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Behaviorism Staddon

PREFACE

The first edition of Behaviorism was written in response to a request for an essay on something |
had been thinking about for some time, so I readily agreed. As the “essay” grew longer and
longer, | realized that | had better check the contract, to make sure | was still within the required
length. | found only then that | had actually signed up to write not an essay, but a short book — a
commitment | would never have accepted had | realized its extent. Even so, | had some difficulty
keeping within the length limitations.

The book was part of a wide-ranging series called “Interpretations,” published by Duck-
worth, which included other titles such as “Paradoxes,” “Facts” and “Laws of Nature.” But its
range in the end proved too wide and the series claimed only a limited audience. Nevertheless, |
remained interested in the topic of behaviorism and when the Psychology Press provided an op-
portunity, | happily agreed to update and expand my book to stand as an independent contribu-
tion.

This new, much-enlarged book is in three parts. The first part (Chapter 1 and part of
Chapter 2) is an abbreviated history of behaviorism, from its earliest antecedents in Baconian
natural science, through pragmatism and Watson to Skinnerian radical behaviorism, the most ac-
tive variety today. The second part (Chapters 2-5) is an exposition and critique of radical behav-
iorism. Chapter 4 discusses the philosophy of radical behaviorism and Chapter 5 discusses
Skinner’s attempts to apply it to social and legal issues. In both these chapters | have attempted
to place Skinner’s rather insular views within a wider context of social, legal and political
thought. I also point out that there are absolute limits to applied social science, although these are
rarely acknowledged or even discussed by social scientists, Skinner included. | conclude that
radical behaviorism, despite its many practical successes, provides an unsatisfactory philosophi-
cal basis for psychology.

The last three chapters of the book describe a new, theoretical behaviorism which, | be-
lieve, returns behaviorism to its philosophical roots in the ideas of Francis Bacon and C. S.
Peirce. Chapter 6 is a brief critique of cognitive psychology, followed by an account of contem-
porary behaviorism, with an emphasis on theoretical behaviorism. Chapter 7 is an attempt to set-
tle the old argument about whether psychology can get by with just stimuli and responses, as
some behaviorists have claimed (the answer is “No”). Chapter 8 shows how the new theoretical
behaviorism leads us to ask answerable scientific questions about consciousness, a topic awak-
ened from a behavioristic grave by cognitivism — and now lurching about like Frankenstein’s
monster in the halls of cognitive science.

The purpose of the book is to move psychology away from its current indulgence in
“mental life” back to the core of science, which is an economical description of nature. Cogni-
tive psychology was a liberating force when it first emerged on the scene in the early 1960s. It
offered a real alternative to the prevailing fundamentalist behaviorism, which was hostile to theo-
ry and was threatening to become an obstacle to further progress in psychology. But the liberty
promised by cognitivism has long-since degenerated into license. Parsimony — simplicity,
uniqueness and coherence of theory — is largely ignored. Elementary philosophical strictures
about the difference between private and public events are neglected. The roles of biology, evo-
lution and animal psychology have been largely deleted from the script. It is time to rehabilitate
an enlarged behaviorism that embraces theory without neglecting either mind or biology.

The first part of the book is devoted to criticism of Skinner’s radical behaviorism. This is
unfortunate in one way, because | believe that the experimental techniques Skinner invented and
the phenomena he and his students discovered are possibly the most important developments in
psychological science in the past century. But I also believe that Skinner’s deceptively simple
philosophy, and his impatience to use an immature science to improve society, led to rash ex-
trapolations from animal laboratory to education, law and parenthood that thwarted the natural
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scientific evolution of behaviorism and led to its present diminished status. | regret having to
single out Skinner, because he is not alone in leaping prematurely from lab. to life. He is a target
for criticism because he was more influential than others and because this book is about behav-
iorism, not psychoanalysis or the psychology of the authentic self. But criticism should not
overshadow the fact that Skinner’s laboratory work started one of the most promising directions
in psychology, even though his simplistic philosophy and utopian instincts led him to promise
much more than he, or anyone, could deliver — and made it easy for opponents to miss the
promise and excitement of a new way to study the behavior of individual organisms. The phi-
losophy can be amended,; the virtues of the method remain.

The audience for the book is graduate students and advanced undergraduates interested in
the psychology of learning, especially animal learning, curious about the history and philosophy
of the behavioral approach and wanting a glimpse of current developments in the behaviorist tra-
dition. But I very much hope the book will also appeal to the general scientific reader, the sort of
person who reads books like Dan Dennett’s splendid Darwin’s Dangerous Idea or Stephen
Pinker’s The Language Instinct.

John Staddon
Durham

North Carolina
1999
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PREFACE TO THE FIRST EDITION

I never used to think of myself as a behaviorist, but now I see that | have been ignoring the evi-
dence. Graduate research in the Harvard “pigeon lab”; a career of experimental work on learn-
ing, largely with animals; a distrust of partitions of the mind into cognitive and noncognitive bits:
the data are clear, the behavioristic signs are unmistakable. 1 failed to recognize them because |
have never found the atheoretical simplism of Skinnerian behaviorism appealing, and the theo-
retical efforts of the Hullian behaviorists always struck me as clumsy and prematurely physiolog-
ical. But dissatisfaction with your family doesn’t mean that you don’t belong to it. When Pro-
fessor Harris asked me to write this book, | was happy to comply because | had been thinking
informally about these issues for some time, without any clear plan as to what to do with my ide-
as.

The book is a short intellectual history of behaviorism and a proposal for a new theoreti-
cal behaviorism. The history emphasizes Skinnerian radical behaviorism, because it still sur-
vives as a coherent movement and has had the greatest popular impact. The new theoretical be-
haviorism isn’t really an “‘ism” at all, but a framework for scientific psychology that will, 1
hope, achieve general acceptance.

| am immensely grateful to the friends and colleagues who read early drafts of the book
and saved me from my most egregious errors (no doubt subtler errors remain). | particularly
thank Nancy Innis, Gregory Kimble, Armando Machado and Clive Wynne. 1 also thank Roy
Harris for his timely invitation to contribute to this series. | am grateful to the US National Sci-
ence Foundation and National Institutes of Mental Health for research support over many years.

John Staddon

Durham, North Carolina
1993
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Chapter 1: The Origins of Behaviorism

This is a book about a pariah: the approach to psychology known as behaviorism. Once main-
stream, behaviorism is now largely dismissed by a balkanized psychology that is otherwise will-
ing to embrace almost anything. In this book, I will describe where behaviorism came from,
how it dominated psychology during the early part of the twentieth century, and how philosophi-
cal flaws and concealed ideologies in the original formulation led to its downfall — and left psy-
chology prey to mentalism and naive reductionism. | propose a new behaviorism, that promises
to restore coherence to psychology and achieve the scientific goals behaviorism originally set for

itself.

Humorist Will Rogers identified his political affiliation by saying “I am not a member of
any organized political party. I am a Democrat.” If he’d been a psychologist, he might have
said: “I am not in any organized discipline. I am a psychologist.” Psychology as a field is not

neatly cultivated; it’s a vacant lot, overgrown and chaotic, not
yet a coherent discipline.

There have always been critics, of course. But at a time
when psychology occupies a substantial and secure place in
university curricula, when organizations of psychologists have
achieved serious political clout, and when the numbers of re-
search papers in psychology have reached an all-time high
(more than 50,000 per year by one count: Machado, Lourenco,
& Silva, in press) — the number of critics, and the cogency of
their arguments, has also peaked (see, for example, Dawes,
1994; Horgan, 1999). The emperor is if not unclothed, at least
down to his skivvies. It’s time to look for new gear.

Many eminent psychologists, beginning with philoso-
pher and proto-psychologist William James (Plate 1.1), have
tried to sort out the divisions within Psychology. James’ sug-
gestion, before the advent of behaviorism, was to divide psy-
chologists into “tough-" and “tender-minded.” Behaviorists
are mostly tough-minded; many cognitive, clinical and person-
ality psychologists are tender minded. James might also have
mentioned the division between practice (clinical psychology)
and basic research (experimental psychology), between “social-
science” and “natural-science,” or between “structural’” and
“functional” approaches — not to mention the split between
mentalists and realists. Drafters of multiple-choice tests should
consult R. I. Watson’s (1971) list of eighteen psychological
slices and dices for a full list.

The nineteenth-century ancestor of the mentalists is
Gustav Fechner (1801-1887), “father” of psychophysics. Fech-
ner was the co-discoverer of the Weber-Fechner law, which
relates the magnitude of a “sensation” to the magnitude of the
physical stimulus. He believed in a mental realm with concepts
and measurements quite separate from biology and physics.
Many contemporary cognitive psychologists agree with him.
On the other side are biological and physiological psycholo-

Plate 1.1 William James (1842-

1910), early psychologist and
promoter of the philosophy of
pragmatism, at Harvard during the
late 1890s. There were two James
brothers. One wrote delicate con-
voluted and hard-to-follow prose;
the writing of the other was vivid
and direct. But it was the psy-
chologist, William, who was the
easy writer (e.g., his Principles of
Psychology, 1890), and his broth-
er, Henry, (e.g., The Golden Bowl)
who was the intricate one —
showing that taste in both litera-
ture and psychology has shifted in
the past 100 years.

Will and Henry are unrelated to
their Western outlaw contemp-
oraries, Jesse and Frank, both of
whom wrote poorly.

gists. Biological psychologists believe that the fact of Darwinian evolution means that the be-
havior of people and non-human animals has common roots and must therefore share important
properties. Physiological psychologists — neuroscientists — believe that because behavior de-
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pends on the brain, and because the brain is made up of nerve cells, behavior can be understood
through the study of nerve cells and their interactions.

Behaviorism is in the middle of the mental-biological/physiological division, neither
mentalistic nor, at its core, physiologi-
cal (see O’Donohue & Kitchener, Box 1.1 Watson on behaviorism
1999, for a recent collection of papers Psychology as the behaviorist views it is a purely ob-

on the varieties of behaviorism). Since | jective experimental branch of natural science. Its
its advent in the early part of the twen- | theoretical goal is the prediction and control of be-

tieth century, it has been a reference havior. Introspection forms no essential part of its
point for doctrinal debates in psychol- methods, nor is the scientific value of its data de-
ogy. Even today, many research pa- pendent upon the readiness with which they lend

themselves to interpretation in terms of conscious-
ness. The behaviorist, in his efforts to get a unitary
scheme of animal response, recognizes no dividing
line between man and brute.

pers in cognitive psychology either
begin or end with a ritual paragraph of
behaviorist-bashing — pointing out
how this or that version of behaviorism
is completely unable to handle this or John Broadus Watson (1913,
that experimental finding or property p. 158)

that mind must possess. Much cogni-
tive theory is perfectly behavioristic, but the “cognitive” banner is flourished nevertheless. No
cognitivist wants to be mistaken for a behaviorist.

The behaviorists, in their turn, often protect their turf by concocting a rigid and idiosyn-
cratic jargon and insisting on conceptual and linguistic purity in their journals. Theories, if en-
tertained at all, are required to meet stringent, not always well-defined and sometimes impossible
criteria. The behaviorists have not always served their cause well.

Behaviorism has been on the retreat until
very recently. In 1989 a leading neo-behaviorist
could write, “I have...used a parliamentary metaphor
to characterize the confrontation...between those
who have taken a stimulus-response [S-R] behavior-
istic approach and those who favor a cognitive ap-
proach...and | like to point out that the S-R psy-
chologists, who at one time formed the government,
are now in the loyal opposition...” (Amsel, 1989, p.
1) In aturnabout comment on J. S. Kennedy’s be-
havioristically oriented book The New Anthropo-
morphism a reviewer wrote: “If anthropomorphism
produces results that are, in the normal manner of
science, valuable, it will be persisted with; if it does
not, it will be abandoned. It was, after all aban-

doned once before. The only danger...is that scien-

tists can be enduringly obstinate in their investiga- Plate 1.2 J. B. Watson and assistant
tions of blind alleys. Just think how long behav- (and to-be wife) Rosalie Rayner studying
iourism lasted in psychology.” (Ridley, 1992, p. grasping in an infant. Researchers were
280) As recently as 1999, a philosopher blessed better dressed in those days.

with the gift of prophecy could write “Not till the
1980s was it finally proved beyond doubt that although a clockwork toy [i.e., computer] may
emulate a worm or do a fair imitation of an ant, it could never match a pig or a chimpanzee.”
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(Tudge, 1999; my italics) Evidently all those artificial intelligence types toil in vain and behav-
ioristic attempts to reduce human behavior to mechanical laws are foredoomed to failure.

Behaviorism is frequently declared dead. But although services are held regularly, the
corpse keeps creeping out of the coffin. The disinterested observer might well conclude that
vigorous attacks on an allegedly moribund movement are a sure sign that behaviorism is ready to
resurrect.

EARLY BEHAVIORISM

So what is Behaviorism, and how did it begin? The word was made famous by flamboyant
Johns Hopkins psychologist John Broadus Watson (1878-1958, Plate 1.2) in a nineteen page
article in the theoretical journal Psychological Review in 1913, although the basic idea had been
floating around for a decade or more (Mills, 1998). Over the next few years, Watson followed
up with several books advocating behaviorism. He was reacting against the doctrine of intro-
spection, the idea that the basic data of psychology could be gathered from one’s own conscious-
ness or the reported consciousness of others. Emigré German behaviorist Max Meyer (1873-
1967) made this distinction between private and public events explicit in the title of his introduc-

tory text Psychology of the
Other One (1921).

Notice that Watson’s
expressed theoretical goal
(Box 1.1) is “the prediction
and control of behavior”,
which is not really theoretical
atall. You may be able to
predict your brother’s behav-
ior, but that doesn’t mean you
have a theory about it. Anti-
theory is a recurrent theme in
the movement that Watson
initiated.

Behaviorists of nearly
all varieties, early as well as
contemporary, agree on the
following reasoning: psychol-
ogy is a science; and because
it is a science, its data are pub-
lic. Physicist John Ziman
(1968) much later popularized
this idea and used it as a defi-
nition of all science, which he
called “public knowledge.”
The idea of objectivity, defined
in terms of consensual agree-
ment among external observ-
ers, was emphasized most

Box 1.2: Watson on Thought and Speech

[The] behaviourist ... has never really held the view that think-
ing is merely the action of language mechanisms.

But then, in the next paragraph:

A whole man thinks with his whole body in each and in every
part. If he is mutilated or if his organs are defective or lacking,
he thinks with the remaining parts left in his care: but surely he
does everything else in exactly the same way... [E]veryone
admits that [a tennis] player is using every cell in his body dur-
ing the game. Nevertheless if we sever a small group of mus-
cles in his right arm his playing is reduced practically to that of
a novice. This illustration serves us very well in explaining
why one emphasizes laryngeal processes in thinking. Surely
we know that the deaf and dumb use no such laryngeal pro-
cesses, nor does the individual whose larynx has been re-
moved. Other bodily processes have to take on the function of
the larynx. Such functions are usually usurped by the fingers,
hands, arms, facial muscles, muscles of the head, etc. | have in
another place emphasized the extent to which finger and hand
movements are used by the deaf and dumb when they are en-
gaged in silent thinking ... It would be an easy experiment, but
so far as | know not hitherto tried, to bind the fingers and arms
of such an individual and then give him a problem in arithme-
tic, memorizing simple stanzas, and the like, which have to be
worked out without exteroceptive aid. It would be necessary
probably to tie down eye movements, were such a thing possi-
ble, and to restrain even the head and intercostal muscles.
(Watson, 1920)

strongly by the Vienna Circle positivists, but had its origins much earlier and was very much in

the air as Watson wrote his first paper. Behaviorism (for Watson) is just the redefinition of psy-

chology as the objective study of behavior (Box 1.1).
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Obviously introspective feelings, visions and images — what you or | feel or see in our
“mind’s eye” — are not public in Ziman’s sense. The subjective aspects of consciousness, there-
fore (according to Watson and Meyer), cannot be the subject matter of a science. Radical behav-
iorist B. F. Skinner takes exception to this, as we’ll see later. It is interesting that this issue is
still a contentious one. For example, British physicist Brian Pippard wrote in the leading scien-
tific weekly Nature “All too rarely do I find colleagues who will assent to the proposition
(which I find irresistible) that the very ground-rules of science, its concern only for public
knowledge, preclude its finding an explanation for my consciousness, the one phenomenon of
which I am absolutely certain.” (1992, p. 29) Since psychology was at one time defined as the
study of consciousness, and since the so-called “cognitive revolution” has once more legitimized
speculation about consciousness and theories derived from intuitions about consciousness, it is
obvious why behaviorism is a source of controversy in present-day psychology (more about con-
sciousness in Chapter 8). My consciousness (or yours) is revealed to others through speech, of
course. And my speech (as opposed to the meaning of my speech) is public. Since Watson, be-
haviorists have been very happy to take language (renamed “verbal behavior”) as one of their
domains.

So far | have described what has come to be known as methodological behaviorism,
which asserts little with which any general experimental psychologist would disagree. But Wat-
son went well beyond insistence on third-person objectivity to argue against any kind of theory
that did not explicitly refer to observables, either “real” observables, or things like “covert re-
sponses” that sound like observables, even if they cannot be measured directly. Thus, thought,
for Watson, was nothing but “covert speech” measurable, perhaps, by imperceptible movements
of the vocal chords. Other aspects of consciousness were similarly reduced to muscular move-
ments or the perception of such movements. This emphasis drew the attention of experimenters
to hitherto unexpected physiological accompaniments of conscious experience, such as “rapid-
eye-movement” (REM) sleep as a signal of dreaming, or the direction of gaze as an indicator of
the contents of thought (see Box 1.2). But it was theoretically much less productive. Watson’s
preoccupation with the sensations of movement left a legacy of obsession with proprioception
that was to constrict behavioristic theorizing for decades.

Behaviorism and Learning

The behaviorist emphasis on the forces that change behavior meant that behaviorism, as an ap-
proach to psychology, is almost coextensive with the psychological study of learning, particular-
ly learning in animals. A history of behaviorism features many of the same stars as a history of
learning psychology. (The early history of animal psychology is engagingly described by
Boakes, 1984.)

The behaviorist movement was strongly influenced by the studies of
conditioned reflexes by the Russian physiologists Bekhterev, Pavlov and their
associates. Ivan P. Pavlov (1849-1936) was a gastric physiologist. He ran a
large institute in the Military Medical Academy in St. Petersburg from 1895
for many years. In 1904 Pavlov won a Nobel Prize for his contributions to
gastric physiology, but he is of course much better known for his work on

what he called “psychic secretions” — the salivation of dogs in response The seal of Univer-
to a bell, a tone or some other neutral stimulus that has been paired with sité René Descartes,
the presentation of food. Vladimir Bekhterev (1857-1927) is less well in Paris, founded in
known, but his motor conditioning method is closer to operant condition- 1970 in  belated
ing, the method later exploited by B. F. Skinner. g‘hﬁmcs’%r?;the great

Since René Descartes (1596-1650) in the seventeenth century,
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physiologists and psychologists had been familiar with the idea of the reflex, the inborn almost
automatic elicitation of a response, such as an eyeblink, by a suitable stimulus, such as a puff of
air to the eye. This apparently simple phenomenon, so similar to the intuitive idea of cause and
effect, was very attractive to Cartesians, concerned to understand behavior in mechanical terms.
But learning always posed something of a problem, because as an organism learns, previously
ineffective stimuli become effective and previously effective stimuli may cease to be effective.
Pavlov’s conditioned reflex, in which a neutral stimulus acquires the power to elicit a response,
seemed to resolve this contradiction. Here was an apparently mechanical process that neverthe-
less allowed stimuli to have different effects at different times. The reflex model could be pre-
served, but learning could be accommodated.

As experimental work progressed in the twentieth century, it became increasingly obvi-
ous that Pavlovian or classical conditioning is in fact a rather poor model for much of what hu-
mans and animals do. Instrumental or operant conditioning (about which more in a moment)
provides a much better model, but at the cost of abandoning the simple cause-effect, stimulus-re-
sponse (S-R) behavioral building block.

But none of this was apparent in the early part of the twentieth century, when Watson
first saw the potential of Pavlovian experiments and analyses. Under the Pavlovian influence,
Watson placed heavy emphasis on stimulus-response learning. Despite, or perhaps because of,
his early experience studying the instinctive behavior of seabirds — terns — on the Dry Tortuga
islands in the Florida Keys, Watson thought that most human behavior is not instinctive. Never-
theless, his biological training had given him faith in the essential simplicity of all behavior. He
therefore believed that despite its apparent complexity, human behavior is basically unmysteri-
ous and comprehensible. Seeking a simple alternative to instinct, he hit upon stimulus-response
learning, exemplified by Pavlovian experiments, as a suitably plastic means for the development
of adaptive behavior during the lifetime of the individual. Since the mechanism of stimulus-
response learning was presumed to be well understood and common to many species, Watson’s
view inclined him to give priority to the environment as a determiner of behavior. Nurture, not
nature, was the key. This emphasis on the environment has continued in the varieties of behav-
iorism that grew out of Watson’s original manifesto.

In addition to the Pavlovian and positivistic influences, Watson’s approach to psychology
also owed a debt to biologist Jacques Loeb (1859-1924), who was one of his teachers. Loeb
was a Jewish-intellectual émigré from Germany who came to the US to escape from dis-
crimination in his native country (anti-Semitism in Europe didn’t begin with Adolf Hitler). Loeb
did well in the US, spending most of his career at the University of Chicago. His work at that
time was with invertebrates and plants and, as might be expected, he found their behavior to be
relatively simple. He invented a theory of what he called tropisms, which are simple orienting
mechanisms that allow these primitive organisms to approach or avoid light, find food or a mate
and so on. Watson’s own interests were in human behavior and in learning, which could not eas-
ily be handled by tropisms in the Loeb style — hence Watson’s fascination with conditioning.
Nevertheless, he took from Loeb a preference for simple, mechanistic explanations — a good
idea, in principle. Unfortunately, Watson’s idea of “simple” was too simple. I will show in
Chapters 6 and 7 that the impoverished psychological processes proposed by old-style behavior-
ism are seriously flawed.

Watson left Chicago for a professorship at Johns Hopkins University in Baltimore. Un-
fortunately, his promising career was cut short after a few years by a scandal — an adulterous
affair with a graduate student, Rosalie Rayner, whom he subsequently married (see the book ed-
ited by Todd and Morris, 1994, for an account of this and other aspects of Watson’s life and
work). As a result, Watson left academic life for a successful career in advertising. His success
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in this new field was no accident. The major figures in the softer sciences have almost invariably
been people with a gift for rhetoric, the art of verbal persuasion. They may have other skills
(Skinner was a wonderful experimenter, for example), but their ability to found schools usually
owes at least as much to their ability to persuade and organize as to their purely scientific talents.

THE NEXT GENERATION: METHODOLOGICAL BEHAVIORISM

Watson’s target was the target of all psychologists: human behavior. But his disavowal of con-
sciousness, his inability to cope with the complexities of verbal behavior, and his training as a
biologist, meant that the immediate exper- | gox 1.3 The Law of Effect

imental future of behaviorism lay with
animal experiments.

Of several responses made to the same situation,
those which are accompanied or closely followed
by satisfaction to the animal...will, other things be-
ing equal, be more firmly connected with the situa-
tion...; those which are accompanied or closely fol-
lowed by discomfort...will have their connections
with the situation weakened...The greater the satis-
faction or discomfort, the greater the strengthening
or weakening of the bond.

Psychological work with animals
had already been pioneered by Edward
L. Thorndike (1874-1949) first at Har-
vard and then at Columbia University. In
the basement of William James’ house
(because the Harvard philosophers didn’t
want animals in their building), young
Thorndike studied the behavior of cats
escaping from puzzle boxes. The animal had to push a pole or pull a chain to allow it to get out
and eat a little food. Thorndike discovered that his cats seemed to learn this task in a rather sim-
ple way. At first they behaved more
or less randomly, pushing the pole at
first by accident. But then they would

Pavlovian Conditioning Procedures

tend to repeat on the next trial exactly ~g = o ————  dely

the behavior that had been followed ?:tg?]';:r%')”g

by reward on the previous trial. US M1

Thorndike summarized his observa-

; . 11 trace

tions in what he called the Law of Ef- conditionin
g

fect (see Box 1.3). More recent work 1

has ralsed_a number_of questions temporal

about the interpretation by Thorndike ~US 11 ! conditioning

and his followers of his cats’ behavior
(e.g., Moore & Stuttard, 1979), but
the law of effect is substantially true
and remains influential.

Time -
CS = conditioned stimulus

] ) . US = unconditioned stimulus (reinforcer
Thorndike did not consider ( )

himself a behaviorist, and the law of

effect was not original with him. The
Scot Alexander Bain (1818-1903) had
come to very similar conclusion more
than forty years earlier; but Thorn-
dike's version is the one in all the
textbooks. The Law of Effect formed
the basis for the development of rein-
forcement theory, which has been the
main theoretical preoccupation of the
behaviorist movement. Following the
lead of Thorndike and Watson, the

Figure 1.1 Time relations between conditioned stimulus
(e.g., a tone, CS: light lines) and unconditioned stimulus (e.g.,
food, US: heavy lines) in some Pavlovian conditioning pro-
cedures. In delay conditioning, for example, after one of these
pairings has been repeated a sufficient number of times, the
response reliably made to the unconditioned stimulus (e.g.,
salivation the conditioned response, or CR) comes to occur
when the CS is presented. In trace conditioning, the CR usual-
ly occurs after the CS, and close to the time when the US will
occur. In temporal conditioning each US presentation is the
effective CS for the next US. This account is much simplified.
See a specialist text (e.g., Domjan, 1998) for more details.
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next generation of behaviorists were the founders of the “rat psychology” that was to dominate
the American academic scene for the next several decades.

The three names usually associated with the behaviorism of the nineteen thirties, forties
and fifties are Edwin Guthrie (not a rat man, but a behaviorist and critic), Clark Hull and Edward
Tolman. However, Watson’s real heir was B. F. Skinner, who rose to prominence a little later.
Skinner invented new experimental methods for studying learning in animals. On the philosoph-
ical front, he applied behavioristic ideas to every aspect of human experience, including con-
sciousness. Skinner’s radical behaviorism is Watson’s most influential legacy. Because of
Skinner’s influence, and his willingness to speculate about every aspect of human experience, his
work is a major topic of this book. But the context, and the mainstream of behavioral psycholo-
gy, was set by Hull and Tolman, to whose work | turn next.

Watson was one of the first to put rats through mazes, but the technique was exploited
most extensively by Yale psychologist Clark L. Hull (1884-1952) and his followers, most nota-
bly his chief disciple Kenneth Spence (1907-1967). Hull was a late developer in psychology,
but in his middle years he became acquainted with the theory of physics, in its classical, Newto-

nian form. His major contribution was
The Principles of Behavior (1943) in
which he proposed a cumbersome math-
ematical formulation to explain learning
in the white rat.

Hull was a catalyst rather than a
great teacher. His weekly seminars at
Yale became famous, and his ideas were
spread by those who attended them to
many other universities across the United
States. But his most prominent followers
were supervised by others, and few of his
own students made names in academic

psychology.

Hull’s experimental method is still
the norm in much of psychology. Groups
of subjects are exposed to different re-
ward conditions (groups of rats running
down a straight runway to food pellets of
different sizes, for example). The per-
formances of the individuals (e.g., their
running speeds) are then averaged, and
compared statistically to see if the inde-
pendent variable (pellet size, for example)
has an effect. The method, as a way of
understanding processes that take place in
individuals rather than in the group, rests
on assumptions about the essential uni-
formity of the subjects that were not un-
derstood for many years. Indeed, the lim-

Box 1.4: The Varieties of Behaviorism

There is no generally agreed classification, and
some would add to or modify this list. But it will
serve to organize discussion.

CLASSICAL: The behaviorism of Watson; the ob-
jective study of behavior; no mental life, no inter-
nal states; thought is covert speech.

METHODOLOGICAL: The objective study of
third-person behavior; the data of psychology must
be intersubjectively verifiable; no theoretical pre-
scriptions. Has been absorbed into general experi-
mental and cognitive psychology. Two popular
subtypes are

NEO-: Hullian and post-Hullian, theoretical,
group data, not dynamic, physiological, and

PURPOSIVE: Tolman’s behavioristic anticipa-
tion of cognitive psychology.

RADICAL: Skinnerian behaviorism; includes be-
havioral approach to ‘mental life;” not mechanistic;
internal states not permitted.

TELEOLOGICAL: Post-Skinnerian, purposive,
close to microeconomics.
THEORETICAL: Post-Skinnerian, accepts internal

states (the skin makes a difference); dynamic, but eclec-
tic in choice of theoretical structures, emphasizes parsi-

mony.

itations of what has come to be termed between-group methodology are yet to be grasped fully
by the psychological community. (The limitations of the competing, within-animal, method are
also not widely understood, as we will see shortly.)
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Like all the early behaviorists (see Box 1.4), Hull was a philosophical descendent of the
British Empiricist philosophers, Locke, Berkeley and Hume, and inherited their belief in associa-
tions as the primary psychological units. He was for a while much taken with the philosophical
position logical positivism, devised by the Vienna School philosophers — Moritz Schlick, Ru-
dolph Carnap and others. He had earlier been influenced by Isaac Newton’s Principia Mathe-
matica. The latter two influences led him to prefer a mathematical, highly formal approach to
theory, despite his own quite limited mathematical capabilities. Like Skinner and many other
American scientists in the Edison tradition, he was a gifted gadgeteer; but unlike Skinner, he
admired abstract theory more than practical machinery.

It is helpful to organize the theoretical ideas of Hull and Tolman in terms of three ques-
tions: What data did they attempt to explain? Where did their theoretical concepts come from?
What form did their theories take?

Hull

Clark Hull was interested in explaining data from experiments with rats learning simple
tasks under the action of food reward and with people learning to recall lists of nonsense sylla-
bles (i.e., trigrams such as JIV that do not correspond to actual words) under verbal instructions.
In the rat experiments, the data to be explained were not so much the moment-by-moment behav-
ior of individuals as “functional relations” based on data from groups of subjects. Much was
made, for example, of the negatively accelerated learning curve that relates a measure of perfor-
mance on a learning task to learning trials. A measure such as percentage of correct responses in
a two-choice task typically increases rapidly at first, then more slowly as it approaches 100 per-
cent. Another standard function was the delay-of-reinforcement gradient, which showed how
performance declines as the time between the rewarded (reinforced) response and the rein-
forcement is increased.

Hull’s theoretical concepts came from an associationist view of the causal chain between
stimulus and response and a Watsonian notion of “ideas” as manifestations of overt or covert
motor activity. Each “response” was characterized by a final “strength,” called by Hull reaction
potential, which was in turn determined by intervening variables (a term from Tolman, about
whom more in a moment) such as habit strength and generalization. The variability characteris-
tic of behavior was accommodated by the assumption of behavioral oscillation of reaction poten-
tial — what would now be termed a stochastic (variable-in-time) process. Each of these inter-
vening variables was assumed to be linked in some way to observables. Experimental results
were deduced formally as predictions from this rather lumbering system.

Some of Hull’s theoretical elements were drawn from Pavlov, many of whose ideas were
based on his conjectures about brain function. The basic “glue” that allowed learning to occur
was assumed to be Pavlovian conditioning, conceived of as a process by which stimulus and re-
sponse become causally linked. This usage of the term conditioning (which has become standard
among Hull’s intellectual descendants) goes well beyond Pavlov’s. Pavlov used a Russian word
better translated as “conditional,” so that his account is descriptive rather than theoretical. He
implied nothing more than the observation that elicitation of salivation (the conditioned re-
sponse: CR) by the tone (conditioned stimulus: CS) is conditional upon pairing between the CS
and the unconditioned stimulus (US), food (see Figure 1.1). But for Hullians, “conditioning”
was not just a description but a process. Conditioning was a theoretical atom, which could then
be used to explain more complex behavior.

Generalization, the idea that training with one stimulus and response will increase the
tendency to respond to similar stimuli and to make similar responses, was another idea from Pav-
lov. Other concepts came from Sherringtonian reflexology (Plate 1.3): for example, the idea of
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reception, a process modeled on what was then known of receptor physiology; the idea of inter-
action between stimulus effects (added to accommodate “whole-greater-than-sum-of-parts” ef-
fects made famous by the German Gestalt [“form™] psychologists); and the idea of a stimulus

trace that persists after the physical stimulus has ceased.

How were these ideas put together to explain learning? A detailed exposition would take
us well beyond the confines of a short survey — and would in any case be of largely historical
interest. But some of the basic ideas can be conveyed simply. Hull tied reinforcement, the
strengthening effect of reward on a response that produces it, to the reduction of physiological
need. This turned out to be a hard assumption to prove: many rewarding events (fame, money,
for example) have no obvious link to physiology, and even food is effective as a reinforcer long
before it has any nutritional consequences. The rat may well repeat his bar pressing after he gets
the very first food pellet, long before his blood sugar or any other gross physiological measure
shows any change. Moreover, the theoretical effects of reinforcing events can be described
without specifying their physiological concomitants. The concept of conditioned or secondary
reinforcement was invented to bridge this gap, but this idea is still problematic (Williams, 1994).

How did Hull conceive of the effects of reinforcement? One effect was to “condition”
events occurring at the time the “goal” (e.g., food at the end of the maze) is reached. The basic
idea was that any pair of events, A-B, that regularly occur in succession somehow become linked
(just as the CS and the US become linked) so that the occurrence of A will come to call up B.
This is just a physiological interpretation of Aristotle’s notion of association through succession
and temporal contiguity: post hoc, ergo propter hoc. Thus, stimuli near the goal, traces of earlier

Tl

stimuli and stimuli generated by movements, or “fractional antici-
patory” movements may become conditioned to the “goal re-
sponse.” In this way, the goal response will “move forward” and
occur earlier and earlier. This improvement in performance is the
visible evidence that learning has occurred. Hull defined parts of
this complex process in a quantitative way, but the details were
never fully specified by Hull or by his several successors, most of
whom filled in theoretical gaps as best they could with verbal ar-
guments. Numerous flaws in the system were pointed out (see, for
example, the chapter on Hull in Bower and Hilgard, 1981, for some
years the standard textbook on theories of learning) and Hull’s
successors increasingly abandoned quantitative modeling in fa-
vor of massive data-gathering. The mathematical approach was
carried on largely by the so-called mathematical learning theo-
rists (see, for example, Luce, Bush & Galanter, 1963). A single
very influential theoretical paper by two neo-Hullian Yale psy-
chologists Robert Rescorla and Alan Wagner (1972) also led to
several elaborations by Wagner and others and something of a
theoretical revival. Models in the Hullian tradition continue to
appear in the literature on classical conditioning.

Hull’s other direction was the study of verbal learning.
The nonsense-syllable method he used was pioneered by Ger-
man experimental psychologist Hermann Ebbinghaus (1850-
1909), the founder of the field of verbal learning. Hull and sev-
eral co-workers in 1940 put together an extraordinary volume

Plate 1.3 C. S. Sherrington
(1856-1952) was an English
physiologist whose book, The
Integrative Action of the Nerv-
ous System (1906), summarized
most of what was then known
about the reflex and exerted a
strong influence on the evolu-
tion of American psychology,
especially behaviorism.  But,
like some other famous neuro-
physiologists, he ended up as no
behaviorist — writing, in his
later years, a Cartesian, dualist
philosophical rumination Man
on His Nature (1940).

describing their theory of how people learn nonsense syllables.

The title of this book Mathematico-deductive Theory of Rote Learning shows its allegiance to

16



Behaviorism Staddon

positivistic philosophy of science, and the theory was presented in a highly formal way, using the
calculus of symbolic logic (Fitch, one of the book’s co-authors, was a logician). Hull defended
the book as follows: “Its chief value consists in the large-scale pioneering demonstration of the
logico-empirical methodology in the field of behavior (p. xi).”

To a modern reader, the “logico-empirical methodology” with its rhetoric of mathemati-
cal theorems and corollaries, makes the work almost unreadable. Nevertheless, the assumptions
of the theory are relatively simple — and important, because these ingredients, in various combi-
nations, are part of most subsequent psychological theories. The theory explains the patterns of
learning of nonsense syllables in a serial anticipation procedure: each syllable in a short list of 5-
20 syllables is presented for a couple of seconds and the subject’s task is to anticipate the next
syllable. Data of interest are the patterns of errors — such as the so-called serial-position effect,
which is that syllables at the beginning (primacy) and end (recency) of the list are better remem-
bered than syllables in the middle —
and the effects of the temporal GOAL
spacing between list presentations
(e.g., spaced vs. massed practice).

The chief theoretical ingre- | B
dient is the quasi-physiological

idea of a memory trace, supposedly

left by each trigram as the subject path 1 ‘l

attends to it. These traces are of path 3 ‘l
two kinds, excitatory and inhibito-

ry. “Response strength,” the ten- A

dency to recall a particular sylla-
ble, i)s/ proportiongl to the alg{ebraic path 2
sum of these two tendencies. A

correct anticipation is presumed to

occur when the summed strength

exceeds a threshold, which is sub-

ject to some intrinsic variability. START

These ingredients, a decaying

trace, excitatory and inhibitory Figure 1.2 A diagram of the elevated maze used by Tolman
contributions to a strength variable, | and Honzik (1930a; see also Ciancia, 1988). Path 1 is the
stochasticity and the idea of re- shortest path from start box to food box, path 2 the next shortest
sponse threshold, were to form a and path 3 the longest. Blocks were placed at points A and B

: during different phases of the experiment. The question was:
per:Eanent F:jag Olf the ItheOIjetICT]l after encountering block B for the first time, will the rat pick
tO(_) OX used by later learning the- path 2 (previously preferred to path 3, but now blocked) or path
orists. 3, the only effective route to the goal?

Tolman

Most of the experiments by Hull by and his students were concerned with reinforcement
learning, that is the change in behavior observed when one or other aspect of behavior is reward-
ed or punished. The focus on reinforcement learning was forced by the behaviorists’ experimen-
tal subject, the laboratory rat, a species poorly suited to verbal instruction. Nevertheless, the
leading behaviorist in the inter-world-war years, Edward Chace Tolman (1886-1959), was no-
table for his rejection of a simple reward-and-punishment view even of rat learning. It was said
of Oscar Wilde that “His art was in his life,” because his writings are often less impressive than
the anecdotes about him. Something similar may be said of Tolman. His theories now seem
awkward or vague and sometimes naive, but his openness and integrity, his eclectic approach,
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his personal warmth, and the inspiration he offered to numerous graduate students — plus the fact
that he was on the winning side in the infamous California loyalty oath controversy! — assure his
place in the history of psychology.

Tolman’s views are intermediate between Watsonian behaviorism and what is now called
cognitive psychology. Indeed, apart from the fact that he worked almost exclusively with the
white rat, it is not really clear why Tolman should be placed in the behaviorist camp at all. Per-
haps the reason is that he identified himself as a behaviorist, albeit a purposive behaviorist, in his
major systematic work: Purposive Behavior in Animals and Men. (Perhaps another reason is that
behaviorism was in effect “the only game in town” for an experimental learning psychologist at
the time when Tolman was active.) Tolman was interested in explaining data on rats finding
their way through mazes of different types. He believed that rats are smart, almost as smart as
people in many ways. He said in his Presidential address to the American Psychological Asso-
ciation that everything of importance in human psychology (“except perhaps...such matters as
involve society and words™) can be understood through the behavior of a rat at a choice point in a
maze. His thinking, like his experimental subject matter, was highly spatial. He and his students
devised a number of clever experiments to show that the simple stimulus-response reinforce-
ment-learning psychology of Watson, Hull and Thorndike could not account for the spatial be-
havior of rats. Two examples are latent learning and insight.

Latent learning. The demonstration of learning in the apparent absence of reward —
termed latent learning — was straightforward. If all learning depends on reinforcement, then
hungry rats allowed to wander unfed around a novel maze should learn nothing. (A ridiculous
idea, one might think, but much advance in psychology often still consists in turning common
sense into scientific fact.) To test the idea, one of Tolman’s students (Blodgett, 1929) looked at
what happens when rats are given a number of nonrewarded days on a maze before reward is in-
troduced. He ran three groups: A. Rewarded (in the goal box) every time they were in the maze;
B. Rewarded after two unrewarded days and C. Rewarded only after 6 unrewarded days. The
latent-learning group, C, soon caught up with the other groups, i.e., Group C reached the perfor-
mance of Group A after only a couple of rewarded days, showing that its earlier, unrewarded ex-
perience had not been wasted. Tolman and another student, Honzik, did a similar experiment
the next year (Tolman & Honzik, 1930b) and confirmed this conclusion.

Argument swirled around these results. Tolman and his students contended that they re-
flect real unreinforced learning. One set of critics attributed the results to what would now be
called “non-cognitive” factors, such as habituation by the latent-learning group. The latent-
learning group do better, these critics argued, not because they have learned anything, but be-
cause the unreinforced exposure allowed the rats to get over their fear of the novel apparatus
(i.e., to habituate). Presumably the improvement in performance of the reinforced group must
then also partly reflect habituation, which should perhaps be perceived as a component of the
learning process. But the critics wished to argue that real learning is more than just habituation,
but no proof was offered. There was also little basis for the tacit assumption that habituation it-
self is a primitive process.

Other critics argued that although food reinforcement was lacking in the latent-learning
group, other, unspecified reinforcers might have been available. A completely unrewarded
group in Tolman and Honzik’s experiment traversed the maze faster on successive days, despite

! As part of the McCarthy-era anti-communism of the 1950s, the Regents of the University of California required all
State employees, including university faculty, to sign an oath affirming non-membership in the Communist party.
Tolman at Berkeley was one of the leaders of the opposition to this requirement. In the end, the Regents were
forced to withdraw it. (For a history of the controversy, see
http://ishi.lib.berkeley.edu/cshe/projects/history/loyaltyoath/timeline/short.html; for commentary see Innis, 1992.
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absence of explicit reward, suggesting to some
that “being taken out of the maze” (when a trial
is over) might be a reinforcer. The ad hoc invo-
cation of reinforcers like this, no matter how
plausible, makes the reinforcement-learning view
invulnerable to disproof, of course, so this criti-
cism is not acceptable.

The work of Tolman and his students
soon led to an explicit distinction between perfor-
mance, the measured change in behavior in a
learning task, and learning, the process or pro-
cesses that underlie this change. The learning-
performance distinction is another commonplace: | Plate 1.4 An eight-arm radial maze. The rat
every hung-over exam-taker knows more than he begins in the center and bits of food are stored at
shows. Learning — what the student might have | the ends of the eight arms. Typically, the animal
done on the most searching exam under the best checks out the eight arms without repeating any.
possible conditions — is not coextensive with
performance on this exam under these conditions. The learning-performance distinction never-
theless aroused controversy among psychologists. It was eventually accepted by most behavior-
ists, the single, striking exception being Skinner.

Insight. Tolman and Honzik (1930a) did another experiment, which showed that rats in
some sense understand spatial constraints. Their results were cited as an example of spatial in-
sight. The configuration of their maze is shown in Figure 1.2. It allows three paths from the
Start box to the box where food is available. The paths differ in length: path 1 (heavy vertical
line) shorter than path 2 (light line) shorter than path 3 (dashed line). In preliminary training, the
rats were allowed to become familiar with all three paths to the food box and the rats had experi-
ence with a block at point A, which permits access to the goal only via paths 2 and 3. In the test
condition, the block was moved to point B. Now only path 3 is open. The question is: Will the
rats choose path 3 as soon as they encounter the block at B, or will they choose path 2 (normally
preferred to path 3), indicating they do not know that paths 1 and 2 share a common, blocked,
segment? Tolman and Honzik’s rats acted smart, and usually went straight to path 3 after en-

countering the block at B, indicating that they knew ——
something of the topology of the maze, and were Box 1.5 Behaviorism is founded upon natu-
not just operating on a fixed hierarchy of prefer- ral science; ds”(;‘cul‘.ra| pSKChO'Ogy 'fs b?]s.eﬂ
ences. Tolman considered this behavior to be an upon & crude dualism, the roots of whic
o e 1 extend far back into theological mysticism.

example of “insight,” though exactly what that

. (Watson, 1929, p. viii)
might mean was not spelled out.

What data did Tolman attempt to explain?
Where did his theoretical concepts come from? What form did his theory take? Tolman ex-
plained “insight” behavior and latent learning by a theoretical system that drew freely on folk
psychology. Tolman's theoretical emphasis was almost entirely on the way in which rats repre-
sent their world. His rats were well supplied with “purposes,” “expectations,” and “means-end
readinesses” (loosely speaking: knowledge of what leads to what in a maze or an instrumental
task). Their knowledge of the maze was represented as a cognitive map (a phrase now perma-
nently associated with Tolman), which could be as rich an information store as a real map.

Tolman’s last major paper (1959) was a try at what would now be called a computer sim-
ulation, although usable computers were not yet available to psychologists. It is an attempt to
inject action into his rather static theoretical picture. Cognitive maps are all very well, but a map
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is useless without a map reader, a route-finder, something to translate all the information into
action. Later workers in the Tolman tradition (e.g., Deutsch, 1960) did provide mechanisms to
deal with some of these problems, but Tolman’s chief contribution has clearly been his emphasis
on what computer scientists and cognitive psychologists now term knowledge representation,
i.e., the abstraction from reality that organisms are presumed to use to guide their overt behavior.
This emphasis on representation was not shared by other behaviorists. It was explicitly rejected
by B. F. Skinner who, like Watson, consistently disparaged what Watson called “structuralism.”
(Box 1.5)

Tolman’s contemporary legacy is research on animal cognition, a topic that has become
popular since the early 1980s (see, for example, Roitblat, Bever, & Terrace, 1984; Shettleworth,
1998). Interest in spatial behavior has revived, encouraged by David Olton’s introduction of a
novel type of maze, the radial-arm maze (Plate 1.4). Rats in the radial-arm maze show a type of
behavior unsuspected by classical reinforcement theory. At the beginning of a trial, the goal
boxes at the end of the eight arms are all baited with food, and the rat is placed in the center of
the maze. The rat will then visit the eight arms, usually in no particular pattern. (Naive rein-
forcement theory would predict that the rat should return to the first rewarded arm.) Control ex-
periments have shown that the rats use some kind of spatio-temporal representation of the maze
to perform accurately: they know where they are in relation to their surroundings. They are very
accurate (i.e., rarely re-visit an arm before exploring all arms), even if interrupted after visiting
four of the eight arms. If they are returned to the maze as long as an hour or more later, they
nevertheless pick up where they left off and reliably select the four unvisited arms first. The ra-
dial maze has turned out to be an important tool for the investigation of memory in animals.

Another major theme in animal cognition might be termed “Dr. Dolittle” research?: ex-
periments that explore the extent to which animals can do things that previously seemed unique
to people — like talk, solve abstract problems, form concepts or deceive others. This work is not
theoretically motivated, for the most part. The interest is less in how animals do these things
than in the simple fact that they can do them. The positive aspect of this work is its resemblance
to natural history: it explores the limits of what animals can do, an essential preliminary to ade-
quate theory. The negative aspect is that it has led some commentators to denigrate behaviorism
and embrace a dead-end anthropomorphism: “The much-despised anthropomorphism could thus
give deeper insight than the apparent rigours of behaviourism” writes one critic, forgetting that
showing resemblances between animals and people is only the first step towards a deeper under-
standing of either. Animals “think” and people also “think” — but what is “thinking”?

*khkkk

Classical behaviorism grew out of an increasing impatience with the inconclusive results from
introspective psychology. J. B. Watson, a go-getting pop-psychology guru and social improver
squarely in the American tradition, proposed an apparently simple view of psychology that
proved irresistible in the early part of the twentieth century. When he left academic psychology,
neo-behaviorists Hull and Tolman added a theoretical component and competed for dominance
with Skinnerian radical behaviorism for several decades until the advent of cognitive psychology
in the late 1960s.

Tolman’s chief interest was in cognitive representation. Hull was interested in the pro-
cess of learning. But both sought the mechanisms that underlie behavior, even if their emphases

2 After the doctor who could understand the speech of animals in Hugh Lofting’s wonderful books for children.
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were different. Hull thought that relatively simple, quantitative principles could provide a com-
plete explanation. Tolman enjoyed showing that stimulus-response (S-R) accounts are false. His
best-remembered experiments demonstrate that rats seem to have sophisticated spatial under-
standing, as opposed to learning through the formation of chains of S-R links. In place of a
quantification that he thought premature, Tolman provided metaphorical and impressionistic
frameworks out of which he hoped more powerful theories would grow. But neither Hull’s sim-
plistic quantitative principles nor Tolman’s metaphors have led to the comprehensive under-
standing of behavioral mechanisms that both desired.

Not all behaviorists accept the conventional scientific proposition that the aim of science
is to explain the phenomena of nature. “Explanation” for most scientists means “theoretical ex-
planation.” Hull and Tolman agreed on this point, at least. Their efforts were unsuccessful; but
for Watson, and later B. F. Skinner, the aim of psychology was different: “prediction and con-
trol,” essentially unaided by theory. A good theory will usually imply prediction and control as
an outcome, but many good theories fail to predict very much and some things are not amenable
to control, no matter how well they are understood. A theory may be persuasive simply because
it summarizes much that is already known, like Darwin’s theory of evolution by natural selec-
tion. A theory like quantum theory or chaos theory may even show that certain kinds of predic-
tion are impossible. Conversely, we may predict the motion of the planets without being able to
control them. And a theory is more than the sum of its predictions. The early version of Coper-
nicus’ heliocentric theory did not predict better than the Ptolemaic theory, and the calculations
required were apparently no easier. Nevertheless, the Copernican theory is better because it is
fundamentally simpler, and because it led to more powerful theories. There is more to a theory
than its ability to predict.

Watson’s research agenda was explicitly atheoretical, and is thus scientifically eccentric.
Watson’s successor, B. F. Skinner, also provided an alternative to theory which was part Baco-
nian fact gathering and part pragmatic epistemology. In his hands this mixture turned out to be
enormously influential. | turn next to Skinner.
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Chapter 2: Radical Behaviorism, |: Experimental Foundations

At its peak, Skinner’s fame probably exceeded Sigmund Freud’s, at least in the United States.
His popular writings made him both the most influential and the most controversial psychologist
during the latter part of the twentieth century. Because so many of his books are directed at a
general audience, they lack much of the usual scholarly apparatus. His introductory textbook
Science and Human Behavior (1953), for example, cites only a handful of contemporaries, none
of them in the psychology of learning, the work’s main topic. The book has no references. Sev-
eral of his other influential books have no, or only a vestigial, index.

It is always hazardous to infer motive®, but two things are certain. First, the absence of
an index in most of Skinner’s books encourages the reader to read them from front to back, as
the writer intended, rather than looking up topics out of context, which would diminish the force
of his argument. And second, Skinner’s combination of radical views, informally presented is a
recipe for misunderstanding.

Skinner’s position has often been greatly misrepresented. He was not, for example, a
stimulus-response theorist. Nor did he dismiss mental life: he termed mental events “private
events” and treated them like publicly measurable behavior. How successful this was, we will
see later. He did not define behavior as “uninterpreted physical movements” (Macintyre, 1984)
or stimuli as simple physical events. He did not sympathize with or advocate totalitarian regimes
(although his persistent and sometimes inappropriate use .
of the word “control” encourages this interpretation). He
did not believe behavior to be exclusively a product of
environment (as opposed to heredity), although he used
the word “environment” frequently and never attempted
to develop a coherent view of how genes and environ-
ment might interact. Contemporary views of Skinner and
Skinnerianism by several authors have been collected in
Reflections on B. F. Skinner and Psychology. American
Psychologist, 47 (Whole issue), 1992. Many of these
papers attempt to combat misrepresentations of Skinner
(see also Richelle, 1993).

Skinner’s slogan was that behavior should be
studied in its own right, and not as a mere indicator of
unspecified internal mechanisms or processes. He force-

Plate 2.1 B. F. Skinner with an
experimental subject in the late 1950s
in the basement of Memorial Hall at

fully criticized any explanation of behavior “which ap- Harvard. A cumulative recorder is on
peals to events taking place somewhere else, at some his right, a relay control apparatus
other level of observation, described in different terms, behind him.

and measured, if at all, in different dimensions.” (Skin-

ner, 1950 p. 193). In short, he was completely uninterested in mechanisms of the sort that preoc-
cupied Hull and Tolman. If there are “mechanisms,” he argued, they are the province of physi-
ology (neurobiology, as it would now be termed). Psychology has no need of them.

How did Skinner evolve this apparently extreme position? And why was it so influen-
tial? Burrhus Frederick Skinner (1904-1990) began his academic career at Hamilton College
in upstate New York determined to become a writer. He recounts his final post-college attempt,
during a “dark year” in Greenwich Village, in his strangely monochromatic three-volume auto-
biography: Particulars of my Life (1976b), The Shaping of a Behaviorist. (1979), and A Matter of
Consequences. (1983). (For another account of Skinner’s life and work see Bjork, 1993; for

3Not if you are a contemporary historian, though. The modern fashion is not just to infer, but to assume motives —
usually discreditable — in your subjects. Desmond and Moore’s prizewinning biography of Charles Darwin is a par-
ticularly egregious example, but there are many others.



Behaviorism

Box 2.1 Skinner on Theory
Beyond the collection of uniform relationships lies the
need for a formal representation of the data reduced to a
minimal number of terms. A theoretical construction may
yield greater generality than any assemblage of facts. But
such a construction will not refer to another dimen-
sional system and will not, therefore, fall within our
present definition. It will not stand in the way of our
search for functional relations because it will arise
only after relevant variables have been found and
studied. Though it may be difficult to understand, it
will not be easily misunderstood, and it will have
none of the objectionable effects of the theories here
considered.

We do not seem to be ready for theory in this
sense...

(Skinner, 1950, pp. 215-6)

Staddon

Skinner in social context, see Smith and
Woodward, 1996, which includes an excel-
lent article by Laurence Smith on the Baco-
nian roots of Skinner’s social meliorism.)
But his efforts at fiction were unsuccessful
— “the literary method had failed me” —
and in due course he turned to psychology as
a field better suited to his particular mix of
talents and his undergraduate preparation in
biology.

Though unsuccessful as a writer of
fiction, Skinner was a gifted advocate, with a
deceptively transparent style (Box 2.1). In
addition to this skill, he was also an ingen-
ious practical mechanic. He liked gadgets
and was always inventing new ones. He be-
lieved that the history of science shows the

value of unplanned, unformalized research: “If we are interested in perpetuating the practices
responsible for the present corpus of scientific knowledge, we must keep in mind that some very
important parts of the scientific process do not now lend themselves to mathematical, logical, or
any other formal treatment.” (1956/1961, pp. 78-79) In this, of course, he was entirely at odds
with the highly formalistic Clark Hull — and with contemporary science policy, which follows
what Terence Kealey (1996) has termed the “Baconian model” (Box 2.2). Bacon had several
ideas, but the one that fits Hull and his successors is the notion that scientific knowledge can be
gained by applying a well-defined “scientific method,” a set of well-defined rules for doing re-

search — what would now be called an algorithm.

Skinner revealed his skepticism about formalist versions of the “scientific method” with-
out the usual academic qualifications and circumlocutions in the anonymous and hitherto un-
published satire | have reprinted as an Appendix. His views accurately reflect the careers of tal-
ented experimenters from Michael Faraday to Claude Bernard. All show the vital importance of
ingenuity, insight — and accident — in scientific discovery. “Hunch” and serendipity, as well as
method, are essential to creative work in basic science. Unfortunately, fits of inspiration and
“fools experiments” are incompatible with the set-piece research proposals that are now demand-
ed by the contemporary government-funded research-support apparatus, which has inevitably
grown large, bureaucratic and increasingly influenced by non-scientific considerations.

Skinner’s Method

Skinner consistently avoided advocating or employing standard “scientific method.” His justly
famous paper A Case History in Scientific Method was in fact a slap on the wrist to Sigmund
Koch, editor of the mighty set of APA-sponsored tomes wishfully entitled: Psychology: A Study
of Science, in which it first appeared. Koch had asked for a “systematic formulation” defined as
“any set of sentences formulated as a tool for ordering knowledge with respect to some specified
domain of events...” What Skinner (and a few others, such as physiological psychologist Don-
ald Hebb) gave him was a down-to-earth, readable — and accurate — counter-example to Koch’s
view of scientific discovery. Koch had prescribed a formal approach naively derived from Vien-
na-School positivism. Skinner told a story.

Skinner turned his mechanical skill to great practical advantage in his Harvard Ph.D. dis-
sertation research, which was on the “eating reflex” in rats. The research apparently developed
in an entirely inductive fashion, guided by a combination of efficiency “Some ways of doing re-
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search are easier than others” and a lesson from Pavlov: “control your conditions and you will
see order.”

Box 2.2 Francis Bacon (1561-1626)

Sir Francis Bacon was an eminent Elizabethan, with all the pluses and minuses of that extrava-
gant breed. He was educated at Trinity College, Cambridge, (Isaac Newton’s college and home of as-
tronomer Stephen Hawking), which he entered at the age of twelve (no, the stu-
dents aren’t getting younger every year...). He was a successful lawyer and of-
ficer of the English state, going from Solicitor-General to Attorney General to
Lord Chancellor and Baron Verulam. But he was also a crook and cruel one at
that, permitting torture and execution of eminent miscreants who were his
friends and co-plotters against Queen Elizabeth (although Bertrand Russell takes
a gentler view). In the end, he pled guilty to bribery and corruption, his estates
were confiscated and he was exiled to the countryside.

But, in a fashion that is in some ways strikingly contemporary, Bacon is

Py remembered not for his malfeasance but for his graceful prose, in Latin as well

sy etz i Gy rﬂ-v&,,‘- . . . . . .

= e as English, and wonderful insights into the processes of science, then still very
7 By - much in its infancy. He defined the difference between induction and deduction:
‘ 7/ — “There are and can be only two ways of searching into and discovering truth.

The one flies from the senses and particulars to the most general axioms, and
from these principles, the truth of which it takes for settle and immovable, proceeds to judgment and to
discovery of middle axioms. And this way is now in fashion. The other derives axioms from the senses
and particulars, rising by a gradual and unbroken ascent, so that it arrives at the most general axioms last
of all. This is the true way, but as yet untried.” He favored induction, as did Darwin and Skinner, but as
the phrase “gradual and unbroken ascent” suggests, thought it infallibly successful. Nevertheless, Ba-
con’s aphorisms still resonate. No one better captured the spirit and function of science: “For the end
which this science of mine proposes is the invention not of arguments but of arts; not of things in accord-
ance with principles, but of principles themselves...And as the intention is different, so accordingly is the
effect; the effect of one being to overcome an opponent in argument, of the other to command nature in
action.” His collected works are still widely available. Of most interest to scientists are The Advance-
ment of Learning and The New Organon (1605) and The New Atlantis (1626); see also Russell’s History
of Western Philosophy.

Skinner began by looking at the force exerted by a hungry rat as it ran down a runway to
get food. Tired of picking up the rat and placing it at the beginning of the eight-foot runway after
each feeding, Skinner added a return path so the rat could return itself. But then he was frustrat-
ed by the long waits that developed after
The business and design of the Royal Society is t0 | each feeding. Once again, the gadget in-
improve the knowledge of natural things, and all | ctinct intervened and he modified the

useful arts, manufactures, mechanic practices, en- square-loop runway so that every circuit by
gines and inventions, by experiments (not meddling .
with divinity, metaphysics, moral, politics, gram- the rat WOUI.d cause the runway to tiltand
; : operate a primitive automatic feeder. Thus,
mar, rhetoric, or logic.) . .
) the rat fed itself by going round the loop.
From the charter of the Royal Society of London (1662), Each rat still sat for a long time at the feed-
founded along Baconian lines. . . .
ing place before going around again for an-
other run, but Skinner noticed a regularity
in the pattern of increasing “waits” as the animals became satiated. The rotating disk that al-
lowed food pellets to drop had an axle. Seeking a way to record the apparently orderly pattern of
delays, Skinner attached a cord to the axle. As the cord unwound with each successive feeding,
it moved a pen across a steadily turning drum, tracing out the first cumulative record of eating
behavior (Figure 2.1). Skinner had taken the first step to move learning psychology away from
static statistics to the real time domain of natural science.
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The slope of the curve shows the frequency of eating: as usually drawn the more rapidly
the response is repeated, the steeper the slope. Thus, the rats ate rapidly at first, but then the
waits became longer, they ate slower and slower as they became satiated. Skinner’s serendipi-
tous development of the Skinner box, and his informal approach to science generally are grip-
pingly described in A Case History... and other papers in a collection entitled Cumulative record.
His dissertation research and the associated theoretical system are described in his most im-
portant technical book The Behavior of Organisms (1938).

In the cumulative record, Skinner believed he had found an automatic, behavioral method
for measuring the progress of “hunger.” With the behavior made manifest, the concept of “in-
ternal state” could be dispensed with. Skinner and his collaborators carried this principle further,
developing experimental procedures to
render measurable a few other internal Event record
(actually, subjective) states like anxiety
and fear. A little later, the Hullian neo-
behaviorists Dollard and Miller (1950)
tried to apply behavioristic ideas to clini-
cal and personality issues and later still
Hobart Mowrer (1960) attempted to cap-
ture many other emotional states in be-
havioral terms.

Although he reviewed Hull’s ma-
jor book, Skinner rarely cited any of the
Hullian work and then only to criticize it.

Cumulative record

/

He felt no obligation to relate his work to
the work of others, and almost never re-
sponded to his rivals or critics. In an in-

Figure 2.1 Skinner’s first cumulative recorder. With each
click of the feeder disk, the recording pen moves down-
wards. As the drum turns, a cumulative record like the one

terview near the end of his life Skinner on the right is produced. The record is upside down because
advised a young psychologist “Never of the mechanical method Skinner used. As usually shown,
argue.”“ It was a principle he followed the record rises as more eating episodes (or operant respons-
with almost no exceptions. Most dam- es) occur, so that faster the response occurs, the steeper the

slope. An event record, showing each response as a “blip,”

aging was hls_fal_lure to re?Pond to a_Iong appears at the top. (From Cumulative Record, 1961, p. 85,
and largely misdirected critique of his by permission.)

work by linguist and political activist
Noam Chomsky (1959) — a polemicist at least Skinner’s equal — which, in the absence of any
response from Skinner, proved devastating. (A later rebuttal by MacCorquodale, 1970, was too
little, too late.) In a private letter, Skinner averred “Chomsky simply does not understand what |
am talking about.” (Andresen, 1991) True, perhaps; but by not responding, Skinner missed an
opportunity to instruct both his critics and himself. Debate dissolves error; silence crystallizes it.
The evolution of the rat apparatus continued. Eventually, of course, Skinner saw that the
runway was redundant and discarded it. The rat was allowed to produce food by moving a cover
over a food tray. In the final adaptation of what had become the Skinner box (Skinner always
preferred the term “operant chamber”, but only dyed-in-the-wool behavior analysts use it), the
rat simply pressed a little metal lever which then operated the feeder electrically. Skinner was
not the first to come up with a lever-pressing apparatus for dispensing food reward (the Briton,
G. C. Grindley, invented something similar, for guinea pigs, at about the same time), but he must
be credited with the discovery of the cumulative record and of schedules of reinforcement as a
separate topic for experiment. As a result of experience gained during a research project he did
for the Department of Defense during the Second World War — using pigeons to guide missiles

4 A. Machado, pers. comm.
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(the project was abandoned when the advent of the atomic bomb suggested that “pinpoint accu-
racy was no longer necessary’’) — Skinner subsequently abandoned rats for pigeons, which are

Operant Conditioning Procedures
fixed-interval T fixed-ratioN

<— [ —

- T
CUMLUI A- reinforcement N
RFSPONSFS__ — ~
—
Time

Figure 2.2 Schematic cumulative records illustrating performance on two common reinforcement schedules: fixed-interval
and fixed-ratio. Pecks cumulate on the vertical axis, time elapses on the horizontal axis. In each case, reinforcement (i.e., food
delivery) occurs immediately after the first peck to meet the schedule requirement — either a fixed time (fixed-interval) or a
fixed number of pecks (fixed-ratio), since the previous food delivery. Notice that the response rate (slope of the staircase) is
higher on the ratio than the interval schedule.

longer-lived animals, with better vision and more easily controlled by visual stimuli.

Operant Behavior

Lever pressing is an example of what Skinner termed operant behavior: “operant” be-
cause it operates on the environment, and is guided by its consequences. The rat will continue to
press so long as food is forthcoming. (Other behaviorists used the term instrumental behavior
for the same thing, but Skinner always insisted on his own terms: see Box 2.3.) Operant behav-
ior was said to be emitted, in contrast to respondent behavior, which was said to be elicited by a
stimulus. Skinner contrasted “voluntary” operant behavior with the kind of “involuntary” re-
spondent behavior, such as salivation, studied by Pavlov and other students of classical, “Pavlo-
vian” conditioning. The terms “voluntary” and “involuntary” are in quotes because it is hard to
give exact meaning to the notion of voluntariness when the subject is a rat. The point is that the
kinds of activity that are amenable to operant conditioning (i.e., strengthening by consequences)
are those that in people are thought of as voluntary: usually, movements of the skeletal muscula-
ture. Whereas respondent behavior refers to things like salivation, heart rate or the galvanic skin
response which may occasionally be altered by indirect voluntary means (imagining a tragedy to
induce crying, for example), but are not directly susceptible to operant reinforcement.

Box 2.3 Epistemological Isolating Mechanisms

The first step in the evolution of a new biological species is reproductive isolation. A
population may be split apart by geological changes — opening up of an ocean barrier or a
desert, for example (this is termed allopatric speciation). Or changes may take place in
widely separated colonies of a single population (sympatric speciation). In sympatric
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speciation, the first change is often in the signals between the sexes that lead to mating.
For example, the American cowbird, Molothrus ater, exists in two forms. Eastern and
Western males have different mating calls and Eastern and Western females are differen-
tially sensitive to them: Eastern calls to Eastern and Western to Western. Eventually,
perhaps, these two varieties may evolve into two different species, just because their gene
pools have been isolated from one another. The processes that produce speciation are
termed reproductive isolating mechanisms.

In the academic realm there are epistemological isolating mechanisms.  Fields
that are separated begin to develop different terms for the same idea. Measuring some-
thing is termed quantitation in biomedicine, but quantification everywhere else, for ex-
ample. Whether he was aware of this process or not, Skinner accelerated the isolation of
radical behaviorism from the rest of psychology by insisting on unique terms for familiar
concepts: operant for instrumental, conditioned reinforcement for secondary reinforce-
ment, contingency for dependency, respondent for autonomic or classically conditioned,
ontogenic for ontogenetic, phylogenic for phylogenetic, etc. Acceptance by a Skinnerian
journal is aided, and by a mainstream journal retarded, by use of Skinnerian terms. And
so the new species evolves — or goes extinct.

The concept of “emission” of operant behavior is important. It represents Skinner’s
recognition that operant behavior must occur spontaneously before it can have consequences or
be guided by them. Apart from a few general comments about engineered environments that
might conduce to “novel repertoires” (e.g., in his book About Behaviorism), Skinner never in-
quired systematically into the nature of the process that generates operant behavior in advance of
any opportunity for reinforcement. The manufacturer of Rolls-Royce automobiles in their arro-
gant heyday, when asked about the power of its cars, is said to have responded “sufficient.” By
his silence on the problem of origins, Skinner conveyed this message about the range of sponta-
neous behavioral variation: variation is generally sufficient to allow for not just some act, but the
correct, adaptive act, to be rewarded and strengthened. But Skinner’s acknowledgment of behav-
ioral spontaneity, no matter how incompletely he defined it, was a critical advance in our under-
standing of the process of instrumental learning.

Reinforcement Schedules

Just as Hull’s research depended on, and was to some extent shaped by, statistical tech-
niques, Skinner’s grew out of the cumulative recorder (Skinner, 1976¢). This method of record-
ing requires a repetitive response, like eating, lever pressing or pecking a disk; it draws attention
to the temporal spacing of behavior, represented as a local rate — the slope of the record. And a
cumulative recorder operates unattended, allowing for very long-term experiments. All these
tendencies were further encouraged by Skinner’s next discovery, which arose from his first prin-
ciple: some kinds of research are easier than others. As he tells it in A Case History..., one
weekend he ran out of food pellets (which had to be laboriously made by hand at that time).
Unwilling to interrupt his research until more could be bought on Monday, he decided to aban-
don the standard practice of giving food to the rat for every response. Instead, he delivered a pel-
let only once a minute, i.e., for the first successful “response” (cover displacement) a minute or
more after the previous one (this would now be termed a fixed-interval schedule of reinforce-
ment). Rather to his surprise, his rats continued to respond, and their responding stabilized (ap-
parently) at a steady rate. The responding probably was not yet stable, because typical behavior
for animals long trained on a fixed-interval schedule is not a steady rate, but a pause after each
food delivery followed by responding at an accelerating rate until the next food delivery (see
Figure 2.2). Response rate — number of lever presses or key pecks averaged over times ranging
from a few minutes to several hours — was to play a central role in Skinnerian psychology.
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Skinner believed rate to be a measure of response probability, and thought it of fundamental im-
portance — although he never effectively justified either belief.

In this way, beginning with the study of reflex-like eating behavior, Skinner, his students
and collaborators, were led to devote the next few years to the study of reinforcement schedules.
A massive, untidy compendium of the early work, Schedules of Reinforcement, written with col-
laborator Charles Ferster, was published in 1957. In rather haphazard fashion, it presented hun-
dreds of cumulative records from dozens of pigeons trained often for many hundreds of hours
under various schedules (see Figures 2.2 and 2.3). Details of presentation may have seemed un-
important at the time, because of the striking regularities visible in the cumulative-record pat-
terns the pigeons produced under various schedules.

Schedules of Reinforcement is organized atheoretically: not in terms of processes, but in
terms of procedures. (Indeed, I can still recall my surprise as a graduate student in Skinner’s
pro-seminar at Harvard at his insistence that we learn first the vocabulary of reinforcement
schedules, terms like “multiple schedule,” “concurrent chain” and the like. He seemed much less
interested in exploring the conceptual basis for the approach, or even in analyzing specific data.)
Time-based schedules were termed either fixed or variable interval, according as the time be-
tween food opportunities was fixed or determined by some irregular rule. In both fixed- and var-
iable interval schedules, the time is initiated by a feeding episode (for which the term positive
reinforcement was now mandated). In differential-reinforcement-of-low-rate or spaced-
responding schedules the timer is reset by each response — so that the animal must wait a fixed
number of seconds between each response if it is to get food (most animals find this very diffi-
cult for delays longer than 20 or 30 s). In ratio schedules, the first response after a fixed or vari-
able number of responses since the previous reinforcement is reinforced. Ratio schedules typi-
cally generate high rates of responding (see Figure 2.2).

Pigeons easily learn to attend to the color of the transilluminated disk they must peck to

fixed-interval
(GREEN key)

fixed-ratio
fv' (RED key)

cumulati
respon;y

Multiple Schedule

B
time

Figure 2.3 Schematic cumulative record of performance on a multiple fixed-interval, fixed-ratio
schedule.
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get food. Skinner very quickly found that if food is delivered only when the pecking disk
(termed a response key) is GREEN (say) and not when it is RED, pigeons will soon cease to re-
spond when the RED light comes on. More interestingly, if the schedule of reinforcement when
the key is GREEN is different from that when it is RED, pigeons will eventually come to display
in the presence of each color the cumulative-record pattern typical of each schedule. This is an
example of stimulus discrimination, although the Skinnerian term stimulus control was pre-
ferred. The successive-discrimination procedure was termed a multiple schedule. Figure 2.3
shows an example of behavior on a multiple schedule.

Pigeons will learn to peck a key if pecks change the color of the key to a color that has
been paired with food. For example, in the presence of a RED key, pecks may be paid off on a
fixed-interval schedule by a change in the key color to GREEN. In the presence of GREEN
pecks are paid off on a fixed-ratio schedule with food. After food reinforcement, the key chang-
es to RED once again and the cycle is repeated. Af-
ter experiencing several hundred repetitions of this
procedure, usually spread over many days, the pat-
tern of behavior in each of the two links will begin
to look like the standard pattern for each schedule,
obtained after extended training with food rein-
forcement alone. A procedure like this is termed a
chain schedule, and the number of “links” can be
extended to five or six, with the final link the only
one to end with food, before responding in the early
links begins to fall off (i.e., to extinguish). Many
changes can obviously be rung on the theme of

Figure 2.4 Cumulative records of steady- stimuli and reinforcements presented in various se-
state performance on a multiple fixed-interval | duences and the set has not been exhausted by the
fixed-ratio schedule. Each curve is from a | legions of operant conditioners who learned these
different species. Skinner writes “Pigeon, rat, | methods and explored their implications in the years
E“fé?';?fégéh'ﬁhgﬁ) Vth\Z é; gogstg;thfé‘iv“fgt-; after the publication of Schedules of Reinforcement.
“no reputab,lelstudent of a):limal behavior has Itis Im_portant not to_ undergstlmate _the

ever taken the position that...species’ differ- | €NOrmMous excitement associated with the discovery
ences are insignificant.” (1966, p. 1205), but | Of reinforcement schedules. The older, between-

he never explained how they are significant. groups method estranged the experimenter from his

subject matter. He dealt not with animals and acts,
but with averages and statistical tests. In this context, the power of Skinnerian techniques and
the direct contact they offered with individual experimental subjects, was intoxicating. The visi-
ble and orderly output generated moment-by-moment by each subject, the lack of any need for
inferential statistics, the amplification of research effort made possible by automation (Skinner-
ian experiments were soon run automatically by a system of electromagnetic relays, timers and
counters), and the new world of possibilities opened up by the reinforcement-schedule idea gen-
erated a heady atmosphere among operant conditioners in the 1950s and 1960s. The fact that
many different species, from mice through monkeys to men, seemed to show essentially the
same response patterns on a range of schedules (see Figure 2.4), just underlined the apparent
universality of reinforcement schedules as global determiners of behavior.

Murray Sidman, a student of Keller and Schoenfeld (see below) at Columbia, in 1960
published an influential methodological book, The Tactics of Scientific Research, that provided a
systematic rationale for the whole approach. Sidman’s provocative book was a landmark. It
gave a reasoned justification for what came to be known as “within-subject” research (as op-
posed to the “between-group” approach of Hull and all other behaviorists) via the notion of be-
havioral reversibility. For example, the distinctive pattern of responding that can be observed on
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fixed-interval (FI) schedules — a pause in responding after food, followed by responding at an
accelerating rate until the next food reinforcement (see Figure 2.2) — can usually be recovered
after intervening training on some other procedure. The “FI scallop” is a reversible property of
behavior. Once this concept was accepted, it became possible to carry out extensive experiments
on reinforcement learning with a handful of subjects. So long as one was careful to restore be-
havior to the “baseline” in between experimental conditions, the effect of different independent
variables, such as stimuli or other schedules, could be repeatedly measured in the same individu-
al subject. In recent years, the limitations of the reversibility idea have become more apparent
(see, for example, Davis, Staddon, Machado, & Palmer, 1993; Dragoi & Staddon, 1999; and
Staddon, 1993). But at the time, it was a liberating notion that permitted a vast simplification of
research design and a new directness in the experimental analysis of behavior.

As the automation of schedule experiments grew increasingly easy, emphasis shifted
from the cumulative record to elapsed-time measures and electromechanical counter totals of re-
sponses and reinforcers. There no obvious limit to the number of different response keys with
which a pigeon may be simultaneously confronted. Soon a whole industry arose to study the
topic of choice, defined as the relative rates (number of responses divided by elapsed time) of
pecking on two or more simultaneously available response keys, each associated with a different
intermittent schedule of reinforcement. (Such arrangements are termed concurrent schedules).

In the early 1960s, Skinner’s student Richard Herrnstein (e.g., 1961, 1970)° noticed that
under many conditions animals long exposed to a pair of intermittent schedules tend to stabilize
at rates of response such that the average payoff probability (total reinforcers divided by total
responses, counted over a few hours) is the same for all alternatives, an important relation known
as the matching law. (Relations between averages like these came to be known as molar laws, as
opposed to molecular laws that dealt with individual responses.) Many papers were published
on the topic of matching in the years following Herrnstein’s 1961 paper (see Davison & McCar-
thy, 1988; and Williams, 1988, for reviews; and the collection of Herrnstein’s papers edited by
Rachlin & Laibson, 1997).

The experimental analysis of behavior, as the Skinnerian movement called itself, grew
exponentially during the 1950s and 1960s. Two new journals were founded, the Journal of the
Experimental Analysis of Behavior (for basic research, largely with animals, in 1958) and The
Journal of Applied Behavior Analysis (for clinical research, largely with people, in 1968). A lit-
tle later a general journal, The Behavior Analyst, and a philosophical journal, Behaviorism (now
Behavior and Philosophy), appeared. Skinnerian research became a microcosm of psychology in
general, dominated by the ideas of one man. A substantial body of experimental work was pro-
duced, but very little theory. The matching-law people were interested in molar functional rela-
tions, that is steady-state relations between aggregate measures such as response and reinforce-
ment ratios. But, in accordance with Skinner’s strictures, there was little interest in “underlying
processes.” The discovery of orderly functional relations was assumed by many Skinnerians
(now increasingly calling themselves behavior analysts) to exhaust the possibilities of the scien-
tific study of behavior. Powerful experimental methods were developed and many such orderly
relations were discovered.

This growing body of empirical work was put to polemical use however. Skinner’s as-
sertions on the general topic of a “technology of behavior” grew increasingly bold in the 1960s,
culminating in his 1971 best-seller Beyond Freedom and Dignity. The book made recommenda-
tions about the criminal justice system, education and the “design of a culture.” Laboratory re-

5> Some decades later, Herrnstein died prematurely just before the publication of a book that became famous in a
circle much wider than Skinnerian operant conditioning. The Bell Curve (Herrnstein & Murray, 1994) is a contro-
versial discussion of the role of intelligence, class and race in American life.
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search on operant behavior was held up in support of these expansive claims. 1 will look at the
validity of these arguments in the next two chapters.

Behavior Analysis International

Skinnerian techniques and ideas were spread all over the world by Skinner’s students,
postdoctoral associates and the foreign scientists who visited the laboratories at Harvard or Co-
lumbia. The Columbia lab. was especially important. Fred Keller (1899-1996), a close friend
and fellow graduate student with Skinner at Harvard in the early 1930s, went on to Columbia and
was a major force in spreading the behavior-analytic word. Keller, a gentle and amiable man and
much-beloved teacher, together with a younger somewhat less lovable colleague, William
Schoenfeld, wrote the first Skinnerian text in 1950. Keller visited Brazil for a year in 1961 (the
first of several such visits), learned Portuguese and helped found the Department of Psychology
in Brazilia in 1964. The approach was carried forward by Carolina Bori and (until a military
takeover a few years later which devastated the universities and destroyed the lives of many aca-
demics) by Rodolfo Azzi.

Brazil might be called the “Australia of psychology.” Everyone knows the story of how
in Australia marsupials, an order little represented elsewhere, have radiated into niches occupied
in the rest of the world by placental mammals: a marsupial wolf, a marsupial deer (the kangaroo)
a marsupial rat, and so on. Skinnerian psychology in Brazil has radiated into niches occupied
elsewhere by other intellectual species. Thus, in Brazil we can find behavior-analytic cognitive
psychology, behavior-analytic developmental psychology, behavior-analytic personality psy-
chology, and so on. It is a sociological version of the evolutionists “founder effect,” the founder
in this case being Fred Keller. (Cognitivist critics of Skinner may take comfort in the Australian
analogy, feeling that they represent placentals to Skinner’s marsupials. They should not cele-
brate prematurely; the question of extinction is not yet settled!) Skinner and Keller were not the
only influences on Brazilian psychology, of course. But the role of radical behaviorism as the
founding approach has produced interesting intellectual conjunctions — between Skinnerian and
Piagetian approaches, for example — not seen in the U. S.

Other early Skinnerian colonies were established in Britain at Birkbeck College in the
University of London and Bangor, University College of North Wales, at Liége in Belgium, at
Keio University in Japan and, later, at the University of Auckland in New Zealand. Two Mexi-
can behaviorist groups were formed in Mexico City, one in the Harvard tradition (Coyoacan) the
other influenced more by Columbia (Iztacala). Although the number of nonclinical radical be-
haviorists has probably declined slightly from a peak in the mid-1970s in recent years, they are
to be found in very many psychology departments, large and small, throughout the world. Radi-
cal behaviorist ideas have diffused widely into other areas, particularly psychotherapy and in ed-
ucation where Keller’s work has been especially important. A recent development is the incor-
poration of behavioristic and behavioral-economic ideas into the education of business students
in Sardinia.

What has not happened (outside Brazil) is any significant fusion of radical behaviorism
with other psychological approaches. Why this is so will become apparent later.

Skinnerian Explanation

How odd it is that anyone should not see that all observation must be for or against some
view if it is to be of any service! (Charles Darwin, 1863)°

Skinner consistently avoided anything approaching a real theory of learning. Although he al-
ways admitted the possibility of theory, defined as “a formal representation of the data reduced to

& Darwin, F. (1903, p. 195)
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a minimal number of terms” (1950, p. 69), his most frequent comments are highly critical. Histo-
rian Laurence Smith summarizes his views as follows:

Skinner admits that “theories are fun,” but he insists that the activity of conjecturing is
less efficient than that of observing. Conjecturing appeals to the investigator “whose cu-
riosity about nature is not equal to his interest in the accuracy of his guesses.” MoreoVver,
conjecturing is said to be “wasteful,” to create “a false sense of security,” and to lead to
“useless” and “misdirected” experimentation, “bootless theorizing,” and the necessary
loss of “much energy and skill.” (1986, p. 272)

In other places, Skinner acknowledged a place for theory of a limited sort. His book Contingen-
cies of Reinforcement is subtitled A Theoretical Analysis, but the “theory” is very far from the
kind of formal system favored by other learning theorists and scientists in other areas. Skinner
never met a theory he really liked and never developed anything approaching a formal theoretical
system. The kind of explanation for behavior favored by Skinnerians is of a very different sort.

Skinner’s central explanatory concept is the idea of reinforcement, defined more or less
as Edward Thorndike defined it in his Law of Effect. Skinner defined reinforcement, as he de-
fined most things, by experimental example. He first describes training a pigeon to stretch its
head upwards by reinforcing with food any movement that goes above a line that is continually
adjusted upwards (this general technique is known as “shaping by successive approximations”).
He then goes on to define reinforcement as follows: “The barest possible statement of the pro-
cess is this: we make a given consequence contingent [dependent] on certain physical properties
of behavior (the upward movement of the head), and the behavior is then observed to increase in
frequency.” (Skinner, 1953, p. 64) Any event which will have this frequency-increasing effect if
made contingent on behavior — on more than one type of behavior, preferably, so that the defi-
nition is not circular — is termed a reinforcer. Skinner appropriated the word contingency for
the dependent, causal, relation between behavior (response) and consequence (reinforcer) neces-
sary for the reinforcer to have an effect.

It is unfortunate that the same word, contingency, is used in two rather different senses: to
mean either causal dependence (Skinner’s sense), or a special kind of predictiveness (the usage
common in non-Skinnerian learning psychology). | will try and make clear when | use the word
just which sense is intended.

There are two key terms in Skinner’s definition of reinforcement: contingency and fre-
quency (or probability). It turns out that the way in which behavior determines the occurrence of
a reinforcer makes a very great deal of difference to the effectiveness of the reinforcer. The sin-
gle term contingency in fact refers to at least three properties: reinforcement probability, delay
and (in a different, later, sense) contingency. The less likely a reinforcer given a response, the
weaker its probability-enhancing effect (probability). The longer the time delay between the be-
havior and the occurrence of the reinforcer, the weaker the effect of the reinforcer (delay). And
the more likely a reinforcer is to occur in the absence of the response, the less the effect of those
reinforcers that are response-produced (contingency, in the non-Skinnerian sense of a particular
kind of predictiveness). The details of these effects are not important. What matters is that the
effect of a reinforcer is closely related to what might be termed the predictiveness of the re-
sponse: to the extent that a response is a reliable predictor of a reinforcer, the response will tend
to increase in frequency. Thus, the effects of reinforcers are much more complex than the sim-
ple, automatic response-strengthening (for Skinner response “strength” is equivalent to response
probability) that Skinner’s account implies.

The importance of predictiveness in Pavlovian conditioning was also beginning to be un-
derstood in the 1960s: Pavlovian conditioning, like operant conditioning, is facilitated by short
delays between conditioned and unconditioned stimuli (the unconditioned stimulus, US, is just a
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reinforcer in another guise), by high probability of CS-US pairing, and by absence of USs un-
paired with the CS. (The important paper here is by Robert Rescorla, 1967.) Thus, it was natural
for Skinner to combine the two types of relation, Pavlovian (stimulus-reinforcer) and operant (re-
sponse-reinforcer) into what he called a three-term contingency involving stimulus (now termed
a discriminative stimulus), response and reinforcer. True to his principles, Skinner never formal-
ized this idea. But it implies an organization of behavior into a collection of more-or-less inde-
pendent units, by now termed operants, each defined by classes of responses and stimuli that
jointly predict the occurrence of the relevant reinforcer. Skinner changed the definition of the
response away from either a physical movement or set of physical movements — or some kind
of cognitively defined act — to that class of physical movements that are effective in producing
a given reinforcer. The discriminative stimulus was by implication defined in a similar way (see
Staddon, 1967).

From an experimental point of view, this framework was very fruitful. For example, be-
ginning with a seminal study by George Reynolds (1961) a whole group of experiments by
Reynolds and others began to look at interactions between operants (i.e., at violations of the in-
dependence assumption). The concept of stimulus control was experimentally refined through
various techniques for measuring stimulus generalization, a concept due to Pavlov. But Skin-
ner’s discovery of reinforcement schedules was helpful here, because an intermittent schedule
allows for many unreinforced responses before the animal quits. A famous experiment by
Guttman and Kalish (1956) pioneered the technique. Pigeons were trained to peck, on a varia-
ble-interval schedule of food reinforcement, a key transilluminated by monochromatic light (at a
wavelength of 550 nm, spectral green). Then, food delivery was discontinued and the wave-
length was changed randomly every minute. The pigeons nevertheless continued to peck for an
hour or more, because of the persistence built in by their training on an intermittent schedule.
But the rate at which they pecked depended on the wavelength: the farther from 550 nm, the
lower the rate. A plot of average rate against wavelength took a peaked form (with the maximum
at 550 nm, the training value) that was to become familiar in subsequent years as numerous ex-
periments were carried out with other
species and stimulus dimensions (Figure

> 2.5). Once again, Skinnerian methods
o A had allowed a hypothetical process —
‘é A FA Pavlov’s notion of stimulus generalization
@ Ih ( “ — to be made visible. Thereafter, Skin-
2 20 / 4‘\ \ ner was frequently to evoke “generaliza-
e / \/ I’ \ “ tion” as an explanation for complex as-
S ! Y \ ] 1 pects of human behavior, even in situa-
] / /\\ / \/ \ \ tions far removed from the discrimination
£ 10 7 y of wavelength.
l.-' / "/ \ \ The notion of reinforcement was
t / 7= \; also expanded, using chain schedules as a
L /’ W\M—_— model. In a two-link chain schedule, the
0 = - - pigeon pecks a RED key (say) for the re-
inforcement offered by a change to
Wavelength GREEN, in the presence of which pecks
lead to food. The GREEN key was said
Figure 2.5 Generalization gradients of wavelength ob- to be a conditioned (or secondary) rein-
tained from pigeons trained with four different S+ wave- forcer. Although each link in the chain
lengths (arrows). From Guttman and Kalish (1956). appears to act as a reinforcer for respond-

ing that produces it, the whole thing soon
collapses if the final food reinforcement is omitted. When there is no food, pigeons soon cease
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to peck for conditioned reinforcement alone. A stimulus paired with many different reinforcers
(food, water, sex) was said to be a generalized reinforcer — money was used as a human exam-
ple. But there are in fact few examples of generalized reinforcers in the animal-research litera-

ture.

Operant Psychology and Economics

Operant behavior is behavior “guided by its consequences.” Most behavior is guided by
its consequences, according to Skinner. Hence, most behavior is operant behavior. The view
that behavior is affected by outcomes should sound familiar: it is in fact the core assumption of
neo-classical economics. Economics is the most thoroughgoing application of the idea that be-
havior adjusts in such a way as to achieve a desired outcome. Economics assumes that if you
know the payoffs for all the strategies available to a person, he will always choose the best one.
The differences between economics and Skinnerian behaviorism are differences of emphasis and
method. In economics, the usual “reinforcers” are money and goods. In behavioral psychology
they are food (for animals) and money, but also less-well-defined things like “attention,” for
people. Economics is more concerned with average behavior of groups of people. As we have
seen, Skinner’s student Herrnstein and others in the 1960s also became interested in so-called
“molar” behavior, but of individuals rather than of groups. The behavior-analytic method is pri-
marily experimental; Skinner explicitly avoided formal analysis of reinforcement effects. Most
economists are uncomfortable with experiments, but they have developed the formal theory of
utility maximization to a high level: Nobelist Herbert Simon has called it ““...an impressive body
of descriptive...theory which rivals in mathematical beauty and elegance some of the finest theo-
ries in the physical sciences.” (Simon, 1978/1987, p. 19)7 Others are less complimentary (e.g.,
von Mises, 1950), but the formal approach to economics has so far trounced other more intuitive,
less mathematical, approaches — and experimental economics is still a marginal field.

Explaining behavior in terms of reinforcement is very similar to explaining behavior in
economic terms. Both methods explain in terms of outcomes, reinforcement in the first case, the
bundle of goods acquired in the second. There are small differences, however. The neo-classical
method in economics is straightforward. The ingredients are the individual’s preference struc-
ture and the set of constraints to which he is subject. The preference structure (the well-known
indifference curve is one way of representing a preference structure — see Box 2.4) is the set of
values (utilities) someone attaches to different quantities of the various goods available to him.
The set of constraints is the limitations, of budget, time or work schedule, that limit the total
quantity of goods he can get. The economist’s method is to calculate the allocation of resources
(money, time, work, etc.) that will maximize the utility for the subject, given his preference
structure and the constraint set.

The reinforcement-theory method is different, although its aim — explaining the sub-
ject’s allocation of resources (behavior, usually) under a given schedule — is the same. The dif-
ference is that reinforcement theory, despite its emphasis on consequences, is not a pure theory
of outcomes. As we will see when we get to Skinner’s discussion of the “superstition” experi-
ment, reinforcement is also interpreted mechanistically, as something that strengthens or selects.
It has temporal properties: the closer a reinforcer follows a given behavior, the stronger its
strengthening effect. This is known as the delay-of-reinforcement gradient. Because of its in-
formality (economists would say “vagueness”), Skinnerian reinforcement theory is harder to dis-
prove than economic maximization theory.

" A mathematical physicist colleague encountered a mixed group of physicists and mathematicians at the Santa Fe
Institute. He was surprised to find that “the economists were much more mathematically rigorous than the physi-
cists.” The foundations may be shaky, but the building is perfect...
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Box 2.4 Indifference Curves

You like CDs and pizza. You have a fixed amount of money, say $100. Pizza is $5 a slice, a CD
costs $10. How should you allocate your $100 between the two? There will obviously be some sort of
tradeoff. The indifference curve idea shows how to do it. Assuming (and it is a big assumption!) your
preference structure is stable (your preferences don’t change), the following experiment will answer the
guestion. You are presented with pairs of bundles. Each bundle is x amount of pizza and y CDs. You
are asked which bundle you prefer and x and y are adjusted such that you are indifferent between Bundle
A, which has xa pizza and ya CDs and Bundle B, which has xg pizza and ys CDs. Then Bundle A is held
constant and xg and ys are varied to find a whole set of B-bundles that are all rated equal to fixed Bundle
A. The values of xg and ys when plotted against each other trace out an indifference curve, which is usu-
ally “convex to the origin” as in the figure. If Xa and ya are now both increased, the procedure can be re-
peated and a second curve generated. In this way a whole set of curves can be drawn, all looking like the
ones in the figure.

Your allocation problem can now be solved graphically. Your budget totals $100. Since CDs
cost twice as much as pizza slices you know that for any allocation 2P + C = 100, where P is the number
of pizza slices and C is the number of CDs (fractional CDs are permitted, for simplicity). You can plot
this straight line, the budget constraint, in the graph. Then, the place where the line just touches the high-
est (furthest from the origin) indifference curve gives you your optimal allocation — because higher in-
difference curves are preferred to lower ones, and this is the highest one within your budget constraint.
So, in the graphical example, you settle for spending about $50 on pizza and $25 on CDs.

Economists don’t actually do experiments like this, of course. But they can imagine them and
they deduce the form of the curves from more general assumptions like diminishing returns — the more
you have of something the less each little additional bit is worth to you; and non-satiation — more is al-
ways better.

Reinforcement is usually studied experimentally, and it turns out to be quite easy to de-
vise experimental conditions in which both animal and human subjects behave sub-optimally:
they fail to act in such a way as to maximize frequency of reinforcement, for example, even
though the optimal behavior is
apparently well within their ca- 100
pacities (Box 2.5; see also Mazur,
1981 and Staddon & Hinson,
1983). Such data pose problems
for a simple economic approach.
Human beings in the real world
doubtless also fail to act optimal-
ly, but because realistic experi-
ments (with substantial rewards
and punishments, etc.) cannot eas-
ily be done, because the real 0 .
world is complex, and because 0 50 100
economists have become extraor- No. of CDs
dinarily ingenious optimality the-
orists, these failures were largely
ignored by economists until quite
recently. The new movement that calls itself socio-economics, for example, seeks to explore the
psychological and social determinants of economic behavior. See the collection of papers edited
by Amitai Etzioni (1991).

Operant psychologists were for years reluctant to see the convergence between their ap-
proach and neo-classical economics, but in the mid-1970s several behavioral psychologists more
or less independently noted the resemblances and attempted to explain a number of rein-

budget line

50 +

indifference curves

No. of Pizzas
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forcement-schedule effects in economic terms. At about the same time, a number of economists
began to see that the economic approach might be applied to human psychological topics such as
marriage, education, family size, and crime. Several papers discussing the relevance of econom-
ic ideas to psychological and biological problems are collected in Staddon (1980). The econom-

Box 2.5: Non-optimal Behavior in Pigeons and People

Here is a very simple situation in which pigeons fail to show optimal behavior. The diagram
shows a single cycle of a procedure called a response-initiated-delay schedule (Wynne & Staddon,
1988). Sixty or a hundred such cycles constitute a daily experimental session for a hungry pigeon.
The cycle begins with brief access to food. Then the pigeon can wait as long or as little as it likes
before making his first key peck. The time it waits is labeled t.

wait: t delay: T
FOOD| | |FOOD

respond

After it responds, a computer-controlled clock starts running and goes for T seconds, at which point
food is delivered again. The optimal behavior in this situation is very easy to figure out: the pigeon
should respond as soon as it can after food, time t should be set as short as possible — so that the
post-peck clock can begin running as soon as possible. Pigeons don’t do this. Instead they set time t
so that it is a fraction of the total interfood interval, t + T, that is about the same as if the whole time
had been fixed at that value by the experimenter. For example, suppose that time T is fixed at 15 sec-
onds; the pigeon’s waiting time, t, will be about 5 seconds, the same as if the experimenter had ar-
ranged for the total interfood time, t + T, to be set at 20 seconds, independently of waiting time.
Thus, the pigeon reliably gets food 5 seconds later than necessary.

The limitation here is not one of capacity, in any obvious sense. Pigeons are perfectly capa-
ble of waiting a short time after food under other conditions. It is a limitation on the process or
mechanism that governs the way that pigeons adapt to temporal regularities.

Lest you think people are significantly smarter, there are situations in human life that work
very much along these lines. Who hasn’t attended a regular meeting run by a chairman who often
comes a little late. The members begin to adjust to the wait by turning up a little late; the chairman, in
turn, adjusts to their tardiness by turning up a little later. The meeting begins later and later until
someone calls a halt.

ic approach to psychological problems is also discussed in McKenzie& Tullock (1981). See also
the series Advances in Behavioral Economics, edited by Green and Kagel and Nobel prizewinner
Gary Becker’s The Economic Approach to Human Behavior. F. A. Hayek and others in the Aus-
trian school anticipated some of these ideas; see, for example, L. von Mises Human Action.

*kkk

| have taken some space to describe the details of the operant conditioning method and experi-
mental results, so that when we get to Skinner’s extrapolations of these data and methods to hu-
man affairs, the nonexpert reader can judge for himself the extent to which they are justified. It
should already be obvious that the resemblance between the operant behavior of a pigeon and the
operant behavior of a human being is by no means as close as the resemblance between human
and animal cells, for example. There are undoubtedly great similarities between pigeons and
people. Both will work for reinforcement and when the schedules are the same, the pattern of
behavior is also often the same. But the resemblances are at a rather general level. People are
sensitive to some schedule properties—sequential, numerical or linguistic properties, for exam-
ple—that pigeons are not. Food, water and sex are reinforcers for people as well as pigeons, but
people are reinforced in many other ways, many of them not reducible to “conditioned rein-
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forcement.” In the animal laboratory, conditioned reinforcement is almost invariably a rather
weak effect that disappears rapidly once the sustaining primary reinforcement (such as food) is
withdrawn. Often the task for the psychotherapist is to weaken the power of a particular rein-
forcer (gambling or a narcotic drug, for example), rather than simply to apply acceptable rein-
forcers in more effective ways. Research on reinforcement schedules is much better suited to the
latter task than the former. A clever experimenter can easily devise a reinforcement schedule to
produce almost any pattern of behavior. But the Skinnerian system is almost silent on what
makes a reinforcer reinforcing, and so has nothing to say on why it is, for example, that some
people are excessively “reinforced” by gambling wins whereas others are completely immune to
this source of reinforcement, no matter how cleverly scheduled. The idea of “conditioned rein-
forcement” probably does not apply to things like narcotics (although it may invest paraphernalia
with some charm), and in any case, the experimental evidence for this notion is equivocal. We
will see other difficulties posed by Skinner’s extrapolations from pigeons to people in a moment.
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Chapter 3: Radical Behaviorism, 1I: Animal Models

In the South, in the days before air-conditioning, many children reached adolescence thinking that
“damn fly” is one word — like “animal model” for most biomedical scientists. Biomedical re-
searchers are interested in animals mainly as compliant experimental material to be studied as aids
to human betterment. The squid is no one’s favorite pet, but attracts experimental attention be-
cause its neurons are larger and more accessible than human neurons and seem to function in much
the same way. Rat kidney, baboon liver and sea-slug (Aplysia) nervous system are all studied for
similar reasons. Although B. F. Skinner never considered himself a biomedical scientist, his inter-
est in rats and pigeons was strictly of the animal-model variety. He was unimpressed by the grow-
ing body of work pioneered by zoologists W. H. Thorpe, Konrad Lorenz, Niko Tinbergen, Karl
von Frisch and their students on species differences and the instinctive and natural behavior of an-
imals (see Shettleworth, 1998, for a recent textbook on animal learning in this tradition). The rich
findings of ethology, as the zoological approach to animal behavior came to be called in the 1950s,
were of little interest to Skinner—or, indeed, to most of psychology. In the empiricist (contra na-
tivist) behaviorist tradition, Skinner paid scant attention to the genetic and evolutionary factors that
differentiate one animal species from another. (He was even less interested in individual differ-
ences.) This neglect was to cause problems for the Skinnerian approach in the late 1960s.

Despite the biological differences between pigeons and people, and between pigeon in
Skinner box and person in life, the animal-model idea worked powerfully for Skinner. He was as
uninterested in detailed correspondences as his popular audience was unaware of experimental mi-
nutiae. It was a folie & deux (see Box 3.1). To illustrate, | will describe one of Skinner’s most
compelling extrapolations from the experimental laboratory to human affairs, the so-called ““super-
stition” experiment. In the course of this account, we will also see how the first cracks began to
appear in the Skinnerian system.

The “Superstition” Experiment

In his middle and later years, Skinner himself did surprisingly little experimental work to test or
even to exploit his ideas. His students and disciples at Harvard, Columbia, Walter Reed Medical
Center and a few other places did many experiments
using the operant-conditioning method and explored
the world of reinforcement schedules. Almost none
of these experiments was a direct test of Skinner’s
theoretical position, however. Skinner’s proscrip-
tion of the hypothetico-deductive approach — “As
to hypotheses, [my] system does not require
them...” (1938, p. 44) — worked very much in his
favor here. Increasingly, Skinner’s own gaze was
directed elsewhere, to human behavior, which was
always his chief interest. He used experimental re-
sults from the animal laboratory largely to provide
“scientific” support for his analysis of human prob-
lems. Skinner’s classic 1948 paper “‘Superstition’

Food
hopper

in the pigeon” is one of the earliest and most dra- Figure 3.1 A typical Skinner box for
matic examples of this strategy. pigeons. Food — the reinforcer — is de-
The experiment was incredibly simple. livered via a hopper that is raised for a few

Skinner took a hungry pigeon that had learned to eat | seconds. The pecking key was discon-
from an automatic feeder (Figure 3.1) but had re- nected in the “superstition™ experiments.
ceived no other training. The pigeon was placed in

a Skinner box and given brief access to food every 12 seconds (this is the procedure Pavlov called
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“temporal conditioning” — see Figure 1.1). After a few dozen feedings, every pigeon Skinner
tried began to show vigorous, stereotyped activity. This result is surprising, because the bird had
no control over food delivery: all it was required to do was wait, and eat when food became avail-
able every few seconds. The pigeon’s vigorous activity was completely unnecessary.

We’ll see how Skinner turned this unanticipated and potentially damaging result to his own
advantage. The “superstition” paper shows Skinner’s flexibility as an experimenter. It shows his
rhetorical genius. And it shows how he could vault effortlessly from an animal-laboratory curiosi-
ty to the most rarified aspects of human culture — “With one bound, Fred was free!”

Experimental Flexibility

The superstition experiment is unique in Skinner’s oeuvre because it presents observation-
al, rather than automatically gathered, data. Nearly all subsequent experimental papers by Skinner

Box 3.1 Premature Extrapolation

This folie continues to be a persistent theme in the public understanding—or, or more usually,
misunderstanding—of psychology. Every year in August, at the time of the huge annual meeting of the
American Psychological Association when “hard” news is thin, the newspapers are full of studies that
demonstrate some intriguing new fact about human behavior that has supposedly been established by
methods often at least as remote from actual experience as Skinner’s. This “research” is sometimes
highly influential. For example, many years ago, simple experiments with African-American children
choosing (or not) to play with brown and white dolls were thought to show that black children suffer
from lowered self-esteem because of their color (Clark & Clark, 1947). This study, which has been con-
tradicted by later research and added little or nothing to the daily experience of teachers and parents, was
taken to mean that black kids would do better if educated alongside white kids. It was later cited in the
1954 Supreme Court decision that led to the nationwide system of enforced busing to end racial segrega-
tion in schools. Busing may or may not have been a good idea; but the Clarks’ well-intentioned study
just added spurious science — “noise” — to what was at bottom a moral and political issue.

Another example: Generations of misbehaving U.S. schoolchildren continue to receive
“timeouts” or drugs in lieu of real punishment because psychologists are thought to have shown that pun-
ishment is ineffective and intrinsically more damaging than positive reinforcement. How true this is, we
will see later. A particularly persistent example of simplistic extrapolation from the animal lab. is so-
called “learned helplessness,” a phenomenon originally demonstrated by giving dogs severe electric
shocks under very restricted conditions, but promoted as an “animal model” for the varied manifestations
of human depression (Peterson, Maier & Seligman, 1995).

Most recently, a couple of studies purported to show an increase in spatial-reasoning perfor-
mance immediately after exposure to a Mozart piano sonata — the so-called “Mozart Effect.” This ben-
eficial effect of classical music led many parents — and school systems — to make expensive invest-
ments in music stuff. Except that the “Mozart Effect” isn’t: A recent careful study failed to find any dif-
ference between the performance of groups exposed to nothing at all, or music by Mozart or Philip Glass
(Steele, Bass & Crook, 1999; see also Chabris, 1999). These are just a handful of examples from a much
longer list of premature extrapolations from lab. to life.

The problem seems to be that when it comes to psychological research, plausibility, or a catchy
name, often trumps validity. The media, and the public, love a good story, whether it’s true or not. And
there is a serious sociology-of-science problem: It is almost impossible to publish a study that merely
replicates an already-published study — especially if the result is negative. Problems like this have led
recently to a healthy debate about how best to test the validity of Federally funded research that is used
to guide public policy (Cohen & Hahn, 1999). But private citizens who let themselves be influenced by
unreplicated or over-extrapolated research are still on their own.

and other operant conditioners eschewed all but counter readings and cumulative records. Obser-
vational data were generally regarded as unacceptable. Yet the master, more adaptable than his
followers, presented simple, anecdotal observations without apology. To study such a procedure,
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using such a method of gathering data, was a creative departure for someone whose whole career
until that time had been devoted to instrumental learning.

Rhetorical Genius

Skinner’s rhetoric was brilliant, because the results of the experiment — vigorous activity,
despite the absence of any operant response requirement —would by most observers surely have
been interpreted as contrary to his ideas about the indispensability of “consequences” as a molder
of behavior. The pigeon’s behavior had no consequences. So why did it occur? The “condition-
ing” of vigorous skeletal activities by response-independent food delivery might well have been
taken then (as it was later) as strong evidence against Skinner’s view that contingency (his term for
dependency or causal linkage) between response and reinforcer is essential to operant condition-
ing. The obvious interpretation is one that draws on the principles not of operant but of Pavlovian
conditioning. How did Skinner combat what must surely have occurred to him as an alternative
account for his results?

He attacked the problem frontally, in the first paragraph of the paper, by predicting the out-
come of the experiment as a deduction from operant reinforcement theory (yes, theory). Present-
ing new data (whether anticipated or not) as a logical deduction from existing theory has long been
a convention in many areas of experimental science. But Skinner’s choice of this method of
presentation is surprising, because he elsewhere argued repeatedly against the hypothetico-
deductive approach and, as far as | know, followed it in no other paper. Skinner usually advocat-
ed induction, not deduction. Consequently it is hard to believe that his use of the method here was
for anything but purposes of persuasion — a rhetorical device rather than an accurate account of
why he actually did the experiment.

Skinner begins the paper as follows:

To say that a reinforcement is contingent upon a response may mean nothing more than that

it follows the response. It may follow because of some mechanical connection [contingen-

cy] or because of the mediation of another organism; but conditioning takes place presuma-

bly because of the temporal relation only, expressed in terms of the order and proximity of

response and reinforcement. Whenever we present a state of affairs which is known to be

reinforcing at a given level of [food] deprivation, we must suppose that conditioning takes

place even though we have paid no attention to the behavior of the organism in making the

presentation. A simple experiment demonstrates this to be the case. (My italics)
This is a remarkable paragraph. The “may’s” and “must suppose’s” tend to expel from the read-
er’s mind all sorts of inconvenient counter examples. In hindsight, these hidden questions pop into
the foreground: To say that a reinforcement is contingent on a response does not mean only that it
follows the response (contiguity). It also means at least two other things: that reinforcement can-
not occur (or occurs less often) in the absence of the response and that reinforcement occurs more
often if the response occurs more often. Skinner’s rhetoric had the effect of focusing readers’ at-
tention on contiguity to the exclusion of the other properties of a reinforcement contingency. Per-
suading his audience in this way was no mean feat, because in all practical matters causal depend-
ency (the response is necessary for the reinforcer) — which implies all three properties — is the
view that prevails. In clinical behavior modification, for example, an undesirable behavior is abol-
ished by omitting reinforcers normally dependent on it, or by delivering punishment for undesira-
ble behavior (self-injurious behavior, for example); a desirable behavior is strengthened by making
reward dependent on it. In each case, there must be a real causal dependence of reinforcer or pun-
isher on the target behavior.

Response contingency in Skinner’s usual sense (i.e., dependency) is a procedural feature,
not a behavioral process — contingencies must act through some proximal mechanism. Skinner’s
setup for the superstition paper was aided by the fact that the mechanism for reinforcement was
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then widely thought to be nothing more than response-reinforcer contiguity. (Contiguity was also
thought to be the key to learning CS-US relations in classical conditioning.) At the time of Skin-
ner’s original superstition experiment, the inadequacy of simple contiguity theory as an account of
either classical or operant conditioning was not fully understood.

Skinner explained the vigorous, stereotyped behavior of his pigeons in between periodic
food deliveries by means of what he called adventitious reinforcement, that is, accidental conti-
guity between food and a behavior that originally occurs for “other reasons.” His argument begins
with the reasonable assumption that a hungry pigeon is not passive in a situation where it receives
occasional food. Suppose it happens to be doing something towards the end of an interfood inter-
val and food is delivered. The behavior will be contiguous with the food and so, by the reinforce-
ment principle, will be more likely to occur again. If the next food delivery comes quite soon, this
same behavior might still be occurring, and so receive another accidental pairing with food, be fur-
ther strengthened, occur again in the next interval, and so on. By means of this positive-feedback
process, some behavior might be raised to a very high probability. Since there is no real causal
relation between behavior and reinforcer, Skinner called the behavior superstitious — implying a
parallel with human superstitions, which he believed to arise in a similar way.

This plausible account was not based on direct observation of the process described. No
one had actually recorded these accidental response-reinforcer contiguities or the progressive in-
crease in response strength that was supposed to follow them. Indeed, the contiguity view, in this
impressionistic form, is almost immune to disproof. For example, even in 1948 there was some

Box 3.2 On Mechanism

The term mechanism is used in at least two senses in psychology: It may refer to the physiologi-
cal processes that underlie behavior. Or it may refer to the real-time rule of operation that describes the
behavior. An example of mechanism in the first sense would be lateral inhibition, the process that de-
scribes how simple eyes, such as the eye of the Limulus crab, detect contours. If adjacent visual recep-
tors inhibit each other, receptors on either side of a light-dark boundary will be especially excited (on
the light side) or inhibited (on the dark side), allowing the visual system to respond selectively to edges
(see e.g., Kandel, Schwartz & Jessel, 1991). Learning, which involves a large part of the nervous sys-
tem of any animal that shows it, has not yet been (and may never be) reduced to physiological details,
simply because the processes involved seem to be exceedingly complex. An example of mechanism in
the sense of a rule of operation is the feeding system. Feeding involves both learning and regulation.
The learning aspect still awaits an adequate theory, but the regulatory part can be explained to a large
extent by a simple mechanism in which the satiating effects of food are delayed after ingestion. Food is
ingested and generates an inhibitory “satiation signal” that rises with time after each bit of food. Even-
tually, the signal rises above a threshold and the animal ceases to eat for a while until the satiation signal
again declines below the threshold (Staddon & Zanutto, 1997). This is not a physiological model. It is
a behavioral mechanism that explains why eating takes place in meals, how eating changes after an in-
terruption and some aspects of how animals adapt to schedules of food reinforcement. This is the sense
in which I use the word mechanism in this book.

understanding that the delivery of “free” reinforcers on a response-contingent schedule might tend
to weaken the instrumental, i.e., reinforced, response (the depressive effects of free reinforcers
have been repeatedly demonstrated in subsequent years: e.g., Hammond, 1980). This weakening
was explained by the hypothesis that if, for some unexamined reason, a behavior other than the
instrumental response should happen to occur, then by chance it would sometimes be contiguous
with the occasional free reinforcers. This would tend to strengthen “other” behavior and thus, by
competition, weaken the reinforced response. No careful observations were done to substantiate
this hypothesis: Did such competing behaviors actually occur? How often were they contiguous
with free food? What is the form of competition between different acts? Did the frequency of the
instrumental response change before or after such accidental pairings? No quantitative details
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were given: How many accidental pairings are needed to produce how much increment in
strength? How often should unreinforced “other” behaviors be expected to occur? Thus, Skin-
ner’s deceptively simple view is difficult to refute.

The simple contiguity account of operant reinforcement poses a real methodological prob-
lem. It is a hypothesis where the putative cause, is not a stimulus but a relation between the re-
sponse (which is controlled by the animal, not the experimenter) and a reinforcing consequence.
Inability to control the occurrence of the response makes it impossible to be sure of the effect of
any particular pairing between response and reinforcer. For example, suppose the response occurs
and we at once deliver a reinforcer, thus ensuring response-reinforcer contiguity. Suppose that a
few additional responses then occur; have we demonstrated a strengthening effect of contiguity?
Not at all; perhaps this response just happens to occur in runs, so that one response is usually fol-
lowed by others, quite apart from any reinforcing effect. This is not uncommon — a pigeon will
rarely make just one peck, for example. Suppose we reinforce a second response, just to be sure.
After a few repeats, no doubt the pigeon is pecking away at a good rate; have we then demonstrat-
ed an effect of contiguity? Again, not really. By repeating the pairings of response and reinforcer
we have now established a real dependency between response and reinforcer. Perhaps the increase
in pecking is just the result of some other process that allows the pigeon to detect such molar con-
tingencies (covariation between two rate measures) as they are called.

In fact, there is little doubt that animals often learn to make a response after just one re-
sponse-reinforcer pairing. The question is whether persistent behavior that is in fact unnecessary
for the delivery of the reinforcer — superstitious behavior — is the automatic consequence of a sim-
ple contiguity process. The first does not imply the second. The point, of course, is that in the
absence of any proposal for a specific real-time mechanism (see Box 3.2) for the action of rein-
forcement, the hypothesis of adventitious reinforcement is almost unverifiable. Unless behavior in
the absence of reinforcement is highly predictable; unless a single reinforcement reliably produces
an immediate enhancing effect, preferably on more than one response type, the meaning of those
occasional instances where responding seems to increase rapidly following a single contiguous re-
inforcer is ambiguous. A few apparently confirming observations have appeared (e.g., Henton &
Iversen, 1978). But there have been no convincing experimental proofs of the adventitious-
reinforcement hypothesis as a process with anything like the generality often assumed for it.

Grand Extrapolation

No doubt the very obscurity of these theoretical points, together with the simplicity of his
experimental method, combined to add plausibility to Skinner’s deceptively simple account of the
vigorous behavior induced in pigeons (not all species show such effects) by periodic free food de-
livery. But I believe the main reason for the success of this paper, and of Skinner’s other writings,
lies elsewhere: in his ready extension of dry data from the animal operant laboratory to highly sali-
ent aspects of human culture — like superstition. The leap here is quite substantial, from pigeons
posturing in a box to rituals in card games and body language by bowlers and, in Skinner’s later
writings, to religious beliefs. It rests not so much on any convincing isomorphism between the pi-
geon in the box and the human situation — where is temporal contiguity and frequent reinforce-
ment in a card game, for example? — as on the reader’s empathy with the pigeon. “The bird be-
haves as if there were a causal relation...” writes Skinner (p. 171), and the reader nods assent.

Many possibilities are suggested by the two words “as if”’! Is reinforcement the source of
all knowledge? Is human knowledge as much an illusion as the pigeon’s mistaken causal inference
in the superstition experiment? Deists behave “as if” there were a God, scientists “as if”” truth ex-
ists, and all of us “as if” the floor will not open up under our feet. Are all these “superstitions”?
Are all to be explained by reinforcement? As we will see in the next chapter, Skinner, an
unacknowledged pragmatist, would probably have answered “yes” to all these questions.
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Experimental Problems with Skinner’s Account
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Staddon

Skinner’s account of la-
boratory “superstition” stood un-
challenged for twenty years. The
first cracks appeared in 1968 with
the publication of a paper by
Brown and Jenkins on what they
called autoshaping. A subsequent
paper by Williams and Williams
(1969) using the same procedure
established that operant key peck-
ing could be produced and main-
tained by purely Pavlovian proce-
dures. In these experiments, pi-
geons untrained to peck a response
key are simply allowed to experi-
ence occasional pairing of a sev-
en-second key illumination with
access to food. The procedure
reliably produces key pecking af-
ter a couple of dozen pairings —
even if key pecks have no effect at
all. (Or even if pecks actually
prevent food, a procedure termed
omission training.)

A couple of years before
Brown and Jenkins published their
arresting results, Virginia Sim-
melhag and | had repeated Skin-
ner’s 1948 experiment, and ob-
served the pigeons’ behavior sec-
ond-by-second in the brief interval
between feedings from the very
beginning of training. We found
three things that differ from Skin-
ner’s account: (a) The activities
that develop are of two kinds: var-

iable interim activities, that

Figure 3.2 The development of “superstitious” pecking in the Staddon
and Simmelhag experiment. Each panel shows the frequency each day of
two of the induced activities: head-in-feeder (filled circles, solid lines) and
pecking (open circles, dotted lines). The panels show the levels of these
two activities in the six 2-s bins that make up the 12-s interfood interval.
Notice that for the first seven days, head-in-feeder predominates throughout
the interfood interval, including the last two seconds — and is therefore
reliably contiguous with the food in every interval. Nevertheless, on the 8%
day, head-in-feeder drops to zero in the last bin and is supplanted by peck-
ing, which dominates from 6-12 s every day thereafter. (Redrawn from
Staddon & Simmelhag, 1971, Figure 3, with permission.)

43

occur in the first two-thirds
or so of the interfood in-
terval and are rarely con-
tiguous with food, and a
single terminal response,
that occurs during the last
third. When the time be-
tween reinforcers is varia-
ble, the terminal response
is restricted to times of
high food probability and
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interim activities to times of low probability. (b) The terminal response is either pecking or a ste-
reotyped pacing activity obviously related to it; the topography (form) of the terminal response
does not differ from animal to animal in the irregular way Skinner described. (c¢) Terminal peck-
ing does not develop in the accidental
way implied by the adventitious rein-

Box 3.3 Assignment of credit is a technical term from arti-
ficial intelligence (Minsky, 1961) which refers to a problem . .
for all adgptive (systemﬁ: deci?jing which act (OE which forcemgnt .hypOthES'S (Figure 3.2).
property of their internal state) is responsible for good or These flndlngs have been repeated_
bad things that have occurred. Operant conditioning in- | Many times by others and the details
volves assignment of credit in the sense that the organism | are now quite familiar. We now

must discover which action is responsible for the reward or | know that the empirical realities of
punishment. Pavlovian conditioning involves assignment of | superstitious behavior are not as tidy
credit in the sense that it detects which stimulus is the best | as Skinner suggested — and we un-
predictor of reward or punishment. derstand better the gaps in his theo-
retical account. In a lengthy experi-
mental and theoretical paper in 1971 Simmelhag and | described these results and, drawing on our
results and the autoshaping data just described, proposed an alternative account.

Skinner’s theory is deficient in two main respects: First, he minimized the importance of
the processes that originate novel (i.e., previously unreinforced) behavior — we termed these pro-
cesses behavioral variation. Skinner’s exclusive emphasis was on reinforcement as an agent for
response selection (more on Skinner’s Darwinian approach to reinforcement in a moment). Sec-
ond he, and most other behaviorists at the time, accepted contiguity as a sufficient process for re-
sponse selection. Rescorla and Wagner (see Chapter 1) showed later for classical conditioning that
competition is an essential complement to contiguity. In operant conditioning, both contiguity and
competition are necessary for the detection of cause-effect relations. It is the competition for a fi-
nite quantity of “associative value” that endows the influential Rescorla-Wagner model to assess
predictability. Ying Zhang and | (1991and Staddon, in press) have made a similar formal argu-
ment for operant conditioning: contiguity plus competition among action tendencies is sufficient
for an assignment-of-credit mechanism (see Box 3.3) that can detect true instrumental contingency
between response and reinforcer.

This mechanism shows for the first time the limitations on Skinner’s adventitious rein-
forcement idea. It can work, but only if the strengthening effect of reinforcement is almost un-
varying from instance to instance, and if the time between reinforcers is very short. Neither condi-
tion holds in reality: behavior following reinforcement is often highly variable, and superstitious
behavior is abolished at very short interreinforcement intervals. Moreover, we showed that a very
simple mechanism, involving not just contiguity but also competition and short-term memory, can
provide a mechanistic account for “instinctive drift” and other “misbehaviors” of organisms, de-
scribed in an important paper by Marion and Keller Breland, two erstwhile collaborators of Skin-
ner’s. They described a variety of failures of the operant-conditioning method in species ranging
from raccoons to chickens. The Brelands (1960) coined the term instinctive drift for a curious ef-
fect whereby reinforcement for one behavior ends up strengthening another, “instinctive” behavior
that may actually interfere with the reinforced behavior (see Box 3.4).

The “competition” idea is not new, but its relation to contiguity and reinforcement was not
at first understood. The idea is very simple. Let us suppose, with Thorndike, Skinner, and most
other behaviorists, that if food follows immediately on some response, the response will increase
in probability (this idea is much simpler than the truth, but it will do to illustrate my point). When
the response occurs, and no food follows, response probability will decrease. If a response is rein-
forced only intermittently, then it will occur at some intermediate rate, representing a balance be-
tween the strengthening effects of the occasional food delivery, and the weakening effects of oc-
currences not followed by food. Now suppose we give a few “free” food deliveries. Few of these
will be contiguous with the “reinforced” response, but they may be contiguous with something else
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the animal happens to be doing when it isn’t making the “reinforced” response. Now, if these
“other” activities are significantly strengthened, and if they interfere (i.e., compete) with the “rein-
forced” response, then by adding “free” reinforcement we may actually weaken the “reinforced”
response. This weakening is the effect of contingency (in its second sense) that | described in
Chapter 2. The process that Zhang and | proposed is a formal demonstration that competition can
have the effects | have described.

So, response selection seems to involve (at least) both contiguity and competition. As for
behavioral variation, the autoshaping experiments showed that stimulus-reinforcer (CS-US) pair-
ing is sufficient to generate pecking “conditioned” to the CS. Simmelhag and | extended the ar-

Box 3.4 Instinctive Drift

Keller Breland and his wife Marion, students of Skinner who learned their trade training pi-
geons to guide missiles on “Project Pelican” during WW 2 (see Bjork, 1993; Skinner, 1960), later went
into the business of training animals for commercial purposes such as advertising. They found that an-
imal behavior is not so malleable—*“reinforcement shapes behavior as a sculptor shapes a lump of
clay”—as Skinner had proposed. They discovered that even though an animal may be trained to get
food by making Response A, it will under some conditions after a while switch to (ineffective) Re-
sponse B—even though it thereby misses food deliveries. For example, they trained a raccoon to pick up
a wooden egg and drop it down a chute. At first the animal readily released the egg and went at once to
the feeder for its bite of food. But after a while the animal was reluctant to let go of the egg: “He kept it
in his hand, pulled it back out, looked at it, fondled it, put it back in the chute, pulled it back out again,
and so on; this went on for several seconds.” (Breland & Breland, 1966, p. 67). And of course during
this time, the animal got no food. The Brelands called this effect instinctive drift. Animals of other spe-
cies — otters, pigs and squirrel monkeys — are equally reluctant to let go an object that has become a
reliable predictor of food. In another experiment, a chicken had been trained to make a chain of re-
sponses, leading at last to standing on a platform for 15 sec, when food was delivered. After training,
the chicken showed vigorous ground scratching (an apparently innate food-seeking activity) while wait-
ing on the platform. The type of instinctive drift depends on all aspects of the situation. In still another
experiment the Brelands trained a chicken to operate a firing mechanism which projected a ball at a tar-
get; a hit produced food. All went well at first, but when the animal had learned that food followed ball,
it could not refrain from pecking directly at the ball. Thus, when a chicken must stand and wait for
food, it ground-scratches, but when it has a food-like object that signals food, it pecks at it. Information
from several sources combines to determine the “instinctive” response. All these animals in some sense
clearly “know” how to get food. Hence, instinctive drift poses real problems for cognitive and econom-
ic learning theories as well as for Skinner’s account.

gument to suggest that Pavlovian procedures always generate a repertoire of activities conditioned
to the CS. It just so happens that when the subject is a hungry pigeon, the stimulus is highly pre-
dictive, and the reinforcer is food, that repertoire is dominated by pecking. “Classical con-
ditioning,” in short, functions in operant conditioning as one of the major mechanisms of behav-
ioral variation.

All this was important partly because Skinner had proposed a distinction between operant
and respondent behavior — the former “controlled” by its consequences, the latter by Pavlovian
pairing (see Chapter 2). But if skeletal, “operant” responses can be produced through classical
conditioning procedures — as autoshaping and the superstition experiment both show — then
Skinner’s distinction between operant behavior (conditionable only by consequential reinforce-
ment) and respondent behavior (conditionable only by Pavlovian means) loses its generality. Sali-
vation, the prototypical Pavlovian response, is of course physiologically different from pecking
and lever pressing (the prototypical operant responses). Salivation, a respondent, is controlled by
the autonomic nervous system, lever pressing, an operant response, by the skeletal nervous system.
The point is that the terms “operant” and “respondent” add nothing to these physiological differ-

45



Behaviorism Staddon

ences if the terms fail to correspond to sharp differences in susceptibility to operant and Pavlovian
conditioning. Pecking, and a number of other activities in other species, has both operant and re-
spondent properties. Thus, the operant-respondent distinction lost most of its utility.

What of Skinner’s “as if” account? In what sense do superstitious pigeons behave “as if”
their responses produce food? Well, not in the sense that they cannot tell the difference. Peter
Killeen (1978) showed convincingly that when pigeons must respond differentially depending on
whether a stimulus is produced by their own pecking, or by a computer that mimics their pecking,
they do very well indeed. Pigeons can detect extraordinarily small differences in temporal conti-
guity — much smaller than those they experience under the fixed-time “superstition” schedule. If
they continue to peck when pecking is irrelevant it is certainly not because they are unable to dis-
criminate pecks that produce food from pecks that don’t.

Despite argument and experiment, the “as if”” account shows signs of outliving every other
idea in Skinner’s “superstition” paper. The idea has important philosophical implications. Perhaps
we do nothing from real knowledge; indeed the idea of knowledge is itself suspect. We do every-
thing only because of things that have happened to us in the past, our reinforcement history. To
the minor objection that reflexes, digestion and so forth are activities not easily traced to rein-
forcement history, Skinner has responded with an evolutionary argument: if not your history, then
the history of your ancestors. His epistemology, as befits an intellectual descendant of William
James, is just the ultimate form of pragmatism: “truth” is what produces reinforcement. In his later
years, Skinner was to embrace a pragmatic, evolutionary epistemology explicitly. | explore the
philosophical theme in the next chapter.

These ideas have taken root in some strange lands, most recently in the politically-correct
thickets of literary theory. Abolition of the idea of knowledge seems to be attractive, even liberat-
ing, to a number of contemporary humanistic scholars. It certainly elevates — privileges —literary
theory at the expense of natural science. In these weedy literary groves, knowledge is replaced by
opaque pseudo-philosophies that appear to the skeptic like parodies of the worst features of mod-
ern social pseudo-science. Readers willing to brave the hermetic prose of critical theory will find
here and there descendants of Skinner’s pragmatic linguistic philosophy. See for example critical
theorist Barbara Herrnstein Smith’s book Contingencies of Value: Alternative Perspectives for
Critical Theory, which describes a basically Skinnerian philosophy she terms “relativism.” Rela-
tivism seems to deny (it is hard to be sure) the existence of objective truth, even in principle:
“[relativism is] any more or less extensively theorized questioning — analysis, problematizing,
critique — of the key elements of objectivist thought and its attendant axiological machinery” (p.
151)

This is not the first time that an influential psychological approach has been taken up by the
literati. The decline of psychoanalysis as a scientific discipline coincided with the appropriation
of psychoanalytic ideas into literary criticism. Freud’s “psychoanalytic method” was neither ana-
Iytic nor a (scientific) method in anything but a metaphorical sense, of course — Skinner’s ideas
are much better grounded in experiment than were Freud’s. Nevertheless, the drift of transmogri-
fied Skinnerian ideas into literary theory is surely not a good sign.

The Darwinian Metaphor

Beginning in the mid-1960s, Skinner modified his approach to learned behavior. In a 1966 paper
entitled “The phylogeny and ontogeny of behavior” (Skinner, 1966; see also 1981) he turned to a
view of reinforcement quite different from the “strengthening” metaphor he had adopted earlier.
Instead of strengthening, reinforcement was now said to “select” behavior, much as natural selec-
tion acts to favor certain individuals for survival and reproduction. And just as adaptation in na-
ture can be traced to selection, so adaptation to contingencies of reinforcement was said to reflect
the selective action of reinforcement.
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The basic idea of evolution by natural selection is that some process creates a set of vari-
ants, individual organisms that differ in various ways. Some of these variants are more successful
than others in giving rise to progeny. The faster horse, the taller giraffe, the cleverer chimpanzee,
have (for one reason or another) more offspring than their slower, shorter or dumber brethren.
Now, if (and this is a big “if”’) these critical differences are heritable, that is, if they are passed on
without undue dilution, then the next generation will be that much faster, taller, smarter than the
one that went before. Darwin’s insight was to see that across the vast reaches of geological time,
these small generational changes might accumulate not just to change one species but, eventually,
to differentiate one from another, to create new species.

There are several aspects of this story that make it compelling. We can see the actual re-
producing units, phenotypes. We know more and more about the heritable characteristics, the gen-
otypes, that are associated with different phenotypes and about the processes of development that
translate a fixed genotype into a range of possible phenotypes. And we can see in the way that
each organism interacts with its environment, in its ecological niche, just why it is that faster hors-
es do better than slower (they are less subject to predation), why tall giraffes do better than short
(they get more food), and why smarter chimps do better than dumber (they are able to copulate
with more females). We can see, in short, what selective factors are at work. (In addition to Dar-
win, whose work is still fresh, an excellent modern account of evolution and its philosophical im-
plications is Darwin’s Dangerous Idea, by Daniel Dennett; Steve Jones has recently published an
updated version of Darwin’s Origin: Darwin’s Ghost.)

The identification of reinforcement (“reward” in an older language) as an agent of behav-
ioral selection was not a new idea when Skinner proposed it. The Scot, Alexander Bain (1818-
1903), made a proposal very like the law of effect almost fifty years before Thorndike, and then
suggested a process for generating variants that is close to Darwinian variation and selection, even
though the Origin of Species was four years in the future. “When there is not a sufficiency of
forms within reach of the present recollection, the process of intellectual recovery must be plied to
bring up others, until the desired combination is attained...In all difficult operations, for purposes
or ends, the rule of trial and error is the grand and final resort.” (Bain, 1855, p. 575) The psy-
chologist James Baldwin discussed the relations between ontogenetic selection and phylogenetic
selection early in the twentieth century (the “Baldwin Effect”), Clark Hull at least mentioned the
resemblances before the second world war and W. R. Ashby, D. T. Campbell and philosopher Karl
Popper had elaborated on the idea in different ways in the post-war years (Amsel & Rashotte,
1984; Ashby, 1952; Baldwin, 1902; Campbell, 1956; Popper, 1972. See also Pringle, 1951; Edel-
man, 1987; Palmer & Donahoe, 1992). Quite possibly, Darwin somewhere in his many works
speculates along similar lines.

The Darwinian metaphor for reinforcement learning has been applied in several ways: (a)
As a formal model for behavior — what I’ve been calling a “mechanism” — “The
work...develops a theory of the ‘natural selection’ of behaviour-patterns” (Ashby, 1951, p. vi). (b)
As a model for the real nervous system (Edelman, 1987; see also Pringle, 1951). And (c) as a way
of thinking about the relation between behavioral variation — the processes that generate behavior
in advance of reinforcement; and selection — the processes that favor some variants over others
(Staddon & Simmelhag, 1971). The idea here is that some (largely unknown) process generates
an initial repertoire of behavior. Reinforcement then acts, largely through temporal contiguity, to
select a smaller repertoire of actions which evolve into what Skinner termed operants, functional
units owing their existence to the history of selection by reinforcement.

Notice that the parallel with evolution by natural selection is far from complete. What is
the behavioral analogue to the genotype, for example? To phenotype?—how are we to compare a
set of activities extending over time, a repertoire, to the concrete, more-or-less fixed phenotypes
that are the units of natural selection? And what about selection? What, in the selection of behav-
ior, corresponds to differential reproduction? What, in the selection of behavior, corresponds o
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selective factors in a niche? These uncertainties are why | term the parallel between learning and
evolution a metaphor, not a fact.

Skinner’s approach in his 1966 and later papers is closest to category (c), above. But, per-
haps reflecting the centrality of the reinforcement concept to his thinking, he essentially ignored
behavioral variation, placing all emphasis on the selective effects of reinforcement. Surprisingly,
perhaps, Skinner made no use of the Darwinian metaphor as an explanation for the reinforcement-
schedule effects I discuss in a moment. Its chief role there was to provide a rather “pat” account
for reinforcement itself (“reinforcement” being the unmoved mover, the given, in his previous ac-
count). Food reinforcers (say) exist, said Skinner, because animals reinforced by appropriate food
are favored in phylogeny (i.e., in the evolution of the species). Thus, “what is reinforcing” is de-
termined by what Skinner termed “phylogenic” contingencies (once again, Skinner insisted on his
own word: phylogenetic would be the usual term). “What is done” (i.e., operant behavior) is then
determined by “ontogenic” (ontogenetic) contingencies — contingencies of reinforcement.

The account led to the usual ingenious extrapolations. Thus, obesity in the modern world is
explicable, said Skinner, by the fact that high-calorie substances containing sugar taste sweet and
are much preferred over low-calorie foods. In our “selection environment” in the remote past
these beneficial substances (as well as fats and proteins) were rare. Thus, individuals strongly re-
inforced by sweetness, hence motivated to seek out sweet things, were favored in the race to re-
produce. But because sugar was rare, there was no negative selection for over-indulgence. (This
is a variant of the supernormal-stimulus argument, discussed below.) Today in the developed
world sweet things are widely available, are eaten to excess by many people and cause unhealthy
obesity. We are victims, says Skinner, of changes in our environment; changes too rapid for natu-
ral, phylogenic, selection to keep up with. This is as plausible as most evolutionary “Just-So” sto-
ries®, but it added nothing to what was already known, and is little help in understanding the details
of learning in animals.

Some efforts were made by other behaviorists to apply the evolutionary metaphor to the
specifics of learning. One of the earliest was a lengthy discussion of the relations between selec-
tion and behavioral variation by Simmelhag and myself. The key point in our account is that pro-
cesses of behavioral variation are just as important as processes of selection. Variation and selec-
tion were of equal importance to Darwin and his successors; they must be of equal importance in
the application of the Darwinian idea to operant behavior. Variation, the processes that generate
behavior in advance of operant reinforcement, is often much more important than selection. In
teaching difficult concepts (in mathematics, for example), the hard task for the teacher is to get the
child to “understand” the concept for the very first time, not to “increase the frequency” of some
simple, repetitive behavior. It is getting the “behavior” for the very first time that is critical, not its
subsequent maintenance. This problem cannot even be attacked, much less solved, without some
grasp of mechanisms of variation.

Skinner made no attempt to specify the mechanisms of variation. Indeed, in his famous
simile “Operant conditioning shapes behavior as a sculptor shapes a lump of clay” (Skinner, 1953,
p. 91) he implies, as we put it, that “moment-to-moment variation is small in magnitude, and es-
sentially random...in direction.” (Staddon & Simmelhag, 1971, p. 31) Like Darwin, Skinner was a
gradualist. But unlike Darwin, who was well aware of the existence of large and often directional
phenotypic changes from generation to generation, Skinner never seriously considered the possi-
bility that variation might be structured or constrained. But in fact, if operant conditioning is a
sculptor, she is a sculptor in wood, with its grain and knots, rather than a sculptor in isotropic clay.

8 The allusion to Rudyard Kipling’s justly famous stories for children is from Stephen Jay Gould, who has used the
phrase pejoratively in his many critiques of adaptationist arguments.
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Behavior-Evolution Parallels

We pointed out that even in Darwin’s time, when the beautiful mechanisms of molecular
genetics were unknown, he was nevertheless able to identify several factors that affect variation in
phylogenetic evolution. Darwin noted that a change in conditions, or relaxation of selection, can
both cause great increases in the range of variation, and there is little reason to doubt that similar
effects can occur in ontogeny under the action of reinforcement. In experimental extinction (cessa-
tion of reinforcement, relaxation of selection), for example, the range of variation typically in-
creases at first.

Behavioral Variation and Pavlovian Conditioning. Stimulus context constrains, sustains
and directs behavioral variation. For example, Pavlovian conditioning, which allows a neutral
stimulus to acquire signal properties, will itself give rise to a repertoire of reinforcer-related activi-
ties from which operant reinforcement can then select. A stimulus associated with food, or even
food itself, will induce a wide range of food-related activities from which operant reinforcement (if
such is available) can then select. But if the range of induced activities is limited, then the power
of operant reinforcement to mold behavior will also be limited, in ways that may conflict with
standard reinforcement accounts. Autoshaped pecking, and some kinds of instinctive drift, are ex-
amples. Given a highly predictive stimulus, pecking (in pigeons) may be the only activity induced,
so that a contingency involving some other activity can have no effect. Recall, for example, the
Williams and Williams experiment that delivered food on a Pavlovian schedule so long as no peck-
ing occurred (so-called omission training). The birds pecked anyway about half the time, the re-
maining stimulus-food pairings still being sufficient to sustain pecking as a major part of the reper-
toire offered up by processes of behavioral variation.

Frequency-Dependent Selection. Over the long term, selection can affect variation. This
process is well known in biological evolution. In frequency-dependent selection, for example, rare
types are especially favored. A particularly interesting alleged cause for frequency-dependent se-
lection of this type is the perceptual limitations of predators searching for cryptic (i.e., camou-
flaged) prey. Perhaps rare types are favored because predators have to learn to see cryptic prey?
Learning is much better when the same type is encountered frequently, so that rare types should be
hard to recognize. There is now a fair amount of evidence in favor of this plausible idea (see Shet-
tleworth, 1998, for a review).

Frequency-dependent selection can give rise to a population that is highly variable in form,
because each new variant has an advantage just because of its rarity. Biology texts describe a vari-
ety of examples, of which the highly variable snail Cepea is perhaps the best known. Reinforce-
ment schedules with the property of frequency dependence — preferentially reinforcing response
types that have occurred “least recently* — also give rise to highly variable behavior, presumably
for the same reason (e.g., Machado, 1992; Page & Neuringer, 1985).

Supernormal Stimuli and Asymmetrical Selection. Specific reinforcement effects have
surprising parallels in phylogeny. For example, there is a phenomenon of instinctive behavior
known as supernormal stimuli. A supernormal stimulus is a stimulus never seen under natural
conditions that is nevertheless more effective than the natural stimulus. Figure 3.3 shows an ex-
ample: in preference to its own egg, an oystercatcher is retrieving a much larger artificial egg.
Another example is the preference of male Argynnis paphia butterflies for a light stimulus that
flickers at a much faster rate than the natural stimulus — the wings of a female butterfly. There is
a comparable phenomenon in discrimination learning. An animal trained to respond to one stimu-
lus (say a wavelength of 550 nm) which is alternated with another (at 500 nm) in the presence of
which it never gets any food, in a test may well show maximal responding at 600 nm, i.e., at a
point on the wavelength dimension displaced away from the negative (500 nm) stimulus.

These phenomena all seem to reflect asymmetrical selection (Staddon, 1975; see also
Enquist & Arak, 1993). In the operant case, the subject is trained to respond at 550 and to sup-
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press responding to 500. It never sees 600 in
training, so there is no selection against re-
sponding to 600, which is why it is favored over
550 in a generalization test. In the phylogenetic
case, the normal eqgg is favored, but retrieval of
smaller-than-normal eggs may be selected
against because they are likely to be unviable.
Larger-than-normal eggs are never encountered
in nature (for mechanical reasons, presumably);
hence they may be favored when encountered
under artificial conditions. A similar account
also works for the butterflies. High flicker rates
Figure 3.3 An oystercatcher retrieving an artifi- | are not encountered in nature, but low rates are

cial, super-large egg in preference to its own, smaller | __ the wings of birds that feed on butterflies. So
€9g- natural selection drives preference away from
low rates.

Rational Man. The Darwinian metaphor allows Skinnerian behaviorism to explain behav-
ior in terms of consequences without falling into the trap of economic rationalism. The rational
man, still a popular figure in economic theorizing, acts so as to bring about the most desirable con-
sequence (see Chapter 2). Perfect rationality thus presupposes omniscience. If all consequences
cannot be known, then some principled limitations on knowledge must be discovered — this is
known as bounded rationality (Simon, 1987, 1992). These cognitive limitations in effect consti-
tute a causal psychology which, if known in full, supersedes the idea of rationality. This argument
raises doubts about the possibility of a psychology based entirely on consequences.

Let me give an example. Should young Mary accept a scholarship offer from a major East-
ern university, or go to her local state school? The distant school is rated as better, but what she
doesn’t know is that she will so dislike living away from home that her performance will be poor,
she will become discouraged, drop out and shack up with an alcoholic used-car salesman. On the
other hand, in the local school is a teacher she will like a lot who will guide her to a successful ca-
reer in medicine. What should she do? Well, from one point of view, the distant school is the ra-
tional choice. But, given more information about Mary — more self-knowledge — and better ac-
quaintance with the faculty at the local school, the opposite decision turns out to be more rational.
In short, rationality is never absolute, but always relative to one’s state of knowledge. Perfect ra-
tionality depends on perfect knowledge and is therefore perfectly impossible. Very often, perhaps
usually, what’s needed is not more rationality, but more knowledge — or simple rules for action
that do well enough, most of the time (Todd & Gigerenzer, 1999).

A psychology based on the Darwinian metaphor does not fall into the trap of assuming that
its task is to compute a rational course of action, where the knowledge-base is taken for granted.
Because consequences can select only from the options offered up by variation, the metaphor
makes it obvious that variation (roughly, “what is known”) is just as important as selection
(“what’s the best option?”). The options are selected according to the principles of reinforcement;
and the set of options is determined by mechanisms of behavioral variation. Both variation and
selection limit the range of possible actions that need be considered, so that omniscience is not
necessary, behavior need not be “optimal” in any sense, and “rationality” forms no part of the ac-
count.

Phenotype and Genotype. Intrinsic to the Darwinian metaphor is the distinction between
phenotype and genotype. The phenotype is the visible outcome of the developmental process, the
whole organism with its morphology and behavior. The phenotype is what makes contact with the
environment and is subject to the “contingencies of survival.” (Actually, Darwinian fitness de-

2 (13

pends on reproduction, not just survival, but Skinner’s phrase, echoing Herbert Spencer’s “surviv-
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al of the fittest,” is catchier.) But it is the genotype that is inherited, so that only those phenotypic
characteristics that have a genetic counterpart can take part in the evolutionary process. The gen-
erations of spaniel pups that have had their tails docked at birth have not given rise to a race of tail-
less spaniels.

The phenotype-genotype distinction is uncomfortably similar to the neo-behaviorist dis-
tinction between performance and learning, which Skinner had always rejected. He was consistent
in never admitting that the phenotype-genotype distinction might also apply to operant behavior,
even though it is part and parcel of the Darwinian metaphor. The distinction nevertheless reflects
well-known facts. Only some things that animals do can be selected through operant reinforce-
ment. Distinguishing those that can from those that cannot requires an understanding of the rela-
tions between the internal processes that generate overt actions and the actions themselves — the
behavioral equivalent of the laws of development that translate genotype into phenotype. It also
requires an understanding of the differences between those internal states that have successors
across time, i.e., memories, and those internal states that leave no imprint on the future. Skinner
never accepted the idea of internal states as useful parts of our explanation for behavior. Since in-
ternal states are implied by the genotype-phenotype distinction, he failed to apply the Darwinian
metaphor in a thoroughgoing way. In his 1966 paper Skinner seemed concerned to show evolu-
tionists what they could learn from operant conditioning. He was much less attentive to what he
might learn from the evolutionists, hence missed many implications of the Darwinian metaphor.

A serious problem with the Darwinian metaphor is that it can be applied in so many dif-
ferent ways — and there is often no easy way to distinguish empirically among them. What we
can say is that Skinner’s application was neither original nor profound. Even in the area of human
social arrangements, always Skinner’s main focus, much better attempts have been made. D. T.
Campbell, for example, in a modestly presented and carefully reasoned account, identified sources
of conflict between “selfish” propensities favored by individual genetic selection, and “altruistic”
propensities favored by cultural evolution within groups driven by competition between them.
Campbell’s claims were cautious: “You are hereby warned — this talk is not hardheaded science
but an exercise in quasi-scientific speculation.” (1975, p. 1103) He frequently reminds his readers
that real-life social questions cannot be the subject of meaningful experiments, and that our igno-
rance of fundamentals severely limits our ability to generalize from laboratory situations to the
world at large. Campbell’s heavily documented, highly qualified account is much harder going
than Skinner’s confident, apparently simple presentation of “operant Darwinism.” But truth-in-
advertising would have required Skinner to begin with Campbell’s warning — in boldface.

In recent years, a new field of evolutionary psychology has come into being which seeks to
apply the Darwinian metaphor in systematic and testable ways to human behavior. See for exam-
ple, the Dahlem Conference report edited by Gunther Stent Morality as a Biological Phenomenon,
the collection of papers edited by Barkow, Cosmides, & Tooby, (1992) and popular books on evo-
lutionary psychology by Ridley (1997) and Wright (1994). This work has developed much more
in the careful tradition of Campbell than on the rather casual lines of Skinner’s armchair extrapola-
tions.

*kkk

Skinner’s interest in research with animals was purely analogical. He had little interest in phyloge-
ny and species-specific behavior, the topics studied by ethologists like Lorenz and Tinbergen. For
Skinner, as for the biomedical community, animals were simply convenient preparations with
which to demonstrate effects that have human analogues. His approach was to take experimental
results (rather than theoretical principles) from the animal laboratory and extrapolate them persua-
sively to human behavior. | illustrated this approach with a discussion of the so-called “supersti-
tion” experiment, a simple procedure which generates vigorous but unnecessary activity in pigeons
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and in many other animal species. By presenting this result as a prediction of the informal conti-
guity theory of reinforcement, and by invoking the reader’s empathy with the pigeon in an “as-if”
account, Skinner was able to convince his audience that many human superstitions—and many
puzzling effects in the operant laboratory—simply reflect the ubiquitous effects of operant rein-
forcement.

The superstition experiment is interesting for two reasons. First, because it illustrates the
subtleties of Skinner’s rhetorical method, and second because it was a focus for a series of experi-
ments and theoretical developments that eroded the early simplicities of Skinnerian reinforcement
theory.

The response of Skinner and others to these developments was increased emphasis on the
Darwinian metaphor, the analogy between reinforcement and natural (or artificial) selection.
Skinner emphasized the selection aspect—reinforcement “...shapes behavior as a sculptor shapes a
lump of clay...”. But others were more even-handed and placed equal emphasis on the selective
action of reinforcement and the limiting role of behavioral variation in providing material on
which reinforcement can act. For reasons to do with his consistent emphasis on ways to change
behavior, Skinner was apparently reluctant to take the problems of variation seriously. Conse-
quently, he applied the Darwinian metaphor in an incomplete and superficial way.
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Chapter 4: The Philosophy of Radical Behaviorism

“Behaviorism is not the science of human behavior; it is the philosophy of that science” wrote
Skinner in About Behaviorism (1976a, p. 3), the popular successor to his best-seller Beyond
Freedom and Dignity (1971; see also Skinner’s utopian novel Walden Two, 1948b, which dis-
cusses many of the same issues). The Darwinian metaphor, which Skinner applied only half-
heartedly to the details of operant conditioning in animals, was put to philosophical use in his
evolutionary epistemology. This approach to the philosophy of knowledge is fundamental to
Skinner’s utopian prescriptions. Since Skinner’s fame with the public rests almost exclusively
on his extrapolations from laboratory to society, some examination of his epistemology is in or-
der. Indeed, it is essential because of the breadth of Skinner’s claims. In an early discussion of
the philosophical basis for behaviorism, for example, he wrote with astonishing hubris: “If it
turns out that our final view of verbal behavior invalidates our scientific structure from the point
of view of logic and truth-value, then so much the worse for logic, which will also have been
embraced by our analysis.” (1945/1961, p. 282) Skinner had no hesitation asserting the hegemo-
ny of radical behaviorism over every other type of human knowledge, even logic, which is the
most certain.

Skinner was not a philosopher and avoided detailed philosophical discussion. His phi-
losophy must usually be inferred; it is rarely explicit. As philosopher Stephen Stich (in Catania
& Harnad, 1988, p. 361) has pointed out, Skinner’s writings slip seamlessly between science (the
facts and methods of operant conditioning) and radical behaviorism, the underlying philosophy
of that science. Nevertheless, we can identify three key themes: knowledge and value as the
products of evolution, and the radical behaviorist view of mental life. Let’s look first at
knowledge.

KNOWLEDGE AND EVOLUTIONARY EPISTEMOLOGY

Evolutionary epistemology (EE) is the notion that knowledge is entirely a product of our evolu-
tionary history. Truth is what worked in evolution. Evolutionary epistemology is thus a variant
of pragmatism, the philosophy elaborated by Harvard philosopher and logician Charles Sanders
Peirce (1839-1914) and promoted by psychologist-philosopher William James (Chapter 1).

“Thirty years ago, pragmatism was dead beyond all hope of resurrection” writes a recent
reviewer (Ryan, 1999). But it has revived, in more than one form. Political pragmatism was
summarized in 1998 by disgraced presidential adviser Dick Morris in the aphorism “Truth is that
which cannot be proved wrong.” Cynical, and obviously false in general since we may be unable
to disprove any of several mutually incompatible theses, yet all cannot be true. So the nuanced
pragmatist must allow for three truth categories — probably true, probably false, and “don’t
know.” In general, for all varieties of pragmatism, truth equals functional utility — truth is what
works. I’ll expand on “works” in a moment. Evolutionary epistemology adds the phylogenetic
dimension: what works, yes, but not just during your lifetime, also during the lifetimes of your
ancestors.

Evolutionary epistemology is discussed in D. L. Hull’s Science as a process and in Evo-
lutionary Epistemology, Rationality, and the Sociology of Knowledge, edited by Radnitzky and
Bartley. Gordon Tullock (1966) provides an excellent, short survey of the epistemology of sci-
ence. For historical surveys see Bertrand Russell’s History of Western Philosophy and The
Western Intellectual Tradition by Bronowski and Mazlish.

An essential feature of evolution by natural selection is that it is contingent, it depends on
both chance and necessity in Jacques Monod’s (1971) memorable phrase—on the vagaries of
variation and the steady push of selection. This means (the EE folk argue) that nothing is certain
— not logic, not the hand in front of your face not the tree you see through the window. Every-
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thing we appear to know (says EE) is the outcome of millions of years of natural selection — and
thousands of years of cultural selection. Thus, our belief in logic is strong not because logic is
“true” in some essential, Platonic sense, but because those individuals and cultures that failed to
believe in logic lost out in the struggle to reproduce. We believe in tables and chairs, in other
people, and in their minds, not because these things are true either, but because such beliefs were
effective in the battle of life. “Truth” is not absolute. We say that something is “true” not be-
cause it really is, but simply because it has survived in a quasi-Darwinian struggle for intellectual
existence. Just like Skinner’s version of the pigeon in the autoshaping experiment, we may be-
lieve in “superstitions” if the right variant (idea) fails to occur. If no one has the idea that the
earth circles the sun, rather than the other way around, the consequences of that idea cannot be
tested and it cannot prevail — and, like Skinner’s pigeon, we will misbelieve. If the “correct”
idea does not occur, it cannot be selected, so that what occurs will not accurately represent the
world. A consistent evolutionary epistemologist would go on (as D. T. Campbell did) to contend
that our value systems and religious beliefs have also survived a Darwinian history and should
on that account be granted some degree of “truth.” But this step is rarely taken, for reasons I’1l
explore in a moment.

It is important to emphasize two things about evolutionary epistemology: First, that alt-
hough it denies us access to absolute truth, the existence of some more or less stable “external
reality” within which natural selection can take place is tacitly assumed. There has to be some-
thing that does the selecting, and the assumption is that that “something” has fixed properties.
And second, that this belief in a fixed external reality is, and must be, just that: a belief, not
something provable as fact®. It is nevertheless a belief that can be justified in several ways.

First, it is (I would argue) essential to the normal activities of science. Absent any belief in reali-
ty, the usual scientific tests lose their power to convince. After all, if the laws of nature can
change capriciously from day to say, why should any test be decisive? Second, if there is no
truth, contentious issues of fact will be decided by politics or force: “...the idea that there is no
such thing as objective truth...[is] closely linked with authoritarian and totalitarian ideas.” wrote
Karl Popper (1962, pp. 4-5), paraphrasing Russell.

Perhaps the best-known expression of this fear is George Orwell’s dystopian novel 1984,
with its Ministry of Truth falsifying history and bending reality to the needs of the Party. Orwell
and Popper were right to be alarmed, as the genocidal histories of the Soviet Union, Nazi Ger-
many and Maoist China have proved in blood and terror. (See Jung Chang’s wonderful book The
Wild Swans for a moving autobiographical account of one family’s fate in Communist China.
Her story shows more clearly than any abstract argument the hideous consequences when a polit-
ical system abandons objectivity for ideology.)

Nevertheless, some thinkers have proposed that we give up the idea of truth. In its place
they propose locutions such as “relatively permanent beliefs” or “consensually agreed beliefs”.
These substitutes are unsatisfactory and, from the point of view of day-to-day science, unneces-
sary. The key point about evolutionary epistemology is just that the “truth” of any proposition is
relative to the challenges it has successfully met. Thus, an unquestioned belief is likely to be less
“true” than one that has emerged unscathed from numerous tests. On the other hand, a
longstanding belief, even if it has not been—or can not be—explicitly tested, is more likely to be
“true” than something you just thought of: veritas temporis filia. The test of time is worth
something, as | will argue in a moment. But the fact that people agree on something adds little if
they have never questioned it. Persistence and consensus are only indirectly related to truth, as
EE views it.

There are a few beliefs, like the laws of logic or arithmetic, the belief that the chair | am
sitting in is real, and so on, that survive every conceivable test. Such beliefs are the best kind of

® This is just David Hume’s argument against induction in a slightly different guise.
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truth we have. When we ask of some new proposition “Is it true?” all we mean (says EE) is
“Will it be as resistant to disproof as the laws of logic?” In effect, those beliefs that are most re-
sistant to disproof become the standard by which the truth of others is judged. Since this is how
scientists are supposed to judge truth anyway, evolutionary epistemology poses no practical
threat to the traditional belief in the possibility of truth. Evolutionary epistemology in fact en-
tails no real change in what scientists do, or even in what they believe, despite the attacks of the
relativists.

The Truth is, There isn’t Any

Skinnerian radical behaviorism is cited with approval by more than one fan of the “postmodern
aesthetic” (Andresen, 1990) and there are indeed similarities between the views of Skinner and
Skinnerians and proposals of postmodernists/deconstructionists and relativists such as Foucault,
Derrida and Latour (see, for example, Latour, 1993; Smith, 1997, Hayes, 1993 and Moxley,
1999). All are skeptical of rationalism, objectivity and the idea of an independent, external reali-
ty. How valid is this collective assault on the Enlightenment ideal?

The postmodernist attack on the idea of truth is so contorted and on-its-face absurd that it
is hard to know how to tackle it in a civil fashion. (A few have tried; see, for example, Hacking,
1999, and Zuriff, 1999). The most obvious objection is that it is self-refuting: Is it true that
there is no such thing as truth? This proposition is either true or false. If it is true, then the prop-
osition is false. If it is false, we can ignore it. Case closed. Like the famous “class of all classes
that are not members of themselves: is it a member of itself?” the proposition reduces to an unre-
solvable paradox. Relativists disagree, of course, but most decline to debate this or indeed any
other issue. But a few have taken up the challenge to defend the denial of “truth.” How effec-
tive is their defense?

A lengthy rejection of self-refutation has been provided by Skinner-influenced relativist
Barbara Herrnstein Smith in her book Belief and Resistance (1997). The book is sufficiently
persuasive that a recent reviewer, a mathematician, could write “I highly recommend it...[it] is
short and written in a clear, vigorous style, and it elucidates clearly the postmodern claims about
objectivity and ‘the social construction of knowledge’” (Akin, 1999, p. 61) Smith comes to the
point in the chapter “Unloading the self-refutation charge” (note her studied substitution of “un-
loading” for the more natural “refuting”). If we grant her that no proposition — no empirical
proposition at any rate — is certainly true or false, the issue then becomes, What does it mean for
one theory or proposition to be better or worse than another? Smith argues that “the common
and unshakable conviction that differences of ‘better’ and ‘worse’ must be objective” is a fallacy.
“The supposed relativist [says] that her point is, precisely, that theories...can be and are evaluat-
ed in other non-‘objective’ ways. Not all theories are equal because they...can be, and common-
ly will be, found better or worse than others in relation to measures such as applicability, coher-
ence, connectability and so forth. These measures are not objective in the classic sense, since
they depend on matters of perspective, interpretation and judgment, and will vary under different
conditions.” She concludes “Thus theories, judgments, or opinions...may still be seen as better
or worse even though not, in a classic sense, as more or less objectively valid.” (1997, pp. 77-8)

Smith introduces this chapter by positioning “relativism,” “postmodernism” etc. as “di-
verg[ing] from...philosophical orthodoxy”; relativists are “philosophical innovators,” “demon-
ized” by the opposition as “communally perilous” and “morally criminal.” Who could be
against victimized-but-innovative critics of orthodoxy? Clearly, these are the good gals! Yet
what is proposed is a great deal less revolutionary than this rhetoric leads us to suppose. What
Smith seems to be saying is that (a) some theories are better than others, but (b) the criteria by
which we make these judgments are not themselves absolute, but vary depending on “perspec-
tive,” “interpretation,” etc. This does not differ from pragmatism, as | have presented it: (our
belief in) the truth of a proposition is relative to the tests it has undergone. And no working sci-
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entist, or historian of science, would deny that our test criteria are far from immutable. They dif-
fer from school to school and evolve as a discipline develops. (No doubt they evolved with the
species also.) If this is postmodernist “social construction of knowledge” it does not differ sig-
nificantly from a nuanced pragmatism. Nor does it differ from common practice in science.

Is relativism then just pragmatik mit jargon? Not quite. What relativism lacks is any jus-
tification for testing an idea in scientific—empirical, logical—ways. If there is no “reality” what
is the point of testing a hypothesis? Do we test merely to “overcome an opponent in argument”
in the style that Francis Bacon condemned so many years ago? Well, yes, unless we can justify
our desire for test by a core belief that relativism lacks: that there is a unique reality behind our
contingent views of it. Relativists are correct that belief in such a reality is a matter of faith: it
cannot be proved. But without it, science reverts to scholasticism, the medieval mindset that
truth should be decided by argument—or, as 1984 and the auto da fé remind us, by coercion—
and not by facts. Trial law, advertising and public relations are other areas where the aim is not
to find the truth, but simply to persuade. Science is different.

Many deconstructionists believe that all discourse is motivated by the desire for power.

It is easy to see why.

Truth as a Consequence

Relativism is also subject to a more subtle error, one that can be illuminated by our anal-
ysis of operant conditioning in animals. There is an old Columbia Jester cartoon from the hey-
day of Skinnerian influence that shows a rat pressing a lever in a Skinner box. “Boy have I got
this guy conditioned!” the rat explains to his companion, “Every time I press the lever he gives
me a pellet!” The relativist, and the Skinnerian, would say, “No, Mr. Rat, your belief is mistak-
en. You are simply responding as your history of reinforcement dictates.” In other words, they
argue that because they know the process by which the behavior came about, the behavior —
belief — is if not false at least irrelevant, or “contingent” in Herrnstein Smith’s terms.

But, as human beings, with a more comprehensive—“privileged”—world-view than the
rat, we know that Mr. Rat’s belief is in fact largely correct. The apparatus, if not the experiment-
er, is indeed “conditioned” to present a pellet every time the bar is pressed. And the way the rat
“knows” this is via its history of reinforcement. In short, not only does knowing the process not

Box 4.1 The Sokal Hoax

This quote is not in fact from a postmodernist, but from a paper by New York physicist Alan
Sokal “Transgressing the boundaries: Towards a transformative hermeneutics of quantum gravity”
that has become perhaps the most famous academic hoax of the twentieth century. Sokal was upset
by the misuse and misrepresentation of science by so-called progressive thinkers in the humanities—
postmodernists, deconstructionists, and the like. To demonstrate in irrefutable fashion the intellectual
shoddiness of these people, he took the time to construct an article that shamelessly appealed to all
their shibboleths and authority figures, while presenting an absurd argument. In his own words “I
decided to try a modest...experiment: Would a leading North American journal of cultural studies
[Social Text]...publish an article liberally salted with nonsense if (a) it sounded good and (b) it flat-
tered the editors' ideological preconceptions?” The answer was a deafening “yes”! The article was
published without comment—indeed, without independent refereeing, which Sokal asked for, but
didn’t get. Nothing in the article is factually false; all the citations and quotations are accurate. Only
the argument is nonsense, at a level that could be detected by an undergraduate physics major.

What was the response of the deconstructionists? Not a decent embarrassment, but an attack
on Sokal, in the form of an article in the New York Times by one of the noisier literati accusing Sokal
of betraying a trust. Digging himself in deeper, this critic went on to compare the laws of science to
the laws of baseball.

invalidate the belief, it is the reason and justification for the belief. It is only in this rather bland

sense that science is “socially constructed.” It by no means justifies the statement (a common-

place in postmodernism) that “It has thus become increasingly apparent that physical ‘reality’, no
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less than social ‘reality’, is at bottom a social and linguistic construct; that scientific
‘knowledge’, far from being objective, reflects and encodes the dominant ideologies and power
relations of the culture that produced it...” (Sokal, 1996; see Box 4.1) Truth-value and “rein-
forcement history” are not antithetical, one is the product of the other. That doesn’t mean our
belief will always be correct. A super-Spock who bears the same relation to us as we do to the
rat would no doubt find us often subject to “superstitions.” But not always; nor would he be
immune from the perspective of a still “higher” being. In short, some beliefs are better than oth-
ers because they are truer. And we know they are truer because they pass (or have passed) our
tests better. That’s what truth means.

I think that Skinner would probably have agreed: “The truth of a statement of fact is lim-
ited to the sources of the behavior of the speaker...A scientific law is ... limited by the reper-
toires of the scientists involved.” (1976a, p. 136) But when truth is defined in this way, there is
no contradiction between tracing a belief to a particular “reinforcement history” and evaluating it
as true or false. Some histories — those that involve test and evaluation — lead to true beliefs;
others lead to beliefs that are either false or of unknown truth value. Joe may believe the end of
the world is nigh because he ate too much and saw it in a dream; astronomer Janet may believe
the same thing because she just measured the speed of an approaching asteroid. Both beliefs are
products of particular histories. But some histories are better than others.

MORAL PHILOSOPHY: VALUE

In his discussions of morality, Skinner, unlike Campbell, gives traditional beliefs short shrift —
despite the fact that they are as much products of our evolution as anything else. All in all, Skin-
ner found orthodox moral values and beliefs about human nature to be less useful evolutionary
products than radical behaviorism. Indeed, in his later writings he systematically undermined
traditional beliefs, substituting values supposedly derived from evolutionary considerations.
What was the purpose of these attacks, and how successful are they?

Skinner’s Critique of Responsibility

Skinner’s method can be inferred from two passages in Beyond Freedom and Dignity. The book
is concerned with the application of a “technology of behavior” to improve human society.
Many traditional values seem to be in the way of this desirable outcome, but Skinner believed in
a sort of historical inevitability in science which ensures that they must give way before a behav-
ioral analysis:

In what we may call the prescientific view [Skinner adds disingenuously that “the word is
not necessarily pejorative”!] a person’s behavior is at least to some extent his own
achievement....he is to be given credit for his successes and blamed for his failures. In
the scientific view...a person’s behavior is determined by a genetic endowment traceable
to the evolutionary history of the species and by the environmental circumstances to
which as an individual he has been exposed. Neither view can be proved, but it is in the
nature of scientific inquiry that the evidence should shift in favor of the second. (1971, p.
96)

In this passage Skinner promotes a false opposition between the process by which a behavior
comes about —“In the scientific view...a person’s behavior is determined by a genetic endow-
ment ... and by the environmental circumstances to which ... he has been exposed” and the sta-
tus of that behavior as responsible or not — “a person’s behavior is ... his own achievement....he
is to be given credit for his successes and blamed for his failures.” I’ll argue in the next chapter
that these two concepts, determinism and responsibility, are not contradictory at all. Notice that
this false opposition is just like the relativists’ false opposition between the truth of a belief and
the process by which we arrive at the belief. Understanding the causal chain that led to an act
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need not diminish the responsibility of the actor any more than understanding the causes of a be-
lief diminishes its truth.

Skinner also attacks punishment, “feelings” and above all the concept of what he calls
“autonomous man.” His attack on autonomy is at the core of his opposition to traditional morali-

ty:

Two features of autonomous man are particularly troublesome. In the traditional view, a
person is free. He is autonomous in the sense that his behavior is uncaused. He can
therefore be held responsible for what he does and justly punished if he offends. That
view, together with its associated practices, must be re-examined when a scientific analy-
sis reveals unsuspected controlling relations between behavior and environment. (p. 17)

These passages lead the reader down two garden paths at once. First, he is led to believe that
science will inevitably identify more and more environmental causes for human behavior. Be-
havior will become more and more predictable. This is possible; it is far from inevitable. Sec-
ond, the passages lead the reader to accept without scrutiny a questionable opposition: that as we
understand better the environmental causes for behavior, we must attach less weight to the au-
tonomy of the individual. Skinner wishes us to believe that if behavior is perfectly determined,
the individual must lose all responsibility for his actions.

If this opposition between determinism and responsibility is false, then the conclusions
that Skinner draws from it are also false. But the opposition allows him to devote much of Be-
yond Freedom and Dignity to systematic destruction of traditional values and views of man,
knowing that if traditional views can be eroded, the rhetorical seesaw he has built will cause his
own views to prevail.

Continuing his attack on the idea of autonomy, Skinner points to conventional discus-
sions of “influences” on the lives of the great, and notes how commentators nevertheless seem to
draw back from the natural conclusion: that all behavior is determined. “No one is greatly dis-
turbed when important details of works of art and literature, political careers, and scientific dis-
coveries are attributed to ‘influences’ in the lives of artists, writers, statesmen, and scientists, re-
spectively. But as analysis of behavior adds further evidence, the achievements for which a per-
son himself is to be given credit seem to approach zero, and both the evidence and the science
which produces it are then challenged.” (1971, p. 41)

“Autonomous man” must be preserved, argues Skinner, for a variety of reasons that he
expounds later in the book. “Autonomous man survives in the face of all this because he is the
happy exception. Theologians [not a prestigious group among psychologists!] have reconciled
predestination with free will...” (pp. 17-18) Here Skinner recognized that determinism and pre-
destination are closely related, although determinism acts through genetics and personal history
rather than through the agency of a Supreme Being. Skinner also admits that both determinism
and predestination raise the specter of the free-will problem. But he offers no arguments. He
simply assumes a particular solution to the problem, namely that determinism precludes free
will. He also assumes that conventional judicial practices, especially punishment for misdeeds,
somehow depend upon the free-will assumption. All these assertions — perfect determinism, the
implication that autonomy is a myth, and the supposed dependence of judicial practices on non-
determinism — are either questionable or false.

Determinism and Autonomy

Let’s look first at determinism. Is it a fact? It clearly is not a fact now. At present, hu-
man behavior cannot be predicted with anything like the precision required. Determinism at the
required level may never be achieved. For the moment, we can certainly ignore many of Skin-
ner’s societal recommendations on the grounds that the knowledge of human behavior he pre-
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supposes does not exist. Nevertheless, we must admit that as science advances, our behavior
may turn out to be predictable in detail by some super-psychology of the future. So we cannot
avoid indefinitely the philosophical problem of reconciling determinism with traditional notions
of freedom and responsibility. I believe that reconciliation is perfectly possible. Let’s look at
some of the arguments that dissolve the see-saw between behavioral determinism and individual
responsibility.

Suppose, impoverished reader, that a generous investment banker offers you a choice be-
tween two piles of money: one with ten dollars, the other with one thousand. Under almost any
foreseeable set of circumstances, | predict that you will choose the one-thousand-dollar pile.
This is the level of predictability that Skinner promises us we shall eventually have for all behav-
ior, not just choices between vastly disparate outcomes. So we can reasonably ask if, in this
simple situation, your autonomy has been destroyed. The answer, surely, is “obviously not” un-
der any generally accepted notion of “freedom.” This is an example of the fact that we can
choose between rewards, but not choose what is rewarding: “Bertrand Russell once quipped that
we can do as we please but not please as we please.” (Levin, 1997, p. 320)

Another example: suppose you ask a mathematician “What is the square root of 1024?”
With perfect predictability he will answer “32.” Has his autonomy been destroyed? Again, ob-
viously not. Obedience to fact is not usually construed as a limitation on free will. Why is it that
in these concrete cases there seems to be no conflict between predictability and autonomy, yet
most people who read Skinner’s arguments end up being convinced there is a problem?

Skinner’s opposition between freedom and predictability is superficially persuasive be-
cause he tacitly conflates subject and object. Freedom is an entirely subjective concept — a man
is free if he feels free. (There is no place in Skinner’s philosophy for feelings of course, although
he uses the word freely in Beyond freedom and dignity. But this statement could be restated in a
behavioristically acceptable form —“appropriate verbal behavior” and the like —if necessary.
See Chapter 8 for an extended discussion of the differences between subjective and objective.)

A mathematician does not feel that the laws of arithmetic impinge on his freedom. Predictabil-
ity, on the other hand, whether by oneself (predicting your own behavior) or by others, is an ob-
jective property. It simply has no bearing on the feeling of freedom. The husband whose behav-
ior is completely predictable by his wife is no less free than the husband whose wife is constantly
surprised. What’s more, an individual who cannot predict his own behavior ahead of time is
likely to feel less free, less autonomous, than someone who better “knows himself.” So, if any-
thing, the “feeling of freedom” is more likely to coexist with predictability than with caprice.

Assuming that he attaches some value to the “feeling of freedom” a good behaviorist
would go on and ask, What are the environmental conditions that cause men to give expression
to this feeling: When do men feel free? This, of course, is precisely the subject matter of the
“literatures of freedom and dignity” that Skinner disparages, even as he disclaims any such inten-
tion: “The importance of the literature of freedom can scarcely be questioned...[it] has made an
essential contribution to the elimination of many aversive practices in government, religion, edu-
cation, family life, and the production of goods.” (1971, p. 29) Nevertheless, thrust of the book
is to question the traditional view of freedom.

The next paragraph gets to Skinner’s main point: “Some traditional theories could con-
ceivably be said to define freedom as the absence of aversive control, but the emphasis has been
on how that condition feels.” “Freedom” is a feeling, of course, and when his guard is down
Skinner himself says things like individuals should “enjoy the greatest sense of freedom” and the
like. Moreover, “aversive control” is not always perceived as a limitation on freedom. You
learn to skate in part by avoiding painful contact with the ice. But this is not usually perceived as
a limitation on your freedom. “Freedom is the recognition of necessity” as the saying goes. The
fact is that Skinner has confused determinism, which is an objective property of the observer in
relation to what is observed, with freedom, which a subjective property of the observed.
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In the next chapter, I discuss in detail how Skinner’s idea of “autonomous man” affected
his views on law and justice. | will conclude that his flawed epistemology led to flawed recom-
mendations that have had some baleful effects on modern society.

Values

Skinner devoted an entire chapter in Beyond Freedom and Dignity to values. He was
well aware that people would look to his philosophy for a guide to “the good.” He provides
none, other than to equate “good” with positive reinforcement and “bad” with punishment: “...the
only good things are positive reinforcers, and the only bad things are negative reinforcers.”
(1971, p. 99, p. 102) This kind of unreflective hedonism was still appealing at the end of the
1960s, but it provides no independent guide to “the good” because it doesn’t say what is rein-
forcing. Unfortunately the set of all possible reinforcers, for a pigeon much less a human being,
cannot be specified in advance. Philosophers have made the same point: even the most careful
observation of how people actually behave fails to discover any rule that will permit us to deduce
“all and only” things that they all call “good.” (See, for example, Moore, 1903; Skinner was in-
fluenced by Bertrand Russell, G. E. Moore and the Cambridge School of philosophy in some re-
spects but not, apparently, in this one.) The hypothesis that what ought to be can be inferred
from what is is termed the naturalistic fallacy. That it is a fallacy is rarely contested. There is a
vast literature on the problem of whether or not values can be derived through reason from facts.
The philosophical consensus seems to be that ‘the Enlightenment project,’ as this endeavor is
sometimes termed, is, and must be, a failure. (See, for example, Maclntyre, 1981, for a contem-
porary survey. See biologist E. O Wilson’s Consilience, 1998, for a opposite — but, | believe,
mistaken — view of the naturalistic fallacy.) Some postmodernists have questioned the “fact-
value distinction” but their arguments, as far as they are arguments, not assertions, and as far as
one can understand them, are not compelling.

This confusion of what is with what should be is the main problem with Skinner’s ap-
proach to values. His rather diffident attempt to get out of this box is evolutionary: “Things are
good (positively reinforcing) or bad (negatively reinforcing) presumably because of the contin-
gencies of survival under which the species evolved.” In other words, “survival” — of the cul-
ture or the species — is offered as a superordinate value from which all others can be deduced.
This is the only ultimate value Skinner explicitly defended in his utopian writings. It is hard to
quarrel with this position in the abstract. Few would defend a belief or custom that is bound to
cause the downfall of the culture that gives rise to it. The problem with “survival” as a value is
that it is what I will call a “Nostradamus” criterion, and provides little or no practical guidance in
difficult cases. Itis precisely as true, and as helpful, as the advice to a young investor “buy low,
sell high”. Well, yes, but...What is “low”? What will conduce to the survival of the race?

The latter may seem less problematic than the former, but a little thought shows that it is
not. For example, cultures addicted to alcohol and tobacco are presumably less “fit” (in the
Darwinian sense) than cultures not so addicted. But this is not at all obvious. There may be hid-
den benefits to one or the other that we cannot now foresee. The consensus (in the U.S., at least)
used to be that alcohol is an unmitigated evil: bad for your body, leads to wife-beating and fami-
ly breakup, etc. The social benefits associated with moderate drinking were assumed to be out-
weighed by its many other evil effects. Yet alcohol ingestion is a custom common to the majori-
ty of cultures and now, it turns, out there may even be health benefits to moderate drinking. So
the evolutionary balance sheet on alcohol is not yet closed. “Well,” you may respond, “alcohol
may be controversial, but smoking is certainly bad.” But this isn’t so clear either. Some people
die from lung cancer and emphysema, usually in unpleasant ways (not that dying is ever a walk
in the park). This is unquestionably bad. But smoking-induced illnesses generally don’t kill un-
til their victims reach their fifties and sixties, after most of their productive life is over and before
they become a burden to their children and society. It is an evolutionary truism that life history
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is determined by adaptive considerations. Perhaps a society that encourages smoking — which
yields a generally short but productive life — would be more successful in the long run than one
that discourages smoking and has to put up with a lot of boring and unproductive old people? A
callous —and improbable — suggestion, certainly. But not one that can be dismissed out of hand.

How about other cherished values that most people accept as obvious, like the principle
of equality. Most people in developed countries assume that hierarchy is bad and democracy is
good. But the most stable (i.e., evolutionarily successful) societies we know were not democrat-
ic but hierarchical. The ancient Egyptian culture survived substantially unchanged for thousands
of years. The Greeks, the inventors of democracy, survived as a culture only for two centuries,
and were defeated by the highly undemocratic Romans, who lasted three times as long. The old-
est extant democracy is no more than 300 years old. In the animal kingdom, the ants and bees,
with built-in hierarchies, have outlasted countless more egalitarian species. The attempt to base
values on evolutionary success very soon raises questions about traditional beliefs, albeit in an
inconclusive way. (See Wilson, 2000, for an accessible account of some of these issues.)

That’s the problem with “survival of the culture” as a value: it requires perfect knowledge
of the future if it is to be a general guide. While some customs, like indiscriminate homicide and
poor hygiene, are clearly maladaptive under all imaginable circumstances (although there are
arguments for poor hygiene under some conditions!), others, like respect for elders, monogamy,
monotheism, tolerance, homophobia, selflessness, democracy, the Divine Right of Kings, even a
belief in a single objective reality, are more contingent. The problem is that most of the prescrip-
tions of traditional morality fall in the latter class. We simply do not know, belief by belief, cus-
tom by custom, whether our culture would in the long run be better off with or without them.

It is certain that some cultures will survive longer than others. It seems very likely,
moreover, that the ones that survive will have many beliefs that were in fact essential to their
survival. But my point is that the importance of at least some of those beliefs could not have
been foreseen, even in principle. (This is the problem with E. O Wilson’s, 1998, argument that
all morality can be reduced to science.) Interestingly a very similar argument has been made in
economics. Successful firms, it is argued, are not necessarily smarter or better at computing
marginal utilities than unsuccessful; they may just have begun with a “corporate culture” that
happens to be more successful under the prevailing conditions (see, for example, Sydney Winter,
1964).

The story in biology is the same. Every organism acts in certain ways without fore-
knowledge of consequences: trees shed their leaves in anticipation of winter, birds lay eggs in the
Spring. In animals, such behavior is termed instinctive. Much of human behavior, even, in-
volves preferences and habits that owe little to experience. Indeed, it is hard to conceive of any
adaptive entity that could succeed in the evolutionary race by relying entirely on learning. If —
and this is a fairly big “if” — cultures evolve just as animals do, then we may expect that suc-
cessful cultures will also act in certain ways whose consequences could not have been foreseen,
but which nevertheless prove beneficial in competition with other cultures. It seems certain,
therefore, that a culture with some unquestioned, culturally inherited, beliefs is fitter in the Dar-
winian sense (i.e., more likely to persist) than a culture with none or only a few. From the point
of view of cultural survival, it is all but certain that we should take some things on faith. But
which things? Here, alas, evolutionary epistemology provides no real guidance — the Darwini-
an metaphor has failed us. Nevertheless, moralists can take some comfort from this argument,
which is provides a rational basis for faith, if not for any faith in particular.

Conclusion: When the going gets tough, evolution — the success of a culture — cannot
provide a guide to what we should believe. We must take some things on faith, although we can
never be sure what they should be.
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Values and Reinforcement

Skinner’s descriptive approach to values gets him into a second difficulty. Because he is
reluctant to define “reinforcers” in advance he often assumes that they are mostly set by the his-
tory of the species, and are not alterable within a man’s lifetime. It is not plausible that all rein-
forcers are innate, nor is it reasonable to assume that the ill-defined mechanism of conditioned
reinforcement is sufficient to account for those reinforcers that are clearly acquired. This ap-
proach (termed primary and secondary drives) was tried by Hull and other early behaviorists and
abandoned. It is simply not possible to link all rewards to a few inherited ones by this mecha-
nism — or at least, no one has done so convincingly. It may be reasonable to assume that sex,
hunger, thirst, perhaps things like even a love of music, are entirely innate. And clearly, “neu-
tral” stimuli may linked to these motives through conditioning principles. There is a character in
the Tenth Century Japanese novel Tale of Genji, for example, who is erotically stimulated by the
calligraphy of his beloved — an example of Pavlovian conditioning, perhaps. It is much less
plausible to assume that being reinforced by a red sports car, James Joyce or a particular brand of
sneaker can be linked in this way with innate reinforcers.

Defenders of Skinner will argue that he never took the conditioned-reinforcement posi-
tion. Reinforcers are where you find them, according to Skinner. Well, yes — and no. In some
places, Skinner loosely ties all reinforcers to primary reinforcement via the ideas of conditioned
and generalized reinforcement. But in his later writings, he usually disclaimed any need to de-
fine the set of reinforcers. And as we have just seen, in Beyond Freedom and Dignity he comes
out for an entirely Darwinian interpretation.

On yet another tack, Skinner defines the words “good” and “bad” in terms of community
practice: “Behavior is called good or bad...according to the way in which it is usually reinforced
by others.” (1971, p. 104) This says little more than that “good acts are what people call good,
and bad acts are what they call bad,” which is often true but not helpful — especially when one
culture reinforces what another punishes. He might have gone on to say that many reinforcers
are established socially (the favored sneaker brand, for example), but this would have led into
sociological complexities which he always avoided. And the origin of this social behavior (Why
this brand of sneaker? Why sneaker at all?) would still be unexplained.

If reinforcers are set for life, what is one to do when confronted with apparently undesir-
able reinforced behavior, such as excessive indulgence in recreational drugs? The Darwinian
metaphor gives little guidance. If these substances formed part of our “selection environment”
then presumably this behavior, despite its apparent ill-effects, may have served some positive
function. We should therefore probably leave it alone. If a drug is a new arrival, then these hab-
its may now be maladaptive (Skinner discusses such cases). We should desist, Skinner would
say, because their negative effects are so obvious.

Summary. In short, Skinner’s approach to the problem of value turns out to be a bit of a
hodgepodge. He vacillated between a “final-cause” evolutionary viewpoint and two versions of
proximal causation: values are just reinforcers, and reinforcers just are, or can be derived via the
mechanism of conditioned reinforcement from a few primaries. There are problems with each of
these approaches. As we’ll see in the next chapter, the real problem is that Skinner wasn’t really
interested in the problem of values, because he knew what he believed and thought that the main
problem was in implementation: “To confuse and delay the improvement of cultural practices by
quibbling about the word improve is itself not a useful practice.” (Skinner, 1961/1955, p. 6)
Arrogance in defense of virtue is no vice, one might say.

Some of my criticisms of Skinner’s approach to human behavior, together with many
others, are to be found in a long review by linguist and political activist Noam Chomsky (1972).
This forceful critique, infused by an ideology different from, but at least as sure of itself as Skin-
ner’s own more covert one, is a sequel to Chomsky’s (1959) earlier attack on Skinner’s 1958
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book Verbal Behavior. Unfortunately, these rather ill-informed attacks served only to isolate
Skinnerians from the mainstream of psychology. Some of Chomsky’s criticisms are well found-
ed—most non-Skinnerians assume that all are. But Chomsky was largely dismissed by Skinner-
ians because he failed to understand Skinner’s main, pragmatic objective. Much of Chomsky’s
critique of Skinner’s view of language, for example, is irrelevant because Chomsky’s criticisms
are from the point of view of someone interested in the structural—syntactic—properties of lan-
guage, whereas Skinner was interested only in its functional properties: how language evolved
and is used (pragmatics), rather than what it is (syntactics). It did not help Skinner’s case that he
often seemed to doubt that language is anything, that syntactics exists at all. For a sympathetic
response to attacks on Skinner by Chomsky and others, see Richelle (1993); for a more extended
discussion of Skinner’s views on language and some of the other issues covered in Chapters 4
and 5, see Baum (1994).

MENTAL LIFE

His view of mental life is what distinguishes Skinner’s radical behaviorism from the methodo-
logical behaviorism of his predecessors:

Methodological behaviorism and certain versions of logical positivism could be said to
ignore consciousness, feelings and states of mind, but radical behaviorism does not thus
“behead the organism”; it does not “maintain a strictly behavioristic methodology by
treating reports of introspection merely as verbal behavior”; and it was not designed to
“permit consciousness to atrophy.” What it has to say about consciousness is this: (a)
Stimulation arising inside the body plays an important part in behavior. (b) The nervous
systems through which it is effective evolved because of their role in the internal and ex-
ternal economy of the organism. (c) In the sense in which we say that a person is con-
scious of his surroundings, he is conscious of states or events in his body; he is under
their control as stimuli....a person may continue to talk, “unconscious of the effect he is
having on his listeners” if that effect is not exerting control on his behavior. Far from ig-
noring consciousness in this sense, a science of behavior has developed new ways of
studying it. (Skinner, 1976a, pp. 242-3)

Skinner’s epistemology of mind is probably the most obscure part of his writings. Let’s take
first his notion of internal stimulation, which he invokes to explain “feeling” and “thinking.” For
example, when we answer the question “What are you thinking?...it is...likely that we are de-
scribing private conditions associated with public behavior but not necessarily generated by it.”
(19764, pp. 30-31) What this seems to mean is that “we” are describing some internal state (but
the word “state” is avoided in favor of “stimulation”) that normally goes along with speech but
on this occasion occurs in the absence of speech. There are problems here that | can describe but
cannot begin to elucidate. Who is the “we” that (who?) is observing this internal state? Since
the state is internal, it presumably also includes some part of the observer, who is thus observing
himself. How can we differentiate between observer and observed? And how are we to deal sci-
entifically — behavioristically — with an internal stimulus we cannot see or measure? Skinner
does not solve these problems, and when confronted directly with them could not clarify his ar-
gument so that this writer, at least, could understand him. (See the reprint of Behaviorism at fifty
and commentaries, with Skinner’s response, in Catania & Harnad, 1988.)

Skinner’s position, difficult as it is, seems to give a plausible account of some aspects of
mental life, such as pain and reports of internal disorders. Reports of pain, particularly when re-
ferred to sites within the body, are notoriously inaccurate. Heart-attack victims, for example,
may report one or more of the following symptoms: pains in the left arm, the neck, even the
back, as well as in the chest. Psychologist Edwin Boring years ago stimulated his own esopha-
gus and found that the place where he located the sensation was much closer to the mouth than
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the actual stimulus. On the other hand, people can report the location of a touch on the skin, par-
ticularly the skin of the hands or face, with great accuracy. Why this difference? Skinner gives a
social answer: internal stimuli are reported inaccurately because the “verbal community” cannot
differentially reinforce accurate responding. A mother can only guess at the source of her child’s
“tummy-ache”; neither child nor mother knows for sure. But if little Billy has fallen and grazed
his knee, both know the source of the trouble very well. Since both know where the pain is, the
Mother can teach the child the proper label.

Skinner’s account may be part of the truth. Children clearly need social support to learn
the correct name for the source of the pain, even if they need no extrinsic guidance to locate it —
nonsocial and nonverbal animals have no difficulty locating a touch. There is an obvious evolu-
tionary reason why external stimuli are accurately located: accuracy is essential to effective ac-
tion. The animal that pricks its right paw but withdraws the left is a poor bet in the evolutionary
race. Social reinforcement is not the basis for the normal sense of touch, only for the correct use
of language in relation to stimulation.

Anatomical specificity is much less important in the internal milieu, however. For exam-
ple, the appropriate response to the ingestion of poison does not require a rat to accurately locate
the source of internal damage. What is required is a behavioral change: to stop eating, and per-
haps avoid the most recently eaten or most novel food. And, in rats and several other species,
this is indeed the usual reaction. A rat fed a novel and a familiar food, and then made sick by
lithium chloride injection learns on one trial to avoid the novel food (which, in nature, is obvi-
ously more likely to be the source of the problem). This is called taste-aversion learning and
numerous studies have shown how beautifully it is adapted to the evolutionary contingencies
(see, for example, Logue, 1991). The feeling of nausea is vague as to anatomical locus, but goes
along with the food-avoidance behavior that the natural selection has favored. | propose that we
cannot name the source of the problem not because we cannot be told the correct name, as Skin-
ner suggests, but because we don’t have the necessary physiological information.

If identifying the anatomical sources of internal problems were of consequence to natural
selection, no doubt we would locate them with accuracy also, and also without need for extrinsic
reinforcement — just as we can locate a touch on the skin. The big difference between internally
and externally caused distress is that what little can be done to remove the source of internal dis-
tress does not depend on localization. In the past, at least, nothing much hinged on accurate
identification of “where it hurts” internally, so that selection pressure for accurate localization
was weak. As medical science offers more possibilities for corrective action, it constitutes a se-
lection pressure favoring patients who can report the site of internal problems accurately. Indi-
viduals with atypical symptoms for cardiac problems or an inflamed appendix are at a slightly
higher risk of dying than people who report their heart attack more conventionally. After many
generations, even such a small selective effect may produce noticeable changes in the popula-
tion. A future generation may report cardiac ischemia with perfect accuracy.

But notice that what selection favors here is not necessarily accuracy but uniformity. The
patient does best whose symptoms most closely match the most commonly reported symptoms
— because that favors an accurate diagnosis. Whether these symptoms correspond to the real
anatomical locus of the problem is irrelevant, so long as the connection between symptom and
diagnosis is strong. | suspect that weak selection pressure, rather than inaccessibility to social
reinforcement, is the likely explanation for our inability to accurately localize internal events.

Skinner prefers to label something like “seeing an object” or “hearing a tune” as a “re-
sponse” rather than as a stimulus or a state. This allows him to deal with “images” and “halluci-
nations” as “responses,” different from seeing real objects only in that the objects happen to be
absent: “After hearing a piece of music several times, a person may hear it when it is not being
played, though probably not as richly or as clearly. So far as we know, he is simply doing in the
absence of the music some of the things he did in its presence.” (1976a, p. 91) There can be little
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doubt that a person who is “imagining” an object is in a state similar to his state when actually
seeing the object (evidence from brain-activity scans shows that visual areas of the brain are in-
deed active when the subject is “seeing” an image, for example). Skinner’s view is undoubtedly
a useful antidote to the “copy” theory of perception that asserts that “imagining” an object actu-
ally recreates a “mental picture” of the object. While there is some evidence for the copy theory,
Skinner is right to point out that the assumption is unnecessary.

There are a few ingenious studies that are at least consistent with idea that some percep-
tion involves a “mental representation” with properties quite similar to the real object. For ex-
ample, Roger Shepard (e.g., Shepard & Metzler, 1971). has done a famous series of experiments
in which subjects are asked to identify an object as the same or different from a target object. On
each trial either the target object, or its mirror image are presented. Shepard found that the time
taken to respond correctly is proportional to the number of degrees the test object must be rotated
to bring it into registry with the target object — suggesting that subjects “rotate a mental image”
in their heads (although other interpretations are possible). Modern cognitive psychology largely
rests on the assumption that Shepard’s result is perfectly general, that something like the “copy
theory” of perception is universally valid. How true this is we will see in later chapters.

There is a problem with Skinner’s alternative, identifying a “mental image” as a “re-
sponse,” however. The whole point about an image is that it is compatible with a whole set of
potential responses, and an open-ended set at that. Thus, the person who sees an image of an ap-
ple might say “I see an apple”’; but he might also answer “yes” when asked “do you see what fell
on Newton’s head”, or “are you thinking that one a day may keep the doctor away?” In short,
the object property of the image is lost when it is reduced to a response. Of course, Skinner was
aware of all this, and dealt with it by evolving very flexible concepts of “response” and “stimu-
lus.” It is this sort of elusiveness that allows Skinnerians to deny that their hero is a stimulus-
response theorist — at the same time that a literal reading of what he says allows non-
Skinnerians to assert that a stimulus-response theorist is precisely what he is.

EE S S e S

The philosophy of radical behaviorism is a descendant of the pragmatism of C. S. Peirce. Truth
is “successful working” in the words of one modern behaviorist (Morris, 1988). Skinner extend-
ed the “successful working” of pragmatism from the life of the individual to the evolution of the
race: those actions not traceable to personal reinforcement must be “instincts” traceable to natu-
ral selection. The epistemology of radical behaviorism is thus a variant of evolutionary episte-
mology (EE).

But EE, like any other philosophy, must presuppose something. What EE presupposes is
that there is a fixed external world out there that does the selecting. Our view of it must neces-
sarily be imperfect, because the process of selection — natural selection or the selective process
termed reinforcement — is always limited by the range of behavioral or genetic variation. But EE
assumes that an external world exists. It is no friend to the relativism encouraged by some of
Skinner’s comments and embraced with enthusiasm by a few of the adherents of radical behav-
iorism.

Skinner gave no real answer to the ancient question, “what is the good?” Uninterested in
pure speculation, driven to action, he was much more interested in using science to do good than
in using philosophy to discover what good is. Radical behaviorism purports to tell us how to
modify the environment so that people will act virtuously. It neglects to specify what virtue is.

Alone among behaviorists, Skinner insisted that radical behaviorism does not “behead the
organism” by ignoring mental life. But the solution he offered, though surprisingly persuasive to
many, does not really solve the problem of private events. | will argue later that in fact it cannot
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be solved directly. Private events, qualia, are just that — private. What we say about them is
public, and thus a proper topic for science. What they are is not, and cannot be.
In the next chapter, I look at how Skinner applied his ideas to social problems.
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Chapter 5: Radical Behaviorism and Society

Skinner assumed, as any behavioral scientist must, that human behavior is determined by heredi-
ty and environment. (He thought the environment most important.) He claimed that determin-
ism calls traditional ideas of personal responsibility into question. He could do this because he
ignored legal theory, economics and moral and political philosophy. No doubt research in these
areas is flawed. It is unlikely that it is entirely worthless. 1 will argue that familiar principles in
these areas, plus a little behavioristic philosophy of science, show that the predictability of hu-
man behavior provides surprising support for traditional practices that Skinner attacked. | look
first at justice and then at judicial punishment.

DETERMINISM AND JUSTICE

At first blush, predictability of behavior does seem to raise issues of justice. If a man’s criminal
behavior is perfectly predictable from his personal history, punishment for wrongdoing seems
unjust. “He could not help himself” is the plaint; “so how can you punish him?” Defense attor-
neys will frequently argue that a man who was the child of abusive parents should not be held
responsible for his violent actions as an adult. In the notorious Menendez case, for example, the
Menendez brothers murdered both their wealthy parents in an unprovoked attack. The defense
introduced testimony about a history of child abuse as a supposed mitigating factor. This ploy
worked in one case arising from these crimes, yielding a “hung” jury — but not in the next, when
both brothers were convicted and sent to prison for life. Nevertheless, the assumption that be-
havior is causally determined has gradually led to a widespread feeling that the concept of per-
sonal responsibility is a holdover from an earlier and less sophisticated age, when people lacked
scientific insight into the springs of human action. Some legal scholars have criticized the
“abuse excuse” (e.g., Dershowitz, 1994; Horowitz, 1986; Stocker, 1999) but generally not for the
reasons | will shortly describe.

The abuse excuse shares some aspects with the insanity defense, which is usually gov-
erned by the one hundred and fifty-year old M’Naghten Rule. In 1843, Daniel M'Naghten mur-
dered Edward Drummond, secretary to Sir Robert Peel, the British Prime Minister, M’Naghten’s
intended victim. M’Naghten averred that his mission was guided by the “voice of God” and on
that account was found not guilty by reason of insanity. His trial yielded the M ’Naghten Rule:
insanity is proved if the defendant was “labouring under such a defect of reason, from disease of
the mind, as not to know the nature and quality of the act he was doing; or if he did know it, that
he did not know he was doing what was wrong.” (See, for example, Livermore & Meehl, 1967).
Clearly, the M’Naghten rule implies that the perpetrator cannot help himself, either because he
doesn’t realize what he doing is wrong, or because he doesn’t realize what he is doing, period.
Some forms of the abuse excuse imply that because of his upbringing, the perpetrator did not re-
alize his behavior was wrong. Others imply that his upbringing made him unable to act in any
other way. Still others affirm that although the perpetrator knew his act was wrong (contra
M’Naghten), his upbringing rendered him incapable of resisting an evil impulse. In practice the
insanity defense is rarely invoked as such and rarely works when it is. But it is frequently used
in pretrial hearings and many defendants are thus found unfit for trial.

Since his approach is technological, not legal or humanistic, Skinner did not deal with
the concept of justice directly. Technology is neither just nor unjust; it either works or it doesn’t;
it is about means, not ends. This is Skinner’s view of a “technology of behavior” also. The four-
hundred-pound gorilla of a problem, of course, is that the “ends” of behavioral control are far
from obvious. A car should be cheap and reliable transportation, but the auto manufacturer is not
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required to worry about how it is driven'® — although he is now required to limit how much it
pollutes. The goals even of traditional technology are not always obvious. But what about a
child: Should he be industrious and obedient, or creative and willful? Should he respect authori-

Box 5.2 What is Society For?

The most influential figure in modern ethical theory is John Rawls, whose book A Theory of
Justice soon became the dominant view when it was first published in 1971. Rawls is not concerned
with individual justice, which refers to an agent whose good and bad actions receive appropriate pos-
itive or negative consequences. His book is about distributive or social justice, which is about how
society’s resources are to be allocated. Rawls takes no account of incentives — the psychological
factors that generate resources — or scarcity, which results from misallocation of resources. Nor
does he accept as a matter of right that a person is entitled to monopolize the fruits of his own energy
and talent. Rawls’ central assumption is equality, which he calls fairness. He contends that everyone
cannot but “acknowledge as the first principle of justice one requiring an equal distribution [of all
resources]. Indeed, this principle is so obvious that we would expect it to occur to anyone immediate-
ly.” (1971, p. 150-1) It seems less obvious today. Rawls proposed that a person situated behind a
“veil of ignorance”—not knowing his talents or his future place in society—will naturally prefer a
society in which all are equal. In other words, confronted with two lotteries, one where you are as-
sured of the same reward as everyone else, the other where you can win big or lose completely, eve-
ryone will prefer the first. The problem is, they don’t. Many would prefer the second lottery: they
are risk-seeking rather than, as Rawls assumes, risk-averse.

Skinner’s and Rawls’ approaches are at opposite poles: Skinner shows how to control peo-
ple’s behavior but is vague about why we should bother. Rawils is exact about ends but says little
about how to achieve them. The Western university began in Bologna almost one thousand years
ago. It was based on the idea of a single universal truth—imperfectly understood, to be sure, but
maintained as an ideal by all. It is a mark of how far from this ideal the U.S. university had drifted
even in 1971 (it is worse now) that two distinguished Harvard professors could publish in the same
year books on the same topic—the nature of society—and fail to address not only each other but even
the same issues.

Many writers seem unaware of, or uninterested in, the fact that individual and social justice
are incompatible with each other. If people differ in their energies and abilities (and they do), then
individual justice requires that some will acquire more than others—which is contrary to Rawls’ so-
cial-justice goal of general equality. This is not a novel insight. The great German polymath Johann
Wolfgang von Goethe commented more than 160 years ago, “Legislators and revolutionaries who
promise equality [social justice] and liberty [individual justice] at the same time are either psycho-
paths or mountebanks.”

Since most people are reluctant to labor for nothing or to relinquish their property to
strangers, Rawls’ well-intentioned and apparently benign ideas imply potentially coercive action by
the state if they are to become a reality. This alarming conclusion soon led to several alternative
views. Most are close to the principles of the Founding Fathers, who emphasized the rights of the
individual, particularly his rights to property and the fruits of his labor. Robert Nozick’s Anarchy,
State and Utopia appeared in 1974. It emphasized individual rights and a minimal state. More thor-
oughgoing is Murray Rothbard’s The Ethics of Liberty (1998) in which the individual reigns supreme
and the state withers away entirely. The debate continues, but radical behaviorism never participated
init.

ty, or challenge it? And what about adults? Marxist-Leninists thought they could create by Pav-
lovian means a Soviet “new man” — and millions perished in the attempt (Pavlov’s reported re-
sponse: “If what the communists are doing with Russia is an experiment, for this experiment |

10 This eminently reasonable principle, that the manufacturer has responsibility only for functionality — the product
works—»but not for use— what it is used for—may not apply to gun manufacturers, however, depending on the out-
come of current litigation.
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would not spare even a frog.”) What kind of new man was Skinner after? His utopian novel
Walden Two suggests that he had in mind someone rather like himself, a free-thinking version of
the U. S. academic, circa 1950. Many scholars will agree with this ideal (but see Box 5.1). But
the Skinnerian new man, whose behavior is a product of technology not character, gathers no
kudos. He is a mirror image of the abused child, who can’t help doing wrong. The product of
behavior analysis can’t help doing right. Neither requires praise or blame, says Skinner, since
neither is really “responsible” for his actions.

It’s worth wondering whether we should be seeking to create a “new man” at all. Aristo-
tle thought that the purpose of government was to produce a virtuous citizenry. But the Found-
ing Fathers thought that individual “life, liberty and the pursuit of happiness” (or “property” in
an earlier version) should be the only goals. Lawbreaking apart, the virtue of citizens was
thought to be their own business. Society was not imagined to serve any purpose beyond the
freedom and happiness of individual citizens. Influential Harvard philosopher John Rawls, on
the other hand, thinks that the goals of society should be a sort of “fairness” that is in effect very
similar to Karl Marx’s “from each according to his ability, to each according to his need” (see
Box 5.2). Radical behaviorism provides little guidance as to ends, although Skinner’s idea that
behavioral control is capable of producing citizens who “can't help behaving well” resembles in
some respects Aristotle's wish for a virtuous populace. My own feeling is that there is always
something dangerous in a philosophy that is discontented with human beings as they are and

Box 5. 1 Ideal Societies

In his biography of the great English aphorist, writer and lex-
icographer Dr. Samuel Johnson (1709-1784), John Wain contrasts
Johnson’s impersonal view of human social arrangements with the
spoiled-child approach characteristic of so many academics: “In this
we see something of Johnson’s generous self-forgetfulness, his power
to reach intellectual conclusions on impersonal grounds. Most people
are entirely lacking in this quality. The average ‘intellectual’, espe-
cially, is the reverse of intellectual in his handling of theoretical ques-
tions. His deductive chain starts from self and ends at self. Because
he has been ill at ease within the family, he wants to abolish the fami-
ly. Because the power structure of his society does not automatically
waft him to a position of unrestricted authority, he wants to abolish

the power structure. The unspoken premise at the back of all his rea-
Dr. Johnson’s house in soning is that the world to be striven for is a world in which he will
London. Life of Johnson get what he wants... Johnson’s premise, on the contrary, is that the
by his young Scottish world must arrange itself in a way that suits the majority of its inhab-
friend James Boswell is itants and gives them, a chance to live decent, peaceable and useful
probably the most famous lives...” (p. 46) So watch out for academic utopians!
biography in the English
lanauaae.

wishes them improved according to some model. But Skinner was untroubled by doubts. “To
confuse and delay the improvement of cultural practices by quibbling about the word improve is
itself not a useful practice.” The ends of control were silently supplied by his own unexamined
mid-20™" century liberal intuitions.

In the foreground, Skinner’s arguments do seem to support the view I just described: that
it is unjust to punish someone whose behavior is determined and thus “not his own fault.” But
Skinner was opposed to judicial punishment not for reasons of justice, but because (he argued) it
doesn’t work. We’ll see how true this is in a moment, as part of a discussion of the role of pun-
ishment in the legal system.
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PUNISHMENT AND LAW

All agree that only the guilty should be punished. But there is disagreement about the purpose of
punishment — should it be designed to deter or simply as retribution; and about its effectiveness
— does it really deter or not? Let’s look first at guilt: what does it take to ensure that all and on-
ly the guilty are punished?

| have already discussed this kind of question in Chapter 3. It is an example of the as-
signment-of-credit problem: an injury (a loss, a death) has occurred; who, or what, caused it?
The law adds another dimension,
of course. You may have caused
my injury, but you are only guilty
in a legal sense if you either in-

1 tended the injury or behaved in a
way that you should have known
| was likely to cause injury. If the

— injury was truly accidental, then
Social Cost of Crirme you may be the cause, in a physi-
e cal sense, but you are not guilty in
Cost to Criminals and Innocents law. Justice thus has two compo-
— nents. The first is causation: the
Net Social Cost accused must have caused the po-
tentially criminal act — this known
as a “simple” or “material” fact.
The second is culpability, it was
not an unavoidable accident.

Utilitarianism

Suppose that causation has been
proved. Should the law inflict

Level of Punishment

Figure 5.1 Schematic picture of the utilitarian view of
punishment for crime. As the level of punishment is in-
creased, the level of crime in society decreases (light, solid ish t 2 Should
line), but the suffering of criminals and those wrongly con- punis mer] ' or,no._ ould we
victed increases (dashed line with markers). There will be | 3SCCPt Skinner’s view that person-
an optimal level of punishment at which the net social cost | @l determinism eliminates personal
(heavy solid line) is a minimum (arrow). responsibility? Our response de-
pends on what we mean by “just”

and on the purposes of punish-
ment. A position that is behaviorist but not Skinnerian is that a punishment is “just” if it serves
the social purpose of minimizing human suffering. This view seems to have been first proposed
by the Italian Cesare Beccaria (1775/1983). The idea that the purpose of all social arrangements
should be “the greatest good of the greatest number” is the central creed of the movement in
moral philosophy known as utilitarianism. (John Stuart Mill [1806-1873] coined the term; see
Shaw, 1999, for a survey).

The utilitarian view is that punishment can be justified to the extent that it minimizes
general suffering. Suffering includes the damage to society done by criminals, the damage to
individual criminals done by just punishment—and the cost of errors: failures of the system that
lead to punishing innocent people. This last is especially important because, as we saw in earlier
chapters, any failure of contingency (punishment of the innocent, failure to punish the guilty)
much reduces both the incentive effect of reward and the deterrent effect of punishment. Moreo-
ver, if unjust punishment is frequent, the law itself is brought into disrepute and society needs to
deal with new set of problems. So everything points to the importance of establishing causality
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and guilt. Crime must predict punishment, in the sense I described, if it is to be an effective de-
terrent.

There remains the mighty problem of measuring collective benefit or loss, of comparing
one person’s pain or joy with another’s. This has always been the Achilles heel of utilitarianism
and various solutions, some even involving experiments and data, have been proposed. All |
can say here is that there is no generally agreed solution, although it is usually possible to get
some agreement in particular cases.

Assuming these problems can be solved satisfactorily, the utilitarian view is that the op-
timal level of punishment (for a given crime) is the level that minimizes the sum of two quanti-
ties, the cost to the criminal (and innocent defendants convicted in error) of legal punishment and
the benefit to society of future crimes deterred (see Figure 5.1). In the utilitarian view, therefore,
the justification for legal punishment is deterrence.

This is not the only possibility. Some legal scholars have even argued that deterrence
should not count at all, only retribution — the consensus that “the punishment should fit the
crime” — should determine punishment. Moore, for example, summarizes this view: “Of the
possible functions for criminal law, only the achievement of retributive justice is its actual func-
tion.” (1997, pp. 78-9). This is a venerable position that cannot be ignored. Suffice it to say that
(a) achieving consensus on what is retributively just is likely to be even more difficult than get-
ting agreement on what minimizes general suffering — “an eye for an eye” used to be considered
just, but now (in Europe and the U.S., at least) the lex talionis would be considered unreasonably
harsh. (b) The near-universal agreement that punishment for attempted murder should be less
than for successful murder strongly supports the idea that judicial punishment should have some
retributive component and not be deterrent only. But, (c) punishment certainly does deter, so it
seems unwise to formulate criminal justice policy without taking this element into account.

Some legal scholars judge the utilitarian view too narrow, but few find it to be completely
irrelevant. And notice that it is perfectly consistent with Skinner’s pragmatic approach to such
problems. So why does he object to judicial punishment? One reason is his objection to the
concept of personal responsibility, based on his critique of “autonomous man.” The other reason
is his contention that punishment doesn’t work. I discussed some objections to his view of re-
sponsibility in the previous chapter. Let’s look again at his critique and then at some data on the
effectiveness of punishment.

Responsibility

Skinner’s critique is that if behavior is determined, man is not “free”, hence cannot be held re-
sponsible. To be “held responsible” is just to accept the consequences, good or bad, for ones ac-
tions. My counter-argument, in summary, is that: (a) We say that a phenomenon is deterministic
when we can predict it. (b) Behavior is clearly predictable and, as knowledge advances, may
become more so. (c) Hence, behavior is to some extent deterministic. (d) The deterrent view of
punishment requires that behavior be predictable, in the sense that more punishment should mean
less criminal behavior. (e) Consequently, in the utilitarian view responsibility, with its corollary
that crimes will be punished, is not just compatible with determinism, it requires determinism.
Without predictability, no social purpose would could served by the concept of personal respon-
sibility. Now let’s look at the details.

Skinner objects to “responsibility” for two reasons: First, because responsibility implies
the potential for punishment, to which he is universally opposed, supposedly on the grounds that
it does not work very well. And second because he mistakenly assumes that personal responsi-
bility rests on the idea of “autonomous man,” which he believed he had refuted.

“Holding a man responsible” is nothing more than making him aware of the aversive
contingencies that enforce punishment for misbehavior. Because human beings, unlike pigeons,
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can learn about contingencies without actually experiencing them (Skinner calls this rule-guided
behavior, in contrast to the contingency-governed behavior of nonverbal animals), awareness of a
punishing contingency will usually result in obedience to it. The aversive stimulus need never be
experienced by the law-abiding citizen. Thus, even though punishment is intrinsically undesira-
ble, its actual use in civilized societies will usually be minimal and must be balanced against the
common interest in a crime-free society. We cannot, therefore, condemn the idea of personal
responsibility because it implies the possibility of punishment.

Personal responsibility does not depend on Skinner’s notion of “autonomous man.”
Skinner defines “autonomy” as “absence of causation.” There are philosophical problems with
this idea, but even if it were true, the legitimacy of just punishment does not depend on it. The
truth is precisely the opposite. It is precisely because people are sensitive to contingencies —
their behavior is subject to causal influences — that punishment is used. If criminal behavior is
predictably deterred by punishment, the justly punished criminal is less likely to disobey the law
again, and serves as an example to other potential lawbreakers. But if behavior were unpredict-
able and unaffected by contingencies — if it were uncaused, in Skinner’s caricature of auto-
nomous man — there would be absolutely no point to punishment (or any other form of behav-
ioral control), because it would have no systematic effect. Thus the idea of personal responsibil-
ity cannot be dismissed because behavior is determined. What remains, therefore, is Skinner’s
criticism that punishment is no so much wrong as ineffective Is it?

How Effective is Punishment?

Punishment is termed by Skinner “aversive control” and the one clear value that emerges
from his writings is unequivocal opposition to it. He doesn’t argue the case on moral grounds, of
course, but on grounds of inefficacy: “Reward and punishment do not differ merely in the direc-
tion of the changes they induce [there is in fact continuing debate in the technical literature about
whether or not this is true]....Punished behavior is likely to reappear after the punitive contingen-
cies are withdrawn.” (1971, pp. 58) Later on, he adds that another problem with aversive control
is that it gives rise to “counterattack.” People will fight attempts at aversive control. In place of
punishment, Skinner advocates exclusive use of positive reinforcement, because it works better.

The fallacy in this argument is that the supposedly universal superiority of positive rein-
forcement over punishment is simply not a fact. Laboratory studies do not show that punishment
is always less effective than reward. Indeed, under many conditions, punishment is quicker and
more effective than reward. Parents of young children can attest — and laboratory experiments
confirm — that it is easier and faster to eliminate unwanted behavior through punishment than
by the indirect means (such as rewarding a competing behavior) required by positive methods.
To Skinner’s objection that the behavior returns when punishment is withdrawn there are two
excellent replies: (a) Rewarded behavior also ceases when the reward is withdrawn. And (b) be-
havior that is maintained by what is called an avoidance schedule is much more resistant to ex-
tinction when the aversive stimulus is withdrawn than behavior maintained by positive rein-
forcement.

An example of an avoidance schedule is shock postponement. The rat subject receives
brief electric shocks every 20 seconds (say). But if he presses a lever, the next shock is post-
poned for 20 seconds. By pressing the lever more often than every 20 seconds, the rat can avoid
shock completely. Such a schedule is difficult to learn, but once learned the behavior may per-
sist indefinitely, even if the shock generator is turned off. (Laboratory experiments on avoidance
schedules are described in chapters by Morse and Kelleher, and Hineline in Honig & Staddon,
1977.) We cannot abandon the idea of personal responsibility on the pragmatic ground that pun-
ishment is ineffective.
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What of “counterattack,” the bad side-effects of punishment? People do indeed try to
evade or eliminate aversive contingencies. The criminal seeks to avoid punishment for his
crime, oppressed citizens may revolt, the guilty suspect attacks the police officer. (Organized
rebellions, like the French and Russian revolutions are usually associated with periods when

Box 5.3 Intention and Free-Will: A Legal View

I deny not the existence of mental phenomena but the utility for law of the concept of mind in which
intentions and free will figure. “The division of acts into some for which a man is regarded as responsi-
ble, and others for which he is not, is part of the social apparatus of reward and punishment: responsi-
bility is allocated where rewards and punishments have tended to work as incentives and deterrents”
And being social rather than philosophical in purpose, the allocation of responsibility need not follow
the division between free and coerced acts. A person who...kills in self-defense is excused from crimi-
nal liability, but not the killer who would not have killed had he not been raised in a poor home by
harsh parents

The comments of Skinner’s colleague, behavioristic philosopher W. V. O. Quine, quoted by Judge Rich-
ard Posner (1990, p. 176)

It is interesting that Skinner was perfectly aware of the legal view of responsibility, but failed to
make the connection to deterrence: “Was So-and-So aware of the probable consequences of his action,
and was the action deliberate? If so, we are justified in punishing him. But what does this mean? It ap-
pears to be a question concerning the efficacy of the contingent relations between behavior and punishing
consequences.” (Skinner, 1961/1956, p. 26) Just so; but the utilitarian point is not so much to change the

behavior of the perpetrator as to deter others like him.

aversive contingencies are relaxed rather than with their high points, however. But Skinner
would probably have argued that without the contingencies, the rebellions need never have oc-
curred.)

But positive reinforcement can also produce something like “counter-attack.” Skinner
himself discusses one example. Some schedules of positive reinforcement, such as fixed-ratio
schedules, are very effective in generating responding at a high rate. As Skinner frequently
points out, piece work (payment per item produced) is just such a schedule. Yet piece work no-
toriously generates strong counter control. Labor unions have universally condemned it, and the
practice survives mainly in professions such as medicine, law, and trading in stocks and bonds
where the reinforcers (dollars-per-reinforcer) are inordinately large. Animal studies show similar
effects: so long as the reinforcer is large enough, rats will make up to 5000 lever presses to get
one (e.g., Collier, Hirsch & Kanarek, 1977). Otherwise they show an increasing reluctance to
respond as the ratio of responses to reinforcers is increased.

Skinner objects to aversive control because of its undesirable side-effects. But positive
reinforcement also has undesirable side effects. The ambitious student who does charitable work
not in order to help poor people, but because it will look good on his vita, the researcher who
fakes his data in order to win a research grant, the financier who cheats widows and orphans to
make a killing in the market, not to mention common thieves, robbers and embezzlers, all show
“countercontrol” of the same sort shown by people subject to aversive contingencies. Flatterers,
the objects of their flattery, spoiled children, divas, absolute monarchs, presidents and prima
donna media stars, also all attest to the ill effects of too much positive reinforcement.

The good Skinnerian may object that the problem with the spoiled child is not excess of
positive reinforcement, but a poor schedule of reinforcement. The kid was rewarded for the
wrong things. But of course the same argument can be offered for the violent man abused as a
child: his problem may be not the punishment he received, but the fact that it was excessive and
indiscriminate.
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In short, any form of behavioral control, positive or negative, can misfire. There is no
reason to prefer positive reinforcement over punishment—other than our empathy with the per-
son who is punished. And that may be mitigated if we believe the policy will reduce the number
of victims of crime.

Deterrence in Law

‘There was a man,” remarked Captain Eliot, ‘who was sentenced to death for stealing a
horse from a common. He said to the judge that he thought it hard to be hanged for steal-
ing a horse from a common; and the judge answered, ‘You are not to be hanged for steal-
ing a horse from a common, but that others may not steal horses from commons.’

(Patrick O’Brien, The Mauritius Command, New York: W. W. Norton, 1977. (P. 210)

The utilitarian view of punishment provides a simple answer to the abuse excuse. Let us
concede (although it is impossible to prove in any specific case) that violent crime is often the
product of an abusive childhood. The infliction of punishment may still be appropriate because
of its deterrent effect. The fact that his past behavior was caused by something or other has no
bearing on the criminal’s present susceptibility to deterrence, or on the likelihood that others
with similar histories will be deterred by observing his punishment. Indeed, if a person’s crimi-
nal behavior can be traced to absence of appropriate and systematic punishment for bad behavior
in the past, then punishment may well be what is needed now.

Only when punishment is likely to be completely ineffective as a deterrent does the law
quite properly limit its use. If the criminal is insane, or if injury was the result of self-defense or
the unintended consequence of actions whose harmful outcome was unforeseeable, no guilt is
attached to the perpetrator and no punishment is given — presumably because punishment can
play no role in preventing the recurrence of such acts. Traditional legal practice is often surpris-
ingly shrewd.

This argument is strictly behavioristic. The utilitarian case for personal responsibility
rests entirely on the beneficial collective effects of just punishment. It does not rest on philo-
sophical notions of individual autonomy or personal morality, although such notions may play a
role in training the young. Skinner was perhaps prevented from taking this line by two things:
his deep-rooted and fundamentally irrational objection to punishment; and the fact that the argu-
ments | have just made are close to arguments that are relatively commonplace in the literature of
jurisprudence (see Box 5.3). By abandoning his objections to punishment, Skinner would have
destroyed the uniqueness of his position — which is something he was always at pains to main-
tain, most obviously through the adoption of an idiosyncratic vocabulary.

Limitations on Behavioral Control

Skinner’s case for behavioral control is quite similar to the argument of the rational-
choice economist. The economist says: Tell me what people want (the usual assumption is:
money). Tell me the rules by which they can get it (e.g., the financial incentives); and | can pre-
dict what they will do. Skinner says: Tell me the reinforcers. Tell me the reinforcement sched-
ules (reinforcement contingencies, in Skinner’s language) that are operating; and I will predict
the behavior. Rational-choice economists and naive reinforcement theorists usually end the story
there. For both, once the contingencies are set, the behavior is perfectly determined. If the hun-
gry pigeon must peck a key ten times to get a bit of food (a fixed-ratio 10 schedule of reinforce-
ment) it will inevitably learn to do so and go on to develop the characteristic stereotyped pattern
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of behavior. If single women are paid substantial amounts of child support, they will have more
children and the rate of illegitimacy will increase.!

It is hard to overestimate the pervasiveness of the idea of reinforcement contingency in
human social thought. Only the term is new — another Skinner neologism. The basic idea is not.
Carrot-and-stick “technology” is an old story and it has led to practices that are generally very
effective. Think, for example, of the behavioral technology involved in the workings of the great
warships of the 18" and early 19" centuries. A single “ship of the line” might carry 1000 men,
each a cog in a vast machine to work 100 guns and control dozens of sails in a coordinated way
to attack an enemy or ride out a storm. Without sailors with habits of automatic obedience and
mindless skill, such ships must soon have perished. Many did, but most did not, weathering
storms, reefs and lee shores that all pose extraordinary risks for a cumbersome vessel entirely at
the mercy of external forces. The large rewards — from plunder — and often severe punish-
ments that maintained this efficiency are well known and often deplored. Yet without them, the
tight control necessary to the survival of large sailing ships alone for months on the high seas
might well have been impossible.

On a less heroic scale, the behavior of automobile drivers is quite sensitive to the penal-
ties for motoring infractions. Drivers in many European countries seem to pay little attention to
speed limits, for example, because penalties for speeding are rarely enforced. But drivers in
those US states that stringently enforce speed limits are much more careful, even when the limit
is well below what most would judge safe. All governments know the power of tax code to
boost some activities (like house ownership, in the US and agriculture in the EU) and inhibit oth-
ers (like alcohol and tobacco consumption).

Contingencies do not always work as intended, however. The failures are of two kinds:
either the subject is smarter than the experimenter, or the reverse. Examples of the first kind are
tax “loopholes.” A provision designed to facilitate one Kind of activity is turned to unintended
uses by ingenious tax-avoiders. As the fraction of the national treasure taken in by governments
has increased over the past century, tax law has become a Darwinian contest in which laws are
drafted for one set of purposes and then turned by taxpayers to quite others.

But contingencies may also fail because the subject is dumber, or more constrained, than
the experimenter thinks he is. Pigeons (and even, alas, many human beings) cannot learn calcu-
lus, for example, and no matter how rewarding the schedule, a bird that must get its food only by
forming derivatives will starve. So there are capacity limitations: pigs cannot fly and dogs can-
not speak. But, as we saw in Chapter 3, there are also limitations of a more subtle kind. The ab-
erration known as instinctive drift shows that although the contingencies favor one thing — and it
is within the organism’s capacities (its “repertoire” in Skinner’s language) — the organism may
nevertheless do another.

Procedures that present painful stimuli (aversive schedules) provide many other exam-
ples. For example, if two rats, strangers to each other, are placed together in a cage and intermit-
tently shocked through the floor they will attack each other and this will prevent them from
learning to press a lever to prevent shock delivery. Even isolated rats find it difficult to learn an
avoidance response, because the shock induces instinctive reactions, such as “freezing”, that in-
terfere with lever pressing. Most surprisingly, many animals can actually be trained to produce
painful stimuli. After an appropriate training history, cats and monkeys will press a lever that
occasionally produces painful electric shock (see chapters in Honig & Staddon, 1977).

Aversive contingencies may also fail to achieve their intended objective if they are too
severe. The reason? The “misbehavior” effects mentioned earlier. As in the rat example, pun-

11t is of course irrelevant to the economic argument whether support payments actually reward childbearing or
simply remove a disincentive. Murray (1984) has provided a path-breaking analysis of this and related issues.
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ishment that is excessive produces behavior that competes with the behavior the punisher desires,
and thwarts the intended effect of the punishment regimen. In human beings, punishment that is
perceived as unjust also elicits reactions (usually aggressive) other than those intended. Litera-
ture provides many vivid examples where the threat of severe punishment fails to achieve the
desired behavior. For example, in the 171" century play Surgeon of Honor, by Spanish writer
Calderon de Barca, the clown-servant Coquin is given the ultimatum that he must make the King
laugh — or else have all his teeth pulled out. This particular aversive contingency is more likely
to leave Coquin toothless than the King in fits of mirth.

Many of the British penal colonies in Australasia incorporated amazingly sophisticated
systems of (usually aversive) behavioral control. Some worked satisfactorily, many did not.
Norfolk Island, a tiny speck in the Pacific, provides examples of both sorts. Under the regimen
of Major Joseph Anderson (in charge from 1834 to 1839), for example, five men might get 1500
lashes between them before breakfast — for crimes like “singing a song” or “robbing the earth of
its seed” (not planting corn properly). “Deranged by cruelty and misery, some men would opt
for a lifetime at the bottom of the carceral heap by blinding themselves, thus, they reasoned, they
would be left alone.” (Hughes, 1987, p. 481) The only convict to leave a record of life on the
island at this time wrote of Anderson’s even more brutal predecessor James Morisett:

If you endeavour to take out of [a prisoner] that manly confidence which ought to be
cherished in every civilized human being, you then begin the work of demoralization; and
it will end in the very Dreggs of debasement & and insensibility to every species of integ-
rity and decency, and eradicate every right feeling in the human breast. You make him
regardless of himself, and fearless as to the consequences of doing wrong to others.
(Frayne, 1799, p. 25-6)

Far from producing productive obedience, Morisett’s terrifying regime made his prisoners un-
scrupulous and indifferent to consequences.

But Norfolk Island was also the site of a much more moderate regime that resembles in
almost every particular the modern behavioral psychologist’s token economy, still widely used in
such mental and remedial institutions as remain after the closures in the US in the 1970s and
‘80s. These ideas were put in place between 1840 and 1844 by one Alexander Maconochie:
“Let us offer our prisoners, not favors, but rights, on fixed and unalterable conditions.” (Hughes,
1987, p. 499) Called the “Mark System,” Maconochie’s scheme involved sophisticated schedul-
ing of both positive and negative reinforcement. (Negative reinforcement is the removal of an
aversive stimulus: here, the convict’s time of servitude.)

Good behavior was rewarded with “marks” that went towards a reduction of sentence:
6000 marks were equivalent to a seven-year sentence, 7000 to 10 and 10 thousand to life —a
nonlinear scale corresponding roughly to the disutility of each sentence. (“Time off for good be-
havior” is the modern, less sophisticated version of Maconochie’s “marks.””) Marks could also be
exchanged for goods, they were “just wages, and will equally stimulate to care, exertion, econo-
my and fidelity.” (ibid., p. 500) By all accounts, the Mark System was reasonably successful
during its short life, but it was in the end stymied by Britain’s need for Norfolk Island to be a
place where “Felons...have forfeited all claim to protection of law”, the deterrent ne plus ultra
for intractable villains. Maconochie’s humane system failed of this objective.

Contingency vs. Cause

So, despite their many successes, we must conclude that reinforcement contingencies by
themselves do not always allow us to “control” behavior. “Control” is Skinner’s term. But it’s
too strong, because the effects of contingencies are always limited by the means organisms have
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for adapting to them. Hence, “predict” — which allows for the possibility of failure — would be a
more accurate term than “control,” which does not.

Why do contingencies sometimes fail? The general reason is that explanation in terms of
contingency is teleological?. To explain behavior by the maximization of utility (the economic
idea of rationality) — or in terms of its consequences in general — is to explain it in terms of its
ultimate goal not its proximate causes. To say that men act rationally (should they ever do so...),
is not to say what rationality is. Means — what a person is capable of thinking or doing — are al-
ways finite; hence behavior is not always optimal. There are extensive discussions of optimality
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Figure 5.2 The process of shaping (schemat-
ic). Top: The proportion of time taken up by six
different activities (ranked in order of frequen-
cy) in absence of selective reinforcement. The
graph shows 11 periods of time (epochs) and the
data are the average proportion of time taken up
within each epoch. Bottom: The effect of selec-
tively reinforcing one activity: its proportion of
time increases, and the other activities decrease.

analysis — what is means, when it is appropri-
ate — in the biological literature. See for ex-
ample, Maynard Smith, (1978), Oster & Wil-
son (1978), Staddon (1987), Staddon & Hinson
(1983).

Economists have proposed various fix-
es for optimality analysis, such as Simon’s
“bounded rationality” (the idea that people will
settle for results that are “good enough” not
necessarily “the best”) and others. But such is
the richness of human behavior, none is really
adequate. Indeed, in the long run, the only sat-
isfactory solution is to abandon the whole idea
of contingency as an explanation and look di-
rectly for the proximal causes, the mecha-
nisms, of behavior.

We are a very long way from that point.
But there is an intermediate approach that pre-
serves the insight that behavior is usually guid-
ed by contingencies, but can prevent us from
falling into the trap of teleological determin-
ism: the Darwinian metaphor.

Contingencies reward and punish, but
they can only reward and punish what has ac-
tually occurred. In other words, they can only
select from what is offered by the subject.
Moreover, rewards and punishments have two
kinds of effects: they select, yes, but they also
have what | will call direct effects — shock-
elicited fighting and freezing, for example,
“washing” of the food-associated tokens and
others. These direct effects need not be imme-
diate. Instinctive drift follows the laws of Pav-
lovian (rather than operant) conditioning and
takes some time to develop. The point is that
these are effects of antecedent, not consequent,
events; they are sometimes called elicited ef-
fects (see the discussion of behavioral variation
in Chapter 3). Problems arise if the direct ef-

12 More precisely, teleonomic, in Pittendrigh’s (1958) sense, which allows for the possibility of causal explanation.
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fects of rewards and punishments conflict with their selective effects.

The general process of learning through contingencies of reinforcement (operant learn-
ing) is illustrated schematically in Figure 5.2. The top graph shows the proportion of time taken
up by different activities during 11 epochs of time, in the absence of reinforcement. This is called
the organism’s initial repertoire of behavior. In the absence of reinforcement, there is no sys-
tematic change. The bottom graph shows what happens when one activity is selectively rein-
forced. It takes up more and more of the available time. Looking at reinforcement in this way
emphasizes its selective property — and immediately raises the question of how to train a behav-
ior that is not part of the initial repertoire.

Always it is the organism that “proposes” and the environment that “disposes.” If, as
sometimes happens, the repertoire elicited by the reinforcer fails to contain the desired behavior,
training will fail — as it so often did on Norfolk Island, where the extremity of punishment pro-
duced despair and resentment, rather than productive action. The lesson? We must take as much
account of the direct effects of our reinforcers as of their selective effects. The error of rational-
choice economists and radical behaviorists alike was to ignore the direct effects almost entirely.
(This actually gives too much credit to the economists, who were entirely uninterested in dynam-
ics, process, etc.)

The usual solution to the problem of training a response that is not in the organism’s ini-
tial repertoire is via something called shaping. Shaping is an art, not a science. The idea is that
if the animal doesn’t show the behavior you want, reinforce something a likely precursor of the
target behavior. It is hard to improve on Skinner’s description of this process:

A pigeon, reduced to 80% of its ad lib weight, is habituated to a small semicircular am-
phitheater and is fed there for several days from a food hopper, which the experimenter
presents by closing a hand switch. The demonstration consists of establishing a selected
response by suitable reinforcement with food. For example, by sighting across the am-
phitheater at a scale on the opposite wall, it is possible to present the hopper whenever
the top of the pigeon’s head rises above a given mark. Higher and higher marks are cho-
sen until, within a few minutes, the pigeon is walking about the cage with its head held as
high as possible. In another demonstration the bird is conditioned to strike a marble
placed on the floor of the amphitheater. this may be done in a few minutes by reinforcing
successive steps. Food is presented when the bird is merely moving near the marble, lat-
er when it looks down in the direction of the marble, and finally when it pecks it... (1959,
p. 48).

In the first of Skinner’s examples, the precursor behavior is obvious: raising the head a
little is the obvious precursor to raising it a lot. The second is less obvious: how do you begin to
reinforcer the bird for pecking a marble when it neither pecks nor looks at it? Skinner offers one
solution; doubtless there are other sequences that would be effective. The general point is that
there is a natural progression of repertoires that end up with a given target repertoire. For “easy
to learn” activities, there are many such progressions; for an activity that is hard to learn, there
may be only one or two — or none. If you begin at the wrong place, therefore, the pigeon — or
the child — may never learn the target task.

Punishment and the Criminal Justice System.

There are suggestive Darwinian arguments that support some measure of aversive control
in the criminal-justice system. One argument is based on the idea of cultural evolution, and runs
as follows. Darwin wrote “For natural selection acts by either now adapting the varying parts of
each being to its organic and inorganic conditions of life; or by having adapted them during past
periods of time...” (1872, p. 217, my italics) In other words, selection acts slowly and its effects
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are often delayed. Skinner would have to agree that we can substitute “cultural practice” for “be-
ing.” Like Darwin, he has argued that many evolved characteristics represent the effects of past
selection. He has also made this argument for cultural features. We may also reasonably assume
that although cultural selection is certainly faster than natural selection, it is a great deal slower
than the behavioral selection within an individual’s lifetime that we call learning.

The notion that selection acts slowly has an obvious bearing on the problem of the crime
level. Most writers agree that the general level of crime up until the 1970s in Western nations
was lower than in the previous centuries: “In all likelihood, most people are safer today than they
were a thousand years ago. Safer, that is, from ordinary crime, though probably less safe from
genocide and mass terror.” (Wilson, 1999) There has probably been a secular reduction in law-
lessness over the past several hundred years (although statistics for past centuries are sparse, so
the evidence is far from conclusive). At the same time, the severity of punishment for most
grades of crime has eased: we no longer imprison a child for stealing a loaf of bread, place a citi-
zen in the stocks for debt, beat a youth for petty theft, or behead a man for treason. Punishments
have been reduced in other ways as well: the time lag between arrest and actual imposition of the
penalty is much longer than it was a hundred or more years ago, especially in the US. Because
of the frequent introduction of new measures to protect individual rights, the probability of pun-
ishment for crimes (even assuming that arrest probabilities have not changed) may also have de-
creased in recent decades.

It is well accepted that increase in the delay, or reduction in the probability, of reinforce-
ment or punishment, greatly diminishes their effects. Because the effects of cultural selection are
slow, these reductions in the effectiveness of punishment may well take many years to have an
effect. It is possible to argue, therefore, that the low level of lawlessness for most of this century
is a delayed effect of the severe punishments meted out even to minor criminals in centuries past.
Similarly, the apparent increase in crime since the 1970s may equally be a delayed response to
the relaxation of penalties over the past fifty years.

If the cultural-evolution argument is correct, condemnation of punishment may actually
have contributed to the crime problem. Psychologists are almost unanimous in their opposition
to punishment as a way of changing behavior. (It is perhaps the only thing on which they agree.)
They are always the first to urge attention to “root causes” of crime — poverty, family structure,
racism, almost anything but the absence of consistent discipline in the home, at school, and from
law enforcement (also root causes, one would think) — whenever there is a large-scale break-
down of civil order. If this view is influential, then every increase in crime will be interpreted by
the political system as a failure of the “old” methods (punishment).

Society’s response to the increase will therefore be alleviation of punishment and the
substitution of positive reinforcement. Because positive reinforcement is less effective than pun-
ishment in eliminating unwanted behavior, each alleviation will eventually produce an increase
in crime, which will elicit calls for further alleviation, and so on. The result will eventually be a
highly unstable situation with very high levels of crime — the situation in much of North Ameri-
ca until very recently.

The idea that there are natural progressions of behavior provides a kind of justification
for “zero tolerance” policies. If you stop kids from spray-painting graffiti, then they may not
progress to breaking windows and stealing cars. The contrary view, of course, is: if you give
them a chance to “let off steam” they won’t do really bad things. Both are probably true, over
different time scales. The “letting off steam” argument may work with young children from day
to day. The zero-tolerance idea may work with young adults over a period of months.

I’m not sure whether these quasi-Darwinian speculations on the societal effects of pun-
ishment are true or not. Arguments like this are based on a combination of intuition and some
laboratory experiments. They can never be conclusive. The behavioral data lend themselves to
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many often contradictory views. Skinner’s proposals, however, are more obviously flawed than
most. Clearly, there are strengths and weaknesses to both punishment and positive reinforce-
ment as ways of changing behavior. Thus, conventional judicial practices cannot be abandoned
on the grounds that punishment is uniquely ineffective. Is punishment immoral? Perhaps, but as
we saw in the section on “Values,” Skinner provides no basis for this belief. It is worth noting,
however, that Skinner’s clear opposition to punishment undoubtedly attracted liberal followers to
views that in other respects often appear totalitarian (see Dinsmoor, 1992). Skinner’s case
against the idea of personal responsibility thus rests entirely on his “autonomous man” argument
which is in fact a red herring. The concept of responsibility not only does not depend on “auton-
omous man,” it requires the opposite: that human beings respond in a predictable to way to re-
ward and punishment.

Human societies are complex beyond our imagining and it is rarely possible to be certain
about the causes of any large social problem. Experiments cannot be done, uninterpretable cor-
relations abound, and almost all positions are infused with ideology. Nevertheless, the argument
for appropriate use of aversive control deserves to be discussed. | suspect that it is closer to the
truth than Skinner’s blanket condemnation.

Summary: Skinner’s Morality. In Beyond Freedom and Dignity Skinner undermines
many traditional beliefs. He offers nothing as substitutes but Nostradamus (do what favors con-
tinuation of the culture) and a rejection of aversive control. Catholic apologist G. K. Chesterton
says somewhere that those who do not believe in God believe not in nothing, but in anything.
Less theistically, we can say that those who lack any inherited system of beliefs are more suscep-
tible to persuasion. If modern media-dominated societies are adept at anything, it is persuasion,
to which whole industries and many of our best minds are devoted. It is thus not an accident that
children who grow up in homes where traditions are weak — the children of the underclass and of
the workaholic nouveau riche, for example — live by the values of commercial advertising. God
may be dead, but Nike, MTV and Tommy Hilfiger are definitely alive. The academic intelli-
gentsia have also abandoned most traditional beliefs — often for no better reason than that groups
they dislike, such as religious fundamentalists, support them. It is rational, not reactionary, to
view the replacements with some suspicion. As tradition collapses, we should not be surprised
to find the world overtaken by values that have not been tested by time. Many will surely, in
time, turn out to be pernicious. Thus, | believe that by his attacks on traditional beliefs Skinner
may have actually increased the amount of superstition in the world, not reduced it.

*kkk

Skinner spent the last twenty years of his life engaged almost exclusively in writing about radical
behaviorism and society. It was perhaps inevitable that these writings should go very far beyond
experimental data and theoretical understanding. They reveal a covert ideology — his opposition
to aversive control and adherence to the conventional political wisdom of his day — that led
Skinner to a number of fallacious arguments. It’s worth noting that this aspect of Skinner’s ide-
ology is not the one criticized by Chomsky in his various attacks on Skinner (e.g., 1972). Skin-
ner and Chomsky were actually of one mind in their opposition to punishment and coercion, for
example. Chomsky objected to Skinner’s assumption that human behavior will turn out to be
perfectly determined by environment and heredity — which is nothing more than the working as-
sumption of scientific psychology. But I have argued that determinism is not contrary to free
will; and all agree that the assumption of determinism is essential to science. Chomsky’s ill-con-
ceived objections to determinism were unfortunately as influential as Skinner’s equally mistaken
opposition between free-will and determinism.
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Skinner’s ideology prevented him from following through on his own behavioristic prem-
ises. Itis hard to avoid the impression that in Beyond Freedom and Dignity Skinner is “mistak-
ing the finger for the moon” — attacking conventional views of man when the real problem is the
inconsistency between his own unexamined beliefs and the facts of behavior revealed through
the methods he had himself invented. A gifted scientist wrote:

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....Scientists have simply found that being honest — with oneself as
much as with others — is essential to progress....Scientists have also discovered the value
of remaining without an answer until a satisfactory one can be found.

Although these words are Skinner’s (1953, pp.12-13), in his later writings he failed to follow
them. It is scant comfort that his sin in this respect is no greater than the sins of all those other
over-confident social scientists — psychologists, psychiatrists, sociologists, economists — who
continue to go beyond their narrow, particular and often ideologically driven understandings of
human nature and society in “expert” testimony of all kinds. They should keep silent, or at least
show proper humility in the face of our enormous ignorance. Human nature is stranger than we
know — and stranger even than we can imagine. In vital matters like marriage, raising children,
and the punishment of crime it will be many, many, years before the one-dimensional pro-
nouncements of “experts” can be reliably trusted over traditional wisdom and personal experi-
ence.

Summary: B. F. Skinner

So how shall we sum up B. F. Skinner and his influence? He is still respected, even
revered, by a substantial minority of psychologists. They have their own thriving society and
several journals reporting research in the Skinnerian tradition. But behavior analysis is not in the
mainstream — or streams, because psychology now is in many ways even less unified than it was
fifty years ago. So Skinner’s continuing influence beyond the behavior-analytic community rests
mainly on his contributions to experimental method and the new findings they made possible.

He was a brilliant experimenter. He invented the Skinner box, which is now the standard way of
studying learned behavior in animal psychology and neurobiology. He reintroduced the psy-
chology of learning to the individual after many years when most psychologists dealt with data
only from groups. He showed that behavior can be studied directly, that it need not be viewed
through the “dark glass” of inferential statistics. Unfortunately, this contribution has completely
failed to “take” outside the ranks of behavior analysts. The between-group method is still the
norm in most of psychology.

He and his students went on to use the techniques he had invented to study reinforcement
schedules, where they discovered a completely unsuspected sensitivity of operant behavior to the
pattern and scheduling of intermittent reinforcers. This project revealed surprising similarities in
behavior across species and has led directly to an important nexus between psychology, econom-
ics and behavioral ecology. Skinner provided a conceptual framework for understanding learn-
ing that (I believe) has yet to be fully explored — even though his strictures against theory pre-
vented him from exploiting it himself and impeded the efforts of others to do so.

Skinner’s work continues to have a substantial impact in applied areas, particularly clini-
cal psychology, where it is known as “behavior modification” or “applied behavior analysis”.
These methods are perhaps the only psychotherapeutic techniques whose efficacy (in a limited
domain) has been conclusively proved. Largely through the work of Fred Keller, Skinner’s ideas
have also had significant effects on education.
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Skinner’s besetting sin is one that he shares with all social-science gurus: premature ex-
trapolation. His brilliant and innovative laboratory research encouraged him to take a tenuously
based and in some ways half-baked set of social prescriptions to a public willing to accept them
because of the very real laboratory successes of operant conditioning. He offered false argu-
ments about personal responsibility and the supposed inefficacy of punishment that reflect the
way he would have liked the world to be, rather than the way it actually is. He dismissed —
sometimes explicitly, more often through neglect — the work of legal and political scholars, so
he never really confronted alternatives to his own views.

No matter what criticisms are legitimately leveled at Skinner, he will always deserve
credit for his emphasis on the environment. Much of his hostility to psychological concepts like
“feeling,” the “inner man,” “attitudes” and the like, was because these notions distract attention
from the real'® causes of behavior, which lie in a person’s past history. Moreover, these are
causes we can actually do something about. Attitude, no matter how precisely measured, pre-
dicts actual behavior imperfectly. It is notorious that no man can know if he is capable of hero-
ism until he finds himself in a situation where heroism is required. Who has not changed his vot-
ing preference at the last minute? Who has not behaved in a more (or less) prejudiced way than
expected in a real-life context. “Attitude” is a snapshot; but behavior is a movie. Most psy-
chologists are happy to deal with “attitudes,” rather than historical causes, not just because atti-
tudes are easy to measure (there is a massive industry of test--makers, focus-group organizers
and opinion pollsters who make attitude-measurement their business), but because attitudes seem
like easy-to-change things. A person’s individual history, on the other hand, extends over many
years. His behavior evolves over time in response to all sorts of social and intellectual influences
in ways that depend on his own changing constitution. These complex effects are hardly under-
stood at all. Modifying behavior that grows out of such an environmental history may in fact be
very difficult (if you doubt it, just look at “attitudes” in Northern Ireland or the Balkans). Never-
theless, the environment is where psychologists must look if they are to understand normal hu-
man behavior. Every area of applied psychology would be farther along if Skinner’s admonition
to “keep your eye on the environment” had been followed more conscientiously.

13 Real non-physiological, causes: all behavior as physiological causes, of course. But these are usually unknown
and unmodifiable.
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Chapter 6: Mind and Mechanism: The New Behaviorism

Where have all the behaviorists gone? In 1976, it was possible to write: “...since the days of Chicago
functionalism and Columbia Thorndikianism, no one has seriously doubted the hegemony of behav-
iorism in American psychology. So-called cognitive psychology, considered by many the only viable
option to behaviorism, has, in fact, existed more by contrast with behaviorism than as a school of
thought in its own right.” (Wispé & Thompson, 1976, p. 346) Yet shortly thereafter, the “cognitive
revolution” displaced behaviorism from psychology’s front page and, increasingly, from departments
of psychology across the land. What happened?

THE RISE OF COGNITIVISM

What happened was that psychologists got leave to “do what comes naturally”—Ileave denied to them
by the unforgiving behaviorism of Watson and his successors for more than sixty years. What comes
naturally to psychologists is mentalism. “Psychology is the science of mental life” pronounced Wil-
liam James in 1890, but his writ ran for only a few pre-Watsonian years. George A. Miller used
James’ sentence as a rallying cry in the first salvo of the mentalistic counter-revolution, in his 1962
book Psychology: the science of mental life.

Not only do psychologists want to study mental life, they want to study the mental life of hu-
man beings. This was also impeded by the behaviorists, who argued from evolutionary biology that
simpler, hence more comprehensible, antecedents of the human mind are to be found in the behavior
of animals. The need for experiments in which reward and punishment may be freely administered
also implied that scientific psychology must be centered on animal experiments. This was all soon to
be dismissed as “rat psychology”. Psychologists had been chafing against the constraints of biology
and behaviorism for two generations when they were liberated by the cognitive revolution. The new
cognitive psychology legitimated the study of language, mental representation and consciousness
which (it was argued) had been ruled out or trivialized by the old behaviorism. As one apostle wrote:

[TThe sole purpose of science is not to frame parsimonious laws. Notwithstanding Wat-
son’s and Skinner’s emphasis on the prediction and control of behavior, science aims to
explain phenomena, not merely to describe them in laws. And explanations, of course,
take the form of theories. Hence, if mental states exist, a complete psychological expla-
nation should give an account of them even if they could be dropped from the laws of be-
havior (Johnson-Laird, 1988, pp. 17-18.).

How was this emancipation achieved? Chiefly through two things: the digital computer, and
the act of theoretical seppuku committed by Skinnerian radical behaviorism.

The digital computer meant that theories—of mental life, perception, syntax or whatever—
could be simulated, made up into a working model, programmed on a computer. This was heady stuff
in the 1960s and 1970s. Nobel-laureates-to-be boasted in the 1950s that the best chess player in the
world would be a computer within ten years, automatic language translation was around the corner,
and comprehensive models of thought were on the horizon. Already, in 1957, a computer program
had discovered novel proofs for theorems in Russell and Whitehead’s Principia Mathematica (New-
ell, Shaw & Simon, 1957). By the 1960s the sunlit uplands of cognitive hegemony were in full view.
Especially confident prophecies for the new cognitive psychology (see Box 6.1) were made by Her-
bert Simon (see, for example, his ambitiously titled collection of papers Models of Thought, 1979).

Not only did computation offer power, it also offered respectability. Rigor and quantification
had been almost a monopoly of the behaviorists. The vague, verbal theorizing of the Gestalt psy-
chologists and other proto-cognitive psychologists could easily be dismissed. But now, the ability to
simulate mentalistic theories with quantitative precision conferred a Good Housekeeping Seal of Ap-
proval on cognitive psychology. No longer need cognitive psychologists feel embarrassed by hard-
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headed behaviorists. Philosophical objections to the study of subjective experience remained unan-
swered, but no matter: computers could remember, perceive, even understand. The possibilities ap-
peared boundless.

Box 6.1 Definitions

The terminology in this area is confusing. Cognitive psychology is the movement inspired by
George Miller’s 1962 book and launched in a very successful textbook by Ulric Neisser (1967). Cognitive
science is a broader term that also includes workers in artificial intelligence, linguistics and other ancillary
disciplines who share an interest in human thought. The most recent movement along these lines is cogni-
tive neuroscience, which is dominated by the new brain-imaging technologies: functional magnetic reso-
nance imaging (fMRI), positron emission tomography (PET), superconducting quantum interference device
(SQUID), and others.

There are also several varieties of artificial intelligence. Philosopher John Searle has commented:
“Just to keep the terminology straight, | call the view that all there is to having a mind is having a program,
Strong Al [artificial intelligence], the view that brain processes (and mental processes) can be simulated
computationally, Weak Al, and the view that the brain is a digital computer, cognitivism.” (1992, pp. 201-
2).

Today, we’re not so sure. Now, with computers on every desktop a thousand or more times
more powerful than the water-cooled monsters available to the prophets of cognitive science, the up-
lands, while still in sight, seem a little cloudy. As of 1998, the World Chess Champion still puts his
pants on every morning and we still await a comprehensive model of the mind. Automatic language
translation has gotten a great deal better, but artificial intelligence is still more artificial than intelli-
gent.

Radical behaviorists were insulated from the siren song of cognitivism by Skinnerian suspi-
cion of formal theory and by their dedication to experimental results as ends in themselves. Behav-
iorists trained in the traditions of Hull and Tolman were much more susceptible, however. Several of
the leading cognitive psychologists of the 1970s and ‘80s are retreaded rat-runners, or at least, people
reared in the Hullian tradition. The few neo-Tolmanians for the most part embraced with enthusiasm
the new animal-cognition movement, described earlier in Chapter 1.

The Trouble with Cognitivism

How has the computer-assisted excitement of the original cognitivists panned out? Attacks are com-
ing from the left and the right. On the left, philosophers are arguing that cognitivism is failing be-
cause the computer metaphor is wrong — and because cognitivism is not mental enough. On the
right, some artificial intelligence (Al) researchers and roboticists are arguing that the emphasis on
representation and symbolic thought is largely irrelevant to the development of truly intelligent sys-
tems. | believe that the philosophical objections to contemporary cognitive psychology merely under-
score the importance of a sophisticated behaviorism. The Al objections partly define the new behav-
iorism. Let’s look at the philosophy first.

Philosophical objections to cognitive psychology

A central tenet of cognitive psychology is that the brain is like a computer and cognitive oper-
ations like a program running on that computer. This is still a very widely accepted view in cognition:
see, for example, Johnson-Laird (1988), Pylyshyn (1984), Feigenbaum & Feldman (1963). Its found-
ing inspiration was Cambridge mathematician Alan Turing. (1912-1954). Turing is famous on sev-
eral counts: He played a key role in deciphering the German “Enigma” code during World War II.
He proposed a test for artificial intelligence (Al) that has become a classic (Turing, 1950). He did the
mathematics that forms the basis for the general-purpose digital computer (Turing, 1936, described
what has come to be known as the universal Turing Machine). And he died tragically by his own
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hand at the young age of 42 in the aftermath of a criminal conviction for homosexual behavior (see
the biography by Hodges, 1984)

Although he owed no allegiance to behaviorism as a movement in psychology — indeed, he
was not a psychologist at all — Turing proposed a perfectly behavioristic test for “thought.” The ex-
perimenter types questions that are read and responded to either by an appropriately programmed
computer or by another human being. The experimenter is not told which: his task is to decide from
the responses whether his correspondent is man or machine. If he cannot tell which, within a “rea-
sonable time,” then “thought” should be conceded to the machine as well as to the man. Passing the
Turing test is an avowed objective of modern cognitive science. Most cognitivists go beyond the pos-
sibility of mere functional equivalence to accept the idea that source of behavior—*the brain”—Is to
be thought of as a “symbol-manipulating device,” just like the digital computer.

Philosopher John Searle (e.g., 1992) has mounted the most organized attack on this idea.
Searle objects that even if the test is passed, the successful program need not be accepted as a valid
theory of the human mind. Searle’s main objection is that anything can be conceived of as a comput-
er: a ball rolling down an inclined plane, for example, is an analogue computer that computes New-
ton’s laws of motion; a nail driven into a plank computes the distance it must travel given the force of
the hammer and the friction of the wood. The problem, says Searle, is that computational properties
are not intrinsic to any system; they are interpretations imposed from outside (see also Dreyfus, 1972,
and Penrose, 1989, for other influential attacks on “strong AL”).

Searle’s second objection is to accuse cognitivism of the familiar homunculus fallacy. Sophis-
ticated cognitivists are of course aware of this problem: there is no “little man in the head” looking at
some sort of screen on which the products of sensation are displayed. Nevertheless, the ways in
which important problems are presented imply such a little man, says Searle: “Typical homunculus
questions in cognitive science are such as the following: ‘How does the visual system compute shape
from shading; how does it compute object distance from size of retinal image?’” (Searle, 1992, p.
214) The savvy cognitivist might respond by saying that what is really meant is “‘How is information
about object distance represented in the brain?”” and “How is this information derived from the retinal
input?”’

He will need to add, of course, “How do we know these things?” In other words, we need to
know something about how states of mind are translated into things we can measure, i.e., into behav-
ior. This response shows that the question of representation cannot be separated from the questions of
computation and action — but it often is, as Searle’s questions show. When all three are considered
together, it is difficult to see how they amount to asking more than “How does the brain work to make
behavior?” which is not necessarily a computational or even a cognitive question.

Searle’s case against the computer metaphor for the mind seems solid, and much of the stand-
ard cognitivist boilerplate about “information processing” and computational “levels” dissolves under
his analysis. No information is being processed, perhaps nothing is being “represented” at all: the ex-
ternal world is changing, neurons are firing, chemicals are circulating, and physical actions are occur-
ring. The psychologist’s job is to find the connections among these events. Rhetoric about “levels —
functional, hardware, computational and intentional — is empty in the absence of clear evidence,
which can come only from a truly comprehensive theoretical system that explains behavior within a
level and connects levels to one another. There is as yet no “mental chemistry” and “mental physics”
to provide justification for a division between the psychological equivalents of “atomic” and “mo-
lecular” levels, for example. Until some convincing, specific justification for levels is provided, we
are under no compulsion to accept the idea. It’s just another plausible conjecture.

To Searle’s criticisms I would add five more. First, there is the curious distinction between
competence and performance. Like the “levels” just discussed, this is another “trust me” distinction
that depends for its validity on the reader’s acceptance of the theorist’s view of the subject. The sub-
ject in this case is language, and the theorist is mathematical linguist Noam Chomsky (e.g., 1964),
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who we have already encountered as Skinner’s most virulent critic. The idea is that language follows
certain syntactic “rules,” but that actual examples—speech as she is spoke or writing as she is writ—
fall short of perfection because of constraints such as memory limitations. The compe-
tence/performance distinction is less conspicuous now than it used to be—it has run into empirical
problems, for one thing: “Although there is plenty of evidence that humans use language creatively
(saying and understanding things that have never been said before) and well (with very low error
rates), there is very little evidence for the claim that ‘perfect’ knowledge underlies our (occasionally)
imperfect behavior.” (Bates & Elman, 1996, p. 1849) Nevertheless, the Platonic thinking represented
by the competence-performance distinction still permeates cognitive psychology.

The arbitrariness of this distinction is obvious from a thought experiment. Suppose someone
gives you a device of unknown function with a numerical keypad. You try it out by typing in various
combinations, and you get the following set of outputs: 2*2=4, 20*20=400, 25*25=625, 30*30=900.
“Great!” you think. “I’ve figured it out. It’s a calculator that multiplies.” But then you try:
40*40=999 — whoops! It turns out that the calculator multiplies fine, so long as the answer is less
than 1000. Anything greater, and it just gives the largest number of which it is capable: 999. How
shall we describe the behavior of this device? The competence-performance people would say,
“Well, the deep rule underlying this behavior is multiplication, but because of memory limitations,
answers greater than 999 cannot be produced.” There is an exactly parallel argument in linguistic
theory to account for the fact that people are limited in their ability to understand and produce deeply
embedded, but perfectly grammatical, sentences. “Fine” you may well say “What’s wrong with the
competence-performance account of the behavior of this ‘constrained’ calculator?” The answer is
“nothing, so far.” The problem is that there are alternative accounts and deciding among them de-
mands additional information.

For example, one alternative is that the device doesn’t multiply at all, but rather just consults a
fixed lookup table which comprises all the three-digit (or fewer) products of two-digit numbers. A
“brain lesion” (i.e., damage to the device memory) would support this view if it simply knocked out
certain answers, but left others involving the two multiplicands unaffected. More general effects
might support the competence-performance alternative. The point is that the competence-
performance idea, which implies an organization involving a rule-following engine limited by
memory and other constraints, represents just one kind of model for what is happening in the linguis-
tic black box. We are under no obligation whatever to accept it without knowing both the exact na-
ture of the rules that are being enforced and the precise constraints that limit their output. Without the
details, we are simply invited to accept as a matter of fact what is nothing more than a self-imposed
limitation on theoretical inquiry.

Second, cognitive psychology is all steering and no motor. As Guthrie pointed out in his criti-
cism of cognitive behaviorist Edward Tolman many years ago, Tolman’s purely representational ap-
proach left the maze-running rat “buried in thought” at the choice point. Things have not improved
much since: “Psychology is the science that investigates the representation and processing of infor-
mation by complex organisms.” says the supposedly authoritative MIT Encyclopedia of Cognitive
Sciences (Holyoak, 1999), dismissing in an act of silent imperialism not just behaviorism but any
non-representational, non-information-processing view of the human mind. Motivation, the motor, is
not intrinsic to cognitive psychology. It is an add-on. Yet for most organisms, the motor is by far the
most important component. The cognitive, “computational” component is for many simple organisms
almost trivial. As the great dramatists show us, motivation and emotion are major contributors to
human behavior also. Every politician and pollster knows that the emotional freight of words and
phrases like “extreme,” “risky,” “working families” (-Americans, -people), “children,” “our future,”
“family values,” etc. iS much more important than their syntactic arrangement. In other words, what
is important is that the voters hear these words. What is almost irrelevant is the meaning of the sen-
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tence in which they are used (so long as it doesn’t provoke hostility or provide ammunition for crit-
ics). Much behavior even of human beings is not very “cognitive” at all.

A related objection is that the term cognition derives from an ancient view of psychology that
includes two other divisions of the soul: conation (the will—motivation), and emotion. It is far from
certain that this division corresponds to a natural line of behavioral or physiological fracture. As I
just mentioned, motivational and cognitive elements are intertwined in the behavior of simple organ-
isms and are not certainly separable even in human behavior. And the brain does not divide up neatly
into three areas either. But in any case, if one is willing to settle for Aristotelian psychology, why buy
a stool with only one leg?

Fourth, in early days the more thoughtful cognitivists seemed to offer a robust view of “mental
life” that differs not one whit from a pragmatic behaviorism (see also Zuriff, 1985):

If Watson had not been so inept as a philosopher, he might have offered behaviorism as a
pragmatic theory of mind, comparable to Peirce’s pragmatic theory of meaning, James’s
pragmatic theory of truth, and Dewey’s pragmatic theory of value. The mind — the other
chap’s mind, at any rate — is something whose existence is inferred entirely from the behavior
we observe. “John is conscious” must be translated into the hypothesis, “If I call to John, he
will answer,” or, “If I stand in John’s way, he will detour round me,” and so on. In short, if |
present him with such-and-such stimuli he will make such-and-such responses. To paraphrase
Peirce, “Consider what effects, which might conceivably have practical bearings, we conceive
the mind to have. Then, our conception of these effects is the whole of our conception of the
mind.” (George A. Miller, 1962, p. 66, my italics)

This commonsensical view has been largely lost in the self-congratulatory mentalism of latter-
day cognitive psychology.

And finally, cognitive categories are so easily understood that they are often reified with little
justification. For example, Schachter and Wagner (1999) recently discussed some interesting new
findings on the sequence of events that take place in the brains of patients instructed to memorize a
series of 12 words presented on a computer monitor and then recalled after a delay. The researchers
(Fernandez et al., 1999) separated electrical brain-recording data for words that were later recalled
correctly vs. words that were not recalled. In recordings from rhinal cortex and hippocampus they
found small differences in the time pattern of recalled vs. non-recalled words. What Schachter and
Wagner say is that “Now, Fernandez et al. track the serial encoding of memories... within the medial
temporal lobe (MTL) of the brain...They report on ... an attempt to answer the fundamental question:
Where and when are memories formed in the brain?” (p. 1503) And, later, “The Fernandez study
brings into bold relief a critical and as yet unanswered question: exactly what computations do each
of the MTL regions perform, and how is the later encoding activity in the hippocampus influenced by,
or dependent on, earlier activity in the MTL?... However, additional evidence is necessary to deter-
mine whether these structures support encoding of the same or similar types of information,” (p.
1504)

All this goes well beyond the data and falls noisily into the trap described by John Searle.
Who says there are (spatially localized) “memories™ at all? In what sense is “encoding” taking place?
In what sense is “information” — which means something only when defined in a technical way not
attempted here (see Shannon & Weaver, 1963) — involved? What Fernandez at al. showed is that
after a certain experience with visual stimuli some stimuli have a measureable effect later (the words
are recalled) and others do not (they are not recalled, under these conditions). The brain recordings
suggest that at the time they were presented, the recalled words had a different effect on (some parts
of) the brain than the others. Interpreting this result in terms of “encoding,” “information” and the
like may make for a vivid presentation, but is not at all forced by the necessarily limited data availa-
ble from experiments like this. Unfortunately the cognitive approach makes this kind of over-
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interpretation all too easy. Because it is so intuitive, so close to folk-psychology, the cognitive story
tends to block out all others. It obscures the fact — obvious on disinterested examination — that the
data in question are often skimpy, hence consistent with a wide variety of other interpretations. The
real question addressed by this study is not “Where and when are memories formed in the brain?” but
“How is the brain changed by experience?” — a much broader question to which the data necessarily
contribute only a very modest answer: verbal stimuli that are recalled or not recalled after a certain
time have slightly different initial effects on two brain areas.

Al objections to cognitivism

John Searle ends his attack on cognitive psychology by writing “One of the unexpected con-
sequences of this whole investigation is that | have quite inadvertently arrived at a defense...of con-
nectionism. Among their other merits, at least some connectionist models show how a system might
convert a meaningful input into a meaningful output without any rules, principles, inferences or other
sorts of meaningful phenomena in between. This is not to say that existing connectionist models are
correct....But it is to say that they are not obviously false or incoherent in the way that traditional cog-
nitivist models...are.” (1992, p. 247) Connectionism is the name adopted by theorists who use sim-
plified models of nerve cells (neurons) and their connections to simulate behavior such as learning,
pattern identification, associative memory and (the example Searle had in mind) the perception of
grammatical regularities such as the rule for plural forms (see Box 6.2). The elements in such an ac-
count, the neurons and their connections, are completely un-mental and unintelligent.

This theme, intelligence through the collective action of many unintelligent agents, has been
carried forward by researchers in robotics, the engineering of intelligent, autonomous artificial crea-
tures. Robotics researcher Rodney Brooks, has written critically of the current state of cognitive sci-
ence:

No one talks about replicating the full gamut of human intelligence any more. Instead we
see a retreat into specialized subproblems, such as ways to represent knowledge, natural
language understanding, vision or even more specialized areas....l...believe that human
level intelligence is too complex and little understood to be correctly decomposed into
the right subpieces at the moment....we will never understand how to decompose human
level intelligence until we’ve had a lot of practice with simpler level intelligence.
(Brooks, 1991, p. 140)

He concludes, perhaps cynically, “Representation has been the central issue in artificial intelligence
work over the last 15 years only because it has provided an interface between otherwise isolated
modules and conference papers.”

Brooks provides a plausible biological argument for this position. He notes that language,
and symbolic communication generally, are very recent arrivals on the evolutionary scene. Most of
evolutionary time was taken up developing creatures that could simply find their way about. Distinc-
tively human abilities like speech and writing arrived only during the last few ticks of the evolution-
ary clock. “This suggests that problem solving behavior, language, expert knowledge and applica-
tion, and reason, are all pretty simple once the essence of being and reacting are available....This part
of intelligence is where evolution has concentrated its time -- it is much harder.” (op. cit., p 41) Itis
perhaps no accident that the abilities that are hardest to simulate — motor coordination, object per-
ception, the survival skills necessary to sustenance and reproduction — are the ones over which evo-
lution labored longest.

Brooks’ colleague at MIT, Pattie Maes, has summarized the conflict between old- and new-
style Al as “Knowledge-based vs. behavior-based artificial intelligence.” (Maes, 1992) “Knowledge-
based” Al is just the engineering equivalent of mainstream, symbolic, cognitive psychology. Funda-
mental to both knowledge-based Al and cognitive psychology is the idea of representation. The
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working assumption is that once you get the representation right, you have solved the problem—
either of artificial intelligence, or of human cognition. “Behavior-based” Al is a new development
which denies both these ideas. Brooks and his colleagues argue instead that complex behavior arises

Box 6.2 Connectionism

The seminal paper in this tradition, written by eccentric MIT psychiatrist-turned-philosopher-
turned-neuroscientist Warren McCulloch and his mathematician collaborator Walter Pitts, had the typi-
cally obscure McCulloch title “A logical calculus of the ideas immanent in nervous activity” (1943).
McCulloch and Pitts showed that networks of highly simplified neuron-like elements had computational
power similar to the universal Turing machine. This and other papers by McCulloch are collected in Em-
bodiments of Mind (1965). The neural-network idea was taken up later and extended by several notable
figures such as Hungarian-American mathematician John von Neumann and engineer Frank Rosenblatt.

The idea of neural nets was introduced to psychology by Donald Hebb in his book The organiza-
tion of behavior, 1949); but Hebb’s approach was very informal and couched in strictly physiological
terms (rather than in terms of associations) Few unequivocal predictions about behavior could be de-
rived from it. His idea about how connections between neurons are strengthened by mutual activity lives
on in neural-network theory, however (see Milner, 1992). In psychology and neurobiology contributions
have been made by Stephen Grossberg, Terence Sejnowski, James Anderson, David Rumelhart and Jay
McClelland.

The most persistent and comprehensive effort was made by mathematician Stephen Grossberg.
In a series of papers beginning in the 1960s he attempted to explain all the standard phenomena of ani-
mal learning in terms of formal neural networks. Unfortunately, his papers were for the most part long
and difficult and his intended audience inadequately trained, and philosophically unprepared, to absorb
them. His work had little influence on behaviorist thinking, but was eventually recognized by the for-
mation of the new field of neural network theory of which he has become one of the leaders. For exam-
ples of Grossberg’s work see The Adapted Brain (1987) and Studies of Mind and Brain. (1982). Another
early voice out of the behavioristic mainstream was Air Force researcher Harry Klopf. For a summary of
some of this work, see his book The Hedonistic Neuron (1982).

Books on neural nets have proliferated mightily in recent years. The now-classical source in
psychology is McClelland et al. (1986; see also and Hertz, Krogh, & Palmer, 1989). A physiologically
oriented text is Churchland & Sejnowski (1992). Anderson and Rosenfeld (1988) have published an an-
notated collection of important papers. The history of the rise, fall and rise again of the neural-network
approach is described in a special issue of Daedalus (1988, vol. 117).

from the combined actions of a multiplicity of stupid agents. There is no special internal representa-
tion of the external world. Or, at least, the representation is a by-product of the unintelligent action of
more or less independent, simple processes. These objections to representation are similar to (though
more sophisticated than) John Watson’s objections to structuralism (see Chapter 1).

So, the latest word from the cognitive-science frontier seems to be that the standard Al ap-
proach has stalled (see also Uttal, 1998, for a book-length critique and Machado, 1999, for an essay
review). Itis still too early to know whether the arguments for a behavior-based approach to Al are
valid. What does seem clear is that the commitment of the early behaviorists to research on animals
was abandoned prematurely. To get psychology moving again, it looks as if we might do better to
return to simpler systems — to animals. Slowly, as the advances from the old approach begin to slow
and those from the new begin to accelerate, a new behaviorism, combining ideas from psychology,
biology and engineering, is beginning to crystallize around these ideas. Cognitive science has en-
joyed the usual “high” induced by the appearance of a new technology (the digital computer). A few
years earlier operant conditioning was comparably energized by the technology of the Skinner box
and schedules of reinforcement. But the most recent advances in the study of cognition have come
from artificial neural networks, a technology explicitly derived from biology and completely congen-
ial to classical behavioristic associationism, if not to atheoretical radical behaviorism.
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The irony is that work on neural nets should have emerged from behaviorism, not cognitive
psychology. The idea of stimulus-response associations was central to early behaviorism, and a net-
work merely adds internal “nodes” that can be associated with one another, as well as with external
stimuli and responses. In the 1960s and 1970s a few attempts were made to extend neural-network
ideas to rat-runner data (see Box 6.2), but the anti-theoretical bias of the radical behaviorists proved
too strong and, in the end, neural-net ideas found more fertile ground among cognitive psychologists.

Connectionism is the name that Edward Thorndike gave to his approach to reinforcement
learning more than seventy-five years ago. The same name, connectionism, has been independently
adopted by contemporary proponents of parallel-processing techniques loosely derived from the
properties of real nerve cells. But the new connectionists are generally unaware that their field is an
example of what the biologists call convergent evolution: a return to an earlier form via a different
evolutionary path. Not a few traditional cognitive psychologists are properly uneasy about these new
developments, which they correctly perceive as a resurrection of behaviorism under a new guise.
Connectionism has therefore gotten a mixed reception, with many cognitive psychologists attempting
to prove that connectionist systems are incapable of modeling one or more of the “higher mental pro-
cesses” that interest them. (e.g., Pinker & Mehler, 1988). None of these refutations has yet stuck.
Let’s take a look at some of the ingredients of the new behaviorism.

CONTEMPORARY BEHAVIORISM

The clearest division within contemporary behaviorism is between those who continue to believe in a
fundamentally purposive (teleological) approach to reinforcement learning, and those with a renewed
commitment to behavioral mechanisms. | believe that the division is not fundamental. The teleolo-
gists are relative pessimists. They believe that the true behavioral or physiological mechanisms for
behavior are so complex that we will never be able to unravel them in detail. On the other hand, be-
havior is adaptive and more or less goal-oriented. We can therefore understand it (they argue) by un-
derstanding its goals: how they are weighed and how the subject’s strategies for attaining them are
constrained. This view is quite close to folk psychology, the nonscientific way we attempt to under-
stand the “motives” of our spouses, children and colleagues, and to neoclassical microeconomics,
which is to a large extent a formalization of folk psychology.

Teleological Behaviorism

Howard Rachlin has provided the most developed statement of teleological behaviorism (Box 6.3;
Rachlin, 1991). Rachlin’s ideas are an explicit blend of some aspects of Skinner with some aspects of
Aristotle . Although couched in terms of individual acts, teleological behaviorism defines “response,”
“stimulus” and “reinforcement” (the Skinnerian trinity) in temporally extended terms that go well be-
yond their usual definitions: “Skinner’s original concept of reinforcement [is expanded] from a single
event dependent on a single operant [response] (for example, a single food-pellet delivery immedi-
ately after a single lever press) to a pattern of environmental events perhaps only vaguely contingent
on an overlapping pattern of operants.” (Rachlin, 1992, p. 1377) The Aristotelian elements are the
notion of teleology itself, a

rejection (contra Skinner) of Box 6.3

the private nature of mental Efficient-cause psychology is designed to answer the question
events and the equation (pro of how a particular act is emitted; final-cause psychology is designed
Skinner) of mental states to answer the question of why a particular act is emitted....final-cause

psychology, a development of Skinnerian behaviorism, is...called tel-

with action: “For Aristotle, ' 1V
eological behaviorism.

imagining was acting and not
dreaming: Vividness of im-
agination was not vividness
of interior image but of overt

Howard Rachlin (1992)
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behavior.” (Op. cit., p. 1372) The final causes in the system are the economist’s utility functions,
discovered through behavioral methods. The scheme is therefore very close to the economic idea of
bounded rationality (see Chapters 2 & 3); it is therefore open to many of the objections to rationality |
discussed earlier.

Teleological behaviorism, like Watsonian behaviorism and (according to Rachlin) Aristotle,
but unlike Skinner, rejects private events: “If the individual himself reports ‘I have had the idea for
some time but have only just recently acted upon it,” he is describing a covert response which preced-
ed the overt.” (Skinner, 1953, p. 279) For Aristotle, the idea would not be a covert response at all but
a pattern of wholly overt responses including the individual’s verbal report as one part of the pattern.”
(Rachlin, 1992, p. 1375) | will argue in a moment that this way of dealing with internal events as
temporally extended patterns of stimuli and responses amounts to defining internal states in terms of
equivalent histories.

The Darwinian Metaphor, Again

There is another way of looking at the problem of complex outcome-guided behavior that
avoids the trap of rationalism implicit in the utility-function property of teleological behaviorism.

The pessimist’s alternative to what Rachlin calls “efficient-cause” psychology is the Darwinian meta-
phor. If things are complicated, so that the search for mechanisms is futile, then the focus must be on
selection, and the approach is close to Rachlin’s or to classical microeconomics. But if we have some
hope of understanding mechanisms, so that a causal account is possible, the emphasis is on variation:

the mechanisms that generate behavior.

The Darwinian metaphor has practical consequences. Consider, for example, the problem of
teaching a dull or depressed child who has simply “given up.” Neither economics nor Skinnerian re-
inforcement-as-selection provides much help. The child is passive, hence there is no behavior and
nothing from which to select. Reward is ineffective if the behavior on which it is contingent fails to
occur. The economist’s utility functions are empty if the behavior of the subject makes no contact
with them. The point is to get some behavior. The Darwinian metaphor has some suggestions. Vari-
ation is increased by changing conditions, for example. “Free” (i.e., response-independent) reinforc-
ers generate a repertoire of behavior through Pavlovian mechanisms of variation discussed in Chapter
3. These treatments are simply what folk psychology would call “encouraging the child” or “raising
his self-esteem.” But they are an improvement over folk psychology, because they entail a temporal
order: first you encourage, second

you reward more selectively. Box 6.4

“Self-esteem” is not an unquali- Economics is the original theory of goal-directed
fied good, but a transitional state choice. | shall argue that self-defeating behavior is best under-
induced only to provide condi- stood in terms of an economic marketplace within the individu-

al....the recent burgeoning of “behavioral economics” has shown
how nearly congruent reinforcement theory is with economics.
George Ainslie (1992)

tions that prepare the child to gain
rewards by meeting objective cri-
teria.

A slightly different ver-
sion of teleological behaviorism has been proposed by George Ainslie (see Box 6.4). His idea is that
each individual acts not as a single, rational agent, but rather as a set of competing agents, each sensi-
tive to the outcomes of the act it represents. The agents compete through a “demon” that chooses
among them according to a version of Herrnstein’s matching law (see Chapter 3). The structure of
Ainslie’s system is not identical to the set of independent, stupid agents favored by the behavior-
based Al people. It is perhaps closer to the distributed-cognition approach of Al guru Marvin Minsky
in his “society of mind” (Minsky, 1986). What does seem to be clear is that theorists of all persua-
sions seem to moving away from the idea of the person as a single executive decision maker towards
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parallel systems of more or less unintelligent entities that compete for control of overt behavior. 1 re-
turn to this idea in a moment.

Theoretical Behaviorism: The model is the behavior

The optimistic approach to behaviorism is to look for efficient causes: the antecedent factors that de-
termine behavior and the mechanisms through which they act. Skinner seemed to favor this view. He
constantly emphasized the organism’s history as the determinant of its behavior. Unfortunately, his
emphasis was entirely on reinforcement history — Skinner had little interest in nonreinforcement ef-
fects of great concern to other behaviorists such as habituation and latent learning, for example (see
Chapter 1). Because he was uninterested in mechanism, Skinner also provided no way to interpret the
effects of complex histories — no way for the effects of events in the remote past to combine with the
effects of more recent events, for example.

Perhaps for this reason, the experimental emphasis of single-organism research on operant
conditioning has been overwhelmingly on what are known as reversible effects (see Chapter 2). For
example, a pigeon might be trained for many experimental sessions to peck a key for food rein-
forcement on some intermittent schedule of food reinforcement. After twenty or more daily experi-
mental sessions, its response rate, the average number of key pecks over an hour period, will stabilize
at some value such as 65/minute. This value will be largely determined by the average rate (food de-
liveries/hour) at which the bird gets food, which in turn is determined by the parameters of the sched-
ule (e.g., the average minimum interfood interval for a variable-interval schedule). The pigeon’s rate
of responding is largely independent of the bird’s history prior to this particular protracted experi-
mental condition. If the schedule parameter is changed, from 1 food delivery/minute to 2/minute, say,
the bird will settle down at a higher peck rate, 75/minute, say. But if the schedule parameter is
changed back again to 1/minute, the rate of pecking will eventually return to 65, its pre-change value.
Thus, the relation between schedule parameter and response rate is a reversible property of behavior.
The problem is that the same behavior on these two occasions does not mean that the pigeon is in the
same state. Behavior is often reversible; but the state of the organism rarely is. Hence, by restricting
their attention to reversible properties of behavior, radical behaviorists avoided dealing with the deep-
ly historical nature of learned behavior in higher organisms.

I will give just one example. Imagine an experimental situation with pigeons that involves not
one but two response keys. Pecks on each key are paid off like a Las-Vegas-style one-armed bandit,
probabilistically. Let’s look at two different experimental histories. Pigeon A is trained at first to
peck on the left response key and paid off on the probabilistic schedule; pecks on the right have no
effect. After 50 or so reinforcements for pecking left, bird A is trained to peck only on the right;
pecks on the left go unrewarded. After 300 reinforcements for right pecks (this might take four or
five daily experimental sessions), pecks on neither key are rewarded (this is termed extinction). Pi-
geon B is trained throughout (350 reinforcements) to peck the right key only for food, then extin-
guished, like A.

There are two things to notice about this simple experiment: on the last day of rewarded train-
ing, the behavior of the two pigeons will be indistinguishable: both will be pecking exclusively on the
right key. But in extinction, their behavior will be very different: Bird B, which has never gotten
food for pecking left, will simply peck more and more slowly on the right until pecking ceases alto-
gether. But Bird A, with its history of a few rewards for pecking left, will show some pecks to both
keys before quitting entirely. What can this difference in behavior in extinction mean? If behavior is
all that matters, the two birds were in the same state at the end of right training. So why did they be-
have differently when conditions changed?

There are two ways to deal with this divergence. The solution adopted by Rachlin is to rede-
fine behavior in a temporally extended way. Behavior becomes behavioral history. Since our two
pigeons have different histories, the fact that their response to a new condition (extinction) is not the
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same is no longer a puzzle. The problem with this view is that is provides no compression of the raw
data, hence no principled way to predict or understand the effect of a particular history. More than
one history produces the kind of divergence | have just described. It would be nice to understand
why, to have some rationale for similarities among histories.

It is possible, in principle and to some degree in practice, to group together histories that are
equivalent, in the sense that the future behavior of the animal (in response to new conditions) will be
the same after any history in the set. For example, in a version of the experiment | have described we
might find that an animal with the history (number of rewards in parenthesis) right(10),left(10) be-
haves the same in extinction as an animal whose history is left(10), right(15),left(5). The usual way to
describe this equivalence is to say that the two animals are in the same state after these two equivalent
histories. It might be possible to go further, and find some formula or process that would allow us to
say that all histories of the form left(x), right(y),left(z) are equivalent so long as f(x,y,z) = 0, say, where
f is some well-defined function such as x+z-y.

The aim of theoretical behaviorism, therefore, is to understand the complete set of internal
states of our animal, where each state is defined by a set of equivalent histories (see Staddon, 1993;
Davis et al., 1993; Dragoi & Staddon, 1999. An early account of the notion of finite-state machine is
Minsky, 1969; see also Staddon, 1973).

Theoretical behaviorism (TB) is a natural descendant of both classical and Hullian be-
haviorism. It gets from classical behaviorism the conviction that we learn about the organism only

through its behavior. It rejects,
STIMULUS = STATE ~ RESPONSE however, the view shared by Wat-
son and Skinner that psychology
— B need refer only to stimuli and re-
sponses. Contra Skinner, it argues
that the skin does make a differ-
g B ence: events inside the organism
2 (e.g., the changes wrought by past
history) are state variables, not
stimuli or responses. Contra cog-
; —3 B nitivism, internal states are not
3 necessarily mental; contra Hullian
behaviorism, internal states are not
necessarily physiological (Staddon
& Bueno, 1991). TB models may
— B make contact with physiology
eventually, but the first priority is
to explain behavior. TB sees in-
ternal states as purely theoretical
constructions based on information
from historical experiments. Nev-
ertheless, it shares with Hullian
behaviorism the idea that the ulti-
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Figure 6.1 The view of the organism in theoretical behavior-
ism. For simplicity, time is divided into discrete instants (down
arrow). At each instant a stimulus (which may be “no stimu-
lus”), i, can have two effects: it can produce a response, B; and
change the organism’s state from S; to S+1. On any given time

step, either, both, or neither of these may occur. The states are mate aim of behavioral study is the
defined by two tables: one that shows the effect of each stimulus derivation of mechanisms, in the
on the response; the other that shows the effect if each stimulus sense | used the term earlier (see
on the subsequent state (see Minsky, 1969). Box 3.2) and the expectation that

these mechanisms may ultimately
make some connection with brain physiology.
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Theoretical behaviorism is interested in mechanisms for entirely practical reasons. The argu-
ment runs like this: Classes of equivalent histories must be discovered by putting together the results
from the appropriate set of experiments. But real organisms are very complicated and historical ex-
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Figure 6.2 Structures that have been used to model simple behavioral
processes. A: A parallel model for operant assignment of credit (Staddon
& Zhang, 1991). Each “integrator” measures how close and how recently
a given activity has been to reinforcement. The activities compete and the
“best” activity wins. ¢ is a “noise” input. B: Simple habituation. Each
stimulus adds a charge to the leaky integrator; the response is the difference
between integrator charge and stimulus input (Staddon & Higa, 1996). C:
A cascade of habituation units, used to explain the rate-sensitive property of
habituation. D: A cascade of integrators, used in models to explain some
aspects of timing (Machado, 1997) and feeding behavior (Staddon & Za-
nutto, 1997). See also Dragoi & Staddon (1999) and Staddon (in press).

periments take time. There
is no way that the full set of
internal states of a real ani-
mal can be fully enumerated
experimentally. Theoretical
creativity is necessary, and
theories arise not just from
“orderly arrangement of da-
ta,” but also through inven-
tion. In practice, therefore,
the main way to specify sets
of equivalent histories is
through dynamic theories
that define how moment-by-
moment experience changes
the state of the organism.
These theories can be com-
pared with data, tested (if
they do well enough with
what is already known),
overthrown (all theories are
eventually overthrown), re-
vised, and tested again, in the
usual scientific way.

How does theoretical
behaviorism differ from cog-
nitivism? Both are theoreti-
cal and both assume internal
states. One difference is that
theoretical behaviorism is
explicitly historical and dy-
namic (see Figure 6.1). Itis
not concerned directly with
representation, but with the
way that the organism is
changed by its experience.
A second difference is that

theoretical behaviorism makes no presumptions about either its subject matter or its theoretical con-

structs. Cognitive psychology is “the study of mental life”; TB is the study of the mechanisms of be-
havior, where mechanism is whatever works to account for behavior; and behavior is whatever can be
usefully observed or measured, including reports of conscious experience (see below). Theoretical
behaviorism assumes in advance neither that mental categories are inevitable ingredients of any valid
theory, nor that they must be immediately explicable by such a theory. “Theories are where you find
them” says TB; exploit whatever works.
And finally TB contends that the sole purpose of science is to frame parsimonious laws, and

not to “explain phenomena” in the sense usually intended, i.e., in terms of familiar mentalistic ingre-
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dients like “expectations”, “representations” and the like. An early advocate of the view that science
is simply the simplest possible description of nature was Isaac Newton, who famously wrote “hypoth-
eses non fingo” (“I make no hypotheses”), by which he meant that he intended not to “explain” phe-
nomena but simply to discover their rules of operation. To questions such as “but what do you mean
by energy?” and the like he could simply respond by pointing to the appropriate law.

The Model is the Behavior

So why theoretical behaviorism? What is specifically behavioristic about this approach?
Pure behaviorism, a psychology constructed entirely of physical stimuli and “uninterpreted physical
movements,” is impossible. Why? Because the same physical act can mean many different things:
“Not waving, but drowning” — or saying “No!” or “Goodbye!” or whatever. The fact that perception
interprets rather than records means that the same physical stimulus can look very different under dif-
ferent conditions. And different physical stimuli can look the same: “Red” is not a wavelength. The
question, therefore, is not should we focus just on behavior and stimuli, defined in this physical way
— the answer is “no” — but how should we interpret physical movements and stimuli? My sugges-
tion is that we do so through parsimonious dynamic models; | give some examples in a moment (for
more see Staddon, in press, and sources cited therein). These models then are the “behavior,” inter-
preted in the simplest way that makes sense. This is what the organism is “doing,” described in the
most colorless, direct way possible. And in a way that assumes as little as possible about the relation
between subjective experience and observed activity. This is where TB differs from cognitivism —
which happily assumes “expectations,” “representations,” “memories” and the like, all with only a
tenuous connection to observables. Theoretical behaviorism also assumes as little as possible about
brain-behavior relations. What it does attempt is to provide an accurate real-time description of what
the organism is doing. It is this—not the “behavior” tout court—that the neurophysiologist must ex-
plain.

29 ¢C

Perhaps an example will make this clearer. Imagine a scientist, Mekon, from Alpha Centauri
transported to Earth and studying young Marvin, who is playing a video game. Mekon naturally feels
more affinity with the computer than with Marvin, and is studying its behavior. It shows a figure on
the screen who, in response to mouse-clicks by Marvin, engages in various destructive acts. If
Marvin is sufficiently addicted — and willing to follow Mekon’s instructions from time to time; and
if Mekon is sufficiently tenacious, he will come up with a series of rules that allow him both to pre-
dict data from the past — how the computer reacted to Marvin’s clicks — and predict its behavior in
the future. With luck and patience, these rules will be a fair duplicate of the program that underlies
the video game. Not the source code (the simple instructions that change the state of the CPU on each
clock cycle) or anything to do with the hardware, but the simplest level of description that provides an
accurate picture of the rules of the game. It tells Mekon what the hardware+software is doing but not,
in detail, how it does it. It is this level of description that TB aims at.

Figure 6.1 just describes a framework. It tells us nothing about how stimuli and responses are
to be defined. It does not specify the properties of the states: how many there are, the rules by which
they change, and so on. These are the concern of specific theories and | refer the reader to technical
sources for more details. One emerging theme is illustrated in Figure 6.2. It is the idea that many of
the properties of simple learning can be explained by interactions among independent agents (“inte-
grators”), each of which retains a memory of its past effectiveness in a given context. We have al-
ready seen this theme in the earlier discussion of behavior-based Al. The “state” of the models in the
figure is just the set of “strengths” of the integrators. The “state-transition rules” are just the ways
that these strengths change as the system behaves and encounters stimuli. Models along these general
lines can account for the basic properties of operant learning, for some properties of complex choice,
for temporal properties of habituation, the progressive decrease in responding to repeated harmless
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stimulation and for some properties of the kind of interval timing seen on fixed-interval reinforcement
schedules. 1 discuss in more detail in the next chapter a model for habituation.

R I S S

Behaviorism was once the dominant movement in American psychology. It was eclipsed by the
“cognitive revolution” in the late 1970s. Two things seem to have favored the cognitive movement:
First, the digital computer, which for the first time allowed mentalistic ideas to be simulated and
overcame behavioristic criticisms that cognitive theories were inexact and anecdotal. Second, the
takeover of behaviorism by Skinnerian radical behaviorism with its strong bias against formal theory
and its belief that psychology is little more than the collection of orderly experimental data. Radical
behaviorism blocked theoretical advances within behaviorism so that connectionism, a natural “next
step” in the associationistic tradition of the early behaviorists, was forced to find an uneasy home in
cognitive, rather than behavioristic, psychology.

In recent years, cognitivism has come under increasing attack. The computer metaphor has
been criticized as fundamentally inadequate, and workers on behavior-based artificial intelligence
have suggested that the cognitive-science approach through representation has failed to achieve real
intelligence. Lower-level, nonsymbolic tasks, they argue, are more fundamental to biological intelli-
gence, evolved earlier, and are more difficult to recreate by artificial methods. At the same time, a
new theoretical behaviorism is emerging that shares the behavior-based-Al emphasis on intelligent
behavior as the outcome of interactions among independent, unintelligent agents.
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Chapter 7: Internal States

The methodological behaviorism of Hull and Tolman was perfectly happy to postulate “internal
states”—"hidden variables” and plenty of ‘em. In Hull’s case they were hypothetical constructs
(Meehl & MacCorquodale, 1948) like drive, reaction potential and habit strength, loosely mod-
eled on contemporary reflex physiology. Tolman was more “cognitive” and less physiological.
Concepts like “means-end-readiness,” “expectation” and “cognitive map” were merely interven-
ing variables not explicitly tied to physiology!, and not a million miles from folk-psychology.
These are all ideas that warm the hearts of contemporary cognitive psychologists. It is no sur-
prise, therefore, that most Hullians and Tolmanians embraced the cognitive revolution when it
roared down the pike, concepts blazing, in the early 1970s.

But the original selling point of John B. Watson’s behaviorism was stimulus-response
simplicity. After the neobehavioristic interregnum of Hull and Tolman, B. F. Skinner attempted
to turn the tide in 1938, returning to a deceptively simple S-R analysis (Skinner, 1938, 1950).
The only “third term” allowed was reinforcement, as part of Skinner’s “3-term contingency.”
But Skinner’s S and R are not Hull and Tolman’s S and R. Skinner retained only the surface ap-
pearance of Watsonian simplicity. He defined stimuli and responses in such a broad way that
Skinnerian accounts could plausibly be offered for the whole range of human and animal private
and public behavior (Rachlin, 1991; Staddon, 1967). | have analyzed the limited success of this
endeavor in earlier chapters. But still, for radical behaviorism as well as for the earlier Watsoni-
an variety, “internal states” are a no-no.

Contrary to both Skinner and Watson, theoretical behaviorism assumes that internal states
are essential to theory in psychology. This chapter shows how the properties of the simplest kind
of learning, habituation, cannot be understood without assuming at least one hidden variable. It
follows that learning in general also involves hidden variables.

HOW CAN WE UNDERSTAND BEHAVIOR?

The reason why scientific study can be a means only, not an end, is because the ultimate
purpose of life is not study, but action.

Francis Bacon, Novum Organum I, Aph. LXX

For first, the object of the natural history which | propose is not so much to delight with
variety of matter or to help with present use of experiments, as to give light to the dis-
covery of causes and supply a suckling philosophy with its first food. For though it be
true that | am principally in pursuit of works ..., yet | wait for the harvest-time, and do
not attempt to mow the moss or to reap the green corn. For | well know that axioms once
rightly discovered will carry whole troops of works along with them, and produce them,
not here and there one, but in clusters.

Francis Bacon, Collected Works, Boston: Taggard and Thompson, 1863, pp.47-48.

John Maynard Keynes, a theoretical economist noted for his shrewdness in practical matters,
says somewhere that hard-headed men of business invariably embody the views of some long-
dead economist. By ignoring theory in general (“Just the facts, ma’am!”), their servitude to
some particular theory is ensured. So it is with those who take Bacon’s aphorism at face value:
By concentrating on action, on the prediction and control of behavior to the exclusion of under-
standing, we merely submit to an unexamined, and probably erroneous, theoretical and philo-

14 Tolman didn’t always agree, sometimes writing as if he expected his constructs to correspond to physiological
reality. See, for example, Smith (1986, p. 118).
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sophical position. Not all behaviorists eschew philosophy, of course—although most are pretty
suspicious of theory. And not all follow Skinner in any literal way—although radical behavior-
ism has evolved from his ideas. But most take “prediction and control” as the be-all and end-all
of psychology and happily assume that stimuli and responses are all we know, or need to know,
about behavior.

They are mistaken, for several reasons. Even if prediction and control are our ultimate
aim, the apparently direct route is not always the best. By aiming directly at controlling nature—
at a technology rather than a science—we may miss fundamental laws that will, in the long run,
give us more power than we could have dreamed possible (see Box 7.1). The practical man who
in 1830 might have proposed to Michael Faraday, fiddling with wires and magnets, that he give
it all up and concentrate on ways to make cheap steam engines “to bring power to the masses”
would have been well-intentioned, but ill-advised. In the next year, Faraday discovered the prin-
ciple of the electric dynamo, which accomplished the same result more simply—and led to an

Box 7.1 A Computer too Far?

Computer pioneer Charles Babbage and his “difference engine” provide a wonderful exam-
ple of premature exploitation of an immature technology. In 1833 Babbage had this great idea for a
mechanical computing device. It was to be constructed out of hundreds of precisely machined brass
levers, pinions and ratchets. He tried to get government funding for it and in the end got £17,000 (a
huge amount at that time) but still failed to finish his difference engine. Not enough funding, per-
haps? Genius thwarted by short-sighted bureaucracy? Apparently not, because two Swedish engi-
neers in fact succeeded by 1853 in building the engine, for much less money (Kealey, 1996). But
their business venture failed because the lumbering device was little more use than conventional
mathematical tables. Babbage meanwhile, continued to complain because the government would not
fund his much more ambitious analytical engine, a forerunner of the digital computer.

The whole idea was in fact impractical because mechanical computers are much too slow.
A stored-program digital computer was not feasible until the science of electronics had developed to
the point that fast switching devices could be made. The British government would have done better
to spend its money on Faraday’s basic science than on Babbage’s apparently useful, but in fact
worthless, computing engines.

infinity of other improvements besides. Gregor Mendel, messing about with algebra and count-
ing sweet peas in the 1860s, may well have been a disappointment to the monastery gardener,
anxious to improve his blooms by traditional cross-breeding methods. But Mendel turned out to
be right, although only now, after more than a hundred and thirty years, can we see that the sci-
ence he started goes vastly beyond the imaginings of plant breeders of his own age. No amount
of selective breeding can match the achievements of genetic engineering based on well-
understood principles of molecular biology. A good theory, gained through a search for under-
standing, will in the end yield much more “prediction and control” than premature exploitation
of a half-baked technology. “For though it be true that I am principally in pursuit of works ...,
yet | wait for the harvest-time, and do not attempt to mow the moss or to reap the green corn.
For I well know that axioms once rightly discovered will carry whole troops of works along with
them...”

There is always danger, of course, in trying to go beyond the immediate data. The histo-
ry of science is littered with loopy theories that came to naught: phlogiston, Kepler’s religiously
inspired obsession with regular solids, Tycho Brahe’s lifelong adherence to Ptolemaic epicycles.
Even the great Isaac Newton “Voyaging through strange seas of thought, alone” spent enormous
amounts of time on theological studies, which now seem like an aberration. They were not, of
course. Newton’s god was rational, and the Judaeo-Christian World was given to man as a beau-
tiful puzzle to be solved. Newton’s religion inspired rather than inhibited his natural curiosity.

98



The New Behaviorism Staddon

The point is that the route of theory—even though it is almost synonymous with science—is not
without risk. Every field of science is strewn with the bones of extinct theories. No knowledge
process can escape the imperatives of natural selection. To find one true theory, many wrong
ones must first be discarded. The fact that theories can be wrong is not a reason to give up theo-
ry. Itis areason to find better ways to eliminate wrong theories, because to abandon theory is to
abandon science itself.

It is also worth remembering that if theories are fallible, so are “facts.” The history of
social science, where facts must usually be discovered rather than given directly to our senses, is
also strewn with failed experiments—studies that asked questions that turned out to be irrelevant
or studied phenomena now known to be imaginary or factitious. “Facts” always depend on theo-
ry. (“Does the sun rise in the East, as our senses tell us?””) Hence, the less certain the theoreti-
cal framework, the more questionable the “facts.” As our theoretical understanding changes, old
data are seen in a new light and old “facts” are replaced by new. I described some examples ear-
lier, in Box 3.1. So the aim of basic-science psychology must be not prediction and control, but
theory. But what theory?

PARSIMONY

The axioms now in use, having been suggested by a scanty and manipular experience
and a few particulars of most general occurrence, are made for the most part just large
enough to fit and take these in: and therefore it is no wonder if they do not lead to new
particulars. And if some opposite instance, not observed or not known before, chance to
come in the way, the axiom is rescued and preserved by some frivolous distinction;
whereas the truer course would be to correct the axiom itself.

Francis Bacon, Novum Organum Aphorism XXV, Bk. |

A viable behaviorism must go beyond observables, but how far? And what should be our guide?
The only sure guide to theory in psychology is parsimony, to explain much with little. The ratio
of facts explained to assumptions made should be as large as possible. But why is parsimony so
important? Why not emphasize other criteria, such as introspection and felt experience, biologi-
cal plausibility, close relation to neurobiology, or, for radical behaviorists, limiting theory to
statements about directly measurable entities (no “explanation of an observed fact which appeals
to events taking place somewhere else, at some other level of observation, described in different
terms, and measured, if at all, in different dimensions.” [Skinner, 1950, p. 193]). Let’s deal with
the first three and then I’ll come back to parsimony.

Phenomenology

Felt experience—phenomenology—has always had a privileged status in psychological
explanation. That’s why Freud’s supposed® discovery of the unconscious—mental activities of
which we have no conscious awareness—seemed so revolutionary. So shouldn’t we agree with a
recent discussion-group e-mail posting that: “The cognitive position, then, is not that conscious
experience should be accepted at face value, but rather that concepts thrown up by introspection
are worth exploring.” Perhaps they are. But has the effort paid off? Idon’t think so. In fact,
this approach has not been anywhere near as successful as the effort devoted to it would suggest.
Attempts to use folk-psychology terms like “expectations,” “memories” (as discrete physical en-
tities), “craving” and the like as ingredients for theories of behavior have not revolutionized psy-
chology. Moreover, by focusing on phenomenological concepts, simpler ideas not easily related
to introspection, have been overlooked.

151 say “supposed discovery” because many earlier thinkers had made similar, but less well-advertised, conjectures.
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But perhaps the strongest objection to building theories of behavior out of ingredients
from felt experience is that felt experience is often wildly and provably wrong. For example,
brain damaged patients will often confabulate, discuss at length experiences they have never had
and sights they have never seen, with no consciousness of error at all. Most dramatic are the sto-
ries of split-brain patients—patients with cut cerebral commissures, hence almost no communi-
cation between the two sides of the brain. These patients usually know the nature of their defect
and the errors to which it leads when different stimuli are presented to each half of the visual
field. Yet, when they make mistakes, they invariably cover them up with some palpably false
story, rather than trace them to their physical condition. Yet they believe these stories and do not
intend to deceive. There is no reason to suppose that the insights of the intact into the causes of
their own behavior are very much more accurate than these dramatic failures of the brain-
damaged. The easy deceptions of professional magicians, for example, depend on predictable
misperception by normal people (Randi, 1997).

Biological plausibility

How about biological plausibility? Well, first it is very much in the eye of the beholder.
For one thing, there are at least two kinds of plausibility: structural and functional. Structural
plausibility just means that the structures in the theory must map on to real neural structures.
Problem: real neural structures are very complex; no comprehensible, computable theory can
begin to approach this kind of realism. (Nor would there be much point, for the theory would be
as incomprehensible as that which it purported to explain.) Functional plausibility, the idea that
the processes in the theory are processes for which we have biological counterparts, is better, but
it’s not very restrictive. Just look at a diagram of the chemical pathways in a single cell and you
can see that biology has processes and to spare. Functional plausibility limits us little.

Neurobiology.
What about restricting
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tervals. Data from Rankin and Broster (1992). ing 99% of the neurophysiology will
allow us to make predictions that are

99% correct. If the 1% we don’t know is critical, our predictions may be 100% wrong.

Work on feeding models is a good illustration. Beginning in the early 1970s, numerous
theorists attempted to construct computer models to explain the essentials of feeding behavior in
rats: regulation in response to different kinds of challenge, the temporal pattern (“eating in
meals”) and the relation between eating patterns and body weight (see, for example, Booth,
1978). The effort peaked in the early 1980s, but then fizzled to the point that an eating model
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rarely makes its way into print any more, despite the great boost in computer power and the
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emptied into the leaky bowl the water level (V)
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Figure 7.3 Rate-sensitivity in a two-stage habituation
system. The curves show the change in memory strength of
the system when stimuli are presented at intervals or 2 or 8
time steps. With the second-stage memory suitably slower
than the first, memory strength is lower after the 8-TS series
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growth of computer modeling in general.
Why this decline? My guess is that it is
because all the models focused on physi-
ology; every element of every model had
to represent something physiological.
But we don’t know all the physiology
that is relevant for feeding. Neurobiology
is a shifting target; we find out more
about the brain every day. (As I write the
newspapers are full of a new study that
has discovered hitherto unsuspected neu-
ral structures directly associated with the
digestive tract. What do they do? We
don’t know.) If we don’t know it all, a
model built only out of what we do know
must fail.

On the other hand, if you just look
at feeding behavior, it is possible to come
up with a very simple model that can du-
plicate feeding regulation and the basic
patterns of feeding under challenge
(Staddon & Zanutto, 1997). The model is
parsimonious: it has very few assump-
tions and explains quite a lot of facts.

But the ingredients of the model are de-
signed to explain the behavioral data, not
to match up with known physiology.
Physiology is not irrelevant, of course.
But now the ball is in the other court: it’s
up the physiologists to figure out how the
brain can behave in the way our model
says it does. Skinner would have been
pleased, as this is just the role he set out
for psychology. Unfortunately, behavior-
istic psychology has never really played
the role, because of Skinner’s antagonism
to theory.

Parsimony

The key to the theoretical ap-
proach is parsimony. The reason for em-
phasizing parsimony is not because biol-
ogy is always parsimonious. It is not.
On the contrary, many biologists, begin-
ning with Darwin, have pointed out that
evolution is frequently a kludge: bits are
added on to other bits, organs originally

. Processes that result from this complex his-
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tory can sometimes be understood in physiological terms, but often they resist understanding and
order must be found elsewhere. (The enormously complex brain processes that produce learned
behavior seem to be particularly resistant to direct understanding: Staddon, in press.) The reason
for parsimony is simply that that is what science is all about. Science is reducing the multiplici-
ty and particularity of raw experience to a limited number of principles: “...and since truth will
sooner come from error than confusion | think it expedient that the understanding should have
permission after the three Tables of First Presentation (such as | have exhibited) have been made
and weighed, to make an essay of the Interpretation of Nature in the affirmative way...” in Ba-
con’s words. In more modern words, after you’ve looked at the data, have a guess at the mecha-
nism. The working hypothesis of theoretical behaviorism is that the simplest mechanism is
probably closest to the truth.

Notice that this approach will almost invariably require the postulation of “events taking
place somewhere else, at some other level of observation [or none], described in different terms,
and measured, if at all, in different dimensions.” Skinner’s bizarre proscription would have ruled
out genes, atoms, quarks, the DNA double-helix, indeed every great theoretical advance in mod-
ern science (cf. Williams, 1986). It even conflicts with his own view of legitimate theory as “a
formal representation of the data reduced to a minimal number of terms.” (Skinner, 1950, p.
69)—a formulation not far from TB. Skinner chose not to notice that such a formal representa-
tion may—indeed, usually will—contain terms that refer to “events...at some other level of ob-
servation.”

| argue in the next section that internal states (hidden variables) are absolutely essential to
the economical description of even the simplest behavioral phenomena. As an example, | choose
the simplest possible kind of learning: habituation.

INTERNAL STATES IN HABITUATION

Habituation is the waning of a reflex response to repeated stimulation. Here’s a very simple ex-
ample. You’re observing through a dissecting microscope a petri dish full of 1-mm long nema-
tode worms called Caenorhabditis elegans. C. elegans is a creature very popular with molecular
biologists, who have mapped out every cell and its progeny, from zygote to adult. The worms
swim in more or less straight lines through the culture medium. Every now and then you tap the
side of the dish. Some of the worms turn in response to the tap. You measure how many and
how much they turn. You plot the average response as a function of successive taps and find
something like what is shown in Figure 7.1. The average response declines—habituates—with
successive taps (stimuli); and the decline is slower and less complete when the taps are widely
spaced (60-s apart) than when they are more closely spaced (10-s apart).

How can we explain habituation? Without something more than a simple definition, we
cannot understand why long interstimulus intervals (I1SIs) produce less habituation than short
ones. We cannot predict the effects of novel patterns of stimulation. We cannot predict how the
system recovers after a period without stimulation.

If you wait some time after the training series and then present a stimulus, the response
will be greater than at the end of the series (spontaneous recovery). Recovery shows something
called rate sensitivity (Staddon, 1993b; Staddon & Higa, 1996): Even though the level of habit-
uation after training with a long ISI (e.g., 60 s) is lower than after the same number of stimuli at
a short ISI (see Figure 7.1), the habituation may be more persistent after the long-1S1 training.
You will often find more recovery after the short-ISI series than after the long-1SI series, even
though the absolute level of responding was lower at the end of short-1SI training than after long-
IS training.

Apparently it is not sufficient just to take the level of responding at the end of training as
a simple measure of “strength.” By this measure, responding after short-ISI training is “weaker”
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than responding after long-1S1 training. Yet the short-IS1 behavior recovers faster than the long-
IS1 behavior, hence it must have been stronger not weaker. Obviously the unidimensional be-
havioristic idea of “reflex strength” is not sufficient to explain what is happening here.

Explaining rate sensitivity requires a model that goes beyond observables. It cannot be
explained by referring to stimuli and responses alone. It cannot even be explained by referring to
environmental and behavioral histories, because there are an infinite number of possible histo-
ries. “Just the facts, Ma’am” soon yields too many facts. Once we attempt to reduce this infinity
to a finite number by grouping together histories that have similar effects, we are dealing with
internal states in the sense described in the last chapter. If we must postulate some kind of inter-
nal state to explain this elementary phenomenon, then a fortiori internal states are essential to
explain more complex forms of learning.

Transient Memory

Habituation clearly requires some kind of memory, a persisting effect of past stimuli that
somehow weakens the habituated response. But this memory is not permanent—at least in nem-
atodes. If you wait long enough after the training experience, a new stimulus will produce the
response at full strength (spontaneous recovery). The simplest kind of transient memory process
is illustrated in Figure 7.2. The graph shows the effect of repeated stimulation on the memory.
Memory strength rises with each stimulus presentation and then decays. The inset shows a
physical system with the same properties: a leaky bowl into which a glass of water is periodical-
ly emptied. As in the graph, water level in the bowl rises with each glassful, and then declines.
Obviously, the more frequently the glass is emptied, the higher the water level. Also obvious is
the fact that the rate of “forgetting” (decline in water level) is constant: the level declines by a
fixed fraction of its current value in each time step. An animal with a memory like this will
show habituation if the vigor of its response is proportional to the difference between the
memory strength and the strength of the stimulus.

The “leaky-bucket” memory is a one-dimensional system that fits in well with naive be-
haviorism, because the “strength” of the memory depends only on its current value. But it obvi-
ously does not show rate sensitivity, because the rate of memory decay (i.e., the rate of recovery
from habituation) is constant, not dependent on the training history as in real organisms. What’s
needed is a memory system that behaves as in Figure 7.3. A system with at least two simple
memories, one that forgets more slowly than the other, is necessary for rate sensitivity. Figure
7.3 shows how this works. The figure plots the summed strengths of both memories during
training and afterwards. Memory strength increases more rapidly in the 2-TS series than in the
8-TS series, but it decays more slowly. The reason is that after the short-1SI series, most of the
memory strength is in the fast-decaying memory; whereas after the long-1SI series, most is in the
slow-decaying memory. Hence memory strength (the sum of the two memories) decays rapidly
after the short-ISI series and slowly after the long-ISI series. A system like this does show rate
sensitivity (Staddon, 1993b).

The point of this argument is that in this system, response strength is not sufficient by
itself to tell you how the system will behave in the future. The state of the system is defined not
by one number but by two (or more). But, knowing those two (the V-values for the two memo-
ries), the future behavior of the system is perfectly predictable. The properties of habituation, the
simplest kind of learning, imply an internal state (strictly speaking, a state space) defined by at
least two numbers. Other kinds of learning clearly require a state spaces defined by many more
numbers. Just how many, and what form of model is appropriate, is still for the most part un-
known. The idea that learning can be fully explained solely in terms of stimuli and responses is
nonsense.
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* k% *

We understand how nature works only through models. The models may be very simple, like
our model of the visual world or Copernicus’ model of the solar system. Or they may be very
complex, like the model of DNA. The issues for behaviorists are whether they need models at
all (perhaps some kind of unidimensional “strength” notion is sufficient?), and if so, what kind
should they be. Using habituation in nematodes as an example of the simplest kind of learning,
I have shown that “strength” by itself is not sufficient: a model with at least two dimensions is
needed to explain experimental results. We cannot explain habituation without postulating an
internal state which, in this case, is defined by two numbers. Obviously the much more complex
kinds of learning shown by higher animals — rats, pigeons, behaviorists — will require models
at least as complex as this. The necessity of modeling means that sticking to observables, to be-
havior, is not an option. The concept of internal state cannot be avoided.

What kinds of model should we look for? 1 argue here that a ruthless parsimony is our
best guide. Neither subjective experience, nor biological plausibility nor a kind of erector-set
approach using neurobiological ingredients, is a reliable guide. The unique contribution of the
theoretical behaviorist is to find the simplest possible process to explain behavioral data.
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Chapter 8: Consciousness and Theoretical Behaviorism

[Consciousness] is the name of a nonentity, and has no right to a place among first principles.

William James

Consciousness has become fashionable again. Respected foundations sponsor conferences on it;
Nobel prizewinners puzzle over it; philosophers and psychologists collaborate to define it (e.g.,
Crick & Koch, 1992; Dennett, 1991; Flanagan, 1992; Gray, 1992; McGinn, 1999; Narretrand-
ers, 1998). “There was a large measure of agreement among both scientists and philosophers at
a recent symposium that not only is there a real problem of consciousness but that it is a scien-
tific problem and that the time has come for scientists to tackle it.” (Gray, 1992, p. 277). There
is now a Journal of Consciousness Studies and the University of Arizona offers a course with a
title — “Quantum Approaches to Understanding the Mind”—that could be confused with Alan
Sokal’s hoax'®. “How can thought influence action?” the course description asks. “Quantum
mechanics can provide for the actual control of actions by thoughts...in a way that is not reduci-
ble to matter alone” it concludes. There has always been something about awareness of our own
thoughts and feelings—the “higher mental processes” — that seems to disorient otherwise hard-
headed scientists (see Box 8.1).

Box 8.1 Pavlov on Mentalism

[When] the physiologist turns to higher levels of the central nervous system, a sudden and
abrupt change takes place in his research. He no longer concentrates on the connection between
the external phenomena and the animal's reactions to them; instead of dealing with these actual
relations he begins to make suppositions about the internal states of the animals modeled on his
own subjective state. So far he has based himself on the general concepts of natural science. But
he now resorts to concepts that are utterly alien to him and in no way related to his earlier, physio-
logical concepts; in short, he makes the leap from the measurable world to the immeasurable.
This, obviously, is a step of extraordinary importance. But what caused it? What profound rea-
sons impelled our physiologist to do this? What conflict of opinions preceded it? A totally unex-
pected answer must be given to these questions: in the world of science absolutely nothing preced-
ed this extraordinary step. The natural scientist ... investigating the higher parts of the central
nervous system has, so to speak, unconsciously and imperceptibly for himself, yielded to the com-
mon habit of regarding the animal's activity as analogous to his own and of explaining it by the
same intrinsic causes which he feels he recognizes in himself. This, then, is the first point at
which the physiologist departed from the firm position of natural science.

Ivan P. Pavlov (1909, p. 207)

Consciousness is the topic that most clearly differentiates behaviorists from nonbehavior-
ists. Just what scientific problems does it pose? How would a theoretical behaviorism attempt to
answer them, and how would its answer differ from the answer offered by cognitive psycholo-
gists?

16 Indeed, the rise of “consciousness studies” has given rise to a hoax. Author Del Dennis, who describes himself as
“especially interested in subjectivity, phenomenology, and the holistic existence of psychological quanta in dynamic
fields”, has published an article entitled “Humanistic neuroscience, mentality and spirituality” in the Journal of Hu-
manistic Psychology, published by Sage, a respected social-science house. Dennis’s article discusses some of the
consciousness experiments discussed in this chapter. About Libet’s study, for example, he concludes it shows “that
mentality is neither equivalent to nor reducible to brain processes” (p. 47) “Del Dennis” is in fact Dennis Delprato,
a behavioral psychologist at Eastern Michigan University. Whatever one’s views on “humanistic psychology” and
the like, the fact that editors in this field cannot tell sense from nonsense, serious from frivolous, should raise at least
some doubts about its intellectual integrity.
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At a commonsense level, there is nothing mysterious about consciousness, human con-
sciousness, at least. It simply refers to experiences you can talk about. For example, there are a
number of experiments in which words are flashed on a screen and people are asked later to re-
call them or say if they recognize them. It is easy to show that under some conditions, the sub-
ject may fail to recognize a word — he isn’t conscious of seeing it—yet he shows by his reaction
time, or speed of relearning or some other measure that the word on first exposure did have some
effect. In short, he was not conscious of seeing it, but it did affect his behavior. Patients with
hippocampal brain damage show even more striking effects. Repeatedly exposed to a puzzle,
like the “Tower of Hanoi,” they claim each time not to have seen it before, yet their performance
improves with practice. Even normal people show similar, if less dramatic effects. Data like this
have led to a distinction between episodic memory (memory for events) and semantic or implicit
memory (memory for a skill). Other data have led to still other distinctions and the subject is
still in flux (Schachter & Tulving, 1994). But clearly, learning doesn’t have to go along with
consciousness.

Sleepwalking is another example of the dissociation between memory and consciousness.
Awake, sleepwalkers have no recollection of their nocturnal activities. A recent story described
a young man who fell out of a second-floor window on to the bonnet (this was England, not the
US) of his mother’s Mercedes. Bruised but still asleep, he picked himself up and walked down
the street. He woke up only after knocking on his grandmother’s front door. Was he “uncon-
scious” as he walked? Presumably, although some sleepwalkers—Iike this one—seem conscious
as they sleepwalk, even though they cannot recall what happened when they awake. Sleepwalk-
ing suggests that consciousness and the unity of consciousness are two different things. Being
able to report on an experience requires some kind of memory. Clearly memory has failed
here—although possibly the sleepwalker, while still asleep, may remember what happened in
that state. We don’t know whether the unfortunate young Englishman would have responded

Box 8.2: The Chinese Room

Searle made his objection to the Turing test in the form of an allegory. Never has so much discus-
sion been elicited from so many by so modest a proposal:

Simply imagine that someone who understands no Chinese is
locked in a room with a lot of Chinese symbols and a computer
program for answering questions in Chinese [my italics] The input
to the system consists in Chinese symbols in the form of questions;
the output of the system consists in Chinese symbols in answer to
the questions. We might suppose that the program is so good that
the answers to the questions are indistinguishable from those of a
native Chinese speaker. But all the same, neither the person inside
nor any other part of the system literally understand Chinese.
(Searle, 1992, p. 45)

Several objections have been raised to Searle’s argument. Most important, I think is the system re-
sponse: Of course, the man in the room doesn’t understand Chinese; no part of the system “under-
stands” Chinese, any more than any neuron in your brain understands English. You, the system as a
whole, understand English; the room-plus-program understands Chinese. And as for that computer
program: where is it written that such a program could be constructed? Yet without proof that it is
possible, the argument cannot be evaluated.

accurately to a question about his fall while still sleepwalking, even though he was unable to af-
terwards. There is a phenomenon called state-dependent learning in which an animal under the
influence of a drug learns a task but cannot perform it in the absence of the drug. Does this de-
note divided consciousness of this sort, or something less interesting, like stimulus control by the
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drug? Finally, there is the phenomenon of “blindsight” (Weiskrantz, 1986). Humans with brain
lesions in the visual area cannot “see,” yet sometimes avoid obstacles and show in other ways
some effect of their visual environment. Their seeing is “unconscious.”

How Good is the Turing Test?

These examples illustrate the Turing-test view of consciousness: if a subject can make the
appropriate verbal report, we will grant him consciousness. Theoretical behaviorism accepts the
Turing-test view of consciousness: if you act conscious, you are conscious. But this view is not
accepted by everyone. John Searle (1992), if | understand him correctly, makes the argument
that even if a device were to be found that could pass the Turing test, it would not be conscious
(Box 8.2). Several philosophers (e.g., Nagel, 1998) have discussed the concept of “zombie,”
which is not the Haitian creation, but an imaginary creature who looks and talks like you and me
but lacks consciousness. The zombie image is a recurring theme in fiction — The Stepford Wives
and Invasion of the Body Snatchers are two modern examples (the replicants in Blade Runner
had feelings, so perhaps they don’t qualify). A zombie has no qualia, but behaves otherwise
perfectly normally, just like Searle’s Turing-test-
passing computer.

SpotB M Searle has a point, but there are three re-
TME ———= sponses to it. First, the assumption that an apparently
conscious robot can be created artificially may be
Q - Q false, in which case we need say no more. Second is
A 5 the obvious question, “If it acts conscious, how do
you know it isn’t?” If you answer “I don’t” then you
disagree with Searle and disbelieve in zombies. The
Figure 8.1 The phi-phenomenon. Spot third reaction is, Wait and see. If such a machine is
Ais briefly lit, then after a short delay, spot | ever created, you can be just about certain that people
S 'ﬁt'g |de lit spot appears to move from | yi| so0n enough treat it as another human being.

J ' It’s worth noticing that the very limited suc-
cess of numerous attempts to get chimps and other great apes to talk in some way has neverthe-
less already led to vigorous legal efforts to get them treated like human beings (see, for example,
Glaberson, 1999; Tudge, 1999. The lawyer for the Animal Legal Defense Fund commented:
“My commitment,” she said, “is I don't eat my clients.”) If we are willing to grant consciousness
to an ape, a heifer, or to someone whose ability to communicate is as impaired as Helen Keller’s,
are we likely to withhold it from a device that speaks and responds indistinguishably from a hu-
man being? (Future comment from the Robot Legal Defense Fund: “I don’t recycle my cli-
ents...”)

These comments apply a fortiori to the zombie who, after all, even looks normal. If he
looks and talks the same as everyone else, on what basis do we say he is different? Perhaps the
debate simply underlines a fact that is less well-known than it should be, namely that in the
black-box world, not everything about the box can be discovered by an outside observer, even if
the box itself is perfectly deterministic. (This was first demonstrated rigorously in a classic pa-
per by Moore, 1956.)

“Conscious” robots can at least talk. Because animals cannot communicate with any-
thing like human facility, attributing consciousness to them is much trickier, however. I’ll have
more to say about that in a moment. But now let’s look at a specific phenomenon that was
thought to pose a real problem for our understanding of consciousness and see how it is treated
by cognitivists and by theoretical behaviorism.

Consciousness and Color-Phi

Spot A 1
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When you watch a movie, your retina is stimulated 24 times each second with 24 static images.
An object that takes up adjacent positions in each successive image is perceived as moving
smoothly. The effect can be demonstrated experimentally with a single bright spot that is suc-
cessively presented at one place and then at an adjacent place (see Figure 8.1). This is termed
the phi phenomenon. There is a related effect in which the two spots are different colors. What
IS seen is a single moving spot which changes color at about the midpoint of its travel.

The puzzles posed by the color-phi effect are discussed by philosopher Daniel Dennett
and psychologist Marcel Kinsbourne, as follows:

[Philosopher Nelson] Goodman won- Stimulus ~ Subject Response
dered: “How are we able...to fill in the DISTANCE

spot at the intervening place-times —

along a path running from the first to R STATE...

the second flash before that flash oc- T

curs?” .... Unless there is precognition, ! STATE...

the illusory content cannot be created M

until after some identification of the E G STATE...

second spot occurs in the brain. But if

this identification of the second spot is STATE

already “in conscious eXperience”

would it not be too late to interpose the 4 STATE

illusory color-switching-while-moving

scene between the conscious experi- ) .
ence of spot 1 and the conscious expe- STATE...| "RRRRGCGG

rience of spot 27?...[other experiment-

ers] proposed that the intervening mo- Figure 8.2 Event-history in the color-
tion is produced retrospectively, built phi experiment. A red spot (R) is
only after the second flash occurs, and briefly lit at time 0, a little later a green
“projected backwards in time”....But spot (G) is lit. After an additional
what does it mean that this experienced short delay, the subject responds that

he has seen a moving spot that changes
color (“RRRRGGGG”). The events
are shown in discrete time, instant-by-
instant. The discreteness is not theoret-
ically necessary, but makes the se-
Presented in this way, the color-phi effect certainly quence easier to illustrate.

seems puzzling, at least to philosopher Goodman.
Dennett and Kinsbourne describe two standard cognitive ways of dealing with this effect. One,
which they term “Orwellian,” is that we experience things in one way, but then revise our memo-
ries, much as Minitruth in Orwell’s 1984 revised history. The color-phi effect thus becomes a
post-hoc reinterpretation: two spots are experienced, but a smoothly moving, color-changing spot
is reported. Dennett and Kinsbourne term the other standard approach “Stalinesque,” by analo-
gy with Stalin’s show trials, in which false evidence is created but reported accurately. In this
view, what is reported is what was actually experienced, though what was experienced was not
what (objectively) happened. Dennett and Kinsbourne dismiss both these accounts in favor of
what they term a “multiple-drafts” model: “Our Multiple Drafts model agrees with Goodman
that retrospectively the brain creates the content (the judgment) that there was intervening mo-
tion, and that this content is then available to govern activity and leave its mark on memory. But
our model claims that the brain does not bother “constructing” any representations that go to the
trouble of “filling in” the blanks” (Op. cit., p. 194) In the multiple-drafts model consciousness

motion is “projected backwards in
time”? (Dennett & Kinsbourne, 1992,
p. 186)
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becomes a distributed construct, like “The British Empire” (their analogy), which is not uniquely
located in time or space.

Three Categories of Knowledge

Theoretical behaviorism has a much simpler way of looking at the color-phi effect. First, note
that like all other psychological phenomena, the effect involves three conceptually separate do-
mains:

Domain 1

The first is the domain of felt experience, the phenomenological domain. There is a cer-
tain quality (philosophers call this quale) associated with the color-phi experience. This is sub-
jective and science has nothing to say about it. From a scientific point of view, | cannot say
whether “green” looks the same to you as to me; | can only say whether or not you make the
same judgments about colored objects as | do. This point used to be a commonplace in philoso-
phy, but apparently it needs to be reiterated from time to time: “That different people classify
external stimuli in the ‘same’ way does not mean that individual sense qualities are the same for
different people (which would be a meaningless statement), but that the systems of sense quali-
ties of different people have a common structure (are homeomorphic systems of relations).”
(Hayek, 1952/1979, p. 37) What this means is that if you and I are standing in the same place,
we see the same chair to the left of the same table, we judge these two greens to be the same and
the red to be different from the green, and so forth. What we cannot say is that my green is the
same as yours, What we can say, is that my green bears the same relation to my yellow as your
green does to your yellow (unless one of us is color-blind).

I can also know if you say the same things about color-phi-type stimuli as | do. Note that
this is a behavioristic position, but it is not the version of behaviorism dismissed by Dennett and
Kinsbourne, when they say “One could, then, ‘make the problems disappear’ by simply refusing
to take introspective reports seriously.” (Op. cit., p. 187) As we will see shortly, the question is
not whether phenomenological reports should be ignored—of course they should not— but what
to do with them.

Domain 2

The second domain is physiological, the real-time functioning of the brain. The color-phi
experiment says nothing about the brain, but another experiment, which I will discuss in a mo-
ment, does include physiological data.

Domain 3

The third domain is the domain of behavioral data, “intersubjectively verifiable” reports
and judgments by experimental subjects. The reports of people in response to appropriate stimu-
li are the basis for everything objective we can know about color-phi.

| believe that much of the muddle in the various cognitive accounts arises first of all from
confusion among these three domains. For example, Dennett and Kinsbourne write “Conscious
experiences are real events occurring in the real time and space of the brain, and hence they are
clockable and locatable within the appropriate limits of precision for real phenomena of their
type.” (op. cit., p. 235) Well, no, not really. What can be clocked and located are reports of
conscious experiences and measurements of physiological events. Conscious experiences are
Domain 1, which has neither time nor space, but only ineffable qualia. The only evidence we
have for these qualia (at least, for someone else’s) is Domain 3. And we can try and correlate
Domain 3 data with Domain 2 data and infer something about the brain correlates of reported
experiences. But that’s all. Despite Dennett and Kinsbourne’s vivid prose, their discussion
leaves us in a muddle.
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All becomes much clearer once we look more closely at Domain 3: What did the subjects
see? What did they say about it, and when did they say it? The real-time events in the color-phi
experiment are illustrated in Figure 8.2, which is a version of the general framework of Figure
6.1 tailored to this experiment. Time goes from top to bottom in discrete steps. At time O the red
spot is lit and goes out; there is a delay; then the green spot is lit; there is another delay and then
the subject reports what he has seen, namely a continuously moving red spot that changes to
green half way through its travel: “RRRRGGGG.” Stimulus and Response are both Domain 3.
The properties of the states are as yet undefined. Defining them requires a theory for the effect,
which I’ll get to in a moment.

Confusion centers on the subject’s response “RRRRGGGG”. What does this response
mean? This seems to be the heart of the puzzle, but the unknowable quale here is scientifically
irrelevant. We do not, can not, know what the subject “sees.” That doesn’t mean the subject’s
response is meaningless. What it can tell us is something about other, “control” experiments that
might give the same quale. Figure 8.3 shows one such control experiment. In this experiment, a
single spot really is moving and changing color at the midpoint: RRRRGGGG, and the subject’s
report is appropriately “RRRRGGGG.” The similarity between the responses to the really mov-
ing stimulus and to the color-phi stimulus is what the statement “the color-phi stimulus looks like
a continuously moving spot that changes color” means. The point is that we (i.e., an external ob-
server) cannot judge the subject’s quale, but we can judge if his response is the same or different
on two occasions. And as for the subject, he can also judge whether one thing looks like another
or not. These same-different judgments are all that is required for a scientific account.

A Theory of Color-Phi

The comparison between these two experiments suggests an answerable scientific problem,
namely: “What kinds of process give the same output to the two different histories illustrated in

()79 H
Stmulus  Subject  Response the two figures?” More ge_nerally, what characterizes
DISTANCE the class of histories that give the response

. R = “RRRRC_}GGG”? Th_e answer will be some kind o_f
: R o well-defined mechanism, in the sense defined earlier
M (Box 3.2). One can even get a glimpse of the appro-
E R priate process. It will be one in which the temporally
R adjacent events tend to inhibit one another, so that ini-
\ 4 G tial and terminal events are more salient than events in

the middle of a series. Thus, the input sequence
RRRRGGGG might be registered’ as something like
RrrrRGGGG — a sort of serial-position effect , i.e., stimuli
in the middle of a series have less effect than the stimuli
on the ends. In the limit, when the stimuli are present-
ed rapidly enough, stimuli in the middle may have a
Figure 8.3 Event history in a control negligi_ble effect, so that the input RRRRGGGG yi.EIdS
experiment. A smoothly moving illumi- | the registered sequence R....G, which is indistinguisha-
nated spot changes color mid-way from | ble from the color-phi sequence. It would then make
red to green. After a delay, the subject | perfect sense that subjects makes the same response to
reports veridically ("‘RRRRGGGG). the complete sequence and the color-phi sequence.
There is one thing left out of this account.
Let’s accept the existence of a perceptual process that gives the same output to two different in-
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17 What exactly do you mean by “registered” a critic might reasonably ask? “Register” just refers to the properties
of the internal state. Another way to pose the problem is to say that we need a model such that the inputs
RRRRGGGG and R....G yield the same internal state.

110



put sequences: RRRRGGGG and R......G. The question is, Why is the response “RRRRGGGG,”
rather than “R.....G”? Why do people report the abbreviated sequence as appearing like the
complete sequence? Why privilege one of the two possible interpretations over the other? It is
here that evolution, and innate mechanisms, comes to the rescue. Roger Shepard (e.g., 1987) has
argued persuasively that perceptual mechanisms have evolved to interpret a given stimulus se-
quence in the way that has been most probable during our evolutionary history. Thus, by re-
sponding “RRRRGGGG,” rather than “R...G” we may simply be playing the evolutionary odds.
Given that these two sequences produce the same internal state, the most likely state of the world
is RRRRGGGG — the moving, color-changing spot—rather than the other. So RRRRGGGG is
what we report—and perceive (the subject isn’t lying).

Notice that this way of studying the color-phi effect is as suitable for non-human as hu-
man animals. No verbal report is necessary, merely a response signaling that sequences are per-
ceived as similar or different. If we agree with Watson that we should “recognize no dividing
line between man and brute,” then the attempt to interpret phenomena in terms of “conscious-
ness” turns out to be more usually a scientific hindrance than a help.

It is worth noting that the problem posed by color phi, as I have framed it, parallels exact-
ly the history of research on another perceptual phenomenon: color vision. An early discovery
was that people sometimes see “red” (for example) when no spectrally red light is present — just
as people sometimes see movement when nothing is actually moving. Later research expanded
on this theme through the study of after-effects, color-contrast and “Land” effects eventually
showing a wide range of disparities between the color seen and the wavelengths present. The
solution to the problem was the discovery of processing mechanisms that define the necessary
and sufficient physical-stimulus conditions for a person to report “green,” “red” or any other col-
or. “Consciousness” is no part of this account either.

The Binding Problem

My analysis of the color-phi effect sheds some light on a famous problem in cognitive
psychology and artificial intelligence: the binding problem. Owen Flanagan describes it this
way:

I see the yellow tennis ball. | see your face and hear what you say. | see and smell the

bouquet of roses. The binding problem arises by paying attention to how these coherent

perceptions arise. There are specialized sets of neurons that detect different aspects of
objects in the visual field. The color and motion of the ball are detected by different sets

of neurons in different areas of the visual cortex...Binding seeing and hearing, or seeing

and smelling, is even more complex...The problem is how all this individually processed

information can give rise to a unified percept. (Flanagan, 1992, p. 171)

What does “unified perception” amount to? We report a unified percept “cat.” When confronted
with a cat we can say “cat,” can identify different aspects of the cat, can compare this cat to oth-
ers like it, and so on. Flanagan, echoing the field, goes on to assume that this requires some sort
of unity in the brain: “The answer would be simple if there were a place where all the outputs of
all the processors involved delivered their computations at the same time, a faculty of conscious-
ness, as it were. But...there is no such place.”

That is correct. But why on earth should there be? From a behavioristic point of view,
this looks like a pseudo-problem. We report continuous movement in the color-phi effect, but
nothing moves in the brain. All we have is a functional equivalence between the brain state pro-
duced by a moving dot and the brain state produced by two flashing dots. The same is surely
true for the cat percept. There is a state (actually, a large set of states) that the subject reports as
“cat.” This state can be brought about by the sight of a cat, a sketch of a cat, the sound of a cat,
and so on. We have no idea about the mechanism by which this comes about — perceiving a cat
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is more complex than perceiving movement of a dot — but there is no difficulty in principle in
understanding what is happening.

Why does there seem to be a problem? Because of a conflation of Domain 1 with Do-
main 2. The percept “cat” is real and unified in Domain 1, but that has no bearing on Domain 2,
the underlying physiology. The “cat” percept is just one (actually a subset, but the argument is
the same) of a very large number of brain states. It is the one evoked by the sight of a cat, the
word “cat,” the sight of dead mouse on the doorstep, etc. But the phenomenology of that state
has no relevance to its physical nature — any more than there needs to be any simple relation
between the contents of a book and its Dewey decimal number. The point is that the brain is
(among other things) a classifier. It classifies the color-phi stimulus and a moving-color-
changing stimulus in the same way — they have the same Dewey decimal number. That’s what
it means to say that we “see” two physically different things as the same. That’s all it means.

The only objective “unity” that corresponds to the phenomenal unity of the percept is that
a variety of very different physical stimuli can all yield the percept “cat.” People show a sophis-
ticated kind of stimulus generalization. There are simple mechanical equivalents for this. Asso-
ciative memories can “store” a number of
patterns and recreate them from partial in-
puts. Hertz, Krogh and Palmer (1991) de-
scribe their function in this way:

Associative memory is the “fruit
fly” or “Bohr atom” of this field.
It illustrates in about the sim-
plest possible manner the way
that collective computation can
work. The basic problem is this:
Store a set of p patterns &£in

such a way that when presented
with a new pattern ¢;, the net-
work responds by producing
whichever one of the stored pat-
terns most closely resembles ¢; .

(Hertz etal., p. 11).

Given parts of one of the patterns as input,
the network responds with the complete pat-
tern (Plate 8.1). So, given a picture of a cat,
a poem about a cat, cat’s whiskers, or a mee-
ow, the result is the percept “cat.” But nei-
ther cat nor any other percept exists in rec-
ognizable form in the network (Domain 2).

Nothing is lzound. ) Nothing needs to b(.a' Plate 8.1 Examples of how an associative memory
~ (Don’t be misled by the fact that in can reconstruct a whole image from a part. Right: Re-
this kind of network, the output looks like constructed images. Left: Incomplete input images. Cen-

the input. An even simpler network will just | ter: Intermediate states during image reconstruction.
activate a particular node when all or part of | (From Hertz, Krogh & Palmer,1991, Figure 2.1, by per-
the target stimulus is presented. The basic mission.)

idea is the same. The network has N stable states; when a stimulus is presented to it, it will go to
the state whose prototype — the stored stimulus — is most similar to the presented stimulus.)

Consciousness and the Brain
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Dennett and Kinsbourne also discuss conscious
effects of electrical brain stimulation that have elicited
almost mystical responses from susceptible commenta-
tors. In a provocative series of experiments, Benjamin
Libet has studied the relation between recorded and ap-
plied brain electrical events and reports of consciousness.
For example, in one experiment Libet studied the tingling
sensation that can be produced by a brief electrical pulse
to the hand (the left hand, say). He found that a similar
sensation could be produced by stimulating the subject’s
cortex (say the left cortex, so that the sensation is referred
to the right hand). Libet has reported instances in which
the subject’s left cortex (sensation in right hand) was
stimulated before his left hand, yet the subject’s reported
sensations in the reverse order: first left hand, then right.
Libet himself views these results as a challenge to mate-
rialism, and respected knights of neuroscience and philos-
ophy Sir John Eccles and Sir Karl Popper seem to agree
(Box 8.3).

It’s hard to see why these results amaze. The sub-
ject’s report in every case comes after the stimulating
events have ceased — no time-reversal has occurred. An
electrical stimulus to the cortex that is quite different
from any naturally generated brain event might well take
longer to interpret — i.e., result in a verbal output — than
a stimulus applied to sensory end-organs expressly
evolved to receive stimuli. Hence, it should not surprise
that the brain-induced sensation is reported as occurring
after the peripherally produced one. The reversal of tem-
poral order is puzzling only if we have some idea that
consciousness is a sort of driving force, rather than a

inside

"everything else"

? r—» responses

"consciousness"

stimuli  verbal reports

outside

Figure 8.4 Schematic diagram for a
suggested relation between two brain
subsystems: the part devoted to
“consciousness,” and ‘“everything
else” (i.e., the unconscious). Con-
sciousness communicates with the
outside world and also receives input
from the unconscious, which makes
non-verbal responses. Each step —
from outside world to consciousness,
from consciousness to everything
else, and back, and the response —
takes some time. In such a system,
brain signals directly from the un-
conscious may precede the verbal
report of recognition from con-
sciousness.

property of our system for self-report (Dennett, 1991; Ngrretranders, 1998).

Libet has reported other results that confuse some commentators. In another experiment
puzzling to some he asked subjects to make “spontaneous” decisions to move one hand while
looking at a clock and noting the precise time they “formed the intention” to move. Libet rec-
orded the movement, the judged time of the intention, and the time of the pre-intentional “readi-

Box 8.4 Unconscious knowledge.

“There was a moment on University Challenge when
the [quiz] host ...was asking about a President of the Ameri-
can Confederacy. | buzzed, assuming that | knew the answer,
but all I could think of was ‘Richmond, Virginia,” which I
knew was wrong. The camera zoomed in, so | had to say
something and when I opened my mouth I heard ‘Jefferson
Davis’ come out, but at no point was I conscious of that in-
formation before I spoke.”

British quiz contestant Lance Haward (UCL Magazine,

ness potentials” on the surface of the
subjects’ scalps. He found that times
subjects reported for the genesis of
their intentions lagged behind the
readiness potentials by almost half a
second. This seems to rule out a real
“executive” role for consciousness.
This result is interesting, but
not in any way paradoxical—unless
one has a naive view of conscious-
ness as a “first cause” of action. The
control scheme illustrated in Figure

8.4, for example, is perfectly consistent with Libet’s result. The idea is that the “consciousness”
functional subsystem receives input from the outside world and passes on instructions to “every-
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thing else” to produce the desired behavior according to the required “spontaneous” rule. Libet’s
“readiness potentials” come from everything else, not from “consciousness”. In turn, whenever
“everything else” (following the rule as instructed) initiates an action, it reports its behavior to
“consciousness.” Each of these steps takes some time. Thus, the action of “everything else,”
reflected immediately in its readiness potential, occurs before “consciousness” has time to pro-
cess the incoming report that an action is imminent and to note the real time coming in on the
“stimulus” line. No doubt there are many other functional arrangements that can duplicate the
time delays that Libet found.

Dissociations of the sort just described can be observed without EEG paraphernalia. If
you have ever participated in a quiz under time pressure you know that very often you know that
you know the answer to a question
Box 8.3 Popper & Eccles (1977) write in mystification “This | quite some time before the answer
antedating procedure does not seem to be explicable by any neu- | ijtself arrives in consciousness.

rophysiological process...the antedating sensory experience is ; ;
attributable to the ability of the self-conscious mind to make slight Sometimes, of course, the delay is

temporal adjustments, i.e., to play tricks with time.” (cited in very long indeed. In the so-called
Dennett & Kinsbourne, op. cit., p. 187). “tip-0f-the-tongue” phenomenon,
for example, you may have the
“feeling of knowing” days before the answer pops into consciousness. If something correspond-
ing to Libet’s readiness potential could be measured, perhaps it would occur more or less con-
temporaneously with the “feeling of knowing” and thus some time before the actual answer be-
comes available. According to the scheme illustrated in Figure 8.4, the feeling of knowing is
transmitted to consciousness from “everything else” in advance of the actual information de-
sired—and in response to a “request” for the information from consciousness.

The idea that there is a separation between the conscious and unconscious parts of the
brain; that both have some degree of autonomy; and that consciousness is essential to episodic
memory (memory for events, as opposed to skill memory, etc.) receives support from surprising
anecdotes of people who must react in an emergency. A colleague reports two separate instanc-
es, involving himself and another person. In both cases, the individual was attacked by a chim-
panzee—a formidable creature compared to an unarmed human being. In both cases, the victim
of the attack took appropriate evasive action and was rescued by co-workers. In neither case did
he have any recollection whatever of what happened. In one case, the victim assumed he had
fainted; the other simply had no recall. But the facts (in one case, recorded on videotape) are in-
dubitable. Evidently, the brain has evolved to deal very efficiently with emergencies that require
rapid action (see also Box 8.4). The “everything else” syStem operates on its own and doesn’t
take time to tell the “consciousness” bit what is happening—so the person has no memory for the
event. (Doubtless his skill at avoiding chimpanzee attacks is improved, by the experience, how-
ever!)

Scotomata

The place where the optic nerve enters the back of the retina is perfectly blind. Yeta
bright line flashed across it is perceived as whole. Even a plaid pattern is apparently “filled” in
so that what we perceive as unbroken. We never “see” the blind spot. The same thing is true of
many neurological injuries that leave people blind in some part of their visual field (there are in-
teresting differences between scotomata and the blind spot which I’ll get to in a moment).

Our unawareness of the blind spot has long been a puzzle:

...you can locate your own blind spot, and also demonstrate how a pattern is “filled in” or
“completed” across the blind spot... (Hundert, 1987, quoted in Dennett, 1991, p. 344,
who has several more examples.)
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The TB analysis of color-phi demystifies the blind-spot problem. All this “filling-in” business is
of course Domain 1, phenomenal experience. There is no Domain 2 filling in, any more than
there is real “moving-and-color-changing” in the color-phi effect. All that is happening is that
the brain is classifying as “same” complete and incomplete plaid patterns—so long as the “gap”
falls on the blind spot. The phenomenal experience, and the label we attach to it, come from
evolutionary considerations, as | described earlier. We see the line as continuous and the plaid as
whole because the system has evolved to treat a line that extends across the blind spot the same
as a continuous line. The inputs from retina to the brain are the same for the whole and (suita-
bly) broken line: why should they not be classified as the same? Indeed, how could they be clas-
sified in any other way?

Scotomata are a little different. People still (after a while) “fill in” figures across the sco-
toma, just as they do with the blind spot. But, because of the change from “before” the injury to
“after” they are often aware of a scotoma, at least at first or if it is large. But second, and very
different from the blind spot, clever tests often show that although the subject may not be con-
scious of it, visual stimuli that fall in a scotoma can have an effect. Presented with a word
flashed on the scotoma, then asked to guess between that word and another, subjects will dis-
claim any knowledge but guess better than chance nevertheless. The particular properties of a
scotoma depend on the source of the injury. If it is retinal, the scotoma is treated more or less
like the blind spot — certainly the subject is unaffected by visual stimuli falling on the damaged
area. But if the scotoma arises from damage to higher centers, the effects depend on what cen-
ters and how much damage.

At the heart of the muddled cognitive view of consciousness is a persistent conflation of
the subjective (Domain 1) and objective (Domains 2 and 3). (We saw a similar conflation of
subjective and objective in Skinner’s analysis of freedom and responsibility in Chapter 4). This
conflation has led to endless puzzlement about experiments like these. Moreover, the naive and
dismissive view of behaviorism shared, in a fashionable “cognitive correctness,” by much of the
psychological community, has prevented serious consideration of the kinds of arguments | have
just offered. The lack of a behavioristic perspective on these problems has allowed views that
often verge on the mystical to gain a respectful audience.

But, surely, phenomenal experience is worth something? Surely it won’t do to compare
perception of a rainbow or a beautiful woman to a Dewey decimal number? After all, percepts
seem to be so rich, so detailed, so real. About the vividness, we can say (scientifically) nothing.
But about the richness of detail, we can say at least this. If the brain is a classifier, it is a very
capacious one. The phenomenal properties of a percept must at the very least differentiate it
from all other percepts. Otherwise the mind would be like the University of Wollomaloo in the
Monty Python sketch, in which every newcomer is called “Bruce” (to avoid confusion). Since
we can distinguish a great many “states of the world,” the Dewey decimal for most of them must
be a very long number. Some percepts must be very detailed indeed.

*khkk

Theoretical behaviorism makes a sharp division between three domains: Domain 1, is the entire-
ly private domain of qualia. Domain 2 is the public domain of brain physiology. Domain 3 is
the public domain of intersubjectively verifiable whole-organism behavior. Science, which is
public knowledge, can only deal with Domains 2 and 3. But this does not mean that phenomena
commonly labeled as “conscious” lie outside behavioristic psychology. | have shown by exam-
ple that many apparently puzzling effects, from color-phi, through visual blind spots to the so-
called binding problem either vanish or pose answerable scientific questions when regarded in
this way. | cannot prove that behavioral science should confine itself to Domains 2 and 3, but |
believe that the distinction will prove more useful in practice than the cognitive alternative. As |
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have argued (in agreement with C. S. Peirce), besting the competition is, after all, the pragmatic
definition of truth.

Theoretical behaviorism can deal with mentalistic problems like “consciousness” without
either ignoring them, obscuring the distinction between what is inside vs. what is outside the or-
ganism (like radical behaviorism), or confusing what is felt with what can be measured (like
some recent cognitive discussions). Theoretical behaviorism promises to provide theoretical
links between behavior and the brain that rest on real understanding, rather than on mentalistic
presumptions about how brain-behavior relations “must” be arranged.

But qualia are hard to abandon. Jeffrey Gray, in his commentary on the 1991 Ciba
Foundation Symposium, wrote “I once asked a radical behaviourist [Howard Rachlin, 1995]
what, in his view, is the difference between two awake individuals, one of them stone deaf, who
are both sitting immobile in a room in which a record-player is playing a Mozart string quartet?
His answer: their subsequent verbal behavior. Mercifully. there were no radical behaviourists at
the symposium.”

The behavioristic response is “Do you mean ‘What do I know about the difference?’ or
“What can I infer about it?’” ‘What I know’ is only the different verbal reports, before and after
the experience. ‘What I can infer’ is something about the physiology of hearing. What none but
the deaf person knows is “what it is like” to be deaf.
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Postscript

Alchemy of the Mind

Why was alchemy a scientific dead-end? Its aim is attainable — lead can be turned into gold, al-
beit not at a profit —and obviously valuable. And yet the whole enterprise was in fact a waste of
time. It failed because it assumed something that isn’t so: that because a problem is important
and can be clearly posed, it can also be attacked directly. In fact, the alchemists understood too
little of physics and chemistry to have any hope of achieving their aim. Instead of attacking a
big, practical question, what was needed was a couple of hundred years of boring and apparently
irrelevant experiments on pendulums and balls rolling down inclined planes, meticulous tables
cataloguing the movements of stars and planets, experiments on chemicals other than lead and
gold — and a lot of thought by some talented and often odd people, all aimed for the most part not
at solving obvious, practical problems, but at understanding physics.

Contemporary psychology is in many respects the alchemy of the mind. Both the two
major movements in psychology, behaviorism and cognitivism, have their own shibboleths. In
the case of behaviorism, it was the practical objective that dominated. From Watson to Skinner,
whether they studied rats, pigeons or people, the leading behaviorists were all preoccupied with
practical results. Their facts were at least real facts: running speed in a maze, key pecks in a
Skinner box and so on. But their interests were utopian — to change the world, not to understand
it — so they vaulted from fragmentary knowledge to sweeping recommendations about social pol-
icy and private action. Its weak philosophy and grandiose claims made behaviorism a soft target,
even for the weakly guided missiles directed against it by Chomsky and a few other critics.

Contemporary cognitive psychology is not so dominated by practical objectives. Its er-
rors are preoccupation with the human mind and taking ordinary language at face value. Human
memory, thought, ideas and consciousness, like lead and gold, are the currency of daily dis-
course. Who can doubt that they are the things psychology — or cognitive (neuro--)science —
should attempt to explain? Just as the alchemists studied gold because gold is what they were
after, so the cognitive scientists study human beings, because human beings are what they wish
to understand. Even though animals are simpler and more tractable experimental subjects than
humans, even though the facts of animal psychology are real, reliable facts, unlike many of the
“findings” of other kinds of psychology, animal psychology is now an endangered species.

But three decades of increasingly well-supported research into the psychology and neu-
robiology of human mental life have come up almost empty. “Investigations of the mind
have...failed to generate the kinds of applications that compel belief in a particular paradigm.
Physicists can talk about lasers, transistors, radar, jets, nuclear bombs. Biologists can show off
vaccines, antibiotics, cloning, and other marvels. The by—products of mind—science are rather
less impressive: cognitive behavioral therapy, Thorazine, Prozac, shock therapy, alleged genetic
markers for homosexuality, IQ tests...” writes a relatively sympathetic critic (Horgan, 1999).

He goes on to conclude “Theories of human nature never really die; they just go in and out of
fashion.” (pp. 6--7)

Horgan’s book offers trenchant criticism of cognitive neuroscience, artificial intelligence,
Freudian psychology and evolutionary psychology. Behaviorism escapes unscathed, not because
it is invulnerable, but because it is invisible. Horgan accepted uncritically the dismissal of be-
haviorism by his cognitively inclined interviewees. Consequently, he failed to notice that the
main technological accomplishment of psychological science is in fact behavioristic and based
on animal research: the technology of reinforcement schedules. But his indictment of contempo-
rary mind-science is mostly on the mark.
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So what is the solution? The argument of this book is that the best way forward in the
quest to understand how human beings work is not through the study of the human mind, but
through the study of the behavior of animals. | suggest that theoretical behaviorism will prove a
useful guide not just for psychology but also for cognitive neuroscience. What neuroscience
must explain is not the mind or consciousness, but the process that drives behavior. If, for ex-
ample, habituation is most parsimoniously explained by a cascade of fast and slow integrators,
then those are what we should probably look for in the brain — not a “habituation module”. If we
want to understand “memory” then we should first look at its dynamics and the processes we
need to infer to duplicate those dynamics — not for brain areas that subserve “episodic” vs. “pro-
cedural” memory — and whatever other categories are currently in fashion. If we cannot even
fathom the neural basis for the behavior of a completely gene-mapped, 302--neuron nematode
worm (“We still don’t understand how C. elegans works”, said Nobelist Torsten Wiesel in a re-
cent interview), what on earth are we doing speculating on consciousness and brain-behavior re-
lations in human beings. This is alchemy indeed!

The solution offered by theoretical behaviorism is simply to lower our sights. Don’t
reach for the stars; reach for a telescope. Study the dynamics of simple animal behavior. Maybe
the stars will arrive in due course.
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Appendix

SKINNER ON SCIENTIFIC METHOD

The following mimeographed document appeared in the mailboxes of Harvard Experimental
Psychology graduate students in the winter of 1962. It was unsigned, but the author was in fact
B. F. Skinner. The document is of both historical and philosophical interest. Historically, it il-
lustrates the tension between two colleagues in the small Harvard department: Skinner and emi-
nent psychophysicist S. S. Stevens. Stevens, a feared and respected figure, taught most of the
first-semester pro-seminar and was the main influence in the lives of junior graduate students.
Philosophically it illustrates the high value that pragmatist Skinner placed on data, the low value
he placed on theory, his distrust of statistics and curve-fitting and his disdain for what he per-
ceived as “physics envy” on the part of positivist/operationist Stevens. The piece also reveals a
fondness for satire that Skinner managed to suppress in most of his published work.

DEPARTMENT OF PSYCHOLOGY
HARVARD UNIVERSITY

Statistics Examination, February 1962
1. (Three hours) Comment in detail on the attached
paper.
Organize your work carefully.
Suggested outline:
a) What is good about the paper? (?)

b) What is bad about the paper? (Hint: is the
word invariant used even once?)
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ON THE RELATION BETWEEN MATHEMATICAL AND STATISTICAL COMPETENCE AND
SIGNIFICANT SCIENTIFIC PRODUCTIVITY

Skinner’s hypotheses of “antistat” and “antidat” are sufficiently
well known so that only a summary statement need be given here. An-
tistat is a trait or disposition characteristic of laboratory research
scientists which favors insightful and imaginative experimental design
and a relatively high yield of significant results but is inimical to
model-building, theorizing, hypothesizing, and the striking of averag-
es. Antidat is, on the contrary, a trait which favors formal specula-
tion but engenders a high level of anxiety in the presence of data
(whence its name). It may be questioned whether these so-called
traits have been taken seriously enough to warrant an experimental
test; nevertheless, rash assertions should not be allowed to stand un-
challenged. The following experiment was therefore performed to test
for the reality of these heralded “traits.” Eight psychologists at
the PhD level!® served as a jury to rate all the papers appearing in
the Journal of Experimental Psychology and the Journal for Comparative
and Physiological Psychology between January 1, 1951 and January 1,
1956. Each article was rated on two scales: the extent to which sta-
tistics was used, and the significance of the results.

The relationship between these variables is shown in Figure 1.
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Use of Stelistics

As will be seen the raw data do not conform closely to the predicted

curve. (The equation shown in the figure has no special significance,
but was borrowed from a well known contribution to mathematical phys-
ics by Neils Bohr.) The situation represented in Figure 1 should not

be taken at its face value, however. A good deal of the scatter in
the data can be attributed to (we might as well say, blamed on) one of

8 Tt should not be inferred that they all had their degrees. One man
had completed his graduate work, but at the conclusion of his oral ex-
amination the department voted to discontinue awarding the Doctor’s
degree. Another will receive his degree as soon as the remaining re-
quirement in German has been met. Before recommending the degree for
still another it was discovered that the M.A.T. score of 91 on his
original application for admission had been a clerical error in which
the two digits were reversed. It was voted to grant him his degree as
soon as he could bring his Miller score up to the compromise value of
55 (arrived at with “Student’s” formula for splitting differences A +
B/ 2).
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the judges who proved, to put it mildly, refractory. After the rat-
ings were well under way, it was discovered that this rater had decid-
ed, entirely on his own initiative, to discount any statistical method
which was not necessary and relevant. Thus, a paper literally loaded
with mathematical formulae might be rated as having made no use of
statistics. The chaos created by his ratings can well be imagined.

On the internal evidence alone we would probably be justified in elim-
inating from our results the data supplied by this rater. However, we
would then be open to the charge of bias, which it is always well to
avoid. TIf his prejudices had been discovered in time, a suitable re-
placement could no doubt have been justified.!®

In order to expose the positive relation between predicted and ob-
served results concealed in Figure 1 by the lack of really sophisti-
cated statistics and by the inclusion of the obviously vicious bias of
one rater?®’ it was decided to try various transformations, including,
or course, the logarithmic, using Student’s well known formula A + B /

2. The results are shown in Figure 2 with an elegant equation bor-
rowed from an equally important paper by Heisenberg. Here there is at
least
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some suggestion of the expected relation. In this figure we might

justifiably say that the usefulness of statistics in experimental psy-
chology “peeks through.”?! Unfortunately, the series of transfor-
mations which lead from Figure 1 to Figure 2 cannot be given here.

The work was done by a highly recommended mathematician with a PhD de-
gree from one of our leading universities. He stayed on the project
for several weeks, exhibiting no signs of anything more unusual than a
slight manic depression with, regrettably, a tendency toward alcohol-
ism. The transformed values were found among his papers. We have
every reason to believe that he arrived at them by accepted standard

1 He should have been fired outright! There was clear evidence of
overt aggression against the project director.

20 The bastard

21 The correlation between the log importance of results and log use
of statistics is a little better than .06. Unfortunately, this is not
significant, no matter what test you apply. A result like this could
be expected from chance almost any time. However, it is interesting
that a trend in the right direction is shown.
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practices. To date, however, all the steps have not been reconstruct-
ed.??

Although the results of this interesting adventure in research
must be accepted with the caution appropriate to all experimental de-
sign?3, at least we are on substantial ground in rejecting Skinner’s
dull hypothesis, namely that there is currently a negative relation
between the use of statistics and significant productivity in the
study of behavior. In doing so we do not, of course, necessarily ac-
cept the explanation put forth in some quarters that Skinner’s own
high loading of antistat is objective, significant, reliable, and val-
id science.

The author wishes to thank most of those who worked with him on
this project. 1In a replication?® of the experiment, it would be well
to select both the judges and the mathematicians with greater care.
Perhaps a test like the MMPI could be adapted to weed out persons with
obvious homoscedastic tendencies. In such a case it would no doubt be
possible not only to confirm the present results, but to arrive at a
degree of significance more in line with informed opinion.

22 This is not the first time this has happened. Remember Fermat’s

last theorem.
23 See R. A. Fisher
24 (repetition)
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