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The Human Side of Animal Behavior
Kennon A. Lattal

West Virginia University

An important element of behavioral research with nonhuman animals is that insights are drawn
from it about human behavior, what is called here the human side of animal behavior. This article
examines the origins of comparing human behavior to that of other animals, the ways in which
such comparisons are described, and considerations that arise in evaluating the validity of those
comparisons. The rationale for such an approach originated in the reductionism of experimental
physiology and the understanding of the commonalities of all life forms promulgated by Darwinian
evolutionary biology. Added more recently were such observations as the relative simplicity of
animal behavior, tempered by the constraints placed on resulting comparisons by the absence of
verbal behavior in animals. The construction of comparisons of human behavior to that of animals
may be framed on the basis of Skinner's (1957) distinction between the metaphorical and generic
forms of the extended tact. Both ordinary and systematic comparisons of animal and human behavior
are congruent with Skinner's extended tact framework. The most general consideration in evaluating
comparisons of animal and human behavior is that a functional basis for the claimed similarity be
established. Systematic analysis and convergent evidence also may contribute to acceptability of
these comparisons. In the final analysis, however, conclusions about the human side of animal
behavior are nondeductively derived and often are assessed based on their heuristic and pragmatic
value. Such conclusions represent a valuable contribution to understanding the human animal and
in developing practical solutions to problems of human behavior to which much of psychology is
dedicated.
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Harlow's clinging monkeys, Skin-
ner's superstitious pigeons, Brady's ex-
ecutive monkeys, and Seligman's help-
less dogs are among the most well-
known images in psychology (Brady,
Porter, Conrad, & Mason, 1958; Har-
low, 1958; Seligman, 1974; Skinner,
1948). Each has been suggested to por-
tray familiar human behavior in non-
human animals (hereafter described as
animals), purporting to reveal the hu-
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man side of animal behavior. Only
about 7% of the pages of journals pub-
lished by the American Psychological
Association have dealt with animal be-
havior (N. Miller, 1985). Despite this
small percentage, the impact of such
work on the understanding of human
behavior has been substantial. This re-
search has helped to shape both broad
conceptual frameworks for understand-
ing and interpreting human behavior
(e.g., Skinner, 1953) and specific re-
search areas and problems of human
behavior (e.g., Branch & Hackenberg,
1998; Domjan, 1987; Epstein, 1986;
Keehn, 1986; Maser & Seligman,
1977; N. Miller, 1985). Such work,
however, is not without controversy.
Even though the contributions have
been numerous, critics have noted
shortcomings and limitations of basing
a science of human behavior in large
or small part on insights about an un-
derstanding of behavioral mechanisms
derived from animal research (e.g.,
Chomsky, 1959; Gardner, 1985; Lowe,
1983; Schwartz, Schuldenfrei, & Lac-
ey, 1978).
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A linchpin in both responding to
critics and further developing connec-
tions, both broad and specific, between
human and animal behavior is a better
understanding of the processes or
methods by which the two are com-
pared. Despite their pivotal role, such
processes have been assumed more of-
ten than discussed, and even less sel-
dom assessed. This review therefore
examines the process of relating hu-
man behavior to that of other animals.
Three questions are important in the
process, and each is considered in turn:
How did the practice of relating human
and animal behavior originate, and
how does it continue to be justified?
How have similarities between human
and animal behavior been established?
And how are such asserted similarities
evaluated?

ORIGINS AND RATIONALES
FOR RELATING HUMAN
AND ANIMAL BEHAVIOR

Origins
Historical precedents often set in

place practices early in the develop-
ment of a discipline that determine the
further development and practices of
the discipline. Such is the case with
psychology and the study of animals.
It therefore is to those earlier events
that I first turn in considering how psy-
chology and, later, behavior analysis
developed the practice of relating ani-
mal and human behavior.

Using systematic observations of
and research on animals to draw con-
clusions about human behavior began
with 19th-century physiology, when,
for example, the French physiologist
Bernard observed that "without [the]
comparative study of animals, practical
medicine can never acquire scientific
character" (1865/1957, p. 126). The
close relations among medicine, phys-
iology, and early experimental psy-
chology, and particularly the emphasis
on a reductionistic approach to study-
ing human functioning in physiology
and medicine, contributed to the de-
velopment of animal experimentation

in psychology. In 1895, Meyer, a psy-
chiatrist who had used white rats while
a medical pathologist, suggested the
rat's utility as a subject to Kline. Kline
became the first psychologist to use
them, around 1897, in laboratory dem-
onstrations for a comparative psychol-
ogy class at Clark University. Kline's
colleague, Small, built the first maze
for rats and conducted the first exper-
iments in psychology using them as
subjects (Boakes, 1984; see Small,
1900). In the context of the present dis-
cussion, it is ironic that Small's maze
was modeled, and named, after one
built for the amusement of aristocratic
humans at Hampton Court Palace in
England.

Concurrent with advances in ner-
vous system physiology that bore on
the understanding of behavior, Darwin-
ian evolutionary theory and 19th-cen-
tury naturalism led to theoretical inter-
est in animal mind and intelligence
(Boakes, 1984). This interest in turn
followed two general paths. One led to
modern ethology, with its emphasis on
the study of animal behavior in natural
settings. The other led to comparative
psychology, which began with the
comparative study of mind and its evo-
lution, as exemplified by Thorndike's
(1898) seminal work on animal intel-
ligence. This latter path infused both
the traditions of rigorous objective de-
scription and experimental analysis
into the psychological study of animal
behavior.
Among other things, problems of

making nontrivial behavioral compari-
sons across species and the more gen-
eral difficulty of defining intelligence,
in either human or animal, ultimately
gave rise to a new science of animal
and human behavior that focused on
learning. Watson, who used rats as the
subjects for his dissertation and who
subsequently worked extensively in
comparative psychology, called learn-
ing the "great problem in all human
psychology." To this he added, "and
any facts we can gather about the way
the animal learns will be helpful to us"
(1910, p. 351). He went on to observe
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that "man gets his first steps [in learn-
ing a new skill] in exactly the same
way as does the animal" (p. 352) and
"it is not a difficult matter to show that
there is a practical import to the study
[of animal psychology]" (p. 353).
Even though Watson's career subse-

quently shifted, the new psychology of
learning, based largely on the study of
animals, had gained a strong foothold
in American psychology. The interest
in learning as a central problem of psy-
chology culminated in the so-called
grand learning theories of the 1930s,
the work of Tolman, Hull, Guthrie, and
Skinner. Each of these theorists artic-
ulated and refined the notion that ani-
mal and human learning were made of
similar stuff. Tolman (1938), for ex-
ample, reflected this optimism about
the new psychology of learning when
he observed that,
Everything important in psychology (except per-
haps such matters as the building up of a super-
ego, that is, everything save such matters as in-
volve society and words) can be investigated in
essence through the continued experimental and
theoretical analysis of the determiners of rat be-
havior at a choice point in a maze. Herein I be-
lieve I agree with Professor Hull and also with
Professor Thorndike. (p. 34)

Rationales
Contemporary observers of relating

animal and human behavior include
many authors of recent psychology of
learning textbooks. These authors jus-
tify the use of animals at least in part
because of its importance to develop-
ing behavior principles that are general
across many species. The direct rele-
vance of animal experimentation to hu-
man behavior is either implicit or ex-
plicit in many such textbooks, iterating
Skinner's (1953) observation that "We
study the behavior of animals because
it is simpler. ... Conditions may be
better controlled" (p. 38; cf. Catania,
1992; Lieberman, 1990; Mazur, 1986;
Schwartz, 1989). "Simpler" is rarely
defined precisely. Among its implied
meanings are that fewer or more easily
specified variables are involved in the
control of animal behavior in compar-

ison to multiply determined human be-
havior, that variables are more easily
controlled in studying animal as op-
posed to human behavior, or that the
processes involved in animal behavior
are somehow more basic.

Other reasons for studying animals
also are given. Domjan and Burkhard
(1986) added that genetic factors can
be controlled in animal studies of
learning (although in practice they are
not often considered). Another justifi-
cation sometimes given is that a wider
range of problems and variables can be
investigated with animals than with hu-
mans because of the different code of
ethics for experimentation with animal
as opposed to human subjects (Domjan
& Burkhard, 1986). Others have sug-
gested that using animals eliminates
expectancy effects on the part of the
subject (Mazur, 1986; Zajonc, 1969),
an observation that relates to the ab-
sence of language in animals.

This absence is at the core of a large
body of objections to relating human
and animal behavior. Some psycholo-
gists reacted positively to the absence
of language. Zajonc (1969), for exam-
ple, suggested that this absence forced
the use of nonverbal measures of be-
havior. The norm among many other
psychologists, however, ranges from
reasoned caution to wariness in relat-
ing the behavior of nonverbal animals
to that of verbal humans:

Through his language responses the individual
has become an integral part of a system of con-
ditions which extend his environment virtually
without limit as to space and time. An animal
on the other hand can react only to the imme-
diate environmental conditions during its life
and only within the spatial range of its own
sense organs. (Weiss, 1929, pp. 169-170)

A price is always paid for the convenience of a
given approach to a problem. The price to be
paid for over much experimentation with ani-
mals is to neglect the fact that human subjects
are brighter, are able to use language-and
probably learn differently because of these ad-
vances over lower animals. (Hilgard, 1948, p.
329)

The unavailability of language as a medium of
cognition for animals dictates that models of an-
imal cognition will differ in many important re-
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spects from their human counterparts. (Roitblat,
Bever, & Terrace, 1984, p. 9)

Such cautionary observations certainly
are warranted. On the other hand, there
also is danger in overstating the differ-
ences in terms of the absence of verbal
behavior in other animals at the ex-
pense of overlooking or dismissing
valid similarities. For example, in ex-
perimental work, differences between
animal and human behavior on basic
tasks, such as reinforcement schedules,
have been cited in support of a discon-
tinuity between animals and humans
based at least in part on language (e.g.,
Lowe, 1983). In response, however,
others, such as Perone, Galizio, and
Baron (1988), have suggested caution
in too quickly concluding discontinu-
ities between human behavior and that
of other animals. They suggest, for ex-
ample, how procedural differences be-
tween studies of reinforcement-sched-
ule performance of animal and human
subjects may account for at least some
aspects of performance differences and
thereby identify the source of some of
the purported discontinuities (cf. Joyce
& Chase, 1990; LeFrancois, Chase, &
Joyce, 1988). Zajonc's (1969) obser-
vation that "the existence of such dis-
continuities is today more a matter of
opinion and conjecture than estab-
lished fact" (p. 3) remains relevant in
such discussions. Language certainly
adds a layer of complexity that war-
rants continued analysis, but, as Sid-
man (1960, p. 55) has noted, behavior-
al differences between species are easy
to find, but the similarities that are
found are often more responsible for
advancing the science. It is to the anal-
ysis of those similarities that we now
turn.

EXTENDING CONCEPTS
AND PRINCIPLES

Relating animal and human behavior
involves extending concepts and prin-
ciples developed in one set of circum-
stances to another. As part of his anal-
ysis of verbal behavior, Skinner (1957)
proposed the extended tact as a process

whereby verbal practices-for exam-
ple, concepts, principles, or labels-are
brought under the control of new cir-
cumstances. Such extended tacts occur
when, after a verbal response has been
reinforced in the presence of one stim-
ulus, "a novel stimulus possessing one
[common feature with the original
stimulus] ... evoke[s] a [similar ver-
bal] response" (p. 91). Two types of
extended tacts identified by Skinner are
generic and metaphorical. Generic ex-
tension is akin to stimulus generaliza-
tion in that a new stimulus is sufficient-
ly similar to one previously correlated
with reinforcement that the new stim-
ulus now controls a similar verbal re-
sponse to that reinforced in the pres-
ence of the old stimulus. It also reso-
nates to Sidman's (1960) analysis of
systematic replication in that the con-
ditions under which a phenomenon
first are observed are extended by
varying the dimensions of the original
situation. Metaphorical extension
"takes place because of the control ex-
ercised by properties of the stimulus,
which though present at reinforcement,
do not enter into the contingency re-
spected by the verbal community"
(Skinner, 1957, p. 92).

These two types of extension may
be used to describe how animal and
human behavior have been related to
one another. Such extension, in addi-
tion, may be identified as ordinary, that
is, based on casual, informal observa-
tion and conceptually "loose" descrip-
tion, or systematic. The latter are based
on a conceptual framework that typi-
cally is grounded in naturalistic and
experiment-based observations.

ORDINARY COMPARISONS
OF HUMAN AND

ANIMAL BEHAVIOR

Comparisons of human behavior and
that of other animals in everyday ex-
perience frequently begin with an ob-
servation of animal behavior that then
is identified with processes or features
usually associated with humans. Such
ordinary comparisons are anthropo-
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morphic or metaphorical, and they are
the most elementary examples of at-
tempts to relate animal and human be-
havior.

Anthropomorphism

Is the cat embarrassed? Is the bird
sad? Anthropomorphic statements are
statements of assumed literal similari-
ties or isomorphisms between animal
and human behavior. Affirmative an-
swers to the two questions above sug-
gest literal similarities: The cat is em-
barrassed and the bird is sad. These as-
sertions are based on the extension of
nominal human characteristics to an-
other species, the process that Skinner
(1957) labeled generic extension:
Whatever aspects of behavior that con-
trol the use of these terms to describe
human behavior are assumed to control
their use in the animal case. Of course,
not all statements of similarities be-
tween animal and human behavior are
anthropomorphic. For example, saying
that a dog and a human are both hun-
gry, tired, or asleep may be literal sim-
ilarities and not anthropomorphic com-
parisons.

Generic extensions that are anthro-
pomorphic are subject to many criti-
cisms (see Kennedy, 1992). One of the
oldest is Morgan's (1894): "In no case
may we interpret an action as the out-
come of the exercise of a higher psy-
chical faculty, if it can be interpreted
as the outcome of the exercise of one
which stands lower on the psycholog-
ical scale" (p. 53). Another is that
many of the characteristics attributed
anthropomorphically to animals are
ambiguous in the human behavior from
which they derive. For example, even
such psychological mainstays as anxi-
ety are defined in many different ways
in the scientific literature, making de-
scriptions of animal behavior in such
terms even more confusing. One might
define embarrassment as "a social
emotion that seems to require a knowl-
edge of how one appears to others."
Presumably, such knowledge is lacking
in the cat, thereby adding surplus

meaning to the term as applied to ani-
mal behavior. The broader question
here is whether such a definition of
even human embarrassment is viable.
Does it require self-knowledge? Is em-
barrassment an emotion or is it behav-
ior in context? How is "knowledge of
one's appearance" determined?

Despite the compelling logic of
Morgan's (1894) canon and other crit-
icisms of anthropomorphism by behav-
ioral scientists, anthropomorphic de-
scriptions of animal behavior have in-
fluential contemporary practitioners
and defenders (e.g., Griffin, 1984), just
as they have historical ones (Romanes,
1882; see also Baenninger, 1994, Heyes,
1987, and Kennedy, 1992, for further
thoughtful commentaries on anthropo-
morphism in contemporary ethology
and comparative psychology).

Metaphor

Consider the following two respons-
es: "The dog is jealous" and "The dog
behaves like it is jealous." In the con-
text of the preceding discussion, the
first statement is anthropomorphic if it
is presented as literally true. If, on the
other hand, the first response means
what the second response says, then it
is a metaphor. The second statement is
a simile, which is included here as a
form of metaphor (cf. Skinner, 1957).
Davidson (1984) noted that "a simile
tells us what a metaphor merely nudges
us into noting. .. . The figurative
meaning of a metaphor is the literal
meaning of a simile" (p. 253). In the
functional sense of applying or extend-
ing a concept to a new context and for
ease of description, in line with previ-
ous suggestions by Skinner (1957) and
Goodman (1968; cited in Davidson, p.
255), metaphor and simile are consid-
ered together here. In either the meta-
phor or the simile version of the above
description of what is described as jeal-
ousy in the dog, there is control of a
verbal response by stimulus properties
that more typically control such re-
sponses in the presence of human be-
havior; hence, they fit Skinner's anal-
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ysis of metaphorical extension. Such
extension also is synergistic in that the
nature of the original concept changes
when the metaphor is extended. Thus,
by asserting that the dog is jealous, the
very definition of jealousy, however
imprecise in the first place, is changed
to include this new usage. As Skinner
(1957, p. 93) also noted, once rein-
forced, a metaphorical verbal response
ceases to be a metaphor.

Metaphorical extension can facilitate
the emergence of new concepts from
old ones (Catania, 1992; Schon, 1963).
Catania observed that "much of tech-
nical vocabulary evolved metaphori-
cally from concrete, everyday sources"
(p. 273). Zuriff (1985) went even fur-
ther, noting that "far from being pejo-
rative, the adjectives 'metaphorical'
and 'analogical' are at the very core of
the best scientific thought" (pp. 221-
222). Some of the most familiar con-
cepts in psychology are based on met-
aphor, from Freud's likening the un-
conscious to an iceberg and James's
stream of consciousness to the reliance
of information-processing theory on
the metaphor of the computer. Even the
concept of reinforcement originated in
metaphor.
The loose stimulus control of meta-

phorical extension also makes such ex-
tension valuable in everyday language
and literature. It allows an economy of
expression such that a wealth of con-
notations can be summarized in a sin-
gle word or phrase. This summary of
connotations that metaphor allows in
language and literature also is manifest
in extending scientific concepts, as not-
ed in the preceding paragraph. Such
metaphorical extension in science,
however, is a double-edged sword, and
perhaps this is why Skinner (1957)
contended that metaphorical extension
"is one of the great differences be-
tween science and literature" (p. 99).
The very flexibility that allows exten-
sion also allows ambiguity and surplus
meaning in scientific vocabulary, with
resulting confused definitions of terms
such as anxiety and jealousy as de-

scribed above (see also Mandler &
Kessen, 1959).

SYSTEMATIC COMPARISONS
OF HUMAN AND

ANIMAL BEHAVIOR

In contrast to anthropomorphic and
casual metaphorical comparisons of
animal and human behavior, in many
instances the relations asserted be-
tween the behavior of humans and oth-
er animals are based on more formal
and systematic observations of the sort
that occur in the context of experimen-
tal analysis. In addition, such compar-
isons have a conceptual base, which
most commonly is the psychology of
learning (cf. Domjan, 1987). Rather
than the goal of simple description that
characterizes anthropomorphic and ca-
sually metaphorical comparisons of an-
imal and human behavior, the goal of
systematic comparisons is the predic-
tion, if not control, of behavior (cf. Ep-
stein, 1986).

Grosch and Neuringer (1981) ob-
served that systematic relations be-
tween animal and human behavior may
be established through processes of ei-
ther analogical or extrapolative reason-
ing. These are but two other terms for,
respectively, metaphorical and generic
extension (Skinner, 1957; see also Zu-
riff, 1985, pp. 220-222). Even though
in the literature of experimental psy-
chology systematically relating animal
and human behavior is described in a
number of different ways, these differ-
ent descriptions reflect comparisons
made through the use of either meta-
phorical or generic extension. Table 1
provides examples of investigations
based on these two methods of exten-
sion, along with the descriptions of the
comparisons used or implied by the in-
vestigator. It is proposed that all of the
nominal types of comparisons in Table
1 can be categorized into two groups.
In the first are those involving meta-
phorical extension; it includes those la-
beled analogues, simulations, and
models. In the second are those involv-
ing generic extension; it includes those
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TABLE 1

Examples of classes of human behavior or concepts typically associated with
human behavior that have been studied with animals and the descriptions

assigned to such comparisons by authors or implied by the authors

Human behavior under study How described? Authors

Freedom Extrapolation Catania (1983)
Self-control Extrapolation Catania (1983)
Verbal behavior Extrapolation Catania (1983)
Insight Simulation Epstein (1986)
Self-awareness Simulation Epstein (1986)
Symbolic communication Simulation Epstein (1986)
Tool use Simulation Epstein (1986)
Use of memoranda Simulation Epstein (1986)
Alcoholism Model, homologue Falk and Tang (1980)
Depression Extrapolation Ferster (1966)
Self-control Model, analogue Grosch and Neuringer (1981)
Love Extrapolation Harlow (1958)
Gambling Analogue Kendall (1987)
Cultural transmission Extrapolation Lefebvre and Giraldeau (1994)
Communication of private states Model Lubinski and Thompson (1987)
Phobia Model Mineka (1987)
Anorexia Model Pierce and Epling (1994)
Self-control Extrapolation Rachlin and Green (1972)
Depression Model Seligman (1974)
Superstition Extrapolation Skinner (1948)

labeled extrapolations and homo-
logues.

Comparisons Based on
Metaphorical Extension

Metaphorical extensions involve
what might in ordinary language be
called novel descriptions of behavioral
processes of animals. In the case of
comparing animal and human behav-
ior, such extensions typically begin
with an observation of human behavior
that in turn leads to an attempt to con-
struct aspects of the behavior in the an-
imal laboratory. As a result, a property
of the stimulus (in this case the behav-
ior of the animal) controls verbal be-
havior, normally or typically associated
with human behavior, that does not
"enter into the contingency respected
by the verbal community" (Skinner,
1957, p. 92) with respect to the behav-
ior of animals. Thus, a label like self-
control, typically controlled by aspects
of human behavior, comes to be used
to describe the behavior of animals un-
der certain conditions.

Such constructions are described
variously as models, analogues, or sim-
ulations. The use of different labels to
describe these constructions raises the
important question of whether these la-
bels imply a distinct method for com-
paring human and animal behavior.
Analogues and models are both incom-
plete depictions or representations of
the putative phenomenon under study,
but they are incomplete in different
ways. An analogue has an "as if"
character along the lines of a simile.
By contrast, a model attempts to rep-
resent only some of the features-the
essential ones-of the phenomenon be-
ing modeled. Models and analogues
are regarded as logically distinct in for-
mal theory construction. In such con-
structions, the sequence of develop-
ment begins with metaphor, then
moves to analogues, and finally to
more precisely or formally constructed
models (e.g., Pribram, 1980). The re-
lations among metaphor, analogue, and
model in comparisons of human be-
havior to that of animals, however, are
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not so precise. The labels of analogue
and model frequently are used inter-
changeably. Grosch and Neuringer
(1981), for example, noted that their
"experiment explores an animal model
of self control" and in the next para-
graph state that their "experiments
used the . . . 'analogue' approach" (p.
3). Mace (1994) observed that "animal
models [of behavior disorders] have
been used by behavioral researchers
with promising results. ... For exam-
ple, learned helplessness provides an
experimental account and analogue to
depression" (pp. 544-545). Falk and
Tang (1980) similarly described how
homologues might serve as models.
Epstein (1986) equated models and
simulations by noting that "Some sim-
ulations mimic phenomena in relative-
ly arbitrary ways. At one extreme are
models" (p. 132). The same procedure
that Epstein discussed as a simulation
of social communication, Lubinski and
Thompson (1987) identified as a model
of that process. (Italics have been add-
ed in each of the quotations.)
The term model often is used to de-

scribe animal studies of symptoms as-
sociated with behavior pathology of
humans (e.g., Keehn, 1986), perhaps
because of the connections of clinical
psychology with psychiatry and psy-
chiatry in turn with general medicine.
In the latter, animal research on phys-
iological and disease processes is com-
monly labeled as a model of the dis-
ease under study. The term therefore
may be attractive to describe in ani-
mal-human behavior comparisons be-
cause of the status of its association
with animal models of disease and
physiological functions. Model also is
associated with relatively precise quan-
titative descriptions of behavior. The
precision of the comparison to human
behavior through an animal model,
however, is no greater than what is de-
scribed as an animal analogue or a sim-
ulation.

Thus, in that model, analogue, and
simulation are used more or less inter-
changeably, there is no basis for as-
serting one is different from, let alone

more precise than, the others. In de-
scribing comparisons of human and an-
imal behavior, these labels set the oc-
casion for imprecision and conceptual
confusion (cf. Hineline, 1980). This is
not to imply that in other contexts the
terms have the same use or meaning
(cf. Kaplan, 1964/1998; Mandler &
Kessen, 1959; Pribram, 1980), only
that they have not been used in system-
atically different ways when applied to
comparing animal and human behav-
ior. The use of different labels is con-
trolled by idiosyncratic and perhaps lo-
cal scientific and social contingencies
rather than systematic features of the
comparison being made. The common
feature of the three terms is their
grounding in metaphorical extension,
and this seems to be the more accurate
description of the method of the com-
parisons.

Comparisons Based on
Generic Extension

Generic extensions, as we have seen,
involve the control of a verbal response
by stimuli that are similar to ones pre-
viously associated with reinforcement.
When these extensions are systematic,
they have been labeled by investigators
as extrapolation, extension, or gener-
alization. In contrast to metaphorical
extension, generic extension most of-
ten has begun with observations of a
behavioral process in animals that then
are extended to human behavior. An
observation by Ferster (1966) illus-
trates the approach: "If the major fea-
ture of clinical depression is a reduced
frequency of behavior under normal
control by the environment, to apply a
laboratory analysis of behavior we first
need to determine how the basic be-
havioral processes might increase or
decrease the frequency of behavior"
(p. 346). Thus, the label, and process,
of extinction, developed in the labora-
tory, is extended to human behavior in
natural settings.
As with the different terms used to

describe systematic metaphorical ex-
tensions, the different terms used to de-



THE HUMAN SIDE OF ANIMAL BEHAVIOR 155

scribe generic extensions do not con-
note different methods of making the
comparisons. Each of the three there-
fore may be considered as an instance
of a single method of comparison
based on generic extension. The pro-
cess involves establishing a behavioral
principle, then analyzing naturally oc-
curring human behavior into its com-
ponent parts, and finally bringing the
behavioral principle derived in the lab-
oratory to bear on the components.
Thus, a behavioral principle is extrap-
olated, extended, or generalized from
the analysis of animal behavior to that
of humans. The human behavior then
is described as being restructured, re-
conceptualized, or synthesized (cf. Ca-
tania, 1983), in terms of the basic prin-
ciples. Because the basic principles of-
ten first are formulated based on exper-
iments involving animals, a similarity
of behavioral process between the two
is inferred.

Homologues and Generic Extension

In evolutionary biology, homolo-
gous structures are those with similar
phylogenetic origin (e.g., the wing of a
bird and the foreleg of a horse) despite
different function (e.g., flying and
walking). These may be contrasted to
structures labeled analogues, which
have similar functions despite different
phylogenetic origins (e.g., the wings of
a bee and those of a hummingbird) and
are the result of parallel evolution (Lo-
renz, 1974). Applying these descrip-
tions to comparisons of human behav-
ior to that of other animals, behavior
patterns that appear similar but are
controlled by different behavioral pro-
cesses may be said to be analogous.
Behavior patterns that do not necessar-
ily appear the same but are controlled
by identical behavioral processes may
be said to be homologous (cf. Lattal,
1998).
Thormdike (1898) appears to be the

first psychologist to apply the label of
homologue to the comparison of hu-
man and animal behavior when he
posed as the central question of his

monograph on animal intelligence that
of whether "animal association is ho-
mologous with the association of hu-
man psychology" (p. 108). More re-
cently, psychologists and behavior an-
alysts also have described behavioral
homologues (e.g., Falk & Tang, 1980).
Concerning the possible similarity be-
tween rewarding oneself with a treat
for completing a writing project and re-
inforcing the responses of animals with
food, Malott (1993) observed,
Getting a bite of food after loading it on your
fork is homologous to your dog's getting a bite
of food after rolling over. ... Both are direct-
acting contingencies of reinforcement. They
serve the same function. ... But your [reward-
ing yourself for writing the paper] is only anal-
ogous to your dog's getting a bite of food after
rolling over. ... The control your contingency
exerts over your future writing is a rule-gov-
erned analog to reinforcement and requires lan-
guage skills. Your dog's contingency is rein-
forcement and requires no language. ... These
two contingencies are only superficial analogs
(not fundamentally related homologs). (pp. 9-
10)

Homologues may be recast as in-
stances of generic extension. Malott's
(1993) first example illustrates the
point. The common stimulus is "get-
ting a bite of food after an action" and
the verbal response controlled by both
would be "reinforcement." The exten-
sions described in Table 1 as analogues
conform more closely to metaphorical
extension than to the structural defini-
tion offered by Malott, illustrating
again the ambiguity of the plethora of
terms used in describing relations be-
tween human and animal behavior.
This consideration of homologues
completes the review of how relations
between animal and human behavior
have been constructed. We now turn to
how such constructions might be eval-
uated.

EVALUATING ASSERTED
RELATIONS BETWEEN
ANIMAL AND HUMAN

BEHAVIOR
Evaluating assertions of similarity

between human behavior and that of
other animals is not different in prin-
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ciple from the assessment of assertions
about other between-species similari-
ties and differences or of how any lab-
oratory study of behavior relates to be-
havior in nonlaboratory settings. Lo-
renz (1974) suggested that "no such
thing as a false analogy exists: An
analogy can be more or less detailed
and hence more or less informative"
(p. 230). A similar observation may be
made for the metaphorical and generic
extensions between animal and human
behavior described above. The strength
of asserted relations between animal
and human behavior can rely on nei-
ther their falsifiability nor the impos-
sible criterion of the two being iso-
morphic. Other dimensions must be
considered when evaluating asserted
relations between human and animal
behavior.

Structure Versus Function

Probably the most universal consid-
eration among behavior analysts is
whether the claimed similarity between
animal and human behavior focuses on
structure or function. This is in part the
distinction between analogues and ho-
mologues discussed above. Many com-
parisons of animal and human behav-
ior, particularly anthropomorphic and
metaphorical ones, are made on the ba-
sis of superficial similarity of appear-
ance or topography of the behavior.
The use of structure as a basis for com-
parison is not limited, however, to an-
thropomorphism and metaphor. Marks
(1977), for example, made the ambig-
uous observation that "to be useful,
models of psychopathology must bear
strong resemblance to their natural
counterparts" (p. 174). If a resem-
blance of topography or form is being
suggested, the observation is contrary
to the position of behavior analysts that
structural similarity between animal
and human behavior is neither neces-
sary nor sufficient for valid, useful
comparisons of the two. First, any sim-
ilarity in appearance may be superfi-
cial. Second, a structural criterion
would preclude the analysis of many

characteristically human behavioral
phenomena with animals. Third, em-
ploying a structural criterion for such
comparisons is to commit what Bach-
rach (1965) labeled the analogue error,
a point iterated somewhat differently
by Malott (1993, discussed above).
Two instances of behavior may appear
similar in topography or form, but the
controlling variables may be different.
A lethargic dog can be created with
ease, but to equate the dog's lethargy
with human depression on the basis of
similar appearance is to commit the
analogue error. Psychological depres-
sion in humans and animals may share
certain features, but these features are
functional rather than necessarily sim-
ilar in form. In a complementary man-
ner, differently appearing behavior in
humans and animals may be controlled
by similar variables or behavioral pro-
cesses. For example, the form of re-
venge in humans might involve plan-
ning and other forms of verbal behav-
ior (e.g., Dumas' The Count of Monte
Cristo). What we might study as re-
venge in rats or pigeons would likely
have a different topography or appear-
ance. Yet, the functional, controlling
variables of both instances could be the
same.

Systematic Nature of
the Comparison

Generally speaking, behavior ana-
lysts favor systematic observations un-
der controlled conditions over more in-
formal or casual observations. System-
atic observations most often result
from laboratory experimentation,
where the phenomenon's "defining
properties and ... range of applicabil-
ity can be refined" (Catania, 1983, p.
59). Insightful and useful observations
of the relations between animal and
human behavior, however, also have
come from systematic naturalistic ob-
servation of behavior in evolutionary
context (e.g., Lorenz, 1974). The heu-
ristic role of an informal anthropomor-
phic observation or a casual metaphor,
however, cannot be dismissed categor-
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ically. These latter observations are
limited in both scope and precision, but
they can serve as a first approximation
to comparing human and animal be-
havior subsequently in more systematic
ways.

Quantitative Dimensions

The assertion of similarities between
animal and human behavior often is
strengthened if the behavior involves
multiple similarities. This is not nec-
essary, however, for establishing simi-
larity between human and animal be-
havior, but is only helpful. This mul-
tiple-similarities approach is some-
times described as the gathering of
convergent evidence (e.g., Pierce &
Epling, 1994). W. Miller, Rosellini, and
Seligman (1977) suggested that simi-
larities in symptoms, etiology, cure,
and prevention might yield a good test
of an animal model of depression: "As
two phenomena converge on one or
two of the criteria, investigators can
then test the model by looking for sim-
ilarities predicted along the other cri-
teria" (p. 144). An example of a care-
fully constructed comparison in which
numerous similarities between animal
and human behavior were identified
and thereafter confirmed experimental-
ly is the work of Grosch and Neuringer
(1981). They demonstrated that the
controlling variables of self-control in
pigeons paralleled similar variables in
human self-control demonstrated in a
series of experiments conducted by
Mischel (e.g., 1974). Similarly, the
question of points of similarity was the
focus of discussion as to the value of
a claimed simulation of communica-
tion by pigeons conducted by Epstein,
Lanza, and Skinner (1980) (e.g., Sav-
age-Rumbaugh, 1986).
What might be called levels of sim-

ilarity is another dimension of a quan-
titative comparison. Consider anorexia
nervosa, which has been addressed at
three levels. First, it is a failure to eat.
Second, it involves physiological
changes that may be causative. Third,
anorexia, in humans at least, entails en-

vironmental as well as simply physio-
logical determinants. Animal studies
involving the different levels may
prove differentially useful in the treat-
ment of this disorder. Simply creating
circumstances under which an animal
fails to eat (a structural approach) is
not in itself useful in shedding light on
human anorexia, because the animal's
failure to eat, like the humans, may be
a function of many variables. Identi-
fying the physiological basis of an-
orexia in animals (e.g., Mrosovsky &
Sherry, 1980) may be more useful, but
it still does not address environmental
determinants of the human disorder.
Animal studies that focus on environ-
mental determinants in concert with
physiological variables, that is, those
that involve multiple levels, may prove
to be the most useful in developing
treatment programs (e.g., Pierce &
Epling, 1994).

Qualitative Dimensions

Even though a proposed relation be-
tween the behavior of humans and oth-
er animals may point to only a few
specific similarities (or even one) be-
tween the species, it still can stimulate
conceptual and experimental analysis
of the possible similarities. Such qual-
itative similarities involve heuristic and
pragmatic, rather than necessarily log-
ic-driven, considerations in evaluating
the animal-human behavioral compar-
isons. As Catania (1983) noted,

The success of the [analogue] is ... judged not
only on the basis of the empirical results but also
on the extent to which the refined understanding
of the phenomenon has implications for the hu-
man non-laboratory situations from which the
analog emerged. (p. 59)

This is the "useful working" criterion
of pragmatism (James, 1955). Similar-
ly, Zuriff (1985) observed that an ex-
trapolation from one phenomenon to
another may be regarded as a "brilliant
insight and as a demonstration of the
heuristic fertility of [the asserted simi-
larity between two phenomena]," but
he then went on to ask,
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What then distinguishes this case from the "tea
leaves case" where the extrapolation is invalid?
In both cases the scientist may be supposed to
provide a defense of the derivation by pointing
to specific alleged similarities between the [two]
domains. ... The difference is that in the one
case others see the similarity and in the latter
case they do not. (p. 221)

Most comparisons of animal-human
behavior are, as Zuriff (1985) notes,
"non-deductively derived" (p. 221),
leaving the criteria for evaluating the
relation rather open ended. Sidman
(1960) put it this way: "Induction is a
behavioral process, not a logical one
... evaluation of generality is a matter
of judgement" (59). Hebb and Thomp-
son (1954) made a related point as fol-
lows:

The animal experiment may clarify a human
problem without "proving" anything. It may
draw attention to facets of human behavior one
has not noticed; it may point to a troublemaking
but implicit assumption; it may suggest a new
principle of behavior. (p. 533)

Other Considerations

Face validity: The matter ofappear-
ance. Given that structural similarity
between human and animal behavior is
neither a necessary nor a sufficient
condition for useful comparison be-
tween animal and human behavior,
what is the role for face validity? Is a
similarity in topography or physical
appearance between the animal and hu-
man behavior valuable in making these
comparisons? Face validity has a neg-
ative effect if a claim of similarity is
made on this basis alone, in the ab-
sence of functional similarities of the
sort described previously. This is par-
ticularly so because of the potential for
such face-valid comparisons to be used
in applied settings with humans despite
their questionable scientific worth.

Given a functional basis for the
comparison, however, similarities in
appearance may enhance the impact of
the comparison, particularly when de-
scribing the work to nonscientists. The
face validity of a phenomenon also
likely contributes strongly to others
"seeing" the asserted similarity. In-

deed, some of the most successful
comparisons of animal and human be-
havior include, in addition to function-
al similarities, at least superficial sim-
ilarities in appearance (e.g., Harlow,
1958; Seligman, 1974).

Selection of a species. The two sta-
ple species of psychology laboratories,
the rat and the pigeon, often have been
used in animal investigations of human
behavior. This frequently is for no
more compelling reasons than avail-
ability and convenience. In other cases,
particular species have been especially
useful, either by design or serendipity.
Mineka (1987), for example, used
monkeys to develop an animal model
of phobic behavior because of the
strong, easily measured reaction that
monkeys have to snakes. Perhaps the
particular reactions of dogs to unavoid-
able shock, combined with humans'
emotional reactions to dogs undergo-
ing such procedures, led to a successful
series of conclusions about human de-
pression based on that work (Seligman,
1974). The animal species certainly is
not an irrelevant consideration in draw-
ing comparisons of animal and human
behavior, but neither is it essential.
The use of species also relates to the

face validity issue already discussed, in
that some human-behavior-based labels
for animal behavior are more likely to
be accepted than others. Labels related
to emotional or affective responses of
humans such as love, fear, and depres-
sion have been used often, and with
wide acceptance, in psychological
studies of primates and canines. The
juxtapositioning of other labels and
species, such as the empathy of cows
or the angst of earthworms, is more
likely to evoke controversy and skep-
ticism as to their utility and validity.
Miles (1983) presented a useful anal-
ysis of the effects of different descrip-
tions used in animal-human behavior
comparisons.

Labeling animal behavior. The la-
bels attached to laboratory-based ani-
mal behavior affect the understanding
of human behavior in other ways as
well. Most experimental results are
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open to many different interpretations
and conceptual frameworks. To discuss
self-control rather than simple confor-
mity to a quantitative model of choice
behavior (Rachlin & Green, 1972), de-
pression rather than transfer of learning
(Seligman, 1974), or cultural transmis-
sion rather than learning through imi-
tation (Lefebvre & Giraldeau, 1994)
may attract a wider audience and fa-
cilitate the likelihood of the extension
being acknowledged. One of the most
widely cited experiments in psycholo-
gy is Skinner's (1948) analysis of su-
perstitious behavior in pigeons. Kel-
logg (1949) correctly noted the poten-
tial for mentalistic and anthropomor-
phic problems raised by Skinner's use
of the superstition concept, yet had
Skinner not described it thus, his work
likely would not have achieved its cur-
rent visibility. Furthermore, studies
like Skinner's that do attempt to relate
their findings to interesting behavioral
processes in humans also stimulate
conceptual development and research
by suggesting relations between human
behavior and different areas of inves-
tigation within behavior analysis. As
noted previously, the impact is partic-
ularly convincing when the verbal la-
bel is supported by a careful, thorough
experimental analysis.

Labeling animal behavior in terms
of putative human counterparts, even
when questionable on some grounds,
also can have the positive effect of
forcing the question of definition of the
human concept under study. Following
a clever conceptual analysis and dem-
onstration, Epstein (1986) labeled an
instance of a pigeon pecking at a spot
on its breast visible only via a mirror
an example of self-concept, because a
similar form of behavior had been so
labeled in humans by some investiga-
tors. Although Epstein's use of the self-
concept label in this instance may be
controversial, his work offers a chal-
lenge to those who use such labels to
more precisely define their concepts.

The functions of research with ani-
mals. Basic research with animals re-
lated to the study of the learning and

physiological substrates of behavior
also contributes to the understanding of
human behavior. All behavioral re-
search with animals, however, cannot,
and should not, be justified or assessed
in terms of direct and immediate rele-
vance to the understanding of human
behavior. Animal research in psychol-
ogy and behavior analysis is of at least
equal value in the development of the-
ory and in the understanding of animal
behavior. Nor, of course, can the study
of animals supplant the study of hu-
mans.

CONCLUSION

Achieving generality by extending
observations across variables, settings,
and species is an important function of
science (Sidman, 1960). The long-
standing practice in psychology of
studying animal behavior to further the
understanding of human behavior ex-
emplifies this function. Recent calls for
the expansion of such practices under-
line its continuing significance for both
the science and practice of behavior
analysis (e.g., Lattal & Doepke, 2001;
Mace, 1994). Across a range of sub-
stantive behavioral problems and pro-
cesses, a common denominator is the
method by which human behavior and
that of other animals are related. De-
spite a sometimes confusing variety of
labels describing such methods, the
processes exemplify extended tacts,
specifically those that Skinner (1957)
described as metaphorical or generic
extension. The significance of such ex-
tensions is affected by the methods
with which they are accomplished,
with a strong bias for systematic, con-
trolled observations over ordinary or
casual ones and functional over struc-
tural comparisons. Conclusions about
the human side of animal behavior are
nondeductively derived and often are
assessed based on their heuristic and
pragmatic value. These conclusions are
valuable in understanding the human
animal and in developing practical so-
lutions to problems of human behavior
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to which much of psychology is dedi-
cated.

REFERENCES

Bachrach, A. J. (1965). Psychological research:
An introduction (2nd ed.). New York: Ran-
dom House.

Baenninger, R. (1994). A retreat before the can-
on of parsimony. Contemporary Psychology,
39, 805-807.

Bernard, C. (1957). An introduction to the study
of experimental medicine (H. C. Greene,
Trans.). New York: Dover. (Original work
published 1865)

Boakes, R. A. (1984). From Darwin to behav-
iorism. Cambridge, England: Cambridge Uni-
versity Press.

Brady, J. V., Porter, R. W., Conrad, D. G., &
Mason, J. W. (1958). Avoidance behavior
and the development of gastroduodenal ulcers.
Journal of the Experimental Analysis of Be-
havior, 1, 69-72.

Branch, M. N., & Hackenberg, T D. (1998).
Humans are animals too: Connecting animal
research to human behavior and cognition. In
W. O'Donohue (Ed.), Learning and behavior
therapy (pp. 15-35). Boston: Allyn and Ba-
con.

Catania, A. C. (1983). Behavior analysis and
behavior synthesis in the extrapolation from
animal to human behavior. In G. C. L. Davey
(Ed.), Animal models of human behavior (pp.
51-69). London: Wiley.

Catania, A. C. (1992). Learning. Englewood
Cliffs, NJ: Prentice Hall.

Chomsky, N. (1959). Verbal Behavior by B. F
Skinner. Language, 35, 26-58.

Davidson, D. (1984). Inquiries into truth and
interpretation. Oxford, England: Clarendon
Press.

Domjan, M. (1987). Animal learning comes of
age. American Psychologist, 42, 556-564.

Domjan, M., & Burkhard, B. (1986). The prin-
ciples of learning and behavior. Pacific
Grove, CA: Brooks/Cole.

Epstein, R. (1986). Simulation research in the
analysis of behavior. In A. Poling & W Fuqua
(Eds.), Research methods in applied behavior
analysis (pp. 127-155). New York: Plenum.

Epstein, R., Lanza, R. P., & Skinner, B. F
(1980). Symbolic communication between
two pigeons (Columba livia domestica). Sci-
ence, 207, 543-555.

Falk, J. L., & Tang, M. (1980). Schedule in-
duction and overindulgence. Alcoholism:
Clinical and Experimental Research, 4, 266-
270.

Ferster, C. B. (1966). Animal behavior and
mental illness. The Psychological Record, 16,
345-356.

Gardner, H. (1985). The mind's new science.
New York: Basic Books.

Goodman, N. (1968). Language of art. Indian-
apolis, IN: Bobbs Merrill.

Griffin, D. R. (1984). Animal thinking. Cam-
bridge, MA: Harvard.

Grosch, J., & Neuringer, A. (1981). Self-control
in pigeons under the Mischel paradigm. Jour-
nal of the Experimental Analysis of Behavior,
35, 3-21.

Harlow, H. (1958). The nature of love. Ameri-
can Psychologist, 13, 674-685.

Hebb, D. O., & Thompson, W. R. (1954). The
social significance of animal studies. In G.
Lindzey (Ed.), Handbook ofsocial psychology
(Vol. 1, pp. 532-561). Reading, MA: Addi-
son-Wesley.

Heyes, C. M. (1987). Contrasting approaches to
the legitimation of intentional language within
comparative psychology. Behaviorism, 15,
41-50.

Hineline, P. N. (1980). The language of behav-
ior analysis: Its community, its functions, and
its limitations. Behaviorism, 8, 67-86.

Hilgard, E. R. (1948). Theories of learning.
New York: Appleton-Century-Crofts.

James, W. (1955). Pragmatism. Cleveland, OH:
Meridian.

Joyce, J. H., & Chase, P. N. (1990). Effects of
response variability on the sensitivity of rule-
governed behavior. Journal of the Experimen-
tal Analysis of Behavior, 54, 251-262.

Kaplan, A. (1998). The conduct of inquiry. New
Brunswick, NJ: Transaction. (Original work
published 1964)

Keehn, J. D. (1986). Animal models for psy-
chiatry. London: Routledge & Kegan-Paul.

Kellogg, W. N. (1949). "Superstitious" behav-
ior in animals. Psychological Review, 56,
172-175.

Kendall, S. B. (1987). An animal analogue of
gambling. The Psychological Record, 37,
247-256.

Kennedy, J. S. (1992). The new anthropomor-
phism. Cambridge, England: Cambridge Uni-
versity Press.

Lattal, K. A. (1998). A century of effect: Leg-
acies of E. L. Thormdike's Animal Intelligence
monograph. Journal of the Experimental
Analysis of Behavior, 70, 325-336.

Lattal, K. A., Doepke, K. J. (2001). Correspon-
dence as conditional stimulus control: Insights
from experiments with pigeons. Journal of
Applied Behavior Analysis, 34, 127-144.

Lefebvre, L., & Giraldeau, L.-A. (1994). Cul-
tural transmission in pigeons is affected by the
number of tutors and bystanders present. An-
imal Behavior, 47, 331-337.

LeFrancois, J. R., Chase, P. N., & Joyce, J. H.
(1988). The effects of a variety of instructions
on human fixed-interval performance. Journal
of the Experimental Analysis of Behavior, 49,
383-393.

Lieberman, D. A. (1990). Learning: Behavior
and cognition. Belmont, CA: Wadsworth.

Lorenz, K. (1974). Analogy as a source of
knowledge. Science, 185, 229-234.

Lowe, C. F (1983). Radical behaviorism and
human psychology. In G. C. L. Davey (Ed.),



THE HUMAN SIDE OF ANIMAL BEHAVIOR 161

Animal models of human behavior (pp. 71-
93). London: Wiley.

Lubinski, D., & Thompson, T. (1987). An ani-
mal model of the interpersonal communica-
tion of interoceptive (private) states. Journal
of the Experimental Analysis of Behavior, 48,
1-15.

Mace, F C. (1994). Basic research needed for
stimulating the development of behavior tech-
nologies. Journal of the Experimental Analy-
sis of Behavior, 61, 529-550.

Malott, R. (1993). Response to response. The
ABA Newsletter, 16 (3), 9-10.

Mandler, G. E., & Kessen, W. (1959). The lan-
guage ofpsychology. New York: Wiley.

Marks, I. (1977). Clinical phenomena in search
of laboratory models. In J. D. Maser & M. E.
P. Seligman (Eds.), Psychopathology: Exper-
imental models (pp. 174-213). San Francisco:
Freeman.

Maser, J. D., & Seligman, M. E. P (1977). Psy-
chopathology: Experimental models. San
Francisco: Freeman.

Mazur, J. E. (1986). Learning and behavior.
Englewood Cliffs, NJ: Prentice Hall.

Miles, T R. (1983). Responsibility in the cock-
roach: An exercise in linguistic phenomenol-
ogy. In G. C. L. Davey (Ed.), Animal models
of human behavior (pp. 3-13). London: Wi-
ley.

Miller, N. E. (1985). The value of behavioral
research with animals. American Psychologist,
401, 423-490.

Miller, W. R., Rosellini, R. A., & Seligman, M.
E. P. (1977). Learned helplessness and de-
pression. In J. D. Maser & M. E. P Seligman
(Eds.), Psychopathology: Experimental mod-
els (pp. 104-130). San Francisco: Freeman.

Mineka, S. (1987). A primate model of phobic
fears. In H. Eysenck & I. Martin (Eds.), The-
oretical foundations of behavior therapy (pp.
81-111). New York: Plenum.

Mischel, W. (1974). Processes in delay of grat-
ification. In L. Berkowitz (Ed.), Advances in
experimental social psychology (Vol. 7, pp.
249-292). New York: Academic.

Morgan, C. L. (1894). An introduction to com-
parative psychology. London: Scott.

Mrosovsky, N., & Sherry, D. F (1980). Animal
anorexias. Science, 207, 837-841.

Perone, M., Galizio, M., & Baron, A. (1988).
The relevance of animal-based principles in
the laboratory study of human operant con-
ditioning. In G. Davey & C. Cullen (Eds.),
Human operant conditioning and behavior
modification (pp. 59-85). New York: Wiley.

Pierce, W. D., & Epling, W. F (1994). Activity
anorexia: An interplay between basic and ap-

plied behavior analysis. The Behavior Analyst,
17, 7-23.

Pribram, K. (1980). The role of analogy in tran-
scending limits in the brain sciences. Daeda-
lus, 109, 19-38.

Rachlin, H. L., & Green, L. (1972). Commit-
ment, choice, and self control. Journal of the
Experimental Analysis of Behavior, 17, 15-
22.

Roitblat, H. L., Bever, T G.,& Terrace, H. S.
(1982). Animal cognition. Hillsdale, NJ: Erl-
baum.

Romanes, G. J. (1882). Animal intelligence.
London: Kegan, Paul.

Savage-Rumbaugh, E. S. (1986). Ape lan-
guage: From conditioned response to symbol.
New York: Columbia University Press.

Schon, D. A. (1963). Displacement of concepts.
London: Tavistock.

Schwartz, B. (1989). Psychology of learning
and behavior. New York: Norton.

Schwartz, B., Schuldenfrei, R., & Lacey, H.
(1978). Operant psychology as factory behav-
ior. Behaviorism, 6, 229-254.

Seligman, M. E. P. (1974). Depression and
learned helplessness. In R. J. Friedman & M.
Katz (Eds.), The psychology of depression:
Contemporary theory and research (pp. 83-
113). San Francisco: Freeman.

Sidman, M. (1960). Tactics of scientific re-
search. New York: Basic Books.

Skinner, B. F (1948). "Superstition" in the pi-
geon. Journal of Experimental Psychology,
38, 168-172.

Skinner, B. F (1953). Science and human be-
havior. New York: MacMillan.

Skinner, B. F (1957). Verbal behavior. New
York: Appleton-Century-Crofts.

Small, W. S. (1900). An experimental study of
the mental processes of the white rat. Ameri-
can Journal of Psychology, 11, 133-164.

Thorndike, E. L. (1898). Animal intelligence:
An experimental study of the associative pro-
cesses in animals. Psychological Review
Monograph Supplements, 2(4, Whole No. 8).

Tolman, E. C. (1938). The determinants of be-
havior at a choice point. Psychological Re-
view, 45, 1-41.

Watson, J. B. (1910). The new science of ani-
mal behavior. Harper's Monthly Magazine,
pp. 346-353.

Weiss, A. P (1929). A theoretical basis of hu-
man behavior. Columbus, OH: Adams.

Zajonc, R. B. (1969). Introduction. In R. B. Za-
jonc (Ed.), Animal social psychology (pp. 1-
5). New York: Wiley.

Zuriff, G. E. (1985). Behaviorism: A conceptual
reconstruction. New York: Columbia Univer-
sity Press.


