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The transformation of functions refers to the untrained acquisition of stimulus functions among
members of stimulus equivalence classes or relational frames. Although it is widely assumed that
contextual control over the transformation of functions must exist, this has not yet been conclusively
demonstrated in laboratory studies. Four experiments are reported in which (a) stimulus equivalence
classes were established, (b) a conditional stimulus function was trained for one member of each of
the classes, and (c) multiple-exemplar procedures were used to train and test for contextual control
over the transformation of the stimulus function within the classes and to assess whether it gener-
alized to new equivalence classes. Although a significant amount of training was required, the pro-
cedures ultimately resulted in the contextual control of function transformation for 9 of 10 partici-
pants and generalized contextual control for 4 of 5 participants.
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The phenomenon that is often called the
transfer or transformation of stimulus functions is
one of the most interesting findings to
emerge from the rapidly growing body of re-
search on stimulus equivalence and derived
stimulus relations. By transfer of functions,
we are referring to the untrained acquisition
or emergence of stimulus functions among
members of stimulus classes (for further dis-
cussion, see Barnes, 1994; Dougher & Mark-
ham, 1996; Hayes, 1991; Sidman, 1994). Be-
cause stimulus equivalence or derived
stimulus classes are defined in part by the
transfer of certain conditional discriminative
functions (e.g., Hayes, 1994; Sidman & Tailby,
1982), it may appear somewhat redundant to
talk about stimulus classes and transfer of
function separately. However, the functions to
be discussed here are not those that define
stimulus equivalence classes but those that ac-
crue to the members of a class after the clas-
ses are established and a novel function is
subsequently trained for a subset of the class.

The typical procedures used in such studies
are as follows. First, some number of equiva-
lence classes are established using match-to-
sample or other training procedures. Then,
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one or more members of one of the classes
are selected and given some new behavioral
function. Following this, the remaining mem-
bers of all of the classes are tested to see if
they also have acquired the novel function. If
the other members of the class from which
the subset was selected acquire the new func-
tion but the members of the other classes do
not, the novel function is said to have trans-
ferred within the equivalence class. Using
these procedures, investigators have docu-
mented the transfer of virtually every stimu-
lus function, including simple discriminative
control (de Rose, McIlvane, Dube, Galpin, &
Stoddard, 1988), ordinal functions (Green,
Sigurdardottir, & Saunders, 1991; Lazar,
1977; Lazar & Kotlarchyk, 1986; Wulfert &
Hayes, 1988), conditional stimulus control
(Wulfert & Hayes, 1988), contextual control
(Gatch & Osborne, 1989; Hayes, Kohlenberg,
& Hayes, 1991), and conditioned reinforce-
ment and punishment (Greenway, Dougher,
& Wulfert, 1996; Hayes et al., 1991). In ad-
dition to these operant functions, respondent
or classically conditioned functions have also
been shown to transfer within stimulus equiv-
alence classes (Dougher, Augustson, Mark-
ham, Greenway, & Wulfert, 1994; Roche &
Barnes, 1997).

As it is used in the stimulus equivalence lit-
erature, the term transfer refers to the indirect
acquisition of similar or even identical func-
tions that exist or are trained for equivalent
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stimuli. It should be noted, however, that this
is somewhat different from the meaning of
the term in other literatures (e.g., Ellis,
1965), in which most generally it refers to the
effects of one task on the learning of another.
Stimulus equivalence studies concerned with
the transfer of function generally report the
transfer of identical functions, but it remains
to be seen whether this is necessarily or even
generally the case. It is possible, for example,
that partial or even novel functions can be
created for equivalent stimuli through the
transfer of function.

Although the phenomenon referred to as
the transfer of function is robust, the term
itself has not been universally endorsed. Sid-
man (1992) has argued that the term transfer
implies an unnecessary hypothetical process
that is more parsimoniously accounted for in
mathematical set theory terms. In particular,
he suggested that the observed phenomenon
to which the term refers is more usefully un-
derstood as the union of two or more stimu-
lus sets or classes. Hayes, Barnes, and others
(e.g., Hayes, 1994; Hayes & Barnes, 1997;
Hayes, Barnes-Holmes, & Roche, 2001;
Hayes, Gifford, & Wilson, 1996; Roche &
Barnes, 1997) have also argued against the
term transfer of function. These researchers
share Sidman’s concern about the implica-
tions of the term transfer, but their more fun-
damental objection is that transfer fails to ad-
equately describe the changes in functions
that accrue in stimulus relations other than
equivalence. For example, Dymond and
Barnes (1995) showed that when the rela-
tions of ‘‘sameness,’’ ‘‘less than,’’ and ‘‘more
than’’ are established among a set of stimuli
and then a novel function is given to a subset
of those stimuli, the functions acquired by
the other stimuli are determined by the pre-
viously established relations. That is, the func-
tions of the related stimuli were transformed
in accord with the previously established re-
lations. For this reason, Hayes and Barnes
prefer the term transformation rather than
transfer of functions. In our view, although the
term transformation has some problems of its
own, Hayes’ and Barnes’ arguments have
merit, and, for that reason, we use the term
transformation of functions in the present pa-
per. In order to specify the basis for the trans-
formation of functions we report, however,

we refer to equivalence-based function trans-
formations.

The transformation of functions associated
with stimulus classes or relational frames is
advantageous in that it allows organisms to
adapt and respond appropriately in the ab-
sence of direct training. It is equally obvious
that not all of the members of stimulus classes
acquire all of the functions of the other mem-
bers in all situations. As Sidman (1992) not-
ed,

The words ‘‘Route 128’’ on the map and the
road on which we are driving are equivalent
when we are trying to find our way to an un-
familiar place, but we do not try to drive our
car onto the words, or to illuminate the road
with a reading lamp. We do not try to eat the
word, ‘‘bread,’’ or to swat the word, ‘‘fly.’’ (p.
22)

Some sort of contextual control over the
transformation of functions must exist, or, as
Sidman (1986, 1992) and Hayes and Hayes
(1992) point out, all stimuli would eventually
acquire the functions of all other stimuli.

Despite the assumption that there must be
some type of contextual control over equiva-
lence-based transformation of functions, to
our knowledge there have been no published
studies in which it has been conclusively dem-
onstrated. Wulfert and Hayes (1988) report-
ed the most relevant study in this regard by
demonstrating higher order conditional
(contextual) control over both stimulus class
membership and the set of stimuli that ac-
quired control over a conditional ordering
response. It has yet to be demonstrated, how-
ever, that equivalence-based transformation
of function within established equivalence
classes can be brought under contextual con-
trol.

At this point it is useful to define the term
contextual control. According to Cumming and
Berryman (1965), Lawrence (1963), and Os-
good (1953), contextual stimuli determine or
influence the discriminative functions of oth-
er stimuli. However, Sidman (1986) and oth-
ers (e.g., Lashley, 1938; Wulfert & Hayes,
1988) describe this kind of control as condi-
tional stimulus control. Actually, the distinc-
tion between conditional and contextual con-
trol has been somewhat blurred in the
literature. For example, in his seminal paper
on behavioral units of analysis, Sidman
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(1986) stated, ‘‘Another name for condition-
al control might very well be contextual con-
trol’’ (p. 16). Later in that same paper he
seemed to equate contextual control with sec-
ond-order conditional control, which is de-
fined as conditional control over conditional
discriminations (p. 25). Although Sidman
used contextual control as a general term to
describe both conditional control and higher
order conditional control, the term has in-
creasingly been used to refer specifically to
the latter. This is particularly true of those
studies that have attempted to demonstrate
contextual control over stimulus equivalence
classes (Bush, Sidman, & de Rose, 1989;
Gatch & Osborne, 1989; Hayes, 1991; Ken-
nedy & Laitinen, 1988; Kohlenberg, Hayes, &
Hayes, 1991; Lynch & Green, 1991; Meehan
& Fields, 1995; Steele & Hayes, 1991). In
keeping with this trend, we will use the term
contextual control to refer to higher order con-
ditional stimulus control. In Sidman’s (1986)
terminology, contextual stimuli are the fifth
element in the five-term contingency.

Another issue that arises concerning the
term contextual control is that of the functional
independence of putative contextual stimuli.
As several researchers (e.g., Lynch & Green,
1991; Meehan & Fields, 1995; Sidman, 1986;
Stromer, McIlvane, & Serna, 1993) have
pointed out, what appears to be contextual
control of stimulus equivalence classes may
be joint or compound conditional or discrim-
inative control by the putative contextual
stimulus and specific members of equivalence
classes. To demonstrate contextual control
unambiguously, contextual control by Stimu-
lus A must be demonstrated over stimuli that
were not used to train contextual control.
Only then can the possibility of compound-
stimulus control be ruled out. Examples of
this kind of demonstration of contextual con-
trol can be found in Barnes, Brown, Smeets,
and Roche (1995) and Roche, Barnes-
Holmes, Smeets, Barnes-Holmes, and Mc-
Geady (2000).

Contextual control over the transformation
of functions has both theoretical and applied
significance. Because stimulus classes, rela-
tional frames, or both are defined in part by
the transformation of functions (Dougher &
Markham, 1996; Goldiamond, 1962, 1966;
Hayes, 1994; Sidman, 1992), understanding
the variables that influence function transfor-

mation would enhance our theoretical un-
derstanding of stimulus classes. Moreover, ap-
propriate contextual control over function
transformation is necessary for adaptive and
appropriate behavior. Function transforma-
tion in inappropriate contexts and the ab-
sence of function transformation in appro-
priate contexts could be problematic. As
examples, consider the unattended child who
responds to strangers at a shopping mall the
same way she has been encouraged to inter-
act with strangers in her home, or the snake-
phobic college student who cannot open a
biology textbook for fear of encountering pic-
tures or descriptions of snakes.

The purpose of the present set of experi-
ments was to determine whether contextual
control over equivalence-based transforma-
tion of function could be demonstrated in a
laboratory setting. In particular, we attempt-
ed to bring the transformation of conditional
stimulus control on a series of computer tasks
under the contextual control of the back-
ground color of the computer monitor.

EXPERIMENT 1

METHOD

Participants

Two female (MD and RW) and 5 male (PJ,
TR, JR, RC, and RG) introductory psychology
students, recruited through in-class and bul-
letin-board announcements, served as partic-
ipants. They received course credit for up to
4 hr of participation and monetary compen-
sation at the rate of $5 per hour for addition-
al time. Experimental sessions lasted between
1.5 and 3 hr, and total participation time
ranged from 2.5 to 4.5 hr. All participants
read and signed a statement of informed con-
sent before beginning the experiment, and
all were fully debriefed at the end.

Setting, Apparatus, and Stimuli

The experiment was conducted in an ex-
perimental room (2 m by 2 m) equipped with
a table, chair, a two-way mirror for observa-
tion, and a personal computer with a stan-
dard keyboard and 25-cm color monitor. The
computer was programmed to present all
stimuli and record responses. Stimuli consist-
ed of the 15 ambiguous figures shown in Fig-
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Fig. 1. Stimuli used to establish equivalence classes.

Table 1

Overview of procedure of Experiment 1.

Step Procedure

1
2
3
4

Establish three five-member (A–E) equivalence classes.
Train sequencing task with B stimuli.
Establish contextual control by background colors over sequencing of C and D stimuli.
Train key-choice task with B stimuli.

5
6
7
8

Establish contextual control over key-choice responses to C and D stimuli.
Train color-sorting task with B stimuli.
Test for contextual control over transformation of function of E stimuli on color-sorting task.
Retest equivalence classes in both background colors.

ure 1. The stimuli were white and were pre-
sented on a black, red, or blue background.

Procedure

Table 1 provides a general overview of the
basic procedures used in Experiment 1. De-
tails of the procedures are reported below.
The basic strategy was first to establish three
five-member (A through E) equivalence clas-
ses. Then, the three arbitrarily designated B
stimuli were used to train a sequencing task.
Following this, an attempt was made to use
multiple-exemplar training to establish con-
textual stimulus control by the background
colors of the computer monitor over se-
quencing responses to the C and D stimuli.

Specifically, the sequencing task was repeat-
edly presented in either a red or a blue back-
ground. When the background color was red,
responses to the C and D stimuli that were
consistent with equivalence-based transfor-
mation of function were reinforced. When
the background color was blue, such respons-
es were punished, and other responses were
reinforced. Once the participants demon-
strated control by the background colors over
their sequencing responses to the C and D
stimuli, the B stimuli were then used to train
a key-choice task, and the multiple-exemplar
procedures used to establish contextual con-
trol over sequencing the C and D stimuli were
repeated with the key-choice task. The B stim-
uli were then used to train a sorting task. Im-
mediately following this training, differential
control by the background colors over sorting
responses was tested with the E stimuli. A pos-
itive test result would demonstrate contextual
control by the background colors over equiv-
alence-based transformation of function. A fi-
nal stimulus equivalence test was presented in
both color backgrounds to determine wheth-
er the originally trained classes had changed
as the result of the differential training in the
color backgrounds. It is important to note
that, although the three tasks (i.e., sequenc-
ing, key choice, and sorting) were topograph-
ically distinct, they were functionally similar.
Each task entailed conditional discrimina-
tions, and in each task, the B, C, and D stim-
uli functioned as conditional stimuli. Accord-
ingly, if participants did show evidence of
contextual control over function transforma-
tion, the function would be conditional stim-
ulus control.

Several procedures were common to all of
the steps of this and, unless otherwise noted,
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subsequent experiments. All instructions
were written and presented to participants on
the computer screen. To demonstrate their
understanding of the instructions, partici-
pants were asked to read the instructions and
then explain them to the experimenter be-
fore beginning any task. Unless specifically in-
dicated, there were no breaks or instructions
between or within the steps of the experi-
ment.

All training and testing trials were present-
ed in a quasirandom order within trial blocks.
Also, within each trial block, each stimulus
with the same alpha designation (e.g., B1, B2,
and B3) (a) appeared equally often, (b) ap-
peared in quasirandom order, (c) appeared
equally often in each serial position (where
appropriate), and (d) appeared equally often
in the red and blue backgrounds (where ap-
propriate). For all training trials on which
feedback was provided, a response immedi-
ately cleared the screen and was then fol-
lowed by the written word ‘‘correct’’ or
‘‘wrong’’ for 1.5 s. The screen then cleared
again for an intertrial interval of 2 s before a
new trial began. On those trials on which no
feedback was given, a response simply cleared
the screen for 3.5 s. Even on no-feedback tri-
als, responses were defined and recorded as
correct or wrong as they were on trials con-
ducted with feedback.

On training trials designed to establish
contextual control by the background colors
over responding to the C and D stimuli, re-
sponding in line with equivalence-based
transformation of function produced the
written feedback ‘‘correct’’ in the red back-
ground and ‘‘wrong’’ in the blue back-
ground. Any other response to the C or D
stimuli produced ‘‘wrong’’ in the red back-
ground and ‘‘correct’’ in the blue back-
ground. Responding consistent with equiva-
lence-based function transformation was
defined as responding to the C and D stimuli
as participants had been trained to respond
to the related B stimuli.

After participants met the training criteri-
on with the C or D stimuli, they were pre-
sented with two blocks of mixed B, C, and D
trials without feedback (nfdbk). They were
required to respond 100% correctly on either
of those blocks in order to move on to the
next step. If they did not, the mixed B, C,
and D trials were repeated with feedback un-

til the participants responded 100% correctly
over one full block of trials. Participants were
again presented with two blocks of mixed tri-
als without feedback and were required to
perform at 100% accuracy on either block be-
fore moving on to the next step. The number
and types of trials in each trial block, as well
as the performance criterion for each step,
are presented in Table 2.

Step 1: Establishing and testing equivalence clas-
ses. To establish three five-member equiva-
lence classes, 12 stimulus relations were
trained using one-to-many (Spradlin & Saun-
ders, 1986) match-to-sample procedures.
These relations are presented in the top of
Table 3. The actual stimuli presented were
the ambiguous forms presented in Figure 1.
The alphanumeric designations of the stimuli
in Table 3 are presented to facilitate descrip-
tion of the procedures and were not available
to the participants. Numbers refer to class
membership, and letters refer to the specific
members of each class. The 15 ambiguous fig-
ures in Figure 1 were randomly assigned an
alphanumeric designation for each partici-
pant.

For all training and testing trials, a sample
stimulus appeared at the top center of the
monitor on a black background. After a 1-s
delay, three comparison stimuli appeared at
the bottom left, middle, and right of the
screen. Sample and comparison stimuli were
white and were presented on a black back-
ground. Participants selected the left, middle,
or right comparison by pressing 1, 2, or 3 on
the number pad of the keyboard, respectively.
The specific instructions were as follows:

When the experiment begins, symbols will ap-
pear on the computer screen. One symbol will
appear at the upper middle of the screen and
three additional symbols will appear at the
lower left, middle, and right of the screen.
Your task is to choose the correct symbol from
among those in lower portion of the screen.
In this task you will choose just one symbol on
each trial. To do this, press the number 1, 2,
or 3 on the keyboard number pad located on
the right hand portion of the keyboard. Press-
ing these numbers will select the lower left,
middle, or right symbol, respectively. During
the first part of the experiment, you will re-
ceive feedback telling you whether your choic-
es are correct or wrong. Later in the experi-
ment, you won’t receive feedback. However,
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Table 2

Type and number of trials per block with and without feedback and performance criteria in
Steps 1 through 8.

Step Trials with feedback Criterion Trials without feedback Criterion

1 12: one for each trained
relation in Table 3

100% over six consecu-
tive blocks

96: 24 symmetry and 72
equivalence probes

97% over entire block

2 6: two with each B
stimulus

100% over six consecu-
tive blocks

3 18: 6 B and 12 C 100% over three consec-
utive blocks

18: 6 B and 12 D 100% over three consec-
utive blocks

36: 12 B, 12 C, and 12 D 100% of either of two
blocks

4 6: 2 for each B stimulus 100% over six consecu-
tive blocks

5 18: 6 B and 12 C 100% over six consecu-
tive blocks

18: 6 B and 12 D 100% over six consecu-
tive blocks

36: 12 B, 12 C, and 12 D 100% on either of two
blocks

6 18: each B stimulus with
each possible serial
arrangement of boxes

100% over two consecu-
tive blocks

7 12: 6 B and 6 E
8 96: 24 symmetry and 72

equivalence probes

Table 3

Trained and tested relations in Steps 1 and 8.

12 trained relations
A1-B1
A1-C1
A1-D1
A1-E1

A2-B2
A2-C2
A2-D2
A2-E2

A3-B3
A3-C3
A3-D3
A3-E3

12 tested symmetrical relations
B1-A1
B2-A2
B3-A3

C1-A1
C2-A2
C3-A3

D1-A1
D2-A2
D3-A3

E1-A1
E2-A2
E3-A3

36 tested equivalence relations
B1-C1
B1-D1
B1-E1
C1-D1
C1-E1
D1-E1

B2-C2
B2-D2
B2-E2
C2-D2
C2-E2
D2-E2

B3-C3
B3-D3
B3-E3
C3-D3
C3-E3
D3-E3

C1-B1
D1-B1
D1-C1
E1-B1
E1-C1

C2-B2
D2-B2
D2-C2
E2-B2
E2-C2

C3-B3
D3-B3
D3-C3
E3-B3
E3-C3

there is always a correct answer. Please try to
do your best. Do you have any questions?

On both training and testing trials, com-
parison arrays always consisted of stimuli with
the same alpha designation. Each presenta-
tion of a sample and comparison array com-
prised a trial type. Training trials were pre-
sented in blocks of 12 trial types, one for each
of the 12 trained relations depicted in Table
3. Thus, all conditional discriminations were
trained simultaneously. Once participants
reached the training criterion (see Table 2),
tests for the 12 symmetrical and 36 equiva-
lence relations presented in the middle and
lower portions of Table 3 were introduced
without feedback. Because one-to-many train-
ing procedures were used, there were no tests
for transitivity that did not also involve sym-
metry. Accordingly, all tests other than those
for symmetry are called equivalence tests
(Sidman, 1986, 1990; Sidman, Wynne, Mc-
Guire, & Barnes, 1989). Test trials were pre-
sented in blocks of 96 trials consisting of two
test trials for each symmetrical and equiva-
lence relation. If participants did not meet
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the testing criterion within five blocks of test
trials (480 trials), the training phase was re-
initiated. Participants who failed to meet the
testing criterion after three repetitions of
training and testing were excused from the
study.

Step 2: Training the sequencing task with the B
stimuli. The B stimuli were used to train par-
ticipants to perform a sequencing task. The
three B stimuli were presented across the
middle of the computer screen on either a
red or a blue background. Participants were
instructed to press the 1, 2, or 3 keys on the
number pad to select the left, middle, or
right symbol, respectively. The task was to se-
lect the stimuli in the order B1, B2, and B3,
regardless of background color. For example,
if, on a given trial, the three B stimuli were
presented in the order B3, B1, B2, the key-
press sequence 2, 3, 1 would be correct. The
specific instructions were as follows:

You will see three symbols located at the left,
right, and middle of the screen. Your task is
to choose the symbols in the proper order, i.e.,
first, second, and third. Press 1 to select the
left symbol, press 2 to select the middle sym-
bol, and press 3 to select the right symbol. The
keys can be pressed in any order (e.g., 1, 2, 3
or 2, 3, 1, or 3, 1, 2, etc.). The order in which
you press the keys orders the symbols. For ex-
ample, if the symbol on the right should be
first, the symbol in the middle second, and the
symbol on the left third, then you should press
3 first, 2 second, and 1 third. If the symbol in
the middle should be first, the symbol on the
right second, and the symbol on the left third,
then you should press 2 first, 3 second, and 1
third. You will have to discover the correct or-
der by pressing the keys. In the beginning, you
will receive feedback telling you whether the
order you selected was correct or wrong. Later
in the experiment, you will not receive feed-
back. However, there is always a correct an-
swer. Do you have any questions?

Step 3: Multiple-exemplar training to establish
contextual control by background color over se-
quencing responses to the C and D stimuli. After
reaching the training criterion with the B
stimuli, participants were trained to differ-
entially select a sequence for the C stimuli
depending on the background color of the
computer screen. To begin this step, the C
stimuli were presented exactly as the B stim-
uli were presented in Step 2. As described
above, there were differential contingencies

in place for sequencing the C stimuli de-
pending on background color. B stimuli trials
were interspersed among C stimuli trials on
the average of every third trial. On B stimuli
trials, however, there were no differential
contingencies for sequencing the B stimuli in
the two background colors; the sequence B1,
B2, B3 was correct regardless of background
color. The purpose of presenting B trials in
the same colored backgrounds as the C (and
later, D) trials was to prevent the unintended
generalization of contextual control by the
background colors over the sequencing of
the B stimuli. The intent was for the back-
ground colors to control equivalence-based
function transformation, not responding to
the B stimuli.

Once participants satisfied the training cri-
terion with the C stimuli, the D stimuli were
introduced for differential sequence training.
Training with the D stimuli was identical to
that for the C stimuli, including the inter-
spersed B stimuli trials and performance cri-
terion. When this criterion was met, two
blocks of mixed B, C, and D stimuli trials
were introduced without feedback.

Step 4: Training the key-choice task with the B
stimuli. Once there was clear evidence of con-
textual control by the background colors over
sequencing of the C and D stimuli, the B
stimuli were used to train the key-choice task.
On each trial, one of the three B stimuli was
presented alone on the computer screen on
either the red or the blue background. The
task was to discover which key on the com-
puter keyboard to press in the presence of
each of the B stimuli. Possible key choices
were restricted to the top row of letters on
the keyboard. The arbitrarily designated cor-
rect choices were Q, Y, and P for B1, B2, and
B3, respectively. The actual instructions were
as follows:

For this task, your job is to choose the correct
letter, either Q, Y, or P, for each symbol that
appears at the top of the screen. You will have
to figure out which letter goes with which sym-
bol. Always restrict your letter choices to Q, Y,
or P. In the beginning, you will receive feed-
back telling you whether your choices are cor-
rect or wrong. Later in the experiment, you
will not receive feedback. Remember that
even when there is no feedback, there is al-
ways a correct choice. Do you have any ques-
tions?
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Table 4

Number of trial blocks to reach conditional discrimina-
tion training criterion and percentage correct on initial
and final equivalence tests for all participants in Experi-
ment 1.

Participant

Trial blocks to
training
criterion

% correct
initial test

% correct
final test

PJ
TR
JR
MD
RW
RC
RG

7
14
12
13
14
23

119a

100
100
100
100
100
100

100
100
100
100
100
100

a Failed to reach criterion and excused from study.

Step 5: Multiple-exemplar training to establish
contextual control by color background over key
choices to the C and D stimuli. As in Step 3, after
participants reached the training criterion in
Step 4, the C stimuli were presented in the
same manner as the B stimuli. Again, B stim-
uli trials were interspersed on the average of
every third trial. Once the training criterion
was reached with the C stimuli, D stimuli tri-
als were introduced in the same manner.
When the training criterion was met with the
D stimuli, two blocks of mixed B, C, and D
stimuli trials were introduced without feed-
back.

Step 6: Training the sorting task with the B stim-
uli. At the beginning of each trial in this task,
one of the B stimuli appeared at the top of
the computer screen and three different col-
ored boxes (purple, green, and yellow) ap-
peared along the bottom. Using the arrow
keys on the keyboard, participants were in-
structed to move the B stimuli and place
them in one of the three boxes. Participants
were trained to place B1 in the purple box,
B2 in the green box, and B3 in the yellow
box. Each trial consisted of a different com-
bination of one of the three B stimuli, one of
the two background colors, and one of three
serial arrangements of the colored boxes at
the bottom of the screen. The three serial ar-
rangements were such that none of the col-
ored boxes appeared more than once in any
serial position per color background in a trial
block. The specific instructions were as fol-
lows:

In this task, one symbol will appear at the top
of the screen with three colored boxes at the
bottom of the screen. Use the arrow keys to
place the symbol in the correct box. You will
have to discover which box each of the sym-
bols goes in. In the beginning you will receive
feedback telling you whether your choices are
correct or wrong. Later in the experiment you
will not receive feedback, but remember there
is always a correct choice. Do you have any
questions?

Step 7: Testing for contextual control by the back-
ground colors over transformation of the function
of the E stimuli. Once criterion was reached
with the B stimuli in the sorting task, the E
stimuli were presented exactly as the B stim-
uli, except that no feedback was provided. If
the color backgrounds had achieved differ-
ential contextual control over the transfor-

mation of function, then participants should
have sorted the E and B stimuli similarly in
the red background but differently in the
blue background.

Step 8: Final equivalence test in both color back-
grounds. To determine whether the back-
ground colors had acquired control over the
composition of the originally trained equiva-
lence classes, a final stimulus equivalence test
was given without feedback in both back-
ground colors. The instructions preceding
this step were as follows:

In this final part of the experiment, you will
see one symbol at the top of the computer
screen and three symbols across the bottom,
just like the very first part of the experiment.
When you see the symbol at the top of the
screen, use the 1, 2, or 3 keys on the number
pad to choose the correct symbol from the
bottom of the screen. You will not receive any
feedback about your choices. Do you have any
questions?

RESULTS AND DISCUSSION

Establishing and Testing Equivalence Classes

Because the formation of stimulus equiva-
lence classes among college students is a com-
mon finding and was not the specific focus of
the study, individual acquisition curves are
not reported. Table 4 shows the numbers of
trial blocks needed to reach the training cri-
terion and percentage of correct responses in
the initial and final equivalence tests for all
participants. In this and all subsequent tables
and figures, participants are listed in the or-
der in which they participated in the study.
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Participant RG failed to reach the training
criterion, even after 119 trial blocks, and was
excused from the experiment. All other par-
ticipants satisfied the training criterion within
23 training blocks (M 5 13.8, range, 7 to 23)
and scored at 100% accuracy on the first and
final equivalence tests. Except for RG, all par-
ticipants demonstrated the formation and
maintenance of the intended (i.e., A1-E1; A2-
E2; A3-E3) three five-member equivalence
classes in both background colors.

Task Training, Contextual Control Training, and
Contextual Control Testing

Table 5 shows the numbers of training-trial
blocks necessary to reach criterion during the
task training and contextual control training
components of the experiment and the per-
centage of correct responses on the various
tests. After 36 blocks of training trials, TR
failed to reach criterion during contextual
control training over sequencing with the B
and D stimuli and dropped out of the study.
Participant RW failed to meet criterion on
the first set of mixed B, C, and D no-feedback
trials (BCD nfdbk) and, after six blocks of re-
training, dropped out of the study.

The remaining 4 participants met criterion
in all of the training components of the ex-
periment. Except for PJ, who met the training
criterion for sequencing the B stimuli after
only six trial blocks, there was remarkable
consistency among the remaining partici-
pants in the number of trial blocks required
to reach the training criteria when the B stim-
uli were used to train the sequencing and key-
choice tasks (12 for each participant). The
number of blocks required before the partic-
ipants reliably sequenced the C and D stimuli
correctly in the two background colors varied
between four and eight. Three of the partic-
ipants, PJ, MD, and RC, scored 100% on the
first set of mixed BCD nfdbk sequencing tri-
als. JR scored 97% on the first set of BCD
nfdbk trials and, after two trial blocks of re-
training, scored 100% on the second set. In-
terestingly, however, even after the back-
ground colors came to exert reliable
differential control over sequencing the B, C,
and D stimuli, all participants initially re-
sponded to the C and D stimuli in the key-
choice tasks as they had to the respective B
stimuli, regardless of background color. Par-
ticipants PJ and MD required four blocks and

JR and RC required six blocks of training tri-
als before their key-choice responses to the C
stimuli came under control of the back-
ground colors. Moreover, PJ, MD, and RC re-
quired four blocks and JR required six blocks
of training trials before their key-choice re-
sponses to the D stimuli came under control
of the background colors. In other words, de-
spite the contextual control training with the
C and D stimuli on the sequencing task, and
the fact that all 4 participants met criterion
on the BCD nfdbk trials, none of the partic-
ipants showed evidence of contextual control
by the background colors over function trans-
formation on the key-choice task. Instead,
they continued to show evidence of function
transformation in both background colors
until they were directly trained to do other-
wise.

After being directly trained to respond dif-
ferentially to the C and D stimuli in the two
background colors, 3 participants demon-
strated background-color control over their
key choices on the first set of BCD nfdbk key-
choice trials. Participant JR failed to meet cri-
terion on the first set of BCD nfdbk trials, but
after four blocks of retraining, he met crite-
rion on the second set of BCD nfdbk trials.
Despite this, none of the participants showed
any evidence of contextual control by the
background colors over function transfor-
mation on the sorting task in Step 7. All 4
participants responded to the E stimuli in
both background colors as they had to the
respective B stimuli. Thus, each participant
obtained a correct response rate of 75%.

The present data demonstrate that equiva-
lence-based transformation of function is ro-
bust. Until directly trained to do otherwise,
all of the participants responded to the C, D,
and E stimuli exactly as they had to the re-
spective B stimuli. In other words, given the
opportunity, all of the participants showed ev-
idence of function transformation, and con-
siderable training was required to get them
to respond differently.

It is not clear why the sorting responses to
the E stimuli failed to come under contextual
control of the background colors. One pos-
sibility is simply that there was insufficient dif-
ferential training with the C and D stimuli in
the two background colors to produce gen-
eralized contextual control. Participants were
directly trained to respond similarly to the B
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Table 5

Number of trial blocks to reach criterion on each trial type during task and contextual control
training and percentage of correct responses on no-feedback trials for all participants in Ex-
periment 1.

Participant

Task

Sequencing

B BC BD BCD/nfdbk Retraining BCD/nfdbk

PJ
TR
JR
MD
RW
RC

6
12
12
12
12
12

4
28
4
4

18
6

4
36a

8
4

12
4

100

97
100
84

100

2

6a

100

a Failed to reach criterion at this point and dropped out of study.

stimuli in the two background colors, and
that training likely competed with the differ-
ential training they received with the C and
D stimuli. In addition, the differential train-
ing with the C and D stimuli was presented
on only two tasks, and, subsequent to that
training, there were no tests to determine
whether the background colors would con-
trol responding to the C and D stimuli on
novel forms of the tasks. Moreover, the tasks
used in the experiment were topographically
distinct, and these formal differences may
have precluded the generalization of control
by the background colors from one task to
another. To examine whether more extended
multiple-exemplar training would produce
generalized contextual control by the back-
ground colors over responding on a novel
task we conducted a second experiment.

EXPERIMENT 2

METHOD

Participants, Setting, Apparatus, and
Stimuli

One male (DC) and 3 female (KD, KL, and
MS) introductory psychology students served
as participants. They were recruited, compen-
sated, and debriefed exactly as in Experiment
1. Experimental sessions lasted between 1.5
and 4 hr, and all participants completed the
study within a single session. The experimen-
tal setting, apparatus, and stimuli were the
same as those in Experiment 1, except that
only the first 9 of the 15 stimuli depicted in
Figure 1 were used.

Procedure
The general strategy for Experiment 2 is

outlined in Table 6. Unless otherwise noted,
the presentation of instructions and feed-
back, the quasirandomization of trials within
blocks, and definition of ‘‘correct’’ and
‘‘wrong’’ responses were the same as Experi-
ment 1.

Step 1: Establishing and testing equivalence clas-
ses. Using procedures similar to those in Step
1 of Experiment 1, three three-member (A
through C) stimulus equivalence classes were
trained. The six conditional relations depict-
ed in the top two rows of Table 3 comprised
the training trials. As in Experiment 1, blocks
of training trials consisted of all six condition-
al relations. Training continued until partici-
pants reached a criterion of 96% correct re-
sponses over eight consecutive trial blocks.
Test trials were presented without feedback in
blocks of 24 trials. Two test trials for each of
the six possible symmetrical relations and six
possible equivalence relations were presented
in each block. Participants met the criterion
of 96% correct over a single block of trials
before moving on to Step 2.

Step 2: Training the key-choice tasks with the B
stimuli. Instead of using different tasks to
train functions for the B stimuli, as was done
in Experiment 1, only key-choice tasks were
used in Experiment 2. The procedures and
instructions were identical to those in Exper-
iment 1, except that the row on the keyboard
from which participants could select keys and
the specific keys that were designated as cor-
rect changed with repeated presentations of
the task. Also, participants were not told to
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Table 5

(Extended)

Task

Key choice

B BC BD BCD/nfdbk Retraining BCD/nfdbk

Color sort

B BE/nfdbk

12

12
12

12

4

6
4

6

4

6
4

4

100

86
100

100

4 100

3

3
3

4

75

75
75

75

Table 6

Overview of procedure of Experiment 2.

Step Procedure

1 Established three three-member (A–C) equivalence classes.
2 Train new key-choice task with B stimuli.
3 Test whether background colors have acquired contextual control over responding to C

stimuli on key-choice task. If no, go to Step 4. If yes, terminate experiment.
4 Differentially train responding to the C stimuli on key-choice task in two background colors.
5 Repeat Steps 2 through 4 until participant passes test in Step 3.

limit their selections to specific keys within a
row. On the first key-choice task, participants
were instructed to select keys from the top
row of letters on the keyboard. The letters
that were arbitrarily designated as correct in
the presence of B1, B2, and B3, respectively,
varied randomly across participants. Thus, T,
E, and I, respectively, were correct for 1 par-
ticipant, whereas W, P, and Y were correct for
another. The specific instructions were as fol-
lows:

For this task, your job is to choose the correct
key on the keyboard for each symbol that ap-
pears at the top of the screen. You will have
to figure out which key goes with which sym-
bol. To start, we want you to use just the top
row of letters on the keyboard. Later, you will
use the other rows, but we will always tell you
which row to use. In the beginning, you will
receive feedback telling you whether your
choices are correct or wrong. Later in the ex-
periment you will not receive feedback, but
there is always a correct choice. Do you have
any questions?

Training trials were presented in blocks of
six, two trials with each of the B stimuli.
Training continued until participants

reached a performance criterion of 96% over
four consecutive trial blocks.

Step 3: Testing for contextual control by the back-
ground colors over responding to the B and C stim-
uli. Once participants met the training crite-
rion with the B stimuli, mixed BC trials were
introduced without feedback. These trials
were presented in blocks of 30, consisting of
the six previously trained B trials and 24 C
trials. The purpose of these trials was to de-
termine whether the background colors had
acquired differential contextual control over
responding to the B and C stimuli. Of course,
participants who had not yet gone through
Step 4 were not expected to respond differ-
entially to the C stimuli in the two back-
ground colors. Implementing this step at this
point was done simply to be consistent with
subsequent training and testing procedures.
Participants then moved on to Step 4, which
was intended to bring responding to the C
stimuli under differential control of the back-
ground colors.

Step 4: Multiple-exemplar training to establish
control by the background colors over responding to
the B and C stimuli. This differential training
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Table 7

Number of trial blocks to reach conditional discrimina-
tion training criterion, percentage of correct responses
on equivalence test trials, and number of key-choice tasks
presented before reaching criterion on BC no-feedback
trials for all participants.

Participant

Trial blocks to
training
criterion

% correct
equivalence

test trials

Key-choice
tasks to reach
criterion on

BC
no-feedback

trials

KD
KL
MS
DC

13
10

104
15

100
100
100
100

5
5
8

13

was similar to that described in Step 5 of Ex-
periment 1. Blocks of 30 mixed B and C trials
were presented exactly as in Step 3 except
that participants received feedback for their
responses. This training continued until par-
ticipants reached a performance criterion of
97% correct over a complete block of 30 tri-
als. Once participants met this training cri-
terion, they moved on to the next key-choice
task.

Step 5: Repeating Steps 2 through 4 with new
key choices. For the second key-choice task,
participants were told to restrict their choices
to the second row of letters on the keyboard.
Again, the arbitrarily designated correct keys
in the presence of B1, B2, and B3 varied ran-
domly across participants. Trials were pre-
sented as in Step 2, and participants were re-
quired to meet the same performance
criterion before the mixed BC trials were pre-
sented without feedback. The mixed BC trials
were presented exactly as described in Step
3, except for the keys that were arbitrarily des-
ignated as correct. If participants met the cri-
terion of 97% correct over a complete block
of 30 trials, the experiment was terminated.
If not, the previously described multiple-ex-
emplar procedures were repeated, except
that the specific key choices considered cor-
rect and wrong were tied to the keys used to
train responding to the B stimuli in the im-
mediately preceding training session. Differ-
ential training continued until participants
met the 97% correct performance criterion
over a complete block of trials. They then
moved on to a new key-choice task with the
B stimuli. This sequence of training, testing,
and training was repeated until participants
met the testing criterion on the mixed BC
nfdbk trials, which would demonstrate gen-
eralized contextual control over responding
to the C stimuli on a new key-choice task.
Through each iteration of this sequence, the
row on the keyboard from which keys could
be selected varied unsystematically from the
top row to the bottom. Participants were al-
ways told which row of keys to use before any
set of trials began.

RESULTS AND DISCUSSION

Establishing and Testing Equivalence Classes

The second and third columns of Table 7
show the numbers of trial blocks required for

each participant to reach the conditional dis-
crimination training criterion and percentage
of correct responses on the first block of
equivalence test trials, respectively. As these
data suggest, MS required substantially more
training to reach criterion (104 blocks) than
the other participants, who varied between 10
and 15 trial blocks. Despite this variation in
the number of trials needed to meet the
training criterion, all participants responded
correctly on each of the 24 test trials and,
thus, demonstrated the formation of three
three-member equivalence classes.

Key-Choice Training, Testing,
and Differential Control Training

The last column of Table 7 shows the num-
bers of key-choice tasks presented to each
participant before they reached criterion on
the BC nfdbk trials. The numbers ranged
from a low of 5 (KD and KL) to a high of 13
(DC). Given these data, it is not surprising
that contextual control over the transforma-
tion of function failed to emerge in Experi-
ment 1, in which only two differential train-
ing tasks were presented before participants
were tested for contextual control over func-
tion transformation.

Although the results of Experiment 2 were
encouraging and demonstrated the emer-
gence of control by the background colors
over responding to the C stimuli, they did not
unambiguously demonstrate the emergence
of contextual control over equivalence-based
transformation of functions. As stated previ-
ously, because the B and C stimuli had been
used both to train and test differential con-
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trol by the background colors, it cannot be
determined whether the background colors
functioned as contextual stimuli or whether
they combined with the B and C stimuli to
function as compound conditional stimuli.
For the same reason, it cannot be determined
whether the functions of the C stimuli were
acquired via equivalence or through direct
training. Because the B and C stimuli were
used in the differential training procedures,
participants could have learned simply to re-
spond to the B and C stimuli similarly in the
red background and differently in the blue
background. Of course, the fact that all of the
participants initially responded to the C stim-
uli exactly as they had to the B stimuli and
that a considerable amount of training was
required to get the participants to respond
differentially to the C stimuli in the two back-
ground colors certainly suggests that the
functions of the C stimuli were acquired via
equivalence. Nevertheless, an unambiguous
demonstration of contextual control over
equivalence-based transformation of function
requires differential control by the back-
ground colors over responding to equivalent
stimuli that have not been used in the differ-
ential training. That was the purpose of Ex-
periment 3.

EXPERIMENT 3

METHOD

Participants, Setting, Apparatus, and
Stimuli

One female (SR) and 4 male (RR, TH, WR,
and DW) introductory psychology students
served as participants. They were recruited,
compensated, and debriefed as in Experi-
ment 1. The numbers of sessions required to
complete the experiment were one for RR
and DW, two for TH and WR, and three for
SR. Session 1 lasted 4 hr for all participants.
Session 2 lasted 1.5 hr for WR and 2 hr for
SR and TH. Session 3 lasted 1 hr for SR. One
session was scheduled per day, and subse-
quent sessions were scheduled as close to-
gether as the participants’ schedules allowed.
All participants completed the experiment
within 5 days. The setting, apparatus, and stim-
uli were identical to those in Experiment 1.

Procedure

The specific steps of the experiment are
listed in Table 8 and described in detail be-
low. Because of the complexity of this exper-
iment and the need to refer to its numerous
steps when describing the results, the steps
are identified by descriptive shorthand. The
present experiment was similar to Experi-
ment 1 in that five-member equivalence clas-
ses were used, and demonstration of the
transformation of function depended on par-
ticipants responding differentially to the E
stimuli in the two background colors, but it
was similar to Experiment 2 in its overall strat-
egy. That is, participants were repeatedly giv-
en multiple-exemplar training with new key-
choice tasks with the B and C stimuli until
there was evidence that the color back-
grounds had acquired differential control
over responses to the C stimuli on a new key-
choice task. The present experiment differed
from both Experiments 1 and 2, however, in
that participants were required to demon-
strate differential control by the background
colors over responding on a new key-choice
task with the C stimuli before the D stimuli
were introduced, and they then had to dem-
onstrate background-color control over re-
sponding to the D stimuli on a new key-
choice task before the E stimuli were
introduced. If, without direct training, partic-
ipants responded differentially to the D and
E stimuli in the two background colors, then
it could be argued convincingly that the back-
ground colors had acquired contextual con-
trol over equivalence-based transformation of
function.

Establishing and testing stimulus equivalence
classes. Three five-member equivalence classes
were established and tested exactly as in Ex-
periment 1 with two exceptions. First, all stim-
uli were black instead of white. Second, in an
attempt to reduce differences in context be-
tween the stimulus equivalence and key-
choice phases, all training and testing, includ-
ing stimulus equivalence, occurred in both
the red and blue background colors. Training
trials were presented in blocks of 24, consist-
ing of two presentations of each of the 12
trained relations in Table 2. A training crite-
rion of 100% over three consecutive trial
blocks was required before test trials were in-
troduced. Test trials were presented as in Ex-



76 MICHAEL DOUGHER et al.

Table 8

Overview of procedure of Experiment 3.

Step Procedure

Establish and test
equivalence classes

Establish and test three five-member (A–E) equivalence classes in red (rd) and
blue (bl) backgrounds.

KC1/B/rd
KC1/B/bl
KC1/B

Train first key-choice task (KC1) with B stimuli (B) sequentially in red (rd),
blue (bl), and
mixed backgrounds.

KC1/B/nfdbk First key-choice task with B stimuli in mixed backgrounds, no feedback (nfdbk).
KC1/C/rd
KC1/C/bl
KC1/C

Differentially train first key-choice task with C stimuli (C) sequentially in red,
blue, and
mixed backgrounds.

KC1/BC Mixed BC training on first key-choice task in mixed (alternating) backgrounds.
KC1/BC/nfdbk Mixed BC no-feedback trials on first key-choice task in mixed backgrounds.
KC2/B Train second key-choice task with B stimuli in mixed backgrounds.
KC2/C Differentially train second key-choice task with C stimuli in mixed backgrounds.
KC2/BC Mixed BC training on second key-choice task in mixed backgrounds.
KC2/BC/nfdbk Mixed BC no-feedback trials on second key-choice task in mixed backgrounds.
KC3(N)/B Train third (or new) key-choice task with B stimuli in mixed backgrounds.
KC3(N)/C probes Two probe trials with C stimuli, no feedback. If pass, skip next step. If fail, go to

next step.
KC3(N)/BC Mixed BC training on third (or new) key-choice task in mixed backgrounds.
KC3(N)BC/nfdbk Mixed BC no-feedback trials on third (or new) key-choice task in mixed back-

grounds. If pass step and previous probes, go to next step. If pass step but fail
probes, repeat from KC3(N)/B with new key-choice task.

KC4(N)/B Train fourth (or new) key-choice with B stimuli in mixed backgrounds.
KC4(N)/BD/nfdbk Mixed BD no-feedback trials with key-choice task from previous step in mixed

backgrounds. If pass on first try, skip next step. If fail, go to next step. If pass
after first try, repeat from KC3(N) with new key choice, but skip C probes and
KC3(N)/BC.

KC4(N)/BD Mixed BD training with key-choice task from previous step in mixed background.
Go back to previous step.

KC5(N)/B Train new key-choice task with B stimuli in mixed backgrounds.
KC5(N)/BE/nfdbk Mixed BE no-feedback trials in mixed backgrounds.
Fin equiv tst Final equivalence test in mixed backgrounds.

periment 1. Participants were required to
meet a 96% correct performance criterion
over an entire block of test trials before mov-
ing to the next step. Participants who failed
to meet the 96% correct criterion repeated
the equivalence training and testing proce-
dures. The testing procedures were repeated
in the final equivalence test at the end of the
experiment.

Multiple-exemplar training with the key-choice
tasks and testing for contextual control by color
backgrounds. The key-choice tasks, including
instructions and feedback for correct and in-
correct responses, were presented exactly as
in Experiment 2 with two exceptions. First, in
an attempt to facilitate contextual control by
the background colors, we altered the way we
trained the first key-choice task with both the
B and C stimuli. In particular, rather than
present training trials in quasirandomly alter-
nating background colors, the background

colors were introduced sequentially. That is,
the key-choice tasks were trained first in the
red background, then in the blue back-
ground, and then in quasirandomly alternat-
ing (mixed) backgrounds. This change per-
tained only to the first key-choice task;
subsequent key-choice tasks were trained in
mixed backgrounds.

Second, once participants met criterion in
all of the steps that involved training the var-
ious key-choice tasks, a final block of training
trials was presented in which feedback was
gradually faded. This was an attempt to re-
duce discriminability between the training
and testing phases. Feedback was faded over
the trial block by successively removing the
last letter from the written feedback present-
ed on preceding trials (e.g., correct, correc,
corre, corr, etc.). Performance on this final
block of trials is not presented in the results.

After meeting criterion on the stimulus
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equivalence test, participants were trained on
the first key-choice task (KC1) with the B
stimuli (B) in the red background (rd). Trials
were presented in blocks of 24, consisting of
eight presentations of each of the B stimuli
in the red background only. In this and all
subsequent steps, participants were required
to meet a performance criterion of 96% cor-
rect over a complete block of trials in order
to move on to the next step. Once partici-
pants met the performance criterion, the
screen background changed to blue (bl), and
similarly comprised blocks of training trials
were presented until participants met criteri-
on. Following this, blocks of 24 mixed-back-
ground (KC1/B; note that there is no back-
ground designation for trial blocks in
mixed-background colors) training trials
were presented. Once participants met crite-
rion, they moved on to KC1/B/nfdbk in
which up to two blocks of similarly comprised
trials were presented without feedback. Par-
ticipants were required to meet criterion on
either of these blocks before moving on to
the next step.

In the next step, the C stimuli were pre-
sented in the first key-choice task. As with the
B stimuli in the previous step, blocks of train-
ing trials were introduced first in the red
background (KC1/C/rd), then in the blue
background (KC1/C/bl), then in mixed
backgrounds (KC1/C). Trial blocks were
comprised and presented exactly as described
for the B stimuli, except that differential feed-
back, as described in Experiment 1, was given
for responses to the C stimuli depending
upon background color.

Once participants met criterion with the C
stimuli in mixed-background training (note
that there were no blocks of C trials without
feedback), they moved on to KC1/BC, which
consisted of the presentation of blocks of 24
mixed BC training trials in mixed back-
grounds. This step was identical to the BC
training in Experiment 2, except that there
were equal numbers (12) of B and C stimuli
trials in each block. This was also true of all
subsequent steps involving BC and BD train-
ing trials. After meeting criterion, partici-
pants moved on to KC1/BC/nfdbk, which en-
tailed the presentation of up to two blocks of
trials comprised exactly as in the previous
step but with no feedback. Participants were

required to meet criterion on either block of
trials to move on to the next step.

In KC2/B, participants were trained on the
second key-choice task with the B stimuli. In
this and all subsequent steps in which key-
choice tasks were trained, the procedures
were identical to those in Step 2 of Experi-
ment 2, except that participants were re-
quired to meet criterion on only one block
of trials before moving on.

In KC2/C, the C stimuli were introduced
in the second key-choice task. Blocks of trials
were comprised exactly as with the B stimuli
in KC2/B, but, again, differential feedback
was provided depending upon color back-
ground. Once participants met criterion, they
moved on to KC2/BC, which entailed mixed
BC training on the second key-choice task.
Meeting criterion moved the participants to
KC2/BC/nfdbk, which consisted of up to two
blocks of trials comprised similarly to those
in the previous step, but without feedback.
When participants met criterion on either of
these two blocks of trials, they moved to the
next step.

In KC3(N)/B, the third key-choice task was
trained with the B stimuli exactly as in KC2/
B. After participants met criterion, they
moved to KC3(N)/C probes. The purpose of
these probe trials was to test for evidence of
differential control by the background colors
over responses to the C stimuli. On the probe
trials, one of the three C stimuli was random-
ly selected and presented once on both back-
ground colors. Participants passed the probe
trials if they selected the same key for the C
stimulus in the red background as they did
for the respective B stimulus in KC3(N)/B,
but selected a different key for the C stimulus
in the blue background. If participants
passed the probe trials, they skipped
KC3(N)/BC and moved to KC3(N)/BC/
nfdbk. If participants failed the probe trials,
they moved to KC3(N)/BC. KC3(N)/BC and
the subsequent step, KC3(N)/BC/nfdbk,
were identical to KC2/BC and KC2/BC/
nfdbk, except for the row on the keyboard
on which participants could respond. If par-
ticipants responded correctly on both trials in
KC3(N)/C probes and met criterion in
KC3(N)/BC/nfdbk, they moved on to
KC4(N)/B. If not, they repeated KC3(N)/B
through KC3(N)/BC/nfdbk with new (N)
key-choice tasks until they did so.
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Table 9

Number of trial blocks to reach conditional discrimina-
tion training criterion and percentage correct on initial
equivalence tests for all participants in Experiment 3.

Participant
Trial blocks
to criterion

% correct
Test 1

% correct
Test 2

% correct
Test 3

SR
RR
TH
WR
DW

12
9
6

15
9

2a 86
91
96
98
99

100
100

100a

a See text.

In KC4(N)/B, participants were again
trained on a new key-choice task with the B
stimuli. Once they met criterion, they moved
to KC4(N)/BD/nfdbk, which entailed the
presentation of up to two blocks of mixed BD
trials without feedback. These BD trials were
comprised exactly as the previous BC nfdbk
trials described above. If participants met cri-
terion on either trial block, they skipped
KC4(N)/BD and moved to KC5(N)/B. If par-
ticipants failed to meet criterion in KC4(N)/
BD/nfdbk, they moved to KC4(N)/BD, in
which they received blocks of mixed BD train-
ing trials on the fourth or new key-choice
task. After meeting criterion in KC4(N)/BD,
participants returned to KC4(N)/BD/nfdbk
for another block of BD nfdbk trials. After
meeting criterion on these no-feedback trials,
participants returned to KC3(N)/B with a
new (N) key-choice task and repeated the
procedure just described, with the exception
of KC3(N)/C probes and KC3(N)/BC, until
they met criterion on the first presentation of
a block of BD nfdbk trials [KC4(N)/BD/
nfdbk] on the key-choice task trained for the
B stimuli in the immediately preceding step
[KC4(N)/B].

Once participants met criterion on either
block of the KC4(N)/BD/nfdbk trials, they
moved to KC5(N)/B, in which they were
trained on another new key-choice task with
the B stimuli. Following this, participants
moved to KC5(N)/BE/nfdbk, in which they
received a block of 24 mixed BE trials without
feedback. These BE trials were comprised
and presented exactly as previous BC and BD
nfdbk trials. Regardless of how they per-
formed on the BE trials, participants moved
to the final equivalence test in which, except
for SR (see below), they received a final block
of 96 equivalence test trials.

RESULTS AND DISCUSSION

Establishing and Testing Equivalence Classes

Table 9 shows the number of trial blocks to
reach the conditional discrimination training
criterion and the percentage of correct re-
sponses on the first and, if necessary, second
and third equivalence tests. (Data for the fi-
nal equivalence test are presented in Tables
11 and 12, along with the data for the tests
for contextual control.) All 5 participants met
the training and testing criteria. The number

of training-trial blocks required to meet cri-
terion ranged from a low of 6 for TH to a
high of 15 for WR. Participants SR and RR
failed to meet the 96% testing criterion on
the first block of test trials, but after retrain-
ing, they performed at 100% accuracy on the
second test. As described below, SR received
a second round of stimulus equivalence train-
ing and testing trials. On the second round,
she required two trial blocks to reach the
training criterion and performed at 100% ac-
curacy on the first block of test trials.

Key-Choice Training and Tests for
Contextual Control of Function
Transformation

Table 10 presents each participant’s per-
centage of correct responses on each trial
block up to the first set of C stimuli probes
(KC3/C probes). These steps involved basic
training on the key-choice tasks, and the data
are not considered critical to the central
question of the experiment. The data in Ta-
ble 10 show that (a) all participants learned
the various key-choice tasks with both the B
and C stimuli, (b) participants tended to re-
spond to the C stimuli in both background
colors as they had to the respective B stimuli
until directly trained to do otherwise, and (c)
the training procedures produced differen-
tial control by the background colors over all
participants’ responses to the C stimuli. The
number of trial blocks necessary to train key-
choice responding with the B stimuli ranged
from two to four, and the number of training
blocks necessary to train differential respond-
ing to the C stimuli (in blue or mixed back-
grounds) ranged from two to four.

Table 11 presents percentage of correct re-
sponses from the first set of C stimuli probes
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Table 10

Percentage of correct responses for all participants on each block of trials up to the first set
of C stimuli probes.

Step

Participant

SR
block

1 2 3 4

RR
block

1 2 3

TH
block

1 2 3

WR
block

1 2 3 4

DW
block

1 2 3

KC1/B/rd
KC1/B/bl
KC1/B
KC1/C/rd
KC1/C/bl

38
100
96
96
83

67

100

100 54
100
100
100
50

96

79 100

42
100
100
100
88

100

100

46
100
100
100
88

96

100

33
100
100
100
92

96

100
KC1/C
KC1/BC
KC1/BC/nfdbk
KC2/B
KC2/C

79
75

100
33
88

100
67

71
100

75

100

96
100
79

100
38
79

92

88
100

100

100

92
100
100
21
88

100

79
96

100

59
100
100
38
96

100

100

96
100
100
54
88

96
100

KC2/BC
KC2/BC/nfdbk
KC3/B

100
100
46 63 79 100

100
100
50 92 100

100
100
54 100

100
100
13 71 88 100

100
100
50 88 100

Table 11

Percentage of correct responses for Participants SR, RR, and TH on each block of trials from
the first set of C stimuli probes through the final equivalence test. Critical steps are in boldface.

SR

Step

Block

1 2 3

RR

Step

Block

1 2 3

TH

Step

Block

1 2 3

KC3/C probes
KC3/BC
KC3/BC/nfdbk
KC4/B
KC4/C probes

0
79

100
17
50

96

100

KC3/C probes
KC3/BC/nfdbk
KC4/B
KC4/BD/nfdbk
KC4/BD

100
100
33
54
71

79
54
71

100

100

KC3/C probes
KC3/BC
KC3/BC/nfdbk
KC4/B
KC4/C probes

50
100
100
42
50

100

KC4/BC
KC4/BC/nfdbk
KC5/B
KC5/C probes
KC5/BC/nfdbk
KC6/B

97
100
25

100
100
25

67

88

100

100

KC4/BD/nfdbk 2
KC5/B
KC5/BC/nfdbk
KC6/B
KC6/BD/nfdbk
KC7/B

100
75

100
21

100
13

100

67

100

100

KC4/BC
KC4/BC/nfdbk
KC5/B
KC5/C probes
KC5/BC
KC5/BC/nfdbk

92
100

4
50
79

100

100

88

100

100

KC6/BD/nfdbk
KC7/B
KC7/BE/nfdbk
Fin equiv tst
KC8/B

100
42
79
86
67

92

100

100
KC7/BE/nfdbk
Fin equiv tst

100
100

KC6/B
KC6/C probes
KC6/BC/nfdbk
KC7/B
KC7/BD/nfdbk

42
100
100
13
96

100

92 100

KC8/BC/nfdbk
KC9/B
KC9/BD/nfdbk
KC10/B
KC10/BE/nfdbk
Fin equiv tst

100
67

100
50

100
100

100

92 100

KC8/B
KC8/BE/nfdbk
Fin equiv tst

29
96
96

88 100

(KC3/C probes) through the final equiva-
lence test for SR, RR, and TH. The data for
WR and DW are presented in Table 12. Those
steps critical to the demonstration of emer-
gent control by the background colors over

responding are presented in boldface. Due to
the volume of data and variability in the num-
ber of training and testing conditions across
participants, each participant’s data are de-
scribed separately.
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Table 12

Percentage of correct responses for Participants WR and DW on each block of trials from the
first set of C stimuli probes through the final equivalence tests. Critical steps are in boldface.

WR

Step

Block

1 2 3 4 5

DW

Step

Block

1 2 3 4

KC3/C probes
KC3/BC
KC3/BC/nfdbk
KC4/B
KC4/C probes
KC4/BC/nfdbk
KC5/B
KC5/BD/nfdbk
KC5/BD
KC5/BD/nfdbk 2
KC6/B

50
100
100
54

100
96
0

83
88

100
75

96

8
83
96

100

29 71 100

KC3/C probes
KC3/BC/nfdbk
KC4/B
KC4/BD/nfdbk
KC4/BD
KC4/BD/nfdbk 2
KC5/B
KC5/BC/nfdbk
KC6/B
KC6/BD/nfdbk
KC7/B

100
100
46
75
83

100
54
88
25

100
42

100
75

100

100
100
79

96

88 100

KC6/BC/nfdbk
KC7/B
KC7/BD/nfdbk
KC8/B
KC8/BE/nfdbk
Fin equiv tst

100
46

100
33

100
96

100

92 100

KC7/BE/nfdbk
Fin equiv tst

75
100

75

Participant SR. This participant performed
at 0% accuracy on KC3/C probes, the first set
of C stimuli probes. Her responses on the
probe trials were opposite to what was trained
in the previous steps (i.e., she showed evi-
dence of function transformation in the blue
background but not in the red background).
She quickly met criterion in KC3/BC and
KC3/BC/nfdbk, required just two blocks of
trials to meet criterion in KC4/B, but failed
the second set of C stimuli probes (KC4/C
probes). This time she responded in line with
function transformation in both back-
grounds. She again quickly met criterion in
KC4/BC and KC4/BC/nfdbk and took three
blocks to meet criterion in KC5/B. She then
passed the third set of C stimuli probes
(KC5/C probes) and the first block of KC5/
BC/nfdbk. This was the first evidence of con-
trol by the background colors over SR’s re-
sponses to the C stimuli on a new key-choice
task.

Participant SR took three blocks to pass
KC6/B and then met criterion on the first
block of KC6/BD/nfdbk. This was the first
evidence of control by the background colors
over the transformation of function. She then
took three blocks to pass KC7/B but failed
the subsequent BE nfdbk trials (KC7/BE/

nfdbk). She also failed the final equivalence
test.

An inspection of the final equivalence-test
data indicated that SR had swapped the class
membership of two of the E stimuli. Because
this may have accounted for her failing the
BE nfdbk trials, we decided to repeat equiv-
alence training and testing and then present
SR with another sequence of key-choice train-
ing and contextual control testing proce-
dures.

After quickly meeting the equivalence
training and testing criterion, SR took two
blocks to meet criterion in KC8/B and met
criterion on the first block in KC8/BC/
nfdbk. She passed KC9/B in two blocks and
met criterion on the first block in KC9/BD/
nfdbk. She took three blocks to pass KC10/
B and then passed KC10/BE/nfdbk on the
first block of trials. She also scored 100% on
the final equivalence test. As these data indi-
cate, SR demonstrated contextual control
over the transformation of function, but only
after several repetitions of the key-choice and
contextual control training and testing phas-
es.

Participant RR. This participant passed
KC3/C probes and met criterion in KC3/
BC/nfdbk on the first block of trials. He took
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three blocks to meet criterion in KC4/B but
failed to meet criterion on either block of tri-
als in KC4/BD/nfdbk. He took three blocks
to pass KC4/BD and passed the second set of
BD nfdbk trials with the fourth key-choice
task (KC4/BD/nfdbk 2) on the first trial
block. He took two blocks to meet criterion
in KC5/B, met criterion on the first block in
KC5/BC/nfdbk, took three blocks to pass
KC6/B, and then passed KC6/BD/nfdbk on
the first block. Because he had been directly
trained to respond differentially to the D
stimuli, meeting criterion in KC6/BD/nfdbk
could not be considered evidence for contex-
tual control over function transformation. He
met criterion in KC7/B in two blocks and
performed at 100% accuracy in KC7/BE/
nfdbk. He also performed at 100% accuracy
on the final equivalence test. Based on RR’s
performance in KC7/BE/nfdbk, the back-
ground colors appeared to have acquired
contextual control over the transformation of
function.

Participant TH. This participant showed ev-
idence of function transformation with the C
stimuli in both background colors and, thus,
failed the KC3/C probes. He quickly met cri-
terion in KC3/BC and KC3/BC/nfdbk,
passed KC4/B in two trial blocks, and then
failed the second set of C stimuli probes
(KC4/C probes). He met criterion in KC4/
BC and KC4/BC/nfdbk, took three trials to
pass KC5/B, but failed the KC5/C probes. Af-
ter meeting criteria in KC5/BC, KC5/BC/
nfdbk, and KC6/B, he passed the fourth set
of C stimuli probes (KC6/C probes) and
scored perfectly in the subsequent KC6/BC/
nfdbk. He took three blocks to meet criterion
in KC7/B and then passed KC7/BD/nfdbk
on the first trial block. He met criterion in
KC8/B in three blocks, passed KC8/BE/
nfdbk, and passed the final equivalence test.
His performance in KC7/BD/nfdbk and
KC8/BE/nfdbk was indicative of contextual
control over the transformation of function
with both the D and E stimuli.

Participant WR. This participant responded
consistent with function transformation on
both probe trials and failed KC3/C probes.
After meeting criterion in KC3/BC, KC3/
BC/nfdbk, and KC4/B, he passed the KC4/
C probes and met criterion in KC4/BC/
nfdbk. He took five blocks to pass KC5/B and
then, because he responded in line with func-

tion transformation in both background col-
ors, he failed KC5/BD/nfdbk. WR met cri-
terion in KC5/BD and KC5/BD/nfdbk 2,
took two blocks to pass KC6/B, met criterion
in KC6/BC/nfdbk, passed KC7/B in two
blocks, and then passed KC7/BD/nfdbk. He
took three blocks to pass KC8/B and then
evidenced contextual control of function
transformation by passing KC8/BE/nfdbk.
He also met criterion on the final equiva-
lence test.

Participant DW. This participant passed the
KC3/C probes and met criterion on the first
block of KC3/BC/nfdbk. He took two trial
blocks to pass KC4/B and then failed to meet
criterion in KC4/BD/nfdbk. As with the oth-
er participants who failed this step, DW
showed evidence of function transformation
in both background colors. He met criterion
in KC4/BD and KC4/BD/nfdbk 2, took two
blocks to meet criterion in KC5/B, met cri-
terion in KC5/BC/nfdbk, passed KC6/B in
four blocks, and met criterion on the first
block in KC6/BD/nfdbk. He passed KC7/B
in two trial blocks but then failed KC7/BE/
nfdbk. Again, he responded to the E stimuli
as he had to the respective B stimuli in both
background colors. Unlike SR, DW scored
perfectly on the final equivalence test, so his
performance in KC7/BE/nfdbk could not be
attributed to a failure of the stimulus equiv-
alence classes to be maintained. He was the
only participant who did not demonstrate
contextual control over function transforma-
tion.

Four of the 5 participants in this experi-
ment demonstrated contextual control over
equivalence-based transformation of func-
tion. Two (SR and TH) demonstrated contex-
tual control on both the BD/nfdbk and BE/
nfdbk trials, whereas RR and WR showed ev-
idence of contextual control only on the BE/
nfdbk trials.

The failure of the background colors to ex-
ert differential control over RR’s and WR’s re-
sponses to the D stimuli and DW’s responses
to both the D and E stimuli suggests that, for
these participants, the training procedures up
to that point were insufficient to establish a
contextual function for the background col-
ors. Although the color backgrounds did exert
differential control on the C stimuli probes
and BC nfdbk trials, because the C stimuli
had been used in the differential training,
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the background colors may simply have
joined with the B and C stimuli to exert com-
pound discriminative control over these par-
ticipants’ responses. In the absence of direct
training, the D stimuli and the background
colors could not have acquired compound
discriminative control over these participants’
responses, and they failed to meet criterion
on the first set of BD/nfdbk trials. Evidently,
the subsequent differential training with the
D stimuli (KCN/BD) was sufficient to pro-
duce a contextual function for the back-
ground colors on the BE/nfdbk trials for RR
and WR but not for DW.

Although these results demonstrate that
differential reinforcement procedures can
produce contextual control over equivalence-
based transformation of function, the control
exerted by the background colors was restrict-
ed to a single set of equivalence classes. As
Meehan and Fields (1995) point out, in order
to demonstrate generalized contextual con-
trol it is necessary to show that this function
generalizes to a novel set of equivalence clas-
ses. That was the purpose of Experiment 4.

EXPERIMENT 4

METHOD

Participants, Setting, Apparatus, and
Stimuli

Two male ( JS and SM) and 3 female (AM,
JL, and PT) introductory psychology students
participated. They were recruited, compen-
sated, and debriefed as in Experiment 3. The
number of sessions required to complete the
experiment was two for JS and JL and three
for AM, PT, and SM. Session 1 lasted 4 hr for
all participants. Session 2 lasted 3 hr for AM
and 2 hr for the other 4 participants. Session
3 lasted 2 hr for SM and 3 hr for AM and PT.
Experimental sessions were scheduled as
close together as the participants’ schedules
allowed, with the restriction that only one ses-
sion was scheduled per day. All participants
completed the experiment within 6 days. The
setting, apparatus, and stimuli were the same
as those in Experiment 3.

Procedure

Phase 1: Initial training. The first phase con-
sisted of the steps described in Experiment 3
with two exceptions. First, the specific keys

that were designated as correct in the various
key-choice tasks were the same for all partic-
ipants. Second, it seemed likely that key-
choice training with the B stimuli in red and
blue backgrounds may have led participants
to ignore the background colors and, thus,
interfered with the development of stimulus
control by the color backgrounds. According-
ly, in Experiment 4, all key-choice task train-
ing with the B stimuli was presented in a
white rather than colored background, and
training with the other stimuli occurred in
colored backgrounds. Specifically, B stimuli
training trials were presented in blocks of 24,
with each of the B stimuli presented quasi-
randomly a total of eight times in the white
background. The same 96% correct perfor-
mance criterion was required before partici-
pants moved on to the next step. Subsequent
to training in the white background, partici-
pants received a block of mixed-color no-
feedback trials with the B stimuli, exactly as
they had in Experiment 3. This was done to
reduce the possibility of the background col-
ors gaining control over responses to the B
stimuli. All other training and testing steps in
Phase 1 were presented exactly as in Experi-
ment 3.

Phase 2: Establishing and testing equivalence
classes. Once the participants completed the
final equivalence test in Phase 1, they entered
the second phase. The general strategy of
Phase 2 was to (a) establish three new four-
member (A through D) equivalence classes,
(b) train a new key-choice task with the B
stimuli, and (c) test whether the background
colors would exert control over key-choice re-
sponses to the C and D stimuli. Phase 2 con-
sisted of the seven steps presented in Table
13 and described below.

Three four-member stimulus equivalence
classes were established and tested using the
same match-to-sample procedures as in Ex-
periment 3. The stimuli were ambiguous
forms similar to those used in the previous
experiments. Conditional discrimination
training trials were quasirandomly presented
in blocks of 18. Each of the nine trained A-
B, A-C, and A-D relations depicted in Table 2
was presented once in a red background and
once in a blue background. A training crite-
rion of 100% over three consecutive trial
blocks was required before test trials were in-
troduced. Test trials were quasirandomly pre-
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Table 13

Overview of Phase 2 procedure of Experiment 4.

Step Procedure

Establish and test equiva-
lence classes

Establish and test three new four-member (A–D) equivalence classes.

KC1(N)/B/w Train first or new key-choice task with B stimuli in white (w) background
KC1(N)/BC/nfdbk Mixed BC no-feedback trials on first or new key-choice task in mixed backgrounds.

If pass on first try, skip next step. If pass after first try, repeat previous step with
new key-choice task. If fail, go to next step.

KC1(N)/BC Mixed BC training on first new key-choice task in mixed background. Repeat previ-
ous step.

KC2(N)/B/w Train second or new key-choice task with B stimuli in white background.
KC2(N)/BD/nfdbk Mixed BD no-feedback trials on second or new key-choice task in mixed back-

grounds. If pass, go to final equivalence test. If fail, go to next step.
KC2(N)/BD Mixed BD training on second or new key-choice task in mixed backgrounds. Re-

peat previous step.
Fin equiv tst Final equivalence test.

sented in blocks of 54. Each of the nine pos-
sible symmetrical and 18 possible equivalence
relations were presented once in each of the
two background colors. The test criterion and
retraining procedures were the same as in
Phase 1. These testing procedures were re-
peated in the final equivalence test.

Phase 3: Training the key-choice tasks and test-
ing for contextual control by the background colors.
The composition of trial blocks and perfor-
mance criteria used to train the key-choice
tasks and test for contextual control by the
background colors in Phase 2 were identical
to those used in Phase 1. As indicated in Ta-
ble 13, participants were trained on the first
or new key-choice task with the B stimuli in
a white background [KC1(N)/B/w]. Once
they met criterion, they moved to KC1(N)/
BC/nfdbk, which consisted of up to two
blocks of mixed BC nfdbk mixed-background
trials on the first or new key-choice task. Par-
ticipants who failed to meet criterion moved
to the next step, KC1(N)/BC, which consist-
ed of mixed BC mixed-background training
trials on the first or new key-choice task.
Once participants met criterion, they repeat-
ed the previous step. If they met the testing
criterion in KC1(N)/BC/nfdbk after the first
try, they repeated KC1(N)/B/w with a new
key-choice task. Participants who met criteri-
on in KC1(N)/BC/nfdbk on the first try with
a new key-choice task skipped the BC training
trials (KC1(N)/BC) and moved to KC2(N)/
B/w, in which they were trained on the sec-
ond or new key-choice task with the B stimuli
in a white background. From there, they

moved to KC2(N)/BD/nfdbk, which consist-
ed of up to two blocks of mixed BD nfdbk
trials on the second or new key-choice task.
Participants who met criterion moved to the
final equivalence test. Participants who failed
to meet criterion moved to KC2(N)/BD,
which consisted of blocks of mixed BD
mixed-background training trials on the most
recently trained key-choice task. Meeting cri-
terion in KC2(N)/BD sent the participants
back to KC2(N)/BD/nfdbk. When they met
criterion in that step, they received the final
equivalence test. Participants who met the
testing criterion in KC1(N)/BC nfdbk and
KC2(N)/BD/nfdbk on the first try could be
said to have demonstrated generalized con-
textual control of equivalence-based transfor-
mation of function.

RESULTS AND DISCUSSION

Establishing and Testing Equivalence Classes

Table 14 presents the numbers of trial
blocks to reach the training criterion and the
percentage of correct responses on the initial
equivalence tests in both phases. (Perfor-
mances on the final equivalence tests are pre-
sented in Tables 16 and 17, along with data
for key-choice training and tests for contex-
tual control.)

As Table 14 indicates, all 5 participants met
the training and testing criterion in both
phases. The number of training-trial blocks
required to meet the training criterion with
the five-member classes in the first phase was
six for AM, JS, and PT, seven for JL, and eight
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Table 14

Number of trial blocks to meet the conditional discrimination training criteria and percentage
correct on initial equivalence tests in Phases 1 and 2 for all participants in Experiment 4.

Participant

Phase 1

Trial blocks to
training criterion

% correct on
equivalence test

Phase 2

Trial blocks to
training criterion

% correct on
equivalence test

AM
JS
JL
PT
SM

6
6
7
6
8

96
100
100
98

100

6
5
6
5
6

7a 98
98

100
98
98

96a

a These data are for the third set of training and testing procedures. See text.

Table 15

Percentage of correct responses for all participants on each block of trials up to the first set
of C stimuli probes in Phase 1.

Step

Participant

AM
block

1 2 3

JS
block

1 2 3 4

JL
block

1 2 3

PT
block

1 2 3

SM
block

1 2 3

KC1/B/w
KC1/B/nfdbk
KC1/C/rd
KC1/C/bl
KC1/C
KC1/BC

25
100
96
88
59
88

88

100
96

100

100

90

8
100
100
92

100
100

46

100

79 100 33
100
100
75
88

100

96

100
100
100

50
100
96
79

100
100

100

100

38
100
96
83
50

100

96

100
100

KC1/BC/nfdbk
KC2/B/w
KC2/C
KC2/BC
KC/BC/nfdbk
KC3/B/w

100
42
63
96

100
8

71
83

96

100
100

100
46
96

100
96
58

92

96

100
100
46

100
100
100
33

70

79

100

96

100
17
82

100
100
54

38
96

96

100

100

100
67
96

100
100
21

100

38 100

for SM. All 5 participants met the testing cri-
terion for the five-member classes on the first
block of test trials. The number of training-
trial blocks necessary to meet the training cri-
terion with the four-member classes in Phase
2 was five for JS and PT and six for AM, JL,
and SM. Again, all 5 participants met the test-
ing criterion on the first block of trials. For
reasons presented below, AM went through a
third set of conditional discrimination train-
ing and equivalence-testing procedures.

Key-Choice Training and Tests for
the Contextual Control of Transfer

Table 15 presents percentage of correct re-
sponses for each participant in each step of
Phase 1 up to the first set of C stimuli probes
(KC3/C probes). As was the case in Experi-
ment 3, all of the participants learned the var-

ious key-choice tasks with both the B and C
stimuli. Participants showed evidence of
transformation of function with the C stimuli
until directly trained to do otherwise; the
training procedures successfully produced
differential control by the background colors
over responses to the C stimuli. The number
of training-trial blocks necessary to train key-
choice responding with the B stimuli varied
from two to four, and the number of trial
blocks necessary to train differential respond-
ing to the C stimuli (in blue or mixed back-
grounds) ranged from two to three.

Table 16 shows AM’s and JS’s percentage
of correct responses from the first set of C
stimuli probes in Phase 1 (KC3/C probes)
through the final equivalence test in Phase 2
(Phase 3 for AM, see below). The data for JL,
PT, and SM are presented in Table 17. As in
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Table 16

Percentage of correct responses for Participants AM and JS on each block of trials from the
first set of C stimuli probes in Phases 1 through 3 for AM and Phases 1 and 2 for JS. Critical
steps are in boldface.

AM

Step

Block

1 2 3

JS

Step

Block

1 2 3

Phase 1
KC3/C probes
KC3/BC
KC3/BC/nfdbk
KC4/B/W

50
75
96
33

96

100

KC3/C probes
KC3/BC
KC3/BC/nfdbk
KC4/B/W

50
96

100
21 100

KC4/C probes
KC4/BC/nfdbk
KC5/B/W
KC5/BD/nfdbk

100
100
50
92

96
100

KC4/C probes
KC4/BC/nfdbk
KC5/B/W
KC5/BD/nfdbk

100
100
29

100
75 100

KC6/B/W
KC6/BE/nfdbk
Fin equiv tst

33
96

100

92 100 KC6/B/W
KC6/BE/nfdbk
Fin equiv tst

8
100
100

75 100

Phase 2
KC1/B/W
KC1/BC/nfdbk
KC1/BC
KC1/BC/nfdbk 2

42
79
88

100

100
79

100

KC1/B/W
KC1/BC/nfdbk
KC2/B/W
KC2/BD/nfdbk

13
100
50

100

92

96

100

BC2/B/W
KC2/BC/nfdbk
KC3/B/W
KC3/BD/nfdbk

42
100
33
75

100

92
75

100

Fin equiv tst 100

KC3/BD
KC3/BD/nfdbk 2
Fin equiv tst

75
100
100

100

Phase 3
KC1/B/W
KC1/BC/nfdbk
KC2/B/W
KC2/BD/nfdbk
Fin equiv tst

8
75
4

75
100

79
75
96
75

100

Tables 11 and 12, those steps that are critical
to the demonstration of emergent control by
the background colors are presented in bold-
face. The data for each participant are de-
scribed separately.

Participant AM. This participant demon-
strated transformation of function in both
background colors and, thus, failed KC3/C
probes. After meeting criterion in KC3/BC
and KC3/BC/nfdbk, she took two trial blocks
to pass KC4/B/w and then passed KC4/C
probes and the subsequent KC4/BC/nfdbk.
She passed KC5/B/w in two blocks and then
passed KC4/BD/nfdbk on the second block
of trials. She took three blocks to pass KC6/
B/w, passed KC6/BE/nfdbk, and then scored
perfectly on the final equivalence test. Her
performance in both KC5/BD/nfdbk and

KC6/BE/nfdbk demonstrates contextual
control over the transformation of function.

In Phase 2, AM passed KC1/B/w in two tri-
al blocks but responded in accord with func-
tion transformation in both background col-
ors and, thus, failed KC1/BC/nfdbk. She
then moved to KC1/BC, in which she met
criterion on the second block of training tri-
als and then scored perfectly on KC1/BC/
nfdbk 2. She took two trial blocks to pass
KC2/B/w, scored perfectly on KC2/BC/
nfdbk, and then took three blocks to pass
KC3/B/w. Then, because she showed evi-
dence of function transformation in both
background colors, she failed both trial
blocks in KC3/BD/nfdbk. She met criterion
on the second block of the KC3/BD training
trials and then scored at 100% accuracy on
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Table 17

Percentage of correct responses for Participants JL, SM, and PT on each block of trials from
the first set of C stimuli probes in Phases 1 and 2. Critical steps are in boldface.

JL

Step

Block

1 2 3

PT

Step

Block

1 2 3

SM

Step

Block

1 2 3

Phase 1
KC3/C probes
KC3/BC/nfdbk
KC4/B/w
KC4/BD/nfdbk

100
100
29

100
46 100

KC3/C probes
KC3/BC
KC3/BC/nfdbk
KC4/B/w

50
92

100
25

100

100

KC3/C probes
KC3/BC
KC3/BC/nfdbk
KC4/B/w

50
96

100
63 92 100

KC5/B/w
KC5/BE/nfdbk
Fin equiv tst

54
100
100

96 KC4/C probes
KC4/BC
KC4/BC/nfdbk
KC5/B/w
KC5/C probes
KC5BC/nfdbk
KC6/B/w

50
96

100
50

100
100
75

79

100

100

KC4/C probes
KC4/BC/nfdbk
KC5/B/w
KC5/BD/nfdbk
KC6/B/w
KC6/BE/nfdbk
Fin equiv tst

100
100

8
100

8
100
100

71

71

100

100

KC6/BD/nfdbk
KC7/B/w
KC7/BE/nfdbk
Fin equiv tst

100
13
96

100

42 100

Phase 2
KC1/B/w
KC1/BC/nfdbk
KC2/B/w
KC2/BD/nfdbk
Fin equiv tst

25
100
29

100
100

100

71 100

KC1/B/w
KC1/BC/nfdbk
KC2/B/w
KC2/BD/nfdbk
Fin equiv tst

42
100
33

100
100

100

67 100

KC1/B/w
KC1/BC/nfdbk
KC2/B/w
KC2/BD/nfdbk
Fin equiv tst

21
100
25

100
100

79

79

96

96

KC3/BD/nfdbk 2. She also performed at
100% accuracy on the final equivalence test.

Despite her performance in Phase 1, AM
showed no evidence of generalized contex-
tual control by the background colors over
the transformation of function in Phase 2.
Based on her performance on KC3/BD/
nfdbk 2, however, we repeated Phase 2 with
a third set of three four-member equivalence
classes and a new set of key-choice training
and contextual control testing procedures.
These were identical to previous procedures,
except that all training trials other than those
with the B stimuli in the white background
were omitted.

As indicated in the fifth and seventh col-
umns of Table 14, AM met the equivalence
training and testing criteria with the third set
of stimuli. Her key-choice training and con-
textual control performance are presented in
Table 16 (Phase 3, columns 5 through 8). She
continued to show evidence of function trans-
formation to the C and D stimuli in both
background colors. Thus, despite showing ev-
idence of contextual control by the back-
ground colors over function transformation

in Phase 1, AM showed no evidence of gen-
eralized contextual control by the back-
ground colors in either Phases 2 or 3.

Participant JS. In Phase 1, JS failed KC3/C
probes but met criterion on the first trial
block in both KC3/BC and KC3/BC/nfdbk.
He passed KC4/B/w in two blocks and then
passed KC4/C probes and KC4/BC nfdbk on
the first trial block. He required three trial
blocks to pass KC5/B/w and then scored per-
fectly on the first block of KC5/BD/nfdbk.
He passed KC6/B/w in three blocks and then
again scored perfectly on KC6/BE/nfdbk
and the final equivalence test. His perfor-
mance in both KC5/BD/nfdbk and KC6/
BE/nfdbk clearly demonstrated contextual
control over the transformation of function.

In Phase 2, JS required three trial blocks to
pass KC1/B/w and then scored perfectly on
KC1/BC/nfdbk. He passed KC2/B/w in two
blocks and again scored perfectly in KC2/
BD/nfdbk and the final equivalence test. His
performance in both KC1/BC/nfdbk and
KC2/BD/nfdbk indicates that the back-
ground colors acquired generalized contex-
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tual control over equivalence-based function
transformation.

Participant JL. This participant passed the
first set of C stimuli probes in Phase 1 (KC3/
C probes) and scored perfectly in the subse-
quent KC3/BC/nfdbk. She required three
blocks to pass KC4 (KC4/B/w) and respond-
ed without error in KC4/BD/nfdbk. After
learning KC5 (KC5/B/w) in two blocks, she
again scored perfectly in KC5/BE/nfdbk and
the final equivalence test. She not only dem-
onstrated contextual control over function
transformation but also moved through the
steps of the experiment faster than any other
participant.

In Phase 2, JL took two blocks to pass KC1/
B/w, scored perfectly in KC1/BC/nfdbk,
took three blocks to pass KC2/B/w, scored
perfectly again in KC2/BD/nfdbk, and per-
formed at 100% accuracy on the final equiv-
alence test. Her data demonstrate general-
ized contextual control over function
transformation.

Participant PT. This participant responded
in line with function transformation in both
background colors and failed the first C stim-
uli probes in Phase 1 (KC3/C probes). She
passed KC3/BC in two blocks and KC3/BC/
nfdbk on the first block. She required two
blocks to learn KC4 (KC4/B/w) but failed
KC4/C probes. She passed KC4/BC and
KC4/BC/nfdbk on the first block of trials,
took three blocks to pass KC5, and then
passed KC5/C probes and KC5/BC/nfdbk
on the first block. She passed KC6/B/w on
the second block, scored perfectly on the first
block of KC6/BD/nfdbk, took three blocks to
pass KC7, and met criterion on the first block
of KC7/BE/nfdbk. She then performed at
100% accuracy on the final equivalence test.
She showed evidence of contextual control
over function transformation in both KC6/
BD/nfdbk and KC7/BE/nfdbk.

In Phase 2, PT required two blocks to learn
KC1, scored perfectly on the first block of
KC1/BD/nfdbk, took three blocks to pass
KC2, and then scored perfectly on KC2/BE/
nfdbk and the final equivalence test. These
data demonstrate generalized contextual con-
trol over function transformation.

Participant SM. This participant failed the
first set of C stimuli probes in Phase 1 (KC3/
C probes). He then met criterion in KC3/BC
and KC3/BC/nfdbk. He passed KC4 in three

blocks and then passed KC4/C probes and
KC4/BC/nfdbk. He took three blocks to pass
KC5 and then scored perfectly on the first
block of KC5/BD/nfdbk. He learned KC6 in
three blocks and then scored perfectly on
KC6/BE/nfdbk and the final equivalence
test. Like all of the other participants in Ex-
periment 4, SM demonstrated contextual
control over function transformation in
Phase 1 with both the D and E stimuli.

In Phase 2, SM took three blocks to learn
both KC1 and KC2 and performed perfectly
on KC1/BD/nfdbk, KC2/BE/nfdbk, and the
final equivalence test. Along with every par-
ticipant other than AM, SM demonstrated
generalized contextual control over equiva-
lence-based transformation of function.

Key Choices in the Blue Background

The data reported thus far indicate only
whether the participants responded ‘‘correct-
ly’’ in the red and blue backgrounds; they do
not reveal actual responses. We thought it in-
teresting to examine the actual responses,
particularly in the blue background, in which
any response was reinforced as long as it was
different from the response in red. In partic-
ular, we asked (a) whether, within a step, par-
ticipants varied their key choices in the blue
background or simply stayed with the same
response once it had been reinforced, and
(b) whether, across relevant steps, there was
a systematic pattern in key choices in the blue
background.

The sheer volume of data precluded re-
porting key choices on every trial, so we fo-
cused on selected aspects of the data. To as-
sess the first question, we informally
examined responses in the blue background
within the various steps. This revealed a very
high level of consistency in responding. With
few exceptions, once participants made a cor-
rect key-choice response to the C, D, or E
stimuli in the blue background, they tended
to persist with that response when presented
with those stimuli on subsequent blue-back-
ground trials within the step. Every partici-
pant showed this pattern of responding on
the vast majority of trials.

To assess whether there was a systematic
pattern of responding in the blue back-
ground across relevant steps, we examined
each participant’s actual key choices on the
last presentation in both background colors
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Table 18

Participants’ key choices on the last presentation in both background colors of each of the
C, D, and E stimuli in the last set of relevant no-feedback trials.

Participant

Equivalence Class 1

Stimulus

Key choice

In red In blue

Equivalence Class 2

Stimulus

Key choice

In red In blue

Equivalence Class 3

Stimulus

Key choice

In red In blue

AM C1
C2
C3
D1
D2

9
8
5
,

M

4
3
1
C
C

C1
C2
C3
D1
D2

J
K
D
T
E

H
F
A
Q
Q

C1
C2
C3
D1
D2

Z
B
N
D
;

Z
B
N
D
;

JS

D3
E1
E2
E3
C1

.
K
H
;
/

Z
F
F
F
V

D3

C1

Q

J

T

K

D3 K K

C2
C3
D1
D2
D3

C
V
D
;
K

/
C
K
D
;

C2
C3
D1
D2
D3

K
D
T
E
Q

D
J
E
Q
T

JL

E1
E2
E3
C1
C2

U
Q
Q
Q
T

Q
O
O
T
U

C1
C2

.
X

N
N

C3
D1
D2
D3
E1

U
3
8
6
B

T
8
6
8
C

C3
D1
D2
D3

N
A
L
K

X
K
K
L

PT

E2
E3
C1
C2
C3

C
M
9
8
5

M
C
8
7
4

C1
C2
C3

,
N
B

N
B
V

D1
D2
D3
E1
E2
E3

,
M
.
K
H
;

M
N
,
J
G
L

D1
D2
D3

S
J
L

A
H
K

SM C1
C2
C3
D1
D2

Q
T
U
3
8

T
U
Q
6
3

C1
C2
C3
D1
D2

.
X
N
A
L

X
N
.
K
A

D3
E1
E2
E3

6
B
C
M

8
M
B
C

D3 K ;

of each of the C, D, and E stimuli in the last
set of relevant no-feedback trials in all phases
of the experiment. These data are presented
in Table 18. With the exception of AM, re-
sponses to the stimuli in the blue background
appeared to be somewhat systematically relat-
ed to their responses to the stimuli in the red

background. For example, JS, JL, and SM re-
sponded to almost all of the stimuli in the
blue background as they had to at least one
of the stimuli in the red background. In
Phase 1, JS responded to the 1, 2, and 3 stim-
uli of all types (C, D, and E) in the blue back-
ground as he had to the corresponding 3, 1,
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and 2 stimuli, respectively, in the red back-
ground. In Phase 2, JS responded to the 1, 2,
and 3 stimuli of all types as he had to the
corresponding 2, 3, and 1 stimuli, respective-
ly, in the red background. In Phase 1, JL re-
sponded to both the 1 and 3 stimuli of all
types in the blue background as she had to
the corresponding 2 stimuli in the red back-
ground. She responded to the 2 stimuli of all
types in the blue background as she had to
the corresponding 3 stimuli in the red back-
ground. In Phase 2, she responded to the 1
and 2 stimuli of all types in the blue back-
ground as she had to the corresponding 3
stimuli in the red background. She respond-
ed to the 3 stimuli of all types in the blue
background as she had to the corresponding
2 stimuli in the red background.

Participant SM’s pattern of responding was
more complex. In Phase 1, he responded to
C1, C2, and C3 in the blue background as he
had to C2, C3, and C1, respectively, in the red
background. He responded to D1, D2, and
D3, and E1, E2, and E3, in the blue back-
ground as he had to the corresponding 3, 1,
and 2 stimuli, respectively, in the red back-
ground. In Phase 2, he responded to C1, C2,
and C3 in the blue background as he had to
C2, C3, and C1, respectively, in the red back-
ground. He responded to D1 and D2 in the
blue background as he had to D3 and D1,
respectively, in the red background, but his
response to D3 in the blue background was
novel in the sense that he had not selected
that key to any previous stimulus in that step.

The response pattern of PT in the blue
background was simple. She selected the key
to the immediate left of the key she had se-
lected for the corresponding stimulus in the
red background.

All 5 participants in Experiment 4 dem-
onstrated contextual control over equiva-
lence-based transformation of function with-
in a single equivalence class, and 4 of the 5
participants demonstrated evidence of gen-
eralized contextual control by the back-
ground colors over transformation of func-
tion within a novel equivalence class. For
these 4 participants, the experimental pro-
cedures were sufficient to produce general-
ized contextual control over equivalence-
based transformation of function.

In the blue background, in which respond-
ing in line with the transformation of func-

tion was punished, once participants made an
alternative key choice to the individual stim-
uli, they almost always stayed with that re-
sponse on subsequent presentations of those
stimuli. The specific alternative key choices
selected reflected strategies that varied
among the participants. Although AM’s selec-
tions appeared to be unsystematic, JS, JL, and
SM usually responded in the blue back-
ground as they had to one of the noncorre-
sponding stimuli in the red background. Par-
ticipant PT simply selected the key that was
just to the left of the key she selected in the
red background.

GENERAL DISCUSSION

The data from Experiments 3 and 4 dem-
onstrate that (a) equivalence-based transfor-
mation of stimulus functions can be brought
under contextual control via multiple-exem-
plar training procedures, and (b) once estab-
lished, contextual control can generalize to
novel equivalence classes. These results pro-
vide empirical evidence for the assumption
made by Sidman, Hayes, and others that the
transformation of functions or the union of
stimulus sets must be under contextual con-
trol. It is precisely this control that prevents
all stimuli from taking on the functions of all
the other stimuli to which they are related.
Accordingly, the contextual control over
function transformation must play a critically
important role in the development and main-
tenance of behavioral repertoires that are
based on stimulus classes and derived rela-
tional responding.

Given the importance of contextual con-
trol over function transformation for verbal
organisms and the obvious verbal compe-
tence of the participants in the present study,
the amount of training necessary to bring
function transformation under the control of
the background colors in the present exper-
iments was somewhat surprising. For exam-
ple, despite the emergence of control by the
background colors on the first two tasks in
Experiment 1, none of the participants
showed evidence of contextual control over
function transformation on the color-sorting
task. Participants in Experiment 2 required
between 5 and 13 repetitions of the differ-
ential reinforcement procedures before con-
trol by the background colors over respond-
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ing on a novel key-choice task developed.
Moreover, in Experiments 3 and 4, none of
the participants (with the exception of JL in
Experiment 4) moved through the steps with-
out some retraining, and some participants
required substantial retraining before they
demonstrated evidence of contextual control.
One participant (DW in Experiment 3) never
showed evidence of contextual control, and
AM (Experiment 4) failed to show evidence
of generalized contextual control with a novel
stimulus class. On the other hand, none of
the participants failed to show evidence of
equivalence-based function transformation,
and virtually every error that was made in all
of the experiments was the result of function
transformation. At least with respect to the
present procedures, equivalence-based trans-
formation of function was a robust phenom-
enon, and substantial training was necessary
to bring it under the control of the back-
ground colors.

The difficulty in bringing transformation
of function under the control of the back-
ground colors should not be taken to imply
that function transformation was not under
some sort of contextual control. Matching to
sample itself may have served as a powerful
context for the direct transformation of func-
tion, and it may have taken a good deal of
multiple-exemplar training to establish a dif-
ferent type of function transformation in the
blue background. Of course, there may also
have been a host of other variables imbedded
within the present procedures that somehow
impeded the development of the intended
contextual control. For example, task train-
ing with the B stimuli in both background
colors in Experiments 1 through 3 and con-
ditional discrimination training in both back-
grounds in Experiments 3 and 4 may have led
subjects to ignore the background colors and
interfered with their acquisition of contextual
control. The original rationale for this train-
ing was to prevent the unintended control by
the background colors over responding to
the B stimuli and the formation of the equiv-
alence classes. In hindsight, however, it prob-
ably would have been better to conduct both
the training with the B stimuli and condition-
al discrimination training in a neutral back-
ground. Although it was beyond the scope of
the present set of experiments, given the the-
oretical and practical importance of contex-

tual control over function transformation, ex-
perimental analyses that attempt to identify
its determinants and ways to facilitate its de-
velopment seem worth conducting.

Although the present results demonstrate
contextual control over the transformation of
function, it is important to note that it was
the type of function transformation rather
than the occurrence of function transforma-
tion that came under contextual control by
the background colors. Obviously, respond-
ing to the C, D, and, where relevant, E stimuli
in both the red and blue backgrounds was
dependent on the originally established
equivalence relations or frames of coordina-
tion, and there had to be some kind of func-
tion transformation in both backgrounds or
the participants could not have satisfied the
contingencies in either background. The
function that was indirectly acquired by these
stimuli in the red background was simply
what had been trained to the related B stim-
uli. In the blue background, however, the C,
D, and E stimuli directly or indirectly occa-
sioned the selection of a different key than
was occasioned by the related B stimuli. The
data in Table 18 show that these stimuli came
to occasion more than simply responding dif-
ferently from B. All but 1 of the participants
developed idiosyncratic response patterns to
satisfy the existing contingencies.

The question arises as how best to describe
or explain the present results. As stated ear-
lier, there is disagreement in the literature
about how the phenomena described as the
transfer or transformation of functions
should be conceptualized, and this disagree-
ment extends to more basic issues surround-
ing stimulus classes and stimulus equivalence.
Sidman (e.g., 1986, 1990, 1992, 1994, 2000)
has argued that stimulus equivalence and re-
lated phenomena are best described in math-
ematical set theory terms (see also Saunders
& Green, 1992) and result directly from re-
inforcement contingencies. Hayes, Barnes,
and colleagues (e.g., Barnes, 1994; Barnes &
Roche, 1996; Hayes, 1994; Hayes et al., 1996;
Hayes & Hayes, 1992; Hayes & Wilson, 1996),
on the other hand, have contended that
equivalence phenomena are instances of de-
rived relational responding and best ex-
plained in terms of relational frame theory.
Both of these theoretical positions can ac-
count for the present findings as well as most
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equivalence-related phenomena (Clayton &
Hayes, 1999), although they would differ in
their terminology, basic units of analysis, and
underlying assumptions.

From Sidman’s perspective (especially Sid-
man, 2000), the original conditional discrim-
ination training combined with the key-
choice training with the B stimuli can be seen
as having created three distinct stimulus clas-
ses consisting of the relevant ambiguous fig-
ures, the corresponding keys on the comput-
er keyboard, and the corresponding
key-choice responses (because the conse-
quences for correct and incorrect key choices
were common to all classes, they did not be-
come members of any). The resulting trans-
formation of function was the direct result of
the formation of these classes. The multiple-
exemplar training served to alter the com-
position of the classes so that a different set
of keys and selection responses replaced
those that were trained with the B stimuli.

From a relational frame theory perspective,
the conditional discrimination training re-
sulted in a derived relational frame of coor-
dination among the relevant ambiguous fig-
ures. The subsequent task training directly
altered the functions of the B stimuli and, by
virtue of their participation in the respective
frames of coordination, the functions of the
related stimuli were, thus, indirectly trans-
formed. The multiple-exemplar training pro-
cedures established contextual control by the
background colors over the specific functions
that were transformed or indirectly acquired
by the related stimuli. In the red background,
the functions of the various stimuli were
transformed in accord with the task training
involving the related B stimuli, whereas in the
blue background they were not. Thus, it was
the transformation of functions and not class
or relational frame membership that was con-
textually controlled by the background col-
ors.

One finding of the present study that
might weigh in favor of relational frame the-
ory is the success of the multiple-exemplar
training in establishing contextual control. As
Barnes-Holmes and Barnes-Holmes (2000)
describe it, multiple-exemplar training is a
key process in the development of relational
frames, and Sidman (1994) expressed doubts
as to whether multiple-exemplar training with
arbitrary stimuli can serve as the basis of

equivalence. It is important to note, however,
that Sidman was talking about multiple-ex-
emplar training with arbitrary stimuli in lin-
guistically naive individuals, which was obvi-
ously not the case in the present studies. The
present experiments were not designed to
test these alternative conceptual accounts of
stimulus equivalence or the transformations
of functions, and the results, describable
from both perspectives, fail to provide evi-
dence in favor of either one. Which account
proves to be the most compelling awaits fur-
ther research.

Although multiple-exemplar training was
sufficient to bring equivalence-based function
transformation under contextual control in
Experiments 3 and 4, it is likely that addition-
al processes like instructional control, imita-
tion, stimulus generalization, and function
transformation itself are involved in the de-
velopment of contextual control of function
transformation in natural contexts. In addi-
tion, the present experiments used stimulus
equivalence classes that consisted entirely of
two-dimensional, ambiguous, visual stimuli.
Naturally occurring equivalence classes, such
as those containing objects, written words,
sounds, pictures, and so on, include stimuli
that vary on several dimensions in addition to
their visual form. It is possible that these stim-
ulus dimensions themselves, as well as the re-
sponse classes associated with them, acquire
both generalized and specific contextual con-
trol over the transformation of functions. For
instance, stimuli that are presented on a page
in a book or magazine are usually not edible,
and most edible stimuli cannot be folded into
shapes or strung together with other edible
stimuli to create a command or question.

As mentioned earlier, the failure to develop
appropriate contextual control over function
transformation can be problematic. In partic-
ular, it can lead to inappropriate or maladap-
tive responding to classes of stimuli. The ten-
dency, for example, for some individuals to
respond to verbal descriptions of events as
they would to the events themselves has been
suggested to be a factor contributing to the
development of a number of clinical disor-
ders, including anxiety, depression, and sub-
stance abuse (Dougher & Hackbert, 1994;
Forsyth, 2000; Hayes & Wilson, 1993; Wilson
& Blackledge, 2000; Wilson & Hayes, 2000).
Given the prevalence and impact of these dis-
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orders, an experimental analysis of the rela-
tive contribution and interaction of the vari-
ous processes and stimulus dimensions that
play a role in the development of contextual
control over the transformation of function
seems to be a fruitful avenue of research for
both theoretical and applied purposes.
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ERRATUM

Baron A., & Derenne, A. (2000). Progressive-ratio schedules: Effects of later
schedule requirements on earlier performances. Journal of the Experimental Anal-
ysis of Behavior, 73, 291–304.

The label on the y axis of Figures 3 and 4 should read ‘‘Run Rates (Responses
per Minute).’’


