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probes when it was the green (S-) il­
lumination that was faded. 

CONCEPT FORMATION 

When, in everyday conversation, 
people speak of someone "possessing" 
a certain concept, it is taken for granted 
that they are referring to some kind of 
unobservable content or state of the 
mind. But when we examine the mat­
ter, we find that the observation that 
leads them to use the term concept is 
that the person responds in the same 
way to a set of objects or relations that 
have some characteristic or set of char­
acteristics in common but does not re­
spond in that same way to other objects 
or relations. All birds are called birds, 
for example, but no snakes, squirrels, 
or sheep. As Keller and Schoenfeld put 
it, "Generalization within classes and 
discrimination between classes" (1950, 
p. 155) 

If we can verbalize what it is that 
the various instances have in common, 
we may be able to define the concept, 
but often this can be very difficult. Try 
defining what is meant even by such 
familiar categories as a "dog," for ex­
ample, or a "human being." Are you 
sure you did not include wolves or 
coyotes in the first instance or chim­
panzees in the second? Did you in­
clude feral children? Definition is sec­
ondary to the behavior: In essence, it 
is a description of that behavior, al­
though it can provide in turn a rule for 
increasing the accuracy of that behav­
ior or for passing it along to another 
person (e.g., Skinner, 1969, pp. 121­
125, 136-142). 

Laboratory research on the forma­
tion of concepts arose from an interest 
in the processes of human thought and 
has continued for many years in almost 
complete isolation from research on 
the formation of discriminations. The 
general nature of the procedure is il­
lustrated by an experiment conducted 
by Trabasso (1963). College students 
were presented with drawings of flow­
ers, in a randomized sequence, and 
were asked to classify each drawing by 

calling it an A or a B. Four different 
varieties of flower were used, and each 
of these varied also in the shape of its 
leaves, the angle of the leaves to the 
stem, and the number of leaves on ei­
ther side. For most of the subjects, the 
angle with the stem was the relevant 
feature (i.e., the discriminative stimu­
lus), determining whether A or B was 
the response to be reinforced. Trabasso 
found that such strategies as holding 
other features constant, rather than al­
lowing them to vary, and, as in ordi­
nary discrimination training, increasing 
the difference between the positive and 
the negative angles (i.e., disparity), or 
increasing their difference from the 
background stimulation by coloring 
them red (i.e., salience) all led to faster 
acquisition of the correct categoriza­
tion. These findings suggest that con­
cept formation is very similar to dis­
crimination training. In particular, the 
effect of highlighting the angles to in­
crease their salience indicates that a 
major part of the subject's task is to 
learn to observe the appropriate feature 
within the field of stimulation. 

Traditionally, as I have indicated, 
psychologists have treated experiments 
dealing with the formation of discrim­
inations and experiments dealing with 
the formation of concepts as two sep­
arate and distinct fields of inquiry. But 
the close relation between the two has 
long been recognized by some writers 
(e.g., Keller & Schoenfeld, 1950), and 
whether the traditional distinction is 
justified is open to question. 

It is true that most of the work on 
discrimination learning has been car­
ried out with rats, pigeons, and mon­
keys, whereas most of the experiments 
on concept formation have been con­
ducted with human subjects. This re­
flects the differences in the historical 
origins and rationales of the two types 
of research. But there is no hard and 
fast rule: Sometimes humans are used 
to study discrimination learning, and 
sometimes other species are used to 
study the acquisition of concepts. 

Another common difference be­
tween the two types of experiment is 

probably a result of the first. Because 
an entire set of verbal responses can 
readily and quickly be established with 
members of the human species, human 
subjects may be asked to acquire sev­
eral different concepts at the same 
time. This practice enables the experi­
menter to collect more data from each 
SUbject. When other species are used, 
however, it takes much longer to estab­
lish each response topography, and the 
use of any substantial number of cate­
gories becomes impractical, even in 
those experiments designated as stud­
ies of concept formation. To respond or 
not to respond is usually the question. 

A third feature, which may also re­
late to the historic use of human sub­
jects, is that in experiments on concept 
formation the distinction between the 
positive and the negative stimulus is 
often very subtle. Human subjects 
learn simple, gross discriminations so 
rapidly that variations in their perfor­
mance created by manipulating some 
independent variable might be too 
small to detect, and subtle differences 
are necessary to collect meaningful 
data. In this case, the historical feature 
may have been extended to serve as an 
implicit definition for classifying the 
two types of research: Even when non­
human species are used, subtlety of the 
properties distinguishing between the 
positive and the negative instances 
(e.g., Heirnstein, Loveland, & Cable, 
1976) appears to be characteristic of 
those experiments that are considered 
to be examples of concept formation. 
But this is a difference in a parametric 
value, not a difference in the underly­
ing process. 

Finally, the most meaningful differ­
ence between discrimination and con­
cept formation may be that in experi­
ments on discrimination, all aspects of 
the environment other than the alter­
nation between the positive and the 
negative stimulus are kept as uniform 
as possible ("held constant"). so that 
they will produce the least possible 
fluctuation in the results. In experi­
ments on concept formation, by con­
trast, other aspects of the stimulus ob­

ject are deliberately varied. In this re­
spect, experiments on concept forma­
tion are more closely related to what is 
colloquially called "real life." They 
provide us with a persuasive bridge be­
tween the stripped down simplicity of 
the laboratory and the rich complexity 
of the natural setting. 

IMITATION 

There is another form of stimulus 
control that is not well understood but 
that merits consideration because it is 
believed to play an enormous role in 
training the young of many species, in­
cluding our own, to behave like their 
parents and other adults. The observa­
tion that leads us to speak of imitation 
is that the stimulus setting the occasion 
for a particular response or set of re­
sponses is the performance of approx­
imately the same pattern of behavior 
by another individual, usually of the 
same species. Such a correspondence 
between two patterns of behavior is so 
common that it is frequently assumed 
that it must be the result of some in­
trinsic connection between the behav­
ior of the second organism and that of 
the first. But not all behavior is imitat­
ed. In most cases in which imitation is 
said to occur, the correspondence be­
tween the two sets of behavior appears 
to be historical in origin. It is a product 
of the contingencies of reinforcement. 

It has sometimes been suggested 
(e.g., Bandura, 1965) that imitation is 
an alternative mode of learning, by 
means of which a response can be es­
tablished without the use of reinforce­
ment ("no-trial learning"). In some 
sense, at a global level, this may be 
true, but it is not clear that any new 
principle of behavior is required to ex­
plain Bandura's results. 

In exploring this issue, it may be 
helpful to distinguish between a com­
plex pattern of physical activity like 
swimming the breast stroke, riding a 
bicycle, driving an automobile, or per­
forming a new dance step, and the con­
stituent movements that make it up 
(see Guthrie, 1952, pp. 27-28, or Skin­
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ner, 1953, p. 94). Modeling is akin to 
verbal instruction, and, indeed, might 
be considered another form of the same 
process. If the constituent responses 
are already a part of the individual's 
repertoire (by prior differentiation) and 
some kind of imitative control has al­
ready been established, an appropriate 
sequence or an effective combination 
of responses can often be called forth 
by the corresponding behavior of a 
model. Sometimes this is all that is 
needed. In other cases, it may still 
serve as the initial step: Once some ap­
proximation to the appropriate behav­
ior has occurred, the overall pattern 
can be maintained and can subsequent­
ly be refined by selective reinforce­
ment. But if the constituent responses 
are not in the individual's repertoire to 
begin with, they cannot be established 
simply by imitation. Who among us 
has not struggled in vain to match the 
sounds that have been demonstrated to 
us by the teacher of a foreign language, 
only to find that the closest approxi­
mations within our vocal repertoire 
leave much to be desired? Who among 
us has not tried to copy someone else's 
drawing, only to discover that much 
more training was necessary before a 
satisfactory replica could be produced? 

The process by which the correspon­
dence between stimulus and response 
is originally established was illustrated 
more than half a century ago in an ex­
periment by Miller and Dollard (1940). 
All training was conducted on a special 
maze, shaped like the letter T. First, 
several "leader" rats were trained to 
discriminate between black cards and 
white cards, half of them to enter the 
arm of the maze with the black card 
and half to enter the arm with the 
white. The only function of these lead­
er rats, however, was to provide dis­
criminative stimuli for the rats that 
were to follow them. 

When the leader rats had learned to 
turn in the direction indicated by the 
appropriate card, they were used to 
train the "follower" rats to imitate a 
specific item of behavior. First, a leader 
was placed in the start box at the be­

ginning of the stem, with the follower 
in a second box immediately behind it. 
When the leader was released from its 
start box, it promptly ran to the choice 
point at the intersection of the T and 
turned in the designated direction. At 
the end of the arm, it received its usual 
allotment of food. The follower rat was 
released immediately behind it. If the 
follower rat turned in the same direc­
tion as its leader, its response was re­
inforced with food in a special recep­
tacle uncovered only after the leader 
rat had passed over it. If the follower 
rat turned in the other direction, how­
ever, its response was not reinforced. 

For the follower rat, then, the leader 
turning to the right was a discrimina­
ti ve stimulus for turning to the right, 
and the leader turning to the left was a 
discriminative stimulus for turning to 
the left. As might be expected, the fol­
lower rats had no difficulty in master­
ing this discrimination. With respect to 
this one response, their behavior 
matched or imitated the behavior of 
their leaders. However, in terms of 
[earning principles, there was nothing 
unique about the resulting correspon­
dence between the behavior of the 2 
animals. To demonstrate this point, 
Miller and Dollard (1940) trained an­
other group of follower rats in a pattern 
of stimulus control that was exactly the 
opposite of imitation: Turn left when 
the leader turns right and turn right 
when the leader turns left. The two 
groups learned their tasks with equal 
facility. Following a partner in ball­
room dancing may provide an illustra­
tion of this reversed relationship, but 
such a pattern of stimulus control is not 
commonly reinforced in the outside 
world. 

Apparently there is more to imita­
tion, however, than establishing dis­
criminative control over a single re­
sponse. When a number of correspon­
dences have been reinforced between 
the actions of an experimental subject 
and the actions of a model, the corre­
spondence itself may become a gov­
erning factor in the relation between 
the two actions, extending to new to­

pographies of behavior. Baer, Peterson, 
and Sherman (1967) demonstrated this 
with 3 profoundly retarded children 
who originally showed no tendency to 
imitate. In the beginning, the experi­
menters used manual guidance and se­
lective reinforcement with food to es­
tablish a series of physical actions like 
raising the left arm, tapping a table, or 
moving the arm in a circular motion. 
each of which followed a like action 
by the experimenter. 

One of the things these authors 
showed was that the behavioral corre­
spondence could itself be placed under 
the control of some other stimulus in 
what was therefore known as a condi­
tional discrimination. In their study, re­
inforcement of the child's action was 
conditional upon the prior presentation 
of the verbal stimulus, "Do this," fol­
lowed by a demonstration of the de­
sired response. Stimuli in the presence 
of which correspondence is reinforced 
determine when imitation will occur 
and when it will not occur. In some 
studies, the choice of a model has de­
termined when correspondence would 
be reinforced. 

In the Baer et al. (1967) study, 130 
different responses were employed. 
Eventually the children began to imi­
tate new actions, demonstrated for the 
first time. Some of these were repeated 
on a number of test trials, still wi thou t 
reinforcement, interspersed among 
training trials on which other actions 
were reinforced. The performance of 
these nonreinforced actions continued 
to depend, however, on the general ten­
dency to perform responses demon­
strated by the experimenter. When re­
inforcement of the main body of re­
sponses was replaced by differential 
reinforcement of other behavior, the 
never-reinforced test actions also 
dropped out. Both sets of behavior 
were restored with restoration of the 
original reinforcement schedule. 

Similarity to the behavior of the 
model may also serve as a conditioned 
reinforcer. In another experiment, Lo­
vaas, Berberich, Perloff, and Schaeffer 
(1966) reinforced the production of 

English words by each of 2 autistic 
children, in response to those same 
words presented by an experimenter. 
Then some Norwegian words were 
slipped into the sequence, without re­
inforcement; with continued reinforce­
ment of the English words, the pronun­
ciation of the Norwegian words grad­
ually improved. These data suggest 
that the increasing similarity between 
the sounds produced by the child and 
the sounds presented by the experi­
menter had itself become reinforcing, 
leading to successive approximations 
of those sounds by the children. 

STIMULUS EQUIVALENCE 

In his presidential address to the 
Midwestern Psychological Associa­
tion, Skinner (1950) included brief re­
sumes of several pieces of work con­
ducted in his laboratory that were nev­
er subsequently reported in greater de­
tail. Among these was a procedure that 
he called "matching to sample," pre­
sented in an attempt to strip some of 
the surplus meaning from what would 
nowadays be called "cognitive" de­
scriptions of choice and other complex 
patterns of behavior. 

The pigeon was confronted with 
three keys, arranged in a horizontal 
row. First, on a given trial, the middle 
key was illuminated with a sample col­
or, perhaps red or green. When the bird 
pecked that key, the sample color was 
extinguished and the keys on either 
side were lighted with the comparison 
colors. One of these colors was the 
same as the sample, and the other was 
different. In a strict matching-to-sam­
pIe procedure, it was a peck on the 
same-color key that was reinforced. In 
what later came to be known as oddity 
matching, it was a peck on the differ­
ent-color key that was reinforced. With 
a delay introduced between the dark­
ening of the center key and the lighting 
of the side keys, Skinner's procedure 
was widely used by more cognitively 
oriented psychologists to analyze the 
processes involved in responding to 
past events (memory). 
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Years later, Sidman (1971, 1994) 
adapted Skinner's procedure to the task 
of teaching a severely retarded boy to 
read English text. Prior to the proce­
dure in question, this boy had already 
learned correspondences in both direc­
tions between spoken words and pic­
tures. That is, he had learned to choose 
the pictures that illustrated the words 
presented as sample stimuli and to pro­
duce the correct vocal responses to 
(name) the pictures. During the train­
ing procedure, the sample stimuli were 
words spoken by the experimenter, and 
the comparison stimuli were printed 
words. Somewhat to Sidman's surprise, 
after his subject learned to choose the 
printed word that corresponded to each 
spoken word, not only was he able to 
proceed in the opposite direction, pro­
ducing the correct oral responses to 
printed text (reading aloud) but, with­
out further training, was able to choose 
pictures corresponding to the printed 
words (reading comprehension). Estab­
lishing an equivalence between the au­
ditory and the visual forms of a series 
of words had extended the subject's 
abil ity to select the correct pictures 
from the original spoken words to their 
printed equivalents. 

Struck by these initial findings, Sid­
man launched a major program of re­
search designed to explore their theo­
retical ramifications (Sidman, 1994). 
Because there is now a burgeoning lit­
erature on the topic, it may be impor­
tant to consider some terminological 
issues. First, Sidman objected to the 
use of the term matching to sample as 
a description of Skinner's procedure, 
on the grounds that this phrase implied 
a generalized behavioral outcome that 
did not necessarily result from that pro­
cedure. In its place, he substituted the 
phrase conditional discrimination, first 
applied by Cumming and Berryman 
(1965). Generically, the term condi­
tional discrimination covers more than 
the matching-to-sample paradigm (see 
Yarczower, 1971), but in the Cumming 
and Berryman usage an additional, ex­
traneous stimulus (e.g., a red sample or 
a green sample) determines which of 

the alternati ve stimuli (in this case, red 
or green comparison stimuli) in a dis­
crimination is positive (i.e., followed 
by reinforcement of the response). The 
relation between comparison stimulus 
and reinforcer is selected by or condi­
tional upon the nature of the sample 
stimulus. When the sample stimulus is 
red, pecking red is reinforced and 
pecking green is not reinforced; when 
the sample is green, pecking red is not 
reinforced and pecking green is rein­
forced. 

Sidman (1994) has also suggested 
the use of the term conditional stimu­
lus to refer to the role of the sample 
stimulus in this type of discrimination, 
but such a usage cou ld lead to termi­
nological confusion, because that term 
is widely used in Pavlovian condition­
ing to refer to the stimulus that ac­
quires its effectiveness through its tem­
poral relation to the unconditional 
stimulus. The terms instructional stim­
ulus (Cumming & Berryman, 1965) or 
contextual stimulus (Sidman, 1994) 
have also been suggested; the former 

.term has intuitive appeal, and the latter 
term has the advantage of emphasizing 
that stimuli and responses usually do 
not pair off in a simplistic one-to-one 
correspondence, as sometimes implied 
in early writings by Watson (1919), for 
example, but are characteristically re­
lated in a way that depends on what 
other stimuli are present (context). 

Although an exposition of the nature 
of the procedure we are considering 
has been greatly simplified by the use 
of physically identical colors as ex­
emplars, in establishing equivalence 
classes the experimenter utilizes stim­
uli that bear no necessary resemblance 
to each other and establishes their cor­
respondence through the program of 
training. A quantity of objects, for ex­
ample, and the corresponding numeral 
begin as arbitrary, unrelated stimuli, 
but the standard relations characteristic 
of a given language can be established 
through this type of training. Eight ob­
jects can be made equivalent to the 
digit "8" and the binary number 
"1000" and the sound "ate" and the 

printed word "eight" and even the 
Spanish word "ocho," thus forming a 
class, all of whose members may be 
said for our purposes to be equivalent. 
When they become members of the 
same class, they are for many purposes 
interchangeable. If we respond in the 
same way to these physically very dif­
ferent stimuli, they may be said to have 
the same meaning. 

Sidman (1994) has laid out three cri­
teria, all of which are necessary to the 
mathematical definition of an equiva­
lence relation among a set of stimuli. 
Reflexivity requires that, without spe­
cific instruction or training, the subject 
choose each stimulus in the list as a 
comparison in reaction to that same 
stimulus as a sample (i.e., generalized 
identity matching). Symmetry requires 
that the subject perform correctly when 
the roles of sample and comparison 
stimuli are reversed. Transitivity in­
volves three stimuli in a sequence. 
Once "if a, then b" and "if b, then c" 
have been established, then "if a, then 
c" must emerge without further in­
struction or training. 

The apparent significance of equiv­
alence classes for what are sometimes 
known as higher mental processes is 
currently attracting a considerable 
amount of attention within the behav­
ior-analytic community. Quite a bit of 
research has recently been reported, ac­
companied by a large amount of theo­
rizing. However, it remains a relatively 
new field of investigation, still in flux, 
and the available information does not 
as yet permit us to be sure how it fits 
into a broader, more systematic frame­
work. 

One acti ve program of research 
stems from Fields and Verhave's 
(1987) analysis of the parameters that 
define the internal structure of an 
equivalence class. In a review of the 
relevant literature, Fields, Adams, and 
Verhave (1993) examined the effects of 
two of these parameters. Directionality 
refers to whether a stimulus serves as 
a sample or a comparison in the pro­
cess of training. In several studies, this 
relation was found to influence the 

likelihood of class formation, the for­
mal characteristics of specific emergent 
relations, and the degree of transfer be­
tween stimuli. Nodes are formally de­
fined as individual stimuli that are 
linked by the program of training to 
more than one other stimulus within 
the particular eq uivalence class; they 
may be thought of as intervening steps 
or mediators of the relation between 
stimuli that were not presented togeth­
er during the training. And nodal dis­
tance refers to the number of such 
steps that lie between the stimuli that 
are to be tested. In a number of studies, 
the authors found, this parameter had a 
consistent influence on the subjects' 
performances on a number of different 
types of test. A point of emphasis in 
their review was that functions ac­
quired by one stimulus in an equiva­
lence class do not transfer equally, but 
rather differentially, to other members 
of the class. The relatedness of the 
stimuli is affected by the directionality 
of training and is an inverse function 
of nodal distance. 

The relation between the formation 
of equivalence classes and earlier, sim­
pler forms of discrimination learning 
remains the subject of wide-ranging 
discussion. Still in dispute, for exam­
ple, is the question of whether emer­
gent relations and stimulus classes can 
be demonstrated with nonhuman sub­
jects (see Schusterman & Kastak, 
1993; Zentall & Urcuioli, 1993). Sid­
man (1994) has suggested that the for­
mation of equivalence classes through 
conditional discrimination training 
may not be reducible to or explicable 
by other processes with which we are 
already familiar but may be a wholly 
independent phenomenon grounded in 
the evolution of the human species. For 
those of us in search of systematic laws 
of behavior, this is not a very satisfying 
solution. Hayes (1991), on the other 
hand, has suggested that equivalence 
classes can be traced to a preexperi­
mental history of training in relational 
responding. At the present time, such 
issues are far from being resolved. 
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