in. Thorndike's measure—the time taken
to escape— involved the elimination of other behavior, and
his curve depended upon the number of different things a cat
might do in a particular box. It also depended upon the
behavior which the experimenter or the apparatus happened
to select as "successful" and upon whether this was common
or rare in comparison with other behavior evoked in the box.
A learning curve obtained in this way might be said to
reflect the properties of the latch box rather than of the
behavior of the cat. The same is true of many other devices
developed for the study of learning. The various mazes
through which white rats and other animals learn to run, the
"choice boxes" in which animals learn to discriminate
between properties or patterns of stimuli, the apparatuses
which present sequences of material to be learned in the
study of human memory—each of these yields its own type
of learning curve.

By averaging many individual cases, we may make these
curves as smooth as we like. Moreover, curves obtained under
many different circumstances may agree in showing certain
general properties. For example, when measured in this way,
learning is generally "negatively accelerated"—improvement in
performance occurs more and more slowly as the condition is
approached in which further improvement is impossible. But
it does not follow that negative acceleration is characteristic
of the basic process. Suppose, by analogy, we fill a glass jar with
gravel which has been so well mixed that pieces of any given
size are evenly distributed. We then agitate the jar gently and
watch the pieces rearrange themselves. The larger move
toward the top, the smaller toward the bottom. This process, too,
is negatively accelerated. At first the mixture separates
rapidly, but as separation proceeds, the condition in which
there will be no further change is approached more and more
slowly. Such a curve may be quite smooth and reproducible, but
this fact alone is not of any great significance. The curve is the
result of certain fundamental processes involving the contact
of spheres of different sizes, the resolution of the forces
resulting from agitation, and so on, but it is by no means the
most direct record of these processes.

Learning curves show how the various kinds of
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behavior evoked in complex situations are sorted out,
emphasized, and reordered. The basic process of the
stamping in of a single act brings this change about, but it is
not reported directly by the change itself.

OPERANT CONDITIONING

To get at the core of Thorndike's Law of Effect, we need
to clarify the notion of "probability of response.” This is an
extremely important concept; unfortunately, it is also a
difficult one. In discussing human behavior, we often refer to
"tendencies" or “predispositions" to behave in particular
ways. Almost every theory of behavior uses some such term
as "excitatory potential,” "habit strength,” or "determining
tendency." But how do we observe a tendency? And how
can we measure one?

If a given sample of behavior existed in only two states,
in one of which it always occurred and in the other never,
we should be almost helpless in following a program of
functional analysis. An all-or-none subject matter lends
itself only to primitive forms of description. It is a great
advantage to suppose instead that the probability that a
response will occur ranges continuously between these all-
or-none extremes. We can then deal with variables which,
unlike the eliciting stimulus, do not "cause a given bit of
behavior to occur" but simply make the occurrence more
probable. We may then proceed to deal, for example, with
the combined effect of more than one such variable.

The everyday expressions which carry the notion of
probability, tendency, or predisposition describe the
frequencies with which bits of behavior occur. We never
observe a probability as such. We say that someone is
"enthusiastic” about bridge when we observe that he plays
bridge often and talks about it often. To be "greatly inter-
ested" in music is to play, listen to, and talk about music a
good deal. The “inveterate” gambler is one who gambles
frequently. The camera "fan" is to be found taking pictures,
developing them, and looking at pictures made by himself
and others. The "highly sexed" person frequently engages in
sexual behavior. The "dipsomaniac" drinks frequently.

In characterizing a man's behavior in terms of frequency,
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we assume certain standard conditions: he must be able to
execute and repeat a given act, and other behavior must not
interfere appreciably. We cannot be sure of the extent of a
man's interest in music, for example, if he is necessarily
busy with other things. When we come to refine the notion
of probability of response for scientific use, we find that
here, too, our data are frequencies and that the conditions
under which they are observed must be specified. The main
technical problem in designing a controlled experiment is to
provide for the observation and interpretation of
frequencies. We eliminate, or at least hold constant, any
condition which encourages behavior which competes with
the behavior we are to study. An organism is placed in a
quiet box where its behavior may be observed through a one-
way screen or recorded mechanically. This is by no means
an environmental vacuum, for the organism will react to the
features of the box in many ways; but its behavior will
eventually reach a fairly stable level, against which the
frequency of a selected response may be investigated.

To study the process which Thorndike called stamping
in, we must have a "consequence.” Giving food to a hungry
organism will do. We can feed our subject conveniently
with a small food tray which is operated electrically. When
the tray is first opened, the organism will probably react to
it in ways which interfere with the process we plan to
observe. Eventually, after being fed from the tray repeatedly,
it eats readily, and we are then ready to make this
consequence contingent upon behavior and to observe the
result.

We select a relatively simple bit of behavior which may
be freely and rapidly repeated, and which is easily observed
and recorded. If our experimental subject is a pigeon, for
example, the behavior of raising the head above a given
height is convenient. This may be observed by sighting
across the pigeon's head at a scale pinned on the far wall of
the box. We first study the height at which the head is
normally held and select some line on the scale which is
reached only infrequently. Keeping our eye on the scale we
then begin to open the food tray very quickly whenever the
head rises above the line. If the experiment is conducted
according to specifications, the result is invariable: we
observe an immediate change in the frequency with which
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the head crosses the line. We also observe, and this is of
some importance theoretically, that higher lines are now
being crossed. We may advance almost immediately to a
higher line in determining when food is to be presented. In a
minute or two, the bird's posture has changed so that the top
of the head seldom falls below the line which we first chose.

When we demonstrate the process of stamping in in this
relatively simple way, we see that certain common
interpretations of Thorndike's experiment are superfluous.
The expression "trial-and-error learning," which is frequently
associated with the Law of Effect, is clearly out of place
here. We are reading something into our observations when
we call any upward movement of the head a "trial,” and
there is no reason to call any movement which does not
achieve a specified consequence an “error." Even the term
"learning™ is misleading. The statement that the bird "learns
that it will get food by stretching its neck” is an inaccurate
report of what has happened. To say that it has acquired the
"habit" of stretching its neck is merely to resort to an
explanatory fiction, since our only evidence of the habit is
the acquired tendency to perform the act. The barest
possible statement of the process is this: we make a given
consequence contingent upon certain physical properties of
behavior (the upward movement of the head), and the
behavior is then observed to increase in frequency.

It is customary to refer to any movement of the
organism as a "response.” The word is borrowed from the
field of reflex action and implies an act which, so to speak,
answers a prior event—the stimulus. But we may make an
event contingent upon behavior without identifying, or being
able to identify, a prior stimulus. We did not alter the
environment of the pigeon to elicit the upward movement of
the head. It is probably impossible to show that any single
stimulus invariably precedes this movement. Behavior of
this sort may come under the control of stimuli, but the
relation is not that of elicitation. The term "response™ is
therefore not wholly appropriate but is so well established
that we shall use it in the following discussion.

A response which has already occurred cannot, of
course, be predicted or controlled. We can only predict that



OPERANT BEHAVIOR 65

similar responses will occur in the future. The unit of a
predictive science is, therefore, not a response but a class of
responses. The word "operant” will be used to describe this
class. The term emphasizes the fact that the behavior operates
upon the environment to generate consequences. The
consequences define the properties with respect to which
responses are called similar. The term will be used both as an
adjective (operant behavior) and as a noun to designate the
behavior defined by a given consequence.

A single instance in which a pigeon raises its head is a
response. It is a bit of history which may be reported in any
frame of reference we wish to use. The behavior called
"raising the head,” regardless of when specific instances
occur, is an operant. It can be described, not as an
accomplished act, but rather as a set of acts defined by the
property of the height to which the head is raised. In this
sense an operant is defined by an effect which may be
specified in physical terms; the "cutoff" at a certain height is
a property of behavior.

The term "learning” may profitably be saved in its
traditional sense to describe the reassortment of responses in a
complex situation. Terms for the process of stamping in may
be borrowed from Pavlov's analysis of the conditioned reflex.
Pavlov himself called all events which strengthened behavior
"reinforcement” and all the resulting changes "conditioning."
In the Pavlovian experiment, however, a reinforcer is paired
with a stimulus; whereas in operant behavior it is contingent
upon a response. Operant reinforcement is therefore a
separate process and requires a separate analysis. In both cases,
the strengthening of behavior which results from reinforcement is
appropriately called "conditioning.” In operant conditioning
we "strengthen™ an operant in the sense of making g.
response more probable or, in actual fact, more frequent. In
Pavlovian or "respondent™ conditioning we simply increase
the magnitude of the response elicited by the conditioned
stimulus and shorten the time which elapses between stimulus
and response. (We note, incidentally, that these two cases
exhaust the possibilities: an organism is conditioned when a
reinforcer [1] accompanies another stimulus or [2] follows
upon the organism's own behavior. Any event which does
neither has no effect in changing a probability of response.) In
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the pigeon experiment, then, food is the reinforcer and
presenting food when a response is emitted is the
reinforcement. The operant is defined by the property upon
which reinforcement is contingent— the height to which the
head must be raised. The change in frequency with which
the head is lifted to this height is the process of operant
conditioning.

While we are awake, we act upon the environment
constantly, and many of the consequences of our actions are
reinforcing. Through operant conditioning the environment
builds the basic repertoire with which we keep our balance,
walk, play games, handle instruments and tools, talk, write,
sail a boat, drive a car, or fly a plane. A change in the
environment—a new car, a new friend, a new field of
interest, a new job, a new location—may find us unprepared,
but our behavior usually adjusts quickly as we acquire new
responses and discard old. We shall see in the following
chapter that operant reinforcement does more than build a
behavioral repertoire. It improves the efficiency of behavior
and maintains behavior in strength long after acquisition or
efficiency has ceased to be of interest.

QUANTITATIVE PROPERTIES

It is not easy to obtain a curve for operant conditioning.
We cannot isolate an operant completely, nor can we
eliminate all arbitrary details. In our example we might plot
a curve showing how the frequency with which the pigeon's
head is lifted to a given height changes with time or the
number of reinforcements, but the total effect is clearly
broader than this. There is a shift in a larger pattern of
behavior, and to describe it fully we should have to follow
all movements of the head. Even so, our account would not
be complete. The height to which the head was to be lifted
was chosen arbitrarily, and the effect of reinforcement
depends upon this selection. If we reinforce a height which is
seldom reached, the change in pattern will be far greater than
if we had chosen a commoner height. For an adequate
account we need a set of curves covering all the possibilities.
Still another arbitrary element appears if we force the head
to a higher and higher position, since we may follow
different schedules in advancing the line selected for
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reinforcement. Each schedule will yield its own curve, and
the picture would be complete only if it covered all possible
schedules.

We cannot avoid these problems by selecting a response
which is more sharply defined by features of the environment—
for example, (the behavior of operating a door latch. Some
mechanical indicator of behavior is, of course, an advantage—
for example, in helping us to reinforce consistently. We could
record the height of a pigeon's head with a photocell
arrangement, but it is simpler to select a response which
makes a more easily recorded change in the environment. If the
bird is conditioned to peck a small disk on the wall of the
experimental box, we may use the movement of the disk to close
I an electric circuit—both to operate the food tray and to
count or record responses. Such a response seems to be different
from stretching the neck in that it has an all-or-none character.
But we shall see in a moment that the mechanical features of
striking a key do not define a "response” which is any less
arbitrary than neck-stretching. An experimental arrangement
need not be perfect in order to provide important quantitative
data in operant conditioning. We are already in a position to
evaluate many factors. The importance of feed-back is clear.
The organism must be stimulated by the consequences of its
behavior if conditioning is to take place. In learning to wiggle
one's ears, for example, it is necessary to know when the ears
move if responses which produce movement are to be strength-
ened in comparison with responses which do not. In re-
educating the patient in the use of a partially paralyzed limb, it
may be of help to amplify the feed-back from slight movements,
either with instruments or through the report of an instructor.
The deaf-mute learns to talk only when he receives a feed-
back from his own behavior which can be compared with the
stimulation he receives from other speakers. One function of the
educator is to supply arbitrary (sometimes spurious)
consequences for the sake of feed-back. Conditioning depends
also upon the kind, amount, and immediacy of reinforcement,
as well as many other factors.

A single reinforcement may have a considerable effect.
Under good conditions the frequency of a response shifts from
a prevailing low value to a stable high value in a single abrupt
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step. More commonly we observe a substantial increase as
the result of a single reinforcement, and additional increases
from later reinforcements. The observation is not
incompatible with the assumption of an instantaneous
change to a maximal probability, since we have by no means
isolated a single operant. The increased frequency must be
interpreted with respect to other behavior characteristic of
the situation. The fact that conditioning can be so rapid in an
organism as "low" as the rat or pigeon has interesting
implications. Differences in what is commonly called
intelligence are attributed in part to differences in speed of
learning. But there can be no faster learning than an
instantaneous increase in probability of response. The
superiority of human behavior is, therefore, of some other
sort.

THE CONTROL OF OPERANT BEHAVIOR

The experimental procedure in operant conditioning is
straightforward. We arrange a contingency of reinforcement
and expose an organism to it for a given period. We then
explain the frequent emission of the response by pointing to
this history. But what improvement has been made in the
prediction and control of the behavior in the future? What
variables enable us to predict whether or not the organism
will respond? What variables must we now control in order
to induce it to respond?

We have been experimenting with a hungry pigeon. As
we shall see in Chapter IX, this means a pigeon which has
been deprived of food for a certain length of time or until its
usual body-weight has been slightly reduced. Contrary to
what one might expect, experimental studies have shown
that the magnitude of the reinforcing effect of food may not
depend upon the degree of such deprivation. But the
frequency of response which results from reinforcement de-
pends upon the degree of deprivation at the time the
response is observed. Even though we have conditioned a
pigeon to stretch its neck, it does not do this if it is not
hungry. We have, therefore, a new sort of control over its
behavior: in order to get the pigeon to stretch its neck, we
simply make it hungry. A selected operant has been added
to all those things which a hungry pigeon will do. Our
control over the response has been pooled with our control
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over food deprivation. We shall see in Chapter VII that an
operant may also come under the control of an external
stimulus, which is another variable to be used in predicting
and controlling the behavior. We should note, however, that
both these variables are to be distinguished from operant
reinforcement itself.

OPERANT EXTINCTION

When reinforcement is no longer forthcoming, a
response becomes less and less frequent in what is called
"operant extinction." If food is withheld, the pigeon will
eventually stop lifting its head. In general when we engage
in behavior which no longer "pays off,” we find ourselves
less inclined to behave in that way again. If we lose a
fountain pen, we reach less and less often into the pocket
which formerly held it. If we get no answer to telephone
calls, we eventually stop telephoning. If our piano goes out
of tune, we gradually play it less and less. If our radio
becomes noisy or if programs become worse, we stop
listening.

Since operant extinction takes place much more slowly
than operant conditioning, the process may be followed
more easily. Under suitable conditions smooth curves are
obtained in which the rate of response is seen to decline
slowly, perhaps over a period of many hours. The curves
reveal properties which could not possibly be observed
through casual inspection. We may "get the impression™ that
an organism is responding less and less often, but the
orderliness of the change can be seen only when the
behavior is recorded. The curves suggest that there is a fairly
uniform process which determines the output of behavior
during extinction.

Under some circumstances the curve is disturbed by an
emotional effect. The failure of a response to be reinforced
leads not only to operant extinction but also to a reaction
commonly spoken of as frustration or rage. A pigeon which
has failed to receive reinforcement turns away from the key,
cooing, flapping its wings, and engaging in other emotional
behavior (Chapter X). The human organism shows a similar
double effect. The child whose tricycle no longer responds
to pedaling not only stops pedaling but engages in a possibly
violent emotional display. The adult who finds a desk
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drawer stuck may soon stop pulling, but he may also pound
the desk, exclaim "Damn itl," or exhibit other signs of rage.
Just as the child eventually goes back to the tricycle, and the
adult to the drawer, so the pigeon will turn again to the key
when the emotional response has subsided. As other
responses go unreinforced, another emotional episode may
ensue. Extinction curves under such circumstances show a
cyclic oscillation as the emotional response builds up,
disappears, and builds up again. If we eliminate the emotion
by repeated exposure to extinction, or in other ways, the
curve emerges in a simpler form.

Behavior during extinction is the result of the
conditioning which has preceded it, and in this sense the
extinction curve gives an additional measure of the effect of
reinforcement. If only a few responses have been reinforced,
extinction occurs quickly. A long history of reinforcement is
followed by protracted responding. The resistance to
extinction cannot be predicted from the probability of
response observed at any given moment. We must know the
history of reinforcement. For example, though we have been
reinforced with an excellent meal in a new restaurant, a bad
meal may reduce our patronage to zero; but if we have
found excellent food in a restaurant for many years, several
poor meals must be eaten there, other things being equal,
before we lose the inclination to patronize it again.

There is no simple relation between the number of
responses reinforced and the number which appear in
extinction. As we shall see in Chapter VI, the resistance to
extinction generated by intermittent reinforcement may be
much greater than if the same number of reinforcements are
given for consecutive responses. Thus if we only
occasionally reinforce a child for good behavior, the behavior
survives after we discontinue reinforcement much longer
than if we had reinforced every instance up to the same total
number of reinforcements. This is of practical importance
where the available reinforcers are limited. Problems of this
sort arise in education, industry, economics, and many other
fields. Under some schedules of intermittent reinforcement
as many as 10,000 responses may appear in the behavior of
a pigeon before extinction is substantially complete.
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Extinction is an effective way of removing an operant
from the repertoire of an organism. It should not be
confused with other procedures designed to have the same
effect. The currently preferred technique is punishment,
which, as we shall see in Chapter XII, involves different
processes and is of questionable effectiveness. Forgetting is
frequently confused with extinction. In forgetting, the effect
of conditioning is lost simply as time passes, whereas
extinction requires that the response be emitted without
reinforcement. Usually forgetting does not take place quickly;
sizeable extinction curves have been obtained from pigeons
as long as six years after the response had last been
reinforced. Six years is about half the normal life span of the
pigeon. During the interval the pigeons lived under circum-
stances in which the response could not possibly have been
reinforced. In human behavior skilled responses generated
by relatively precise contingencies frequently survive
unused for as much as half a lifetime. The assertion that
early experiences determine the personality of the mature
organism assumes that the effect of operant reinforcement is
long-lasting. Thus if, because of early childhood
experiences, a man marries a woman who resembles his
mother, the effect of certain reinforcements must have
survived for a long time. Most cases of forgetting involve
operant behavior under the control of specific stimuli and
cannot be discussed adequately until that control has been
covered in Chapter VII.

The effects of extinction. The condition in which
extinction is more or less complete is familiar, yet often
misunderstood. Extreme extinction is sometimes called
"abulia." To define this as a "lack of will" is of little help,
since the presence or absence of will is inferred from the
presence or absence of the behavior. The term seems to be
useful, however, in that it implies that the behavior is
lacking for a special reason, and we may make the same
distinction in another way. Behavior is strong or weak
because of many different variables, which it is the task of a
science of behavior to identify and classify. We define any
given case in terms of the variable. The condition which
results from prolonged extinction superficially resembles
inactivity resulting from other causes. The difference is in
the history of the organism. An aspiring writer who has sent
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manuscript after manuscript to the publishers only to have
them all rejected may report that "he can't write another
word." He may be partially paralyzed with what is called
"writer's cramp." He may still insist that he "wants to write,"
and we may agree with him in paraphrase: his extremely
low probability of response is mainly due to extinction.
Other variables are still operative which, if extinction had
not taken place, would yield a high probability.

The condition of low operant strength resulting from
extinction often requires treatment. Some forms of
psychotherapy are systems of reinforcement designed to
reinstate behavior which has been lost through extinction.
The therapist may himself supply the reinforcement, or he
may arrange living conditions in which behavior is likely to
be reinforced. In occupational therapy, for example, the
patient is encouraged to engage in simple forms of behavior
which  receive immediate and fairly  consistent
reinforcement. It is of no advantage to say that such therapy
helps the patient by giving him a "sense of achievement" or
improves his "morale,” builds up his "interest,” or removes
or prevents "discouragement.” Such terms as these merely
add to the growing population of explanatory fictions. One
who readily engages in a given activity is not showing an
interest, he is showing the effect of reinforcement. We do
not give a man a sense of achievement, we reinforce a
particular action. To become discouraged is simply to fail to
respond because reinforcement has not been forthcoming.
Our problem is simply to account for probability of response
in terms of a history of reinforcement and extinction.

WHAT EVENTS ARE REINFORCING?

In dealing with our fellow men in everyday life and in
the clinic and laboratory, we may need to know just how
reinforcing a specific event is. We often begin by noting the
extent to which our own behavior is reinforced by the same
event. This practice frequently miscarries; yet it is still
commonly believed that reinforcers can be identified apart
from their effects upon a particular organism. As the term is
used here, however, the only defining characteristic of a rein-
forcing stimulus is that it reinforces.

The only way to tell whether or not a given event is
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reinforcing to a given organism under given conditions is to
make a direct test. We observe the frequency of a selected
response, then make an event contingent upon it and observe
any change in frequency. If there is a change, we classify the
event as reinforcing to the organism under the existing
conditions. There is nothing circular about classifying
events in terms of their effects; the criterion is both
empirical and objective. It would be circular, however, if we
then went on to assert that a given event strengthens an
operant because it is reinforcing. We achieve a certain
success in guessing at reinforcing powers only because we
have in a sense made a crude survey; we have gauged the
reinforcing effect of a stimulus upon ourselves and assume
the same effect upon others. We are successful only when
we resemble the organism under study and when we have
correctly surveyed our own behavior.

Events which are found to be reinforcing are of two
sorts. Some reinforcements consist of presenting stimuli, of
adding something— for example, food, water, or sexual
contact—to the situation. These we call positive reinforcers.
Others consist of removing something— for example, a loud
noise, a very bright light, extreme cold or heat, or electric
shock—from the situation. These we call negative
reinforcers. In both cases the effect of reinforcement is the
same—the probability of response is increased. We cannot
avoid this distinction by arguing that what is reinforcing in
the negative case is the absence of the bright light, loud
noise, and so on; for it is absence after presence which is
effective, and this is only another way of saying that the
stimulus is removed. The difference between the two cases
will be clearer when we consider the presentation of a
negative reinforcer or the removal of a positive. These are
the consequences which we call punishment (Chapter XI1).

A survey of the events which reinforce a given
individual is often required in the practical application of
operant conditioning. In every field in which human behavior
figures prominently—education, government, the family, the
clinic, industry, art, literature, and so on— we are constantly
changing probabilities of response by arranging reinforcing
consequences. The industrialist who wants employees to
work consistently and without absenteeism must make
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certain that their behavior is suitably reinforced—not only
with wages but with suitable working conditions. The girl
who wants another date must be sure that her friend's
behavior in inviting her and in keeping the appointment is
suitably reinforced. To teach a child to read or sing or play a
game effectively, we must work out a program of educational
reinforcement in which appropriate responses “"pay off"
frequently. If the patient is to return for further counsel, the
psychotherapist must make sure that the behavior of coming
to him is in some measure reinforced.

We evaluate the strength of reinforcing events when we
attempt to discover what someone is "getting out of life."
What consequences are responsible for his present repertoire
and for the relative frequencies of the responses in it? His
responses to various topics of conversation tell us
something, but his everyday behavior is a better guide. We
infer important reinforcers from nothing more unusual than
his "interest” in a writer who deals with certain subjects, in
stores or museums which exhibit certain objects, in friends
who participate in certain kinds of behavior, in restaurants
which serve certain kinds of food, and so on. The "interest"
refers to the probability which results, at least in part, from
the consequences of the behavior of "taking an interest.” We
may be more nearly sure of the importance of a reinforcer if
we watch the behavior come and go as the reinforcer is
alternately supplied and withheld, for the change in
probability is then less likely to be due to an incidental
change of some other sort. The behavior of associating with
a particular friend varies as the friend varies in supplying
reinforcement. If we observe this covariation, we may then
be fairly sure of "what this friendship means™ or "what our
subject sees in his friend."

This technique of evaluation may be improved for use in
clinical and laboratory investigation. A direct inventory may
be made by allowing a subject to look at an assortment of
pictures and recording the time he spends on each. The
behavior of looking at a picture is reinforced by what is seen
in it. Looking at one picture may be more strongly
reinforced than looking at another, and the times will vary
accordingly. The information may be valuable if it is
necessary for any reason to reinforce or extinguish our
subject's behavior.
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Literature, art, and entertainment, are contrived
reinforcers. Whether the public buys books, tickets to
performances, and works of art depends upon whether those
books, plays, concerts, or pictures are reinforcing. Frequently
the artist confines himself to an exploration of what is
reinforcing to himself. When he does so his work "reflects
his own individuality,” and it is then an accident (or a
measure of his universality) if his book or play or piece of
music or picture is reinforcing to others. Insofar as
commercial success is important, he may make a direct
study of the behavior of others. (The interpretation of the
activity of the writer and artist as an exploration of the
reinforcing powers of certain media will be discussed in
Chapter XV1.)

We cannot dispense with this survey simply by asking a
man what reinforces him. His reply may be of some value,
but it is by no means necessarily reliable. A reinforcing
connection need not be obvious to the individual reinforced.
It is often only in retrospect that one's tendencies to behave
in particular ways are seen to be the result of certain
consequences, and, as we shall see in Chapter XVI1Il, the rela-
tion may never be seen at all even though it is obvious to
others.

There are, of course, extensive differences between
individuals in the events which prove to be reinforcing. The
differences between species are so great as scarcely to
arouse interest; obviously what is reinforcing to a horse need
not be reinforcing to a dog or man. Among the members of a
species, the extensive differences are less likely to be due to
hereditary endowment, and to that extent may be traced to
circumstances in the history of the individual. The fact that
organisms evidently inherit the capacity to be reinforced by
certain kinds of events does not help us in predicting the
reinforcing effect of an untried stimulus. Nor does the
relation between the reinforcing event and deprivation or any
other condition of the organism endow the reinforcing event
with any particular physical property. It is especially unlikely
that events which have acquired their power to reinforce will
be marked in any special way. Yet such events are an
important species of reinforcer.
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CONDITIONED REINFORCERS

The stimulus which is presented in operant reinforcement
may be paired with another in respondent conditioning. In
Chapter 1V, we considered the acquisition of the power to
elicit a response; now we are concerned with the power to
reinforce. Although reinforcement is a different stimulus
function, the process resulting from the pairing of stimuli
appears to be the same. If we have frequently presented a
dish of food to a hungry organism, the empty dish will elicit
salivation. To some extent the empty dish will also reinforce
an operant.

We can demonstrate conditioned reinforcement more
readily with stimuli which can be better controlled. If each
time we turn on a light we give food to a hungry pigeon, the
light eventually becomes a conditioned reinforcer. It may be
used to condition an operant just as food is used. We know
something about how the light acquires this property: the
more often the light is paired with the food, the more
reinforcing it becomes; the food must not follow the light by
too great an interval of time; and the reinforcing power is
rapidly lost when all food is withheld. We should expect all of
this from our knowledge of stimulus conditioning.

Conditioned reinforcers are often the product of natural
contingencies. Usually, food and water are received only after
the organism has engaged in "precurrent” behavior—after it has
operated upon the environment to create the opportunity for
eating or drinking. The stimuli generated by this precurrent
behavior, therefore, become reinforcing. Thus before we can
transfer food from a plate to our mouth successfully, we
must get near the plate, and any behavior which brings us
near the plate is automatically reinforced. The pre-current
behavior is, therefore, sustained in strength. This is important
since only a small part of behavior is immediately reinforced
with food, water, sexual contact, or other events of obvious
biological importance. Although it is characteristic of
human behavior that primary reinforcers may be effective
after long delay, this is presumably only because intervening
events become conditioned rein-forcers. When a man puts
storm windows on his house in October because, similar
behavior last October was followed by a warm house in
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January, we need to bridge the gap between the behavior in
October and the effect in January. Among the conditioned
reinforcers responsible for the strength of this behavior are
certain verbal consequences supplied by the man himself or
by his neighbors. It is often important to fill in a series of
events between an act and an ultimate primary
reinforcement in order to control behavior for practical
purposes. In education, industry, psychotherapy, and many
other fields, we encounter techniques which are designed to
create appropriate conditioned reinforcers. The effect of
providing immediately effective consequences where
ultimate consequences are delayed is to "improve morale,”
to "heighten interest,” to "prevent discouragement™ or to
correct the condition of low operant strength which we
called abulia, and so on. More concretely, it is to induce
students to study, employees to come to work, patients to
engage in acceptable social behavior, and so on.

Generalized reinforcers. A conditioned reinforcer is
generalized when it is paired with more than one primary
reinforcer. The generalized reinforcer is useful because the
momentary condition of the organism is not likely to be
important. The operant strength generated by a single
reinforcement is observed only under an appropriate
condition of deprivation—when we reinforce with food, we
gain control over the hungry man. But if a conditioned
reinforcer has been paired with reinforcers appropriate to
many conditions, at least one appropriate state of
deprivation is more likely to prevail upon a later occasion. A
response is therefore more likely to occur. When we
reinforce with money, for example, our subsequent control
is relatively independent of momentary deprivations. One
kind of generalized reinforcer is created because many
primary reinforcers are received only after the physical
environment has been efficiently manipulated. One form of
precurrent behavior may precede different kinds of
reinforcers upon different occasions. The immediate stimula-
tion from such behavior will thus become a generalized
reinforcer. We are automatically reinforced, apart from any
particular deprivation, when we successfully control the
physical world. This may explain our tendency to engage in
skilled crafts, in artistic creation, and in such sports as
bowling, billiards, and tennis.
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It is possible, however, that some of the reinforcing
effect of "sensory feed-back™ is unconditioned. A baby
appears to be reinforced by stimulation from the environment
which has not been followed by primary reinforcement. The
baby's rattle is an example. The capacity to be reinforced in
this way could have arisen in the evolutionary process, and
it may have a parallel in the reinforcement we receive from
simply "making the world behave." Any organism which is
reinforced by its success in manipulating nature, regardless
of the momentary consequences, will be in a favored
position when important consequences follow.

Several important generalized reinforcers arise when
behavior is reinforced by other people. A simple case is
attention. The child who misbehaves "just to get attention™
is familiar. The attention of people is reinforcing because it
is a necessary condition for other reinforcements from them.
In general, only people who are attending to us reinforce our
behavior. The attention of someone who is particularly
likely to supply reinforcement—a parent, a teacher, or a
loved one—is an especially good generalized reinforcer and
sets up especially strong attention-getting behavior. Many
verbal responses specifically demand attention—for
example, "Look," "See,” or the vocative use of a name.
Other characteristic forms of behavior which are commonly
strong because they receive attention are feigning illness,
being annoying, and being conspicuous (exhibitionism).

Attention is often not enough. Another person is likely to
reinforce only that part of one's behavior of which he
approves, and any sign of his approval therefore becomes
reinforcing in its own right. Behavior which evokes a smile
or the verbal response "That's right" or "Good" or any other
commendation is strengthened. We use this generalized
reinforcer to establish and shape the behavior of others,
particularly in education. For example, we teach both
children and adults to speak correctly by saying "That's
right” when appropriate behavior is emitted.

A still stronger generalized reinforcer is affection. It may
be especially connected with sexual contact as a primary
reinforcer but when anyone who shows affection supplies
other kinds of reinforcement as well, the effect is
generalized.
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It is difficult to define, observe, and measure attention,
approval, and affection. They are not things but aspects of
the behavior of others. Their subtle physical dimensions
present difficulties not only for the scientist who must study
them but also for the individual who is reinforced by them. If
we do not easily see that someone is paying attention or that
he approves or is affectionate, our behavior will not be
consistently reinforced. It may therefore be weak, may tend
to occur at the wrong time, and so on. We do not "know
what to do to get attention or affection or when to do it."
The child struggling for attention, the lover for a sign of
affection, and the artist for professional approval show the
persevering behavior which, as we shall see in Chapter VI,
results from only intermittent reinforcement.

Another generalized reinforcer is the submissiveness of
others. When someone has been coerced into supplying
various reinforcements, any indication of his acquiescence
becomes a generalized rein-forcer. The bully is reinforced by
signs of cowardice, and members of the ruling class by signs
of deference. Prestige and esteem are generalized reinforcers
only insofar as they guarantee that other people will act in
certain ways. That "having one's own way" is reinforcing is
shown by the behavior of those who control for the sake of
control. The physical dimensions of submissiveness are
usually not so subtle as those of attention, approval, or
affection. The bully may insist upon a clear-cut sign of his
dominance, and ritualistic practices emphasize deference
and respect.

A generalized reinforcer distinguished by its physical
specifications is the token. The commonest example is
money. It is the generalized reinforcer par excellence
because, although "money won't buy everything,” it can be
exchanged for primary reinforcers of great variety. Behavior
reinforced with money is relatively independent of the
momentary deprivation of the organism, and the general
usefulness of money as a reinforcer depends in part upon this
fact. Its effectiveness is also due to its physical dimensions.
These permit a sharper contingency between behavior and
consequence: when we are paid in money, we know what
our behavior has accomplished and what behavior has
accomplished it. The reinforcing effect can also be more
successfully conditioned: the exchange value of money is
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more obvious than that of attention, approval, affection, or
even submissiveness.

Money is not the only token. In education, for example,
the individual behaves in part because of the marks, grades,
and diplomas which he has received. These are not so
readily exchanged for primary reinforcement as money, but
the possibility of exchange is there. Educational tokens form
a series in which one may be exchanged for the next, and
the commercial or prestige value of the final token, the
diploma, is usually clear. As a rule, prizes, medals, and
scholarships for high marks or specialized skills or
achievements are not explicitly paired with primary
reinforcers, but the clear-cut physical dimensions of such
awards are an advantage in arranging contingencies. Usually
the ultimate reinforcement is similar to that of prestige or
esteem.

It is easy to forget the origins of the generalized
reinforcers and to regard them as reinforcing in their own
right. We speak of the "need for attention, approval, or
affection,” "the need to dominate,” and "the love of money"
as if they were primary conditions of deprivation. But a
capacity to be reinforced in this way could scarcely have
evolved in the short time during which the required
conditions have prevailed. Attention, affection, approval,
and submission have presumably existed in human society
for only a very brief period, as the process of evolution
goes. Moreover, they do not represent fixed forms of
stimulation, since they depend upon the idiosyncrasies of
particular groups. Insofar as affection is mainly sexual, it
may be related to a condition of primary deprivation which
is to some extent independent of the personal history of the
individual, but the "signs of affection” which become
reinforcing because of their association with sexual contact
or with other reinforcers can scarcely be reinforcing for
genetic reasons. Tokens are of even more recent advent, and
it is not often seriously suggested that the need for them is
inherited. We can usually watch the process through which
a child comes to be reinforced by money. Yet the "love of
money" often seems to be autonomous as the "need for
approval,” and if we confined ourselves to the observed
effectiveness of these generalized reinforcers, we should
have as much reason for assuming an inherited need for
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money as for attention, approval, affection, or domination.
Eventually generalized reinforcers are effective even though
the primary reinforcers upon which they are based no longer
accompany them. We play games of skill for their own sake.
We get attention or approval for its own sake. Affection is
not always followed by a more explicit sexual
reinforcement. The submissiveness of others is reinforcing
even though we make no use of it. A miser may be so
reinforced by money that he will starve rather than give it
up. These observable facts must have their place in any
theoretical or practical consideration. They do not mean that
generalized reinforcers are anything more than the physical
properties of the stimuli observed in each case or that there
are any nonphysical entities which must be taken into
account.

WHY IS A REINFORCER REINFORCING?

The Law of Effect is not a theory. It is simply a rule for
strengthening behavior. When we reinforce a response and
observe a change in its frequency, we can easily report what
has happened in objective terms. But in explaining why it
has happened we are likely to resort to theory. Why does
reinforcement reinforce? One theory is that an organism
repeats a response because it finds the consequences "pleas-
ant™ or "satisfying.” But in what sense is this an explanation
within the framework of a natural science? "Pleasant” or
"satisfying" apparently do not refer to physical properties of
reinforcing events, since the physical sciences use neither
these terms nor any equivalents. The terms must refer to some
effect upon the organism, but can we define this in such a
way that it will be useful in accounting for reinforcement?

It is sometimes argued that a thing is pleasant if an
organism approaches or maintains contact with it and
unpleasant if the organism avoids it or cuts it short. There
are many variations on this attempt to find an objective
definition, but they are all subject to the same criticism: the
behavior specified may be merely another product of the
reinforcing effect. To say that a stimulus is pleasant in the
sense that an organism tends to approach or prolong it may
be only another way of saying that the stimulus has
reinforced the behavior of approaching or prolonging.
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Instead of defining a reinforcing effect in terms of its effect
upon behavior in general, we have simply specified familiar
behavior which is almost inevitably reinforced and hence
generally available as an indicator of reinforcing power. It
we then go on to say that a stimulus is reinforcing because
it is pleasant, what purports to be an explanation in terms of
two effects is in reality a redundant description of one.

An alternative approach is to define "pleasant” and
"unpleasant” (or "satisfying" and "annoying™) by asking the
subject how he "feels" about certain events. This assumes
that reinforcement has two effects —it strengthens behavior
and generates "feelings"—and that one is a function of the
other. But the functional relation may be in the other
direction. When a man reports that an event is pleasant, he
may be merely reporting that it is the sort of event which
reinforces him or toward which he finds himself tending to
move because it has reinforced such movement. We shall
see in Chapter XVII that one could probably not acquire
verbal responses with respect to pleasantness as a purely
private fact unless something like this were so. In any case,
the subject himself is not at an especially good point of
vantage for making such observations. "Subjective
judgments” of the pleasantness or satisfaction provided by
stimuli are usually unreliable and inconsistent. As the
doctrine of the unconscious has emphasized, we may not be
able to report at all upon events which can be shown to be
reinforcing to us or we may make a report which is in direct
conflict with objective observations; we may report as
unpleasant a type of event which can be shown to be
reinforcing. Examples of this anomaly range from
masochism to martyrdom.

It is sometimes argued that reinforcement is effective
because it reduces a state of deprivation. Here at least is a
collateral effect which need not be confused with
reinforcement itself. It is obvious that deprivation is
important in operant conditioning. We used a hungry pigeon
in our experiment, and we could not have demonstrated
operant conditioning otherwise. The hungrier the bird, the
oftener it responds as the result of reinforcement. But in
spite of this connection it is not true that reinforcement
always reduces deprivation. Conditioning may occur before
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any substantial change can take place in the deprivation
measured in other ways. All we can say is that the type of
event which reduces deprivation is also reinforcing.

The connection between reinforcement and satiation
must be sought in the process of evolution. We can scarcely
overlook the great biological significance of the primary
reinforcers. Food, water, and sexual contact, as well as
escape from injurious conditions (Chapter XI), are
obviously connected with the well-being of the organism.
An individual who is readily reinforced by such events will
acquire highly efficient behavior. It is also biologically
advantageous if the behavior due to a given reinforcement
is especially likely to occur in an appropriate state of
deprivation. Thus it is important, not only that any behavior
which leads to the receipt of food should become an
important part of a repertoire, but that this behavior should
be particularly strong when the organism is hungry. These
two advantages are presumably responsible for the fact that
an organism can be reinforced in specific ways and that the
result will be observed in relevant conditions of deprivation.

Some forms of stimulation are positively reinforcing
although they do not appear to elicit behavior having
biological significance. A baby is reinforced, not only by
food, but by the tinkle of a bell or the sparkle of a bright
object. Behavior which is consistently followed by such
stimuli shows an increased probability. It is difficult, if not
impossible, to trace these reinforcing effects to a history of
conditioning. Later we may find the same individual being
reinforced by an orchestra or a colorful spectacle. Here it is
more difficult to make sure that the reinforcing effect is not
conditioned. However, we may plausibly argue that a
capacity to be reinforced by any feedback from the
environment would be biologically advantageous, since it
would prepare the organism to manipulate the environment
successfully before a given state of deprivation developed.
When the organism generates a tactual feed-back, as in
feeling the texture of a piece of cloth or the surface of a
piece of sculpture, the conditioning is commonly regarded
as resulting from sexual reinforcement, even when the area
stimulated is not primarily sexual in function. It is tempting
to suppose that other forms of stimulation produced by
behavior are similarly related to biologically important
events.
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When the environment changes, a capacity to be
reinforced by a given event may have a biological
disadvantage. Sugar is highly reinforcing to most members
of the human species, as the ubiquitous candy counter
shows. Its effect in this respect far exceeds current
biological requirements. This was not true before sugar had
been grown and refined on an extensive scale. Until a few
hundred years ago, the strong reinforcing effect of sugar must
have been a biological advantage. The environment has
changed, but the genetic endowment of the organism has
not followed suit. Sex provides another example. There is
no longer a biological advantage in the great reinforcing
effect of sexual contact, but we need not go back many
hundreds of years to find conditions of famine and
pestilence under which the power of sexual reinforcement
offered a decisive advantage.

A biological explanation of reinforcing power is perhaps
as far as we can go in saying why an event is reinforcing.
Such an explanation is probably of little help in a functional
analysis, for it does not provide us with any way of
identifying a reinforcing stimulus as such before we have
tested its reinforcing power upon a given organism. We must
therefore be content with a survey in terms of the effects of
stimuli upon behavior.

ACCIDENTAL CONTINGENCIES
AND "SUPERSTITIOUS" BEHAVIOR

It has been argued that Thorndike's experiment is not
typical of the learning process because the cat cannot "see
the connection" between moving a latch and escaping from a
box. But seeing a connection is not essential in operant
conditioning. Both during and after the process of
conditioning, the human subject often talks about his
behavior in relation to his environment (Chapter XVII). His
reports may be useful in a scientific account, and his
reaction to his own behavior may even be an important link
in certain complex processes. But such reports or reactions
are not required in the simple process of operant
conditioning. This is evident in the fact that one may not be
able to describe a contingency which has clearly had an
effect.

Nor need there be any permanent connection between a
response and its reinforcement. We made the receipt of food
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contingent upon the response of our pigeon by arranging a
mechanical and electrical connection. Outside the laboratory
various physical systems are responsible for contingencies
between behavior and its consequences. But these need not,
and usually do not, affect the organism in any other way. So
far as the organism is concerned, the only important
property of the contingency is temporal. The reinforcer
simply follows the response. How this is brought about does
not matter.

We must assume that the presentation of a reinforcer
always reinforces something, since it necessarily coincides
with some behavior. We have also seen that a single
reinforcement may have a substantial effect. If there is only
an accidental connection between the response and the
appearance of a reinforcer, the behavior is called “super-
stitious.” We may demonstrate this in the pigeon by
accumulating the effect of several accidental contingencies.
Suppose we give a pigeon a small amount of food every
fifteen seconds regardless of what it is doing. When food is
first given, the pigeon will be behaving in some way—if only
standing still—and conditioning will take place. It is then
more probable that the same behavior will be in progress
when food is given again. If this proves to be the case, the
"operant™ will be further strengthened. If not, some other
behavior will be strengthened. Eventually a given bit of
behavior reaches a frequency at which it is often reinforced. It
then becomes a permanent part of the repertoire of the bird,
even though the food has been given by a clock which is
unrelated to the bird's behavior. Conspicuous responses
which have been established in this way include turning
sharply to one side, hopping from one foot to the other and
back, bowing and scraping, turning around, strutting, and
raising the head. The topography of the behavior may
continue to drift with further reinforcements, since slight
modifications in the form of response may coincide with the
receipt of food.

In producing superstitious behavior, the intervals at which
food is given are important. At sixty seconds the effect of
one reinforcement is largely lost before another can occur,
and other behavior is more likely to appear. Superstitious
behavior is therefore less likely to emerge, though it may do
so if the experiment is carried on for a long time. At fifteen
seconds the effect is usually almost immediate. When a
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superstitious response has once been established, it will
survive even when reinforced only infrequently.

The pigeon is not exceptionally gullible. Human
behavior is also heavily superstitious. Only a small part of
the behavior strengthened by accidental contingencies
develops into the ritualistic practices which we call
"superstitions,” but the same principle is at work. Suppose
we find a ten-dollar bill while walking through the park (and
suppose this is an event which has a considerable reinforcing
effect). Whatever we were doin