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Pigeons were trained on many-to-one matching in which pairs of samples, each consisting of a visual
stimulus and a distinctive pattern of center-key responding, occasioned the same reinforced comparison
choice. Acquired equivalence between the visual and response samples then was evaluated by
reinforcing new comparison choices to one set of samples, and examining generalization of these
choices to the other samples. Three separate experiments found no evidence of such generalization, as
indexed by performance on class-consistent versus class-inconsistent tests. Other tests showed that the
pigeons’ center-key response patterns during training had indeed served as a conditional cue for choice.
These results do not support the hypothesis that different defined responses can become members of
acquired equivalence classes.
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_______________________________________________________________________________

Sidman (1994, 2000) has argued that
equivalence classes arise directly from re-
inforcement contingencies, just as the analytic
units that define operant behavior do. One
major implication of his theoretical view is
that membership in equivalence classes is
not confined simply to the conditional and
discriminative stimuli comprising n-term con-
tingencies. Thus, although it has been cus-
tomary to think of equivalence relations in
terms of the familiar exteroceptive (visual and
auditory) stimuli used in most research, Sid-
man claims that responses and reinforcers are
also ‘‘eligible’’ for class membership pro-
viding that they, too, are differential with
respect to the discrimination contingencies in
training.

Evidence consistent with this prediction can
be found in the differential outcome literature
(Urcuioli, 2005) where a number of findings
indicate that reinforcers can join equivalence
classes if they are differential with respect to
reinforced discriminative responding. Indeed,
Sidman (1994, 2000) cites the differential
outcome effect itself (faster discrimination
learning when each correct response produces
its own reinforcing outcome) as supporting
evidence, although the effect is explicable in
other ways (e.g., Overmier & Linwick, 2001;
Trapold, 1970). Nevertheless, the finding that
following differential outcome training, hu-
mans will often match the former outcomes as
samples to the conditional or discriminative
stimuli with which they had been associated, is
compelling evidence for Sidman’s theoretical
position (e.g., Dube & McIlvane, 1995; Dube,
McIlvane, Mackay, & Stoddard, 1987; Elsner &
Hommel, 2001; Joseph, Overmier, & Thomp-
son, 1997; Schenk, 1994). Similar tests with
rats and pigeons, however, have produced
mixed results at best (Astley & Wasserman,
2001, Experiment 3; Dickinson & deWit, 2003;
Urcuioli & DeMarse, 1997, Experiment 2; see
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also Meck, 1985). Nevertheless, there are
sufficiently encouraging data here to prompt
further empirical evaluation of Sidman’s posi-
tion.

The present experiments asked whether
different responses can join equivalence clas-
ses. To date, the published data relevant to this
issue are rather limited. Manabe, Kawashima,
and Staddon (1995) provided perhaps the
better known results with budgerigars. Their
subjects were explicitly trained to produce the
comparisons in two-alternative matching by
making a high vocal call to one sample
stimulus and a low vocal call to the other
sample stimulus. Later, two more sample
stimuli that cued these same comparison
choices were added to the matching task. On
trials with each new sample, the budgerigars
could obtain the comparison alternatives by
making either a high or a low vocal call.
Despite these nondifferential sample-response
contingencies, high vocal calling developed to
the new sample stimulus that occasioned the
same choice as the original sample to which
a high call was required, and low vocal calling
developed to the new sample that occasioned
the same choice as the original sample to
which a low call was required. Using an analog
of this procedure, Urcuioli et al. (2002) also
showed emergent differential sample beha-
vior in pigeons that had learned to produce
the comparison alternatives by completing
a differential-reinforcement-of-low-rates-of-
responding (DRL) versus a fixed-ratio (FR)
sample-response requirement to the original
sample stimuli or by pecking top versus
bottom keys on which the samples were
displayed.

The emergent differential sample behavior
reported by Manabe et al. (1995) was inter-
preted by Sidman (1994, 2000) as evidence
that the explicitly conditioned high and low
vocal calls in training had joined equivalence
classes that also contained their occasioning
sample stimuli and the reinforced compari-
sons associated with them. However, Saunders
and Williams (1998) pointed out that adven-
titious reinforcement of the two mutually
exclusive vocals calls during acquisition of
the [new sample–comparison] relations also
could explain this effect. Moreover, the effect
originally reported by Manabe et al. (1995)
and later by Urcuioli et al. (2002) occurred
within the context of training many-to-one

relations between samples and comparisons.
These relations typically produce acquired
equivalence between the sample stimuli, as
evidenced by the fact that new behavior
explicitly trained to one sample in each
common-comparison class immediately gener-
alizes to the other, ‘‘untrained’’ sample (e.g.,
Grant & Spetch, 1994; Spradlin, Cotter, &
Baxley, 1973; Urcuioli, Zentall, Jackson-Smith,
& Steirn, 1989; Wasserman, DeVolder, &
Coppage, 1992). It is possible, then, that
behavior already conditioned to one sample
in a common-comparison class (e.g., explicitly
reinforced differential vocal calling) will like-
wise generalize to other samples in the same
class. If so, then emergent sample behavior is
simply another index of acquired equivalence
rather than evidence for its own class member-
ship.

It is perhaps worth noting at this point that
Sidman’s (2000) predictions about defined
responses and defined reinforcers were
couched in terms of stimulus equivalence
classes, as indexed by reflexivity, symmetry,
and transitivity between the components of the
baseline conditional relations (Sidman, 1997;
Sidman & Tailby, 1982). For nonhuman
animals, these behavioral effects are rarely
obtained, bringing into question whether
stimulus equivalence is demonstrable with
them (but see Frank & Wasserman, 2005;
Schusterman & Kastak, 1993). What is not in
question, however, is the ability of nonhuman
animals to show acquired or functional equiv-
alence. Here, new (untrained) relations
emerge after many-to-one training and sepa-
rate, reassignment training in which some of
the hypothesized class members occasion new
behavior. Specifically, the untrained class
members also occasion the newly learned
behavior despite no history of reinforcement
for doing so (Bovet & Vauclair, 1998; Honey &
Hall, 1989; Urcuioli, 1996; Wasserman et al.,
1992). In view of this, it seems reasonable and
appropriate to extend Sidman’s predictions to
acquired equivalence classes.

A priori, there are good reasons to expect
that such classes might include differential
sample responding. First, differential sample
responding is known to act just like other
sample stimuli in matching-to-sample. For
example, when pigeons produce the compar-
ison alternatives by completing a DRL re-
quirement to one sample and a FR require-

82 PETER J. URCUIOLI et al.



ment to another sample, the slow and rapid
patterns of sample key pecking, respectively,
also develop control over comparison choice
(Urcuioli, 1984, Urcuioli & Honig, 1980; see
also Lionello-DeNolf & Urcuioli, 2003). In
view of this and previous findings that condi-
tional cues occasioning the same reinforced
choice become functionally equivalent, ac-
quired equivalence classes ought to include
differential sample-response ‘‘samples’’.

Second, this prediction already has received
some support from a previous study conducted
in our lab (Urcuioli, DeMarse, & Zentall,
1994). Pigeons were initially trained to match
a red hue, 20 pecks to a center-key stimulus,
and a brief presentation of food to one
comparison stimulus, and a green hue, 1 peck
to the center-key stimulus, and a brief pre-
sentation of the food-hopper light only (‘‘no
food’’) to the alternative comparison. Each
sample could appear individually, two or three
times in succession, or once in concert with
presentation of another sample or both
samples in its common-comparison group.
After learning this many-to-one task (cf. Grant,
1982) to high levels of accuracy, acquired
equivalence between the hue, response, and
food samples was evaluated by training pi-
geons to match one pair of samples to new
comparisons (reassignment training) and then
testing the remaining, ‘‘untrained’’ pairs for
their ability to immediately cue those new
choices. Transfer of control from the explicitly
trained to the untrained pairs was evident for
pigeons that matched the hue samples during
reassignment training and were tested with the
20 versus 1 and food versus no-food samples,
although not following other reassignment-
testing combinations. In any event, there is
some ambiguity about the nature of the 20-
peck versus 1-peck samples: Are these really
different responses or is the functional cue
some feature correlated with them (e.g.,
different stimulus durations)?

Here, we approached the issue of response
membership in acquired equivalence classes
by requiring different and distinctive patterns
of center-key pecking in pigeons: the slowed,
spaced responding generated by DRL sched-
ules versus the rapid, uninterrupted respond-
ing generated by FR schedules. Well-trained
pigeons performing on a DRL schedule
typically make an initial peck or pecks followed
by movement away from the key (e.g., turning

the body to the left or to the right, circling, or
pecking at the houselight) before making
a subsequent peck. By contrast, performance
on a FR schedule typically involves a steady
position in front of the key while pecks are
rapidly executed. Will these two response
patterns, already known to act as potent
conditional cues for choice, join acquired
equivalence classes if the choices they occasion
are the same as other samples (e.g., visual
stimuli)?

EXPERIMENT 1

In Experiment 1, pigeons were initially
trained to high levels of accuracy on many-to-
one (MTO) matching with four samples and
two comparisons. Two of the samples were red
and green hues and the other two were
different center-key response patterns, one of
which involved spacing two consecutive key
pecks at least 3 s apart (DRL 3’’), and the
other 10 consecutive pecks with no temporal
restrictions (FR 10). One comparison choice
was reinforced following either the red hue or
the DRL pattern, whereas the alternative
comparison choice was reinforced following
either the green hue or the FR pattern.
Afterwards, acquired equivalence between the
visual and response samples was assessed by
training the pigeons to match two of the
original sample stimuli—the red and green
hues—to new comparisons, and then testing
them for generalization of those new choices
to the remaining two samples (the DRL and
FR response patterns).

The MTO task was unusual in that the two
patterns of center-key pecking were not
signaled by different visual stimuli, as is typical
when such differential responding is desired.
The reason we did not use multiple-schedule
contingencies was to avoid a possible interpre-
tive ambiguity later on. Specifically, with
multiple-schedule training, we would not know
if acquired equivalence classes (as indicated by
potentially positive transfer-test results) con-
tained a hue and a response pattern or,
alternatively, a hue and whatever stimulus
had occasioned that pattern.

Consequently, we employed a modified
mixed schedule to generate the DRL and FR
patterns. Mixed-schedule trials always began
with a white stimulus on the center key. If the
pigeon completed the scheduled contingency
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prior to meeting the requirement for the
alternative, unscheduled contingency (e.g.,
spacing two successive pecks at least 3-s apart
before making 10 pecks on a DRL trial), then
the comparison stimuli appeared on the side
keys as the white center key went off. However,
if the pigeon completed the alternative re-
quirement (e.g., made 10 rapid pecks on a trial
that required them to space two pecks at least
3 s apart), then the houselight flashed off and
on once, and the white stimulus was turned off
for a few seconds before reappearing on the
center key. When white reappeared, pigeons
then had another opportunity to complete the
scheduled requirement. This correction pro-
cedure remained in effect until the pigeon
successfully completed the response require-
ment for that trial. Our previous work (Lio-
nello-DeNolf & Urcuioli, 2003) showed that
with training, pigeons will learn to ‘‘switch’’
from one pattern to the other when its initial
pattern of responding causes the white center-
key stimulus to go off.

METHOD

Subjects

Six experimentally naı̈ve, adult White Car-
neau pigeons (Columba livia) obtained from
the Palmetto Pigeon Plant (Sumter, SC)
participated in the experiment. All were re-
tired breeders and had continuous access to
Purina ProGrains upon arrival in the lab in
order to determine their free-feeding body
weights. Each pigeon’s weight then was grad-
ually reduced to and maintained at 80% of its
free-feeding value by restricted feeding. Dur-
ing experimental participation, food was pro-
vided in the home cage only when food intake
in a session was insufficient to maintain the
80% body weight and on days on which the
experiment was not run.

Pigeons were housed individually in stain-
less-steel, wire-mesh cages in a temperature-
and humidity-controlled colony room on
a 14:10-hr day-night cycle. The light portion
of the cycle began at 07:00 hr. Grit and water
were always available in the home cage.

Apparatus

A single BRS/LVE (Laurel, MD) experimen-
tal chamber, consisting of a three-key panel
(Model PIP-016) inside a Model SEC-002
enclosure with an aluminum grid floor, was

used in this experiment. The pigeon’s com-
partment was 36.8 cm high x 30.5 cm wide x
34.3 cm deep. Sample and comparison stimuli
were displayed via in-line projectors (Model
IC-901-IDD) mounted behind the keys, each
2.5 cm in diameter, spaced 8.3 cm apart
center-to-center, and positioned approximate-
ly 25 cm from the grid floor. The center-key
projector could display red, green, and white
homogeneous fields and an inverted white
triangle on a black background (BRS/LVE
Pattern No. 692). The side-key projectors
could display blue and yellow homogeneous
fields, and a white ‘‘X’’ and a white circular
annulus (‘‘O’’) both on black backgrounds
(BRS/LVE Pattern No. 696). A partially cov-
ered GE #1829 bulb 5.7 cm above the center
key directed light toward the ceiling of the
enclosure to provide general chamber illumi-
nation. Food (Purina ProGrains) could be
accessed through a 5.8 x 5.8 cm opening
centered approximately 13 cm below the
center key. The metal housing in back of this
opening was lit by a miniature bulb (ESB-28)
when the food hopper was raised. A constantly
running blower fan attached to the enclosure
provided ventilation and masking noise. An
IBM-compatible 386 computer in an adjacent
room controlled the presentation and record-
ing of all events via an interface connected to
the experimental apparatus.

Procedure

Preliminary training. Each pigeon initially
was trained to eat quickly and reliably out of
the raised and lit food hopper, after which
pecking the white inverted triangle on the
center key was shaped by the method of
successive approximations. Each pigeon then
received a series of sessions during which
single pecks to just the white center key, to
red and green center-key stimuli, or to red and
green center-key stimuli and blue and yellow
(or X and O) side-key stimuli were reinforced
with food. The 60 trials in each preliminary
training session were divided equally among
all of the stimuli scheduled to appear in
a session. Successive trials were separated by
a 10-s intertrial interval (ITI). The houselight
remained on continuously.

After pecking was established to the various
stimuli that would later appear as samples or
comparisons in the matching tasks, pigeons
learned to peck white on the center key
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multiple times to obtain food. This was
accomplished by gradually increasing the
value of a FR reinforcement schedule from
2 to 20. (Although a FR 10 was used for
subsequent mixed-schedule pretraining, we
trained to a FR 20 to increase the likelihood
that pecking white would persist when a DRL
schedule was introduced.) Each session con-
tained 60 reinforced trials separated by a 10-s
ITI, the first 9 s of which was spent in darkness.
The houselight was on for the last 1 s and
remained on until the end of the reinforce-
ment cycle. Reinforcement duration was con-
stant within a session but varied between 2 to
6 s across sessions to maintain 80% body
weights.

Mixed-schedule pretraining. Next, pigeons re-
ceived extensive training on a mixed DRL–FR
schedule. On half of the trials in each 96-trial
session, food reinforcement was contingent
upon completion of a DRL 3-s schedule for
pecking the white center-key stimulus; on the
other half of the trials, completion of a FR 10
schedule produced food. The two reinforce-
ment schedules were randomized across trials
with the constraint that neither schedule was
in effect on more than three consecutive trials.
Successive trials were again separated by a 10-s
ITI, the first 9 s of which was spent in darkness.
Reinforcement durations were again adjusted
on a daily basis to maintain each pigeon’s body
weight at 80% of its free-feeding value.

Each mixed-schedule trial began with white
appearing on the center key. If the DRL 3-s
schedule was in effect, pigeons obtained food
by spacing two successive center-key pecks at
least 3 s apart. However, if the pigeons made
10 successive center-key pecks prior to com-
pleting the DRL requirement, the houselight
went off for 250 ms, the white stimulus was
turned off for a period of time equal to the
reinforcement duration for that session, and
then white reappeared on the center key.
Conversely, if the FR 10 schedule was in effect,
pigeons obtained food by pecking white 10
consecutive times without any interresponse
time (IRT) exceeding 3 s. If any peck follow-
ing the initial peck had an IRT of 3 s or longer
(meeting the alternative (DRL) requirement),
this too caused the houselight to go off for
250 ms and turned off the white stimulus for
a short while before its reappearance on the
center key. In short, a correction procedure
was in effect whenever pigeons completed the

alternative response requirement before com-
pleting the scheduled response requirement
on a given trial.

On their initial attempts, pigeons would be
expected to successfully complete the pro-
grammed requirement only 50% of the time.
With training, however, pigeons should learn
to ‘‘switch’’ to the opposite response pattern
whenever their initial pattern caused the white
center stimulus to go off (Lionello-DeNolf &
Urcuioli, 2003). Consequently, the main de-
pendent variable for the mixed schedule was
the percentage of time that pigeons success-
fully completed the scheduled DRL or FR
requirement on their first repeat attempt (viz.,
on their first correction opportunity after
completing the unscheduled requirement).

Each pigeon received a minimum of 20
sessions of mixed-schedule pretraining, and
this training was continued until the percent-
age of correct first repeats or ‘‘switches’’ was
90% or higher for five of six consecutive
sessions. One pigeon was unable to meet the
90% criterion after 70 sessions, but was
permitted to continue because it routinely
switched to the scheduled requirement about
85% of the time.

Next, additional pretraining sessions were
run in which 96 mixed-schedule trials were
intermixed with trials on which red and green
appeared on the center key (12 trials each). A
single peck to either red or green turned off
the hue and produced food reinforcement
(continuous reinforcement or CRF). The
intermixing of trial types was conducted in
order to accustom pigeons to seeing different
center-key stimuli with different reinforcement
contingencies like those they would later
experience during MTO matching. Each
pigeon was run under these conditions until
the percentage of switches on the mixed-
schedule trials was 90% or higher for three
consecutive sessions.

Many-to-one matching. After finishing pre-
training, pigeons were trained on MTO
matching-to-sample in which they learned to
match the red and green hues and DRL and
FR white-center-key response patterns to blue
and yellow comparisons. The eight possible
sample-comparison combinations (four sam-
ples x two left–right positions of the compar-
isons) in each 96-trial session were randomized
within successive blocks of 48 trials with the
constraints that each trial type occur equally
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often and none occur more than three times
in a row. On all trials, the center-key/sample
stimulus went off as the comparison stimuli
appeared on the two side keys (i.e., a 0-delay
procedure was used). On trials involving red
and green, a single peck to either sample hue
produced the comparisons. On trials involving
DRL and FR samples, the mixed-schedule
contingencies were in effect with white on
the center key. Now, completion of the
scheduled requirement produced the compar-
ison stimuli rather than food.

When the comparison alternatives ap-
peared, a single peck to either one immedi-
ately turned both off and produced either
food or timeout. For 3 pigeons, pecking the
blue comparison stimulus was reinforced
following the red sample and successful
completion of the mixed-schedule DRL re-
quirement (hereafter referred to as the
‘‘DRL’’ sample), whereas pecking the yellow
comparison stimulus was reinforced following
the green sample and successful completion of
the mixed-schedule FR requirement (hereaf-
ter referred to as the ‘‘FR’’ sample). These
reinforced sample-comparison contingencies
were reversed for the remaining 3 pigeons.
Pecking the alternative, ‘‘incorrect’’ compari-
son stimulus on any trial immediately turned
off the houselight for a period of time equal to
the reinforcement duration for that session.
Successive matching trials were separated by
a 10-s ITI, with the first 9 s spent in darkness.
As before, reinforcement duration was adjust-
ed on a session-by-session basis for each pigeon
to maintain its 80% body weight as closely as
possible.

MTO training for each pigeon continued
until it met the following three criteria: 1) over-
all choice accuracy of 90% correct or better for
five of six consecutive sessions, 2) at least 85%
choice accuracy with each set of samples (hues
and response patterns) over these same ses-
sions, and 3) a switch percentage for center-key
mixed-schedule performances of at least 80%
over these same sessions. These three criteria
ensured stable and high levels of choice
accuracy with all four samples and, moreover,
accurate and stable switching to the mixed-
schedule stimulus. After meeting these criteria,
each pigeon received 10 overtraining sessions
on MTO matching.

Reassignment training. Next, each pigeon
learned to match the red and green samples

to new comparisons, the white ‘‘X’’ and white
‘‘O’’ stimuli. Each 100-trial session was divided
equally among the four possible trial types
(two samples x two left–right positions of the
comparisons), none of which could appear
more than three times in a row. As in MTO
matching, a single peck to the sample hue
turned it off and immediately produced the
comparison alternatives on the adjacent side
keys (viz., a 0-delay procedure was used). For 3
pigeons, pecking the ‘‘X’’ comparison was
reinforced after red and pecking ‘‘O’’ was
reinforced after green; for the remaining 3
pigeons, the opposite sample-comparison rela-
tions were reinforced. Pecking the alternative
(incorrect) comparison on any trial produced
a timeout equal to the reinforcement duration
for that session. All other procedural details
were identical to those for MTO matching.

Given the relatively small number of sub-
jects, it was not possible to completely balance
the reinforced sample-comparison relations
during reassignment with the reinforced rela-
tions during MTO training. Nevertheless,
partial counterbalancing was implemented
such that all pigeons had the same reinforced
sample-comparison relations in testing (see
below).

Each reassignment-training session alternat-
ed with continued training on each pigeon’s
respective MTO task to ensure that MTO
performances remained intact. Reassignment
training continued until choice accuracy on
this task was 90% correct or better for five of
six consecutive reassignment sessions. Two
pigeons were unable to meet this performance
criterion after 35 and 60 sessions, respectively,
but were nonetheless advanced to testing
because they consistently matched at accuracy
levels near or above 85% correct.

On the day prior to testing, each pigeon
received one final session on MTO matching.

Testing. In testing, pigeons matched the
newly learned comparison choices (‘‘X’’ and
‘‘O’’) to the remaining (DRL and FR) samples
from the MTO task. Every trial began with the
white center-key stimulus and the mixed DRL–
FR schedule in effect. Successful completion
of the scheduled requirement immediately
turned off white and produced the X and O
comparison stimuli on the adjacent side keys.
As before, if the other mixed-schedule re-
quirement was completed, the houselight
flashed for 250 ms, the white stimulus went
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off for a period equal to the reinforcement
duration for that session, and white then
reappeared on the center key.

A single peck to either comparison stimulus
turned both off and produced either food or
time out. For all 6 pigeons, choosing the X
comparison following the DRL sample and the
O comparison following the FR sample pro-
duced food, whereas choosing the alternative
comparison following each sample produced
a time-out equal in duration to the reinforce-
ment period. The four possible trial types (two
samples x two left–right positions of the
comparisons) occurred equally often in each
100-trial session with the constraint that none
occur more than three times in a row. All
other details of the five test sessions were
identical to those described for the preceding
training phases.

Although the sample-comparison contin-
gencies in testing were identical for all
pigeons, the reinforced relations for 3 of them
were consistent with any acquired equivalence
that may have developed between the hue and
response samples during MTO training, but
inconsistent with acquired sample equivalence
for the remaining 3 pigeons. To illustrate the
difference, assume that the reinforced selec-
tion of the blue comparison following the red
and DRL samples and the yellow comparison
following the green and FR samples during
MTO training produced two acquired equiva-
lence classes: {red, DRL} and {green, FR}. If the
pigeons then learned to choose X following
red and O following green, these choices
should now generalize to the other member
in each respective class—namely, DRL and FR,
respectively. Thus, reinforcing the choice of
the X comparison on DRL trials and the O
comparison on FR trials would be consistent
with a {red, DRL} and a {green, FR} class and
should generate relatively high levels of
accuracy in testing. Conversely, if the pigeons
learned during reassignment to choose O
following red and X following green, general-
ization of these choices to DRL and FR,
respectively, would be at odds (inconsistent)
with the reinforced test relations (viz., X after
DRL, and O after FR) and, thus, should yield
relatively low levels of accuracy in testing.

At a minimum, then, accuracy should be
higher in the consistent than in the inconsis-
tent test condition. Additionally, the expecta-
tion was that accuracy should be above chance

and below chance, respectively, in these two
conditions at the outset of testing.

Design Summary and Statistical Analyses

Table 1 shows a summary schematic of the
two training phases and the test conditions.
Only the reinforced (+) comparison choices
(C1 to C4) are shown following each sample
(S3 and S4, and DRL and FR); the nonrein-
forced comparison choice is simply the alter-
native comparison.

For the analyses of variance reported in this
experiment and those that follow, Type I error
rate was set at 0.05.

RESULTS

Mixed-schedule pretraining. Figure 1 shows
the average performances of the 6 pigeons
over the first 20 sessions of mixed-schedule
pretraining. The open circles plot the percent-
age of trials on which the pigeons completed
the scheduled requirement on their initial
attempt. As expected, this value was at, or very
close, to 50% correct. The pigeons mostly
made 10 short-IRT pecks at the beginning of
each mixed-schedule trial; in other words, they
initially completed the FR requirement. When
this caused the white stimulus to go off,
pigeons learned to space successive center-
key pecks to satisfy the scheduled DRL 3-s
requirement when white reappeared. This is
illustrated by the ‘‘Switches’’ function which
plots the percentage of times that pigeons
completed the scheduled requirement on
their first repeat attempt. By the end of this
pretraining phase, all pigeons (except one)

Table 1

Design of Experiment 1.

Training

TestingMany-to-One Reassignment

DRL R C1+ DRL R C3+ [C]
FR R C2+ FR R C4+
S3 R C1+ S3 R C3+ or
S4 R C2+ S4 R C4+

DRL R C4+ [I]
FR R C3+

Note. DRL 5 differential-reinforcement-of-low-rates-of
responding component of mixed schedule, FR 5 fixed-
ratio component of mixed schedule, S3–S4 5 different
visual sample stimuli, C1–C4 5 comparison stimuli, + 5
reinforced comparison choice, [C] 5 consistent test
condition, [I] 5 inconsistent test condition.
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were routinely completing the scheduled re-
quirement on 90% or more of their first
repeats.

When red and green CRF trials were
intermixed with the mixed-schedule trials,
there was some minor disruption in perfor-
mance: On average, pigeons required an
additional 7.7 sessions (range: 3 to 17 sessions)
to return to the 90% switch criterion. Over the
last three (criterion) sessions, however, the
average percentage of switches was 94.0
(range: 91.2% to 96.6%).

MTO and reassignment training. On average,
20 training sessions were needed for pigeons
to reach criterion levels of accuracy on MTO
matching (range: 8 to 42 sessions). More
noteworthy was the finding that matching
acquisition was more rapid with the DRL and
FR samples than with the red and green
samples, as shown in Figure 2. This difference
indicates more potent conditional stimulus
control by the response than by hue samples,
although the shorter sample durations associ-
ated with red and green (where a single peck
terminated the hue sample on a given trial)
may have also contributed to this difference.

Choice accuracy over the last five reassign-
ment sessions with the red and green samples
averaged 91.1% across pigeons. Average accu-
racies for pigeons subsequently tested with
class-consistent versus class-inconsistent rela-
tions were comparable: 90.6% versus 91.7%
correct, respectively, F(1, 4) 5 0.07.

For the last five MTO sessions preceding
testing, matching performances with each set
of samples did not differ between pigeons
assigned to the different test conditions. On
DRL- and FR-sample trials, the class-consistent
pigeons averaged 96.1% correct versus 97.8%
for the class-inconsistent pigeons, F(1, 4) 5
0.38. The corresponding figures for the red-
and green-sample trials were 96.4% and 93.2%
correct, respectively, F(1, 4) 5 0.96. Finally,
pigeons continued to perform accurately on
the center-key mixed schedule: The average
percentage of switches was 84.8% versus
92.0%, respectively, for the class-consistent
and class-inconsistent pigeons, F(1, 4) 5 0.66.

Testing. The top portion of Figure 3 plots
each pigeon’s matching accuracy on the first
test session. Data from pigeons tested with
sample-comparison relations consistent with
acquired equivalence are shown on the left;
those from pigeons tested with inconsistent
relations are shown on the right. Most pigeons
matched close to the level expected by chance
(50%), although 2 exhibited accuracies sug-
gestive of acquired equivalence. Specifically, 1
consistent pigeon matched at 60% accuracy,
whereas 1 inconsistent pigeon matched at only
41% accuracy. However, overall first-session
accuracies for the two test conditions were
comparable (52.7% and 47.7% correct, re-
spectively) and not significantly different, F(1,
4) 5 0.92. The same was true for performances
over just the first 20 or 50 test trials (data not
shown).

Fig. 1. The average number of initial-attempt comple-
tions of the mixed DRL–FR schedule and the average
number of completions on the first repeat attempt
(‘‘Switches’’) during pretraining in Experiment 1.

Fig. 2. The average percentage of correct choices with
DRL versus FR mixed-schedule samples and red versus
green samples during many-to-one matching acquisition in
Experiment 1.
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With repeated testing, pigeons in the
consistent test condition matched more accu-
rately on average than pigeons in the in-
consistent condition, as shown in the bottom
portion of Figure 3. By the fifth test session,
every consistent pigeon chose the correct
comparison on 90% or more of the test trials,
whereas only 1 of the 3 inconsistent pigeons
had achieved that level of performance.
Analysis of variance (ANOVA) on these data,
however, showed neither an overall between-
group difference, F(1, 4) 5 5.56, p 5 .08, nor
a Group x Test session interaction, F(4, 16) 5
0.78.

There was no between-group difference in
mixed-schedule center-key performance dur-

ing testing and, indeed, none was expected.
On the first test session, for example, the
percentage of switches in the class-consistent
group was 79.2% versus 85.3% in the class-
inconsistent group, F(1, 4) 5 0.19. On the fifth
session, these percentages equaled 96.6% and
93.9%, respectively, F(1, 4) 5 0.76.

DISCUSSION

The results of this experiment did not
provide evidence that different patterns of
responding were members of the same ac-
quired equivalence classes as other samples
with which they shared a common reinforced
comparison choice. In contrast to the test-
performance differences observed in many
previous studies of MTO matching and ac-
quired equivalence in nonhuman animals
(Urcuioli & Lionello-DeNolf, 2001, 2005;
Urcuioli, Zentall, & DeMarse, 1995; Urcuioli
et al., 1989), first-session accuracies in the
class-consistent and class-inconsistent test con-
ditions here were comparable. Of course,
unlike previous studies, the samples used here
were drawn from very different dimensions:
visual (red and green hues) and propriocep-
tive (different response patterns characteristic
of DRL and FR schedules), and this may be an
important variable. However, establishing con-
ditional control by these different stimulus
dimensions is not an issue: Pigeons readily
learn to choose between the comparison
alternatives on the basis of how they have just
responded as well as on the basis of what they
have just seen (Urcuioli & Honig, 1980;
Zentall, Hogan, Howard, & Moore, 1978). If
the same was true here, as the data in Figure 2
suggest, then the conditions normally pro-
moting acquired sample equivalence (differ-
ent sample stimuli occasioning a common
reinforced choice response) were clearly re-
alized. But these conditions did not appear to
generate a {red, DRL} and a {green, FR} class.

Nevertheless, the repeated-test-session data
(Figure 3, bottom) were very much in the
direction expected on the basis of acquired
sample equivalence. Perhaps detection of
a true between-group difference was difficult
because of the relatively small number of
subjects per condition and because the DRL
and FR samples in testing produced rapid
acquisition of the transfer task independently
of the test manipulation (Cohen, Looney,
Brady, & Aucella, 1976; Urcuioli & Honig,

Fig. 3. Top: The percentage of correct choice re-
sponses by each subject in Experiment 1 on its first
transfer-test session. Bottom: The average percentage of
correct choices by each group on the five transfer-test
sessions in Experiment 1. (Error bars represent 6 SEM.)
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1980). With these considerations in mind,
Experiment 2 was run with more subjects and
a design in which the samples used in testing
versus reassignment were switched vis-à-vis
Experiment 1.

EXPERIMENT 2

In Experiment 2, reassignment training was
conducted with the DRL and FR samples and
testing with the red and green samples, the
opposite of that in Experiment 1 (cf. Table 1).
Although red and green samples typically
support relatively fast matching acquisition
(e.g., Carter & Eckerman, 1975; Urcuioli &
Zentall, 1986), acquisition of the transfer task
with these samples should still be slower than
with DRL and FR samples, especially given that
only a single peck to each sample is required
to produce the comparisons (cf. Sacks, Kamil,
& Mack, 1972; Spetch & Treit, 1986). A slower
overall rate of acquisition in testing should
enhance the detection of a class-consistent
versus class-inconsistent difference, assuming
that one exists.

Experiment 2 also included a control group
for which there were no common comparison-
response associations in training. In other
words, these pigeons initially matched all four
samples (red, green, DRL and FR) to different
comparisons. This one-to-one (OTO) group
provides a no-acquired-equivalence baseline
that permits the possibility of detecting both
positive transfer by the MTO pigeons tested
with class-consistent relations, and negative
transfer by the MTO pigeons tested with class-
inconsistent relations, while controlling for
other, general features of MTO training (e.g.,
number of samples, type of sample, etc.).

METHOD

Subjects and Apparatus

Twelve White Carneau retired breeders
obtained from the same supplier as in Exper-
iment 1 served in this experiment. Eight were
experimentally naı̈ve. The 4 non-naı̈ve pigeons
had limited experience orthogonal to the
contingencies they encountered here. Prior
to the start of the experiment, the pigeons
were divided equally among three groups:
OTO, MTO with consistent testing (MTO-C),
and MTO with inconsistent testing (MTO-I).
Two of the experienced pigeons were assigned

to the OTO training condition; the other 2
were assigned to MTO training, 1 in Group
MTO-C and 1 in Group MTO-I. Body weight
determinations, feeding regimens, and home
cage and colony-room conditions were identi-
cal to those described in Experiment 1.

Two experimental chambers, identical in
size and configuration to the one used for
Experiment 1, were used. An equal number of
pigeons from each training condition were
run in each chamber. In addition to displaying
the stimuli used in Experiment 1, the in-line
projectors also could display three white
vertical and three white horizontal lines on
black backgrounds on the left and right keys
(BRS/LVE Pattern No. 696), and single white
vertical and horizontal lines on black back-
grounds on the center key (BRS/LVE Pattern
No. 692). A single IBM-compatible computer
controlled and recorded all experimental
events in both chambers.

Procedure

Preliminary training. The experimentally
naı̈ve pigeons were initially trained to eat
quickly and consistently out of a periodically
raised and lit food hopper. Afterwards, peck-
ing to a white center-key stimulus was shaped
by the method of successive approximations.
This was followed for all pigeons by 60-trial
sessions during which single pecks to the
following stimuli were reinforced: 1) a white
center key (two sessions), 2) red and green
center-key stimuli (one session), 3) red and
green on the center key and blue and yellow
on the left and right side keys (one session),
4) red and green on the center key and X and
O on the side keys (one session), and 5) a white
center key (one session). When multiple
stimuli were presented, they appeared equally
often in their respective locations during
a session.

Next, each pigeon learned to obtain food by
pecking the white center key on a FR schedule,
the parameter of which was gradually raised
from 2 to 10 over six 60-trial sessions. All other
details of these preliminary training sessions
were identical to those in Experiment 1.

Mixed-schedule pretraining. Training on the
mixed DRL–FR schedule to the white center
key was conducted in the same fashion and to
the same performance criteria as in Experi-
ment 1. One procedural difference was that
the initial two pretraining sessions were run
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with a FR 5, after which the FR 10 was
introduced. One pigeon in Group MTO-I was
dropped from the experiment during this
phase when it was unable to learn to switch
to the opposite response pattern when its
initial pattern of center-key pecking was non-
reinforced. The FR value for 2 other pigeons,
one each in Groups MTO-C and MTO-I, was
raised from 10 to 20 after 30 and 70 pretrain-
ing sessions, respectively, in a successful at-
tempt to obtain stable switching performances.
One never reached the stringent 90% switch
criterion but was advanced after 106 sessions to
the sessions with intermixed trials of CRF
reinforcement for pecking red and green
because its percentage of switches was routine-
ly around 85%. This pigeon also had difficulty
achieving three consecutive sessions with 90%
or more switches during these latter sessions,
but was advanced to MTO training after 58
sessions because it consistently switched on
about 87% to 90% of all trials.

Initial matching acquisition. Next, all pi-
geons were trained to match the red and
green hues, and their DRL and FR mixed-
schedule performance, to either two (MTO
groups) or four (OTO group) comparisons.
The MTO pigeons matched the four samples
to blue and yellow comparisons, with red and
DRL responding occasioning one reinforced
choice, and green and FR occasioning the
alternative reinforced choice. The comparison
choice reinforced following each pair of
samples was counterbalanced such that the
sample-comparison training relations were
equally represented in each MTO training-test
condition (viz. MTO-C and MTO-I).

For the OTO pigeons, blue and yellow
comparisons appeared following the red and
green samples, but vertical and horizontal
lines appeared following the DRL and FR
samples. For two pigeons, blue and yellow were
the reinforced choices following red and
green, respectively, and vertical and horizontal
were the reinforced choices following DRL
and FR. For the remaining OTO pigeons, the
reinforced sample-comparison relations were
reversed.

The two pigeons whose FR was raised to 20
during pretraining continued with that FR
parameter during this experimental phase. All
other details (including the performance
criterion) were identical to those described
for MTO training in Experiment 1. After

reaching criterion levels of performance, each
pigeon received 10 overtraining sessions on its
respective tasks.

Reassignment training. During reassignment,
all pigeons matched their DRL and FR mixed-
schedule performances to X and O compar-
isons. The reinforced sample-comparison
choice relations were counterbalanced within
each group and also were balanced with
respect to the reinforced relations from their
initial MTO or OTO matching task. Each
reassignment training session was alternated
daily with continued training on each pigeon’s
initial (MTO or OTO) task. Reassignment
training for each pigeon continued until it
correctly matched on 90% or more trials, and
its percentage of switches on the center-key
mixed schedule was 85% or greater, for five of
six consecutive sessions. All other procedural
details were the same as in Experiment 1.

On the day prior to the first test session,
each pigeon received one final refresher
session on its MTO or OTO matching task.

Testing. During the 10 sessions of testing,
all pigeons matched the red and green
samples to the X and O comparisons that
had been introduced during reassignment. A
single peck to the sample hue on each trial
immediately turned it off and produced the
comparison alternatives on the adjacent side
keys. For half of the pigeons in each group, the
reinforced comparison choices following red
and green were to the X and O comparisons,
respectively; for the remaining pigeons, these
reinforced sample-comparison relations were
reversed. More important, the reinforced
relations for Group MTO-C were consistent
with any acquired equivalence that may have
developed between the samples that had
occasioned the same reinforced choice during
MTO training, whereas they were inconsistent
with acquired sample equivalence for Group
MTO-I. For instance, if DRL and red had
both occasioned a reinforced blue comparison
choice in MTO training, and DRL later
occasioned a reinforced choice to the X
comparison during reassignment, then choos-
ing X was reinforced on red-sample trials in
testing for Group MTO-C (class-consistent),
whereas choosing O was reinforced after red
for Group MTO-I (class-inconsistent).

Because there were no common compari-
son-response associations during initial train-
ing for Group OTO, their reinforced test
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relations were neither class-consistent nor
class-inconsistent. Consequently, its test per-
formance provided a baseline against which to
evaluate the nature of transfer, if any, in each
MTO group.

RESULTS

Mixed-schedule pretraining. As expected, the
percentages of correct initial completions of
the mixed DRL–FR schedule hovered around
50% throughout pretraining. Figure 4 shows,
for a representative sample of pigeons, the
average number of successful initial comple-
tions when the DRL or the FR requirement
(stippled and filled bars, respectively) was in
effect. The divergence in performance on the
two schedule requirements illustrates how
pigeons responded to the white center key at
the outset of each trial: They routinely satisfied
the FR requirement when it was scheduled but
very rarely satisfied the DRL requirement
when it was scheduled.

More important is the ‘‘switching’’ aspect of
center-key responding when the initial re-
sponse pattern to white was nonreinforced.
Ten of the 12 pigeons eventually met the
pretraining criterion of 90% or more comple-
tions of the scheduled requirement on their
first repeat attempt, although there was
considerable variability in the amount of
training necessary to reach this level of
performance (13 to 102 sessions). When red
and green CRF trials were intermixed with the
white mixed-schedule trials, there was a drop
in the highly accurate switching on the latter.
Nevertheless, all pigeons except one recovered
to a switch rate at or above 90%: For the last
three of these sessions, the average switch rates

for the pigeons in the MTO and OTO groups
were 93.9% and 94.8%, respectively.

Initial matching-to-sample and reassignment
training. Although differing in the compari-
son sets following the DRL–FR and red-green
samples, Figure 5 shows that matching acqui-
sition by the MTO and OTO groups with each
sample set was comparable and similar to that
in Experiment 1. Specifically, higher levels of
choice accuracy were achieved more quickly
on DRL–FR than on red-green sample trials,
although the source of this difference is again
confounded by different sample durations
and, in the case of Group OTO, by the nature
of the comparison alternatives following each
set of samples. Nevertheless, these results are
consistent with the idea that different center-
key response patterns provided a conditional
cue for choice.

The number of sessions needed to reach the
performance criteria during initial matching
training varied widely (range: 13 to 87 ses-
sions). On average, however, the groups did
not differ significantly from one another in
sessions to criterion: 31.25 versus 51.0 versus
54.25 for Groups MTO-C, MTO-I, and OTO,
respectively, F(2, 8) 5 1.38, p 5 .30. For the
last five baseline sessions preceding testing,
matching accuracy with the DRL–FR samples
was comparable in all three groups: 96.0%,
98.2%, and 95.7% correct, respectively, F(2, 8)
5 0.76. Matching with the red-green samples,
however, was more accurate in the two MTO
groups (94.5% and 96.7%) than in Group

Fig. 4. The number of successful first-attempt comple-
tions of the DRL (striped bars) and FR (solid bars)
requirement by 6 pigeons during mixed-schedule pre-
training in Experiment 2.

Fig. 5. The average percentage of correct choices with
DRL versus FR mixed-schedule samples (closed symbols)
and red versus green samples (open symbols) for the MTO
groups (circles) and OTO control group (triangles)
during many-to-one matching acquisition in Experiment 2.
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OTO (89.1%), F(2, 8) 5 10.32. Given that
Group OTO nonetheless matched very accu-
rately with red and green, however, this latter
difference was not thought to be problematic.
Finally, all pigeons maintained high levels of
switching on their mixed-schedule perfor-
mances: 89.6%, 89.7% and 94.2% for Groups
MTO-C, MTO-I, and OTO, respectively, F(2, 8)
5 0.65.

As expected, acquisition of the reassignment
task occurred quickly, requiring an average of
only 9.2, 11.3, and 6.8 sessions to reach
criterion in Groups MTO-C, MTO-I, and
OTO, respectively, F(2, 8) 5 0.70. Matching
accuracies for the last five reassignment
sessions averaged 93.2%, 95.6%, and 94.6%
correct, respectively, in the three groups,
F(2, 8) 5 1.14, and switch rates for the center-
key mixed schedule averaged 94.3%, 91.6%,
and 96.0%, respectively F(2, 8) 5 1.32.

Testing. The top and bottom portions of
Figure 6 show matching accuracy for each
pigeon on its first transfer test session and
the average matching accuracy by group for all
10 test sessions, respectively. Both the first-
session and overall test results tell the same
story: There were no between-group differ-
ences in performance. The MTO pigeons
tested with class-consistent relations (Group
MTO-C) were no more accurate in their
choices than the MTO pigeons tested with
class-inconsistent relations (Group MTO-I).
On the first test session, Group MTO-C chose
the reinforced comparison stimulus 49% of
the time versus 49.3% for Group MTO-I.
Average first- session accuracy for Group
OTO was 46.2% correct. ANOVA confirmed
the absence of a between-group effect, F(2, 8)
5 1.48, p 5 .28. Not surprisingly, the same was
true for performance over just the first 20 or
the first 50 test trials (data not shown).

Furthermore, repeated testing did not result
in the emergence of a between-group differ-
ence: Group MTO-C did not acquire its trans-
fer task any faster than Group MTO-I. Indeed,
performances by these two groups were very
similar to those by Group OTO that had been
trained without any common sample-compar-
ison relations. ANOVA on these data showed
that the only statistically significant effect was
Test Session, F(9, 72) 5 15.33, confirming the
steady increase in matching accuracy averaged
over all three groups with repeated testing.
These latter results demonstrate that the

novelty of the sample-comparison combina-
tions encountered in testing had not simply
obscured a true between-group difference on
the first session. Even when these combina-
tions were no longer novel, all three groups
still performed similarly.

DISCUSSION

Despite the suggestive evidence in Experi-
ment 1 that MTO training might produce an
acquired equivalence between samples consist-
ing of differential responding and different
visual stimuli, the results from this experiment
show otherwise. Following MTO training
identical to that in Experiment 1, pigeons that
subsequently learned to make new comparison
choices following their DRL and FR samples
did not generalize these new choices to the red

Fig. 6. Top: The percentage of correct choice re-
sponses by each subject in Experiment 2 on its first
transfer-test session. Bottom: The average percentage of
correct choices by each group on the 10 transfer-test
sessions in Experiment 2. (Error bars represent 6 SEM.)
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and green samples. More specifically, pigeons
did not match any more accurately in testing
when their reinforced [hue sample–new com-
parison] relations were consistent with ac-
quired equivalence than when those relations
were inconsistent with acquired equivalence.
Indeed, in contrast to first-session transfer
results previously observed in the three-stage
acquired equivalence paradigm (Urcuioli &
Lionello-DeNolf, 2001; Urcuioli et al., 1995;
Urcuioli et al., 1989, Experiment 2), pigeons
in both MTO test conditions here matched at
or near chance levels of accuracy. Further-
more, their performance throughout testing
was indistinguishable from that of pigeons
whose initial training did not involve many-to-
one relations.

We had surmised that the numerical differ-
ence observed between the MTO groups over
the five test sessions in Experiment 1 would
increase with more subjects and with a slower
overall rate of learning of the reinforced
sample–comparison test relations (viz., if
ceiling effects, or something approximating
them, were avoided in testing). Swapping the
samples used in reassignment versus testing
vis-à-vis Experiment 1 did slow the rate of
acquisition of the transfer task, but it did not
yield the larger between-group effect we were
looking for. Indeed, the numerical difference
between Groups MTO-C and MTO-I dimin-
ished.

Should we conclude, then, that differential
responses will not join acquired equivalence
classes despite occasioning the same rein-
forced choices as other samples? Perhaps.
But before fully addressing this question and
the implication of the results obtained so far,
we should first demonstrate what, to this point,
we have simply assumed—namely, that the
DRL and FR response patterns on the mixed-
schedule trials did, in fact, cue the pigeons’
comparison choices.

Although our assumption is supported by
faster matching acquisition on the DRL–FR
than on the red-green trials (Cohen et al.,
1976; see also Urcuioli, 1984; Urcuioli &
Honig, 1980), it is possible that pigeons made
their choices on the mixed-schedule trials on
the basis of some other cue. For example,
since the pigeons typically completed the FR
requirement at the start of each mixed-
schedule trial, this produced the comparisons
on half of the matching trials, but caused white

to briefly go off and later reappear on the
remaining trials. Consequently, how often the
white center-key stimulus was seen prior to
choice—once or more than once—could
potentially cue which comparison to choose
(cf. Lionello-DeNolf & Urcuioli, 2003). The
next experiment was designed to distinguish
between this number cue and one arising
directly from the DRL versus FR response
patterns.

EXPERIMENT 3

The next experiment was a continuation of
Experiment 2. Using the pigeons that had just
finished testing, we explicitly evaluated condi-
tional control by their DRL and FR response
patterns by seeing whether those patterns
would continue to cue the same comparison
choices when DRL and FR patterns were
occasioned by different center-key stimuli.

Toward this end, each pigeon from Exper-
iment 2 received off-baseline training in which
food was contingent upon completing a FR
requirement to a new, center-key stimulus and
upon completing a DRL requirement to
another, new center-key stimulus. These mul-
tiple-schedule stimuli then were substituted
for the white mixed-schedule stimulus in
matching-to-sample. Two substitution tests
were possible, the first involving the compar-
isons from MTO or OTO matching and the
second involving the comparisons from reas-
signment training. All pigeons received both
tests, although the reinforced choices for one
test were the same as those following comple-
tion of the DRL and FR requirements in the
mixed schedule (consistent test), whereas the
reinforced choices for the other test were the
opposite (inconsistent test).

If the mixed-schedule DRL and FR perfor-
mances had cued comparison choice in the
baseline matching tasks, then each pigeon
should exhibit above-chance levels of accuracy
during its consistent test and below-chance
levels of accuracy during its inconsistent test.
In contrast, if their comparison choices had
been cued by whether the white center-key
stimulus appeared once or more than once,
then the pigeons should match at chance
levels of accuracy on both tests. More specif-
ically, they should have a strong bias to peck
the comparison previously reinforced after
one presentation of white, given that the
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multiple-schedule stimuli appeared only once
prior to choice in testing.

METHOD

Subjects and Apparatus

The pigeons and apparatus were the same as
those in Experiment 2. One Group OTO
pigeon was not run because it was participating
in another research study.

Procedure

Baseline retraining for Test 1. Each pigeon
initially was trained for a minimum of five
sessions on its baseline MTO or OTO task (cf.
Experiment 2) and continued this training
until accuracy on the mixed-schedule match-
ing trials was 90% or higher, and the percent-
age of switches for mixed-schedule center-key
pecking was 80% or higher, for three consec-
utive sessions.

Multiple-schedule training. Next, the pigeons
were trained to obtain food by completing
DRL and FR schedules for pecking vertical and
horizontal lines on the center key. The
particular schedule requirement for vertical
and horizontal was counterbalanced across
pigeons in both the MTO and OTO groups.
The 3-s DRL requirement was in effect from
the outset of training. The FR parameter,
however, was gradually raised from 3 to either
10 or 20 (depending upon each pigeon’s FR
value in Experiment 2) across sessions.

The vertical and horizontal lines were each
presented 30 times in pseudorandom order in
each 60-trial session with neither stimulus
appearing more than three times in succes-
sion. Multiple-schedule training ended when it
appeared that the discrimination was well
formed and stable (e.g., there were few short
IRTs on DRL trials and few long IRTs on FR
trials). This required between 6 and 26
sessions including at least two sessions at the
terminal FR value.

Baseline refresher for Test 1. Following multi-
ple DRL–FR training, refresher training again
was provided on each pigeon’s MTO or OTO
matching task until it met the performance
criteria mentioned above for a single session.

Test 1. Next, a single test session was run
with vertical and horizontal center-key lines
and vertical and horizontal comparisons
(OTO pigeons) or blue and yellow compar-
isons (MTO pigeons). Completion of the

sample-response requirement (DRL or FR)
for pecking each center-key line immediately
turned it off and produced the comparison
alternatives. For half of the pigeons, the
reinforced comparison choices were the same
as the reinforced choices following completion
of the DRL and FR mixed-schedule require-
ments in their baseline MTO or OTO tasks.
For the remaining pigeons, the reinforced
choices were the opposite of those in baseline.
All other details of this 100-trial test session
were identical to those for the baseline tasks.

Reassignment retraining for Test 2. Immedi-
ately after Test 1, the pigeons were returned to
their reassignment matching tasks from Ex-
periment 2 in which completing the mixed-
schedule DRL and FR requirements for peck-
ing the white center-key stimulus were fol-
lowed by X and O comparison alternatives.
This refresher training continued until the
pigeons matched correctly on 90% or more of
all trials and switched at least 80% of the time
to the reinforced response pattern on the
center-key mixed schedule for three consecu-
tive sessions.

Multiple-schedule refresher. After recovering
their reassignment matching performance,
pigeons received a single 60-trial refresher
session on their multiple-schedule task.

Test 2. Finally, each pigeon received a sec-
ond 100-trial test session in which the X and O
comparison alternatives appeared after com-
pleting the DRL or FR sample-response re-
quirement to vertical or horizontal lines on the
center key. The reinforced comparison
choices for half of the pigeons were the same
as their reinforced choices following comple-
tion of the DRL and FR mixed-schedule
requirements in the reassignment task; for
the remaining pigeons, they were the opposite.
In addition, if a pigeon’s first test involved
sample-comparison relations that were consis-
tent with conditional stimulus control by its
DRL and FR response patterns, they were
inconsistent in its second test, and vice versa.

RESULTS AND DISCUSSION

Baseline performances. Recovery of MTO and
OTO matching to criterion levels of perfor-
mance prior to Test 1 took between 6 and 16
sessions. Recovery of the reassignment match-
ing task prior to Test 2 required between 3 and
7 sessions of training.
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On the two multiple-schedule training ses-
sions preceding Test 1, all pigeons pecked the
vertical and horizontal stimuli in schedule-
appropriate manner, with long and short
interresponse times (IRTs) occurring predom-
inately on DRL and FR trials, respectively. For
example, the average percentage of all IRTs
greater than 1500 ms on DRL trials ranged
from 32.5% to 85.0% compared to 0 to 1.2%
on FR trials (where the vast majority of IRTs
were less than 500 ms). On the multiple-
schedule refresher session preceding Test 2,
the corresponding ranges of IRTs greater than
1500 ms were 29.0% to 78.2% and 0 to 0.7%,
respectively.

Test results. Figure 7 shows individual sub-
ject data for each test. The filled bars plot
matching accuracy when the reinforced com-
parison choice following completion of the
DRL or FR requirement to the line samples
was the same as it was following completion of
the mixed-schedule DRL or FR requirement
(consistent test). The stippled bars plot match-
ing accuracy when the reinforced comparison
choice following completion of the DRL or FR
requirement in testing was the opposite of
what it had been during baseline training
(inconsistent test). Note that the order in
which the consistent and inconsistent tests
were run was balanced across pigeons, and
that the comparison alternatives for the two
tests differed (viz., one set came from each
pigeon’s MTO or OTO task and the other
from its reassignment task).

The pattern of results was the same for every
pigeon: Matching accuracy was above the level
expected by chance alone on the consistent
test and below chance on the inconsistent test.
Across pigeons, the average matching accuracy
on the consistent test was 80.0% correct
(range: 56% to 98%) versus 28.8% on the
inconsistent test (range: 8% to 47%), F(1, 9)
5 39.63. The difference in accuracy on the
consistent versus inconsistent test averaged
49.0%, 50.7%, and 56.0% for the pigeons
previously assigned to Groups MTO-C, MTO-
I, and OTO, respectively.

Clearly, then, the DRL and FR center-key
response patterns to the white mixed-schedule
stimulus during original matching training
and reassignment training in Experiment 2
had exerted control over comparison choice.
The finding that the DRL and FR patterns of
responding conditioned to vertical and hori-

zontal immediately cued the same comparison
choices that had been reinforced after com-
pleting the mixed-schedule DRL or FR re-
quirement to white clearly demonstrates that
these center-key response patterns had cued
the comparison choices in Experiment 2. The
results cannot be explained in terms of
conditional stimulus control by vertical and
horizontal per se because 1) these lines had
never before appeared as sample stimuli in
matching tasks with these comparison alter-
natives, and 2) the reinforced comparison
choices following them were balanced across
pigeons.

The test results also disconfirm the hypoth-
esis that choice performance on the mixed-
schedule trials in Experiment 2 was simply
cued by whether the white center-key stimulus
appeared once or more than once prior to the
choice alternatives. In testing, the vertical and
horizontal center-key stimuli appeared just
once before the comparisons. Thus, if the
number of stimulus presentations was the
conditional cue for the pigeons’ baseline
choices, they should have exhibited a strong
preference for the comparison previously
reinforced after one white stimulus presenta-
tion, resulting in accuracy levels of around
50%. With the possible exception of one
pigeon (cf. Figure 7), this was clearly not the
case. Interestingly, this pigeon also exhibited

Fig. 7. The percentage of correct choices by each
pigeon in Experiment 3 on its two tests for conditional
control by DRL versus FR sample responding. Filled bars 5
tests in which the reinforced comparison choices following
DRL and FR were the same as in training. Stippled bars 5
tests in which the reinforced comparison choices following
DRL and FR were the opposite from those in training.
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one of the poorest DRL versus FR discrimina-
tions.

EXPERIMENT 4

In yet another attempt to demonstrate the
inclusion of differential sample responses in
acquired equivalence classes, Experiment 4
was run. As before, initial training involved
a common reinforced comparison choice
following a particular pattern of responding
and a particular visual sample stimulus. In this
experiment, however, different center-key
stimuli were used to occasion the DRL and
FR response patterns during MTO training.
We had avoided the use of such center-key
multiple schedules in Experiments 1 and 2
because they would have required us to
distinguish between the DRL versus FR re-
sponse patterns and the visual stimuli that
occasioned them as potential class members.

Experiment 4, then, was explicitly designed
to make this distinction. Specifically, during
the transfer test, the DRL and FR response
patterns (whose potential class membership
was in question) were occasioned by center-key
stimuli that had not appeared in any baseline
matching task. Consequently, given that these
stimuli had not participated in the common-
choice relations of MTO training and, indeed,
were never established as conditional cues for
any choice, the only basis for transfer would be
the differential response patterns they occa-
sioned.

METHOD

Subjects and Apparatus

Eight White Carneau pigeons obtained from
the Palmetto Pigeon Plant (Sumter, SC) served
in this experiment. They were housed and
maintained in the same fashion as previously
described. All had previously participated in
studies orthogonal to the present work. Prior
to the start of the experiment, they were
randomly divided into two groups of four
defined in terms of whether their reinforced
sample-comparison relations in testing were
consistent (C) or inconsistent (I) with ac-
quired sample equivalence.

The single experimental apparatus used for
this experiment was equipped with a center-
key projector that could display homogeneous
green, yellow, and white fields, three white

vertical and three white horizontal lines on
black backgrounds, and a solid white dot and
a solid white triangle also on black back-
grounds (BRS/LVE Pattern No. 692). The
side-key projectors could display homoge-
neous red, blue and white fields, and a white
‘‘X’’ on a black background (BRS/LVE
Pattern No. 696).

Design Summary

The design of this experiment consisted of
three training phases followed by a single test
phase, as shown in Table 2. S1 to S6 denote
different sample/center-key stimuli, and C1 to
C4 denote the different reinforced (+) com-
parisons.

During initial MTO training, selection of C1
was reinforced on trials on which the compar-
isons were produced by completing a DRL
sample-response requirement to S1 and on
trials on which those same comparisons were
produced by a single sample peck (CRF) to S3.
Similarly, selection of C2 was reinforced on
trials on which the comparisons were pro-
duced by completing a FR sample-response
requirement to S2 and on trials on which the
comparisons were produced by a single sample
peck to S4. If these common reinforced
choices created {DRL, S3} and {FR, S4}
acquired equivalence classes, then explicitly
training new comparison choices (C3 and C4)
to the S3 and S4 samples during reassignment
training should yield generalization of those
new choices to DRL and FR responding in
testing.

However, because S1 and S2 occasioned
DRL and FR responding, respectively, during
MTO training, they too shared common
comparison-response associations with S3 and
S4. This commonality might produce a {S1, S3}
and a {S2, S4} class in which case the new
comparison choices learned to S3 and S4
might also generalize to S1 and S2. Conse-
quently, to assess generalization to DRL and
FR, the S1 and S2 samples must not appear in
testing. To meet this requirement, DRL and
FR responding were conditioned to different
center-key stimuli, S5 and S6, off-the-match-
ing-baselines prior to testing. Afterwards, S5-
DRL and S6-FR replaced S3 and S4 as
conditional cues for the new comparison
choices in testing. Given that S5 and S3, and
S6 and S4, did not share a common compar-
ison-response association, an acquired equiva-
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lence between them could not develop on this
basis and, so, no generalization of the C3 and
C4 choices should occur to S5 and S6. Thus, if
generalization does occur—specifically, if
a consistent (C) versus inconsistent (I) perfor-
mance difference appears in testing, this
would indicate the development of acquired
equivalence classes in which the pigeon’s
differential (DRL vs. FR) sample-response
patterns were class members.

Procedure

Preliminary training. Initially, single pecks
to each stimulus that later would appear on
the center and side keys during the main
experimental phases were reinforced. The first
three sessions involved reinforced center-key
pecking to the triangle and dot, green and
yellow, and vertical and horizontal lines, in
that order. Each stimulus appeared 30 times/
session in pseudorandom order. The next two
sessions consisted of 10 reinforced trials each
with white and the ‘‘X’’ on the left and right
side keys and 10 reinforced trials with green
and yellow, or with vertical and horizontal
lines, on the center key. The last preliminary
training session involved 10 reinforced trials
each with the triangle and dot on the center
key and red and green on each side key. All
other procedural details were identical to
those for preliminary training in the preceding
experiments.

Multiple-schedule pretraining. Next, each pi-
geon learned to obtain food by completing
DRL and FR schedules for pecking the triangle
and dot center-key stimuli, respectively. Each
pretraining session consisted of 60 trials, 30
with each stimulus. Over successive sessions,
the DRL parameter was gradually raised from

1 s to 3 s and the FR parameter was raised
from 3 to 20. Between 14 and 16 sessions were
needed to reach the final parameter values,
with at least two sessions at these values. Two
or three pretraining sessions were then run in
which 20 center-key presentations each of
green and yellow were intermixed with 20
presentations each of the triangle and dot
center-key stimuli. Single pecks to green and
yellow produced food (CRF schedule), where-
as pecking the triangle and the dot were
reinforced on DRL 3-s and FR 20 schedules,
respectively. All other procedural details were
identical to those previously described for
pretraining.

Many-to-one acquisition. Each pigeon then
began training on MTO matching. The 96
trials in each session started equally often with
triangle, dot, green, or yellow on the center
key. Completing the DRL 3-s and FR 20
requirement, respectively, to the triangle and
dot or the CRF requirement to green and
yellow turned off the sample stimulus and
immediately produced red and blue compar-
isons on the side keys. A single peck to either
comparison then turned both off and pro-
duced food or timeout depending on which
was chosen. Pecking the red comparison was
reinforced following the green sample and
after completing the DRL requirement to the
triangle, whereas pecking the blue comparison
was reinforced following the yellow sample
and after completing the FR requirement to
the dot. Pecking the alternative comparison on
each of these trials immediately turned off the
houselight for a period of time equal to the
reinforcement duration for that session. Suc-
cessive trials were separated by a 10-s ITI, the
first 9 s of which was spent in darkness.

Table 2

Design of Experiment 4.

Many-to-One
Matching Reassignment Matching Off-baseline Training Testing

S1 N DRL R C1+ S5 N DRL R C3+ [C]
S2 N FR R C2+ S6 N FR R C4+
S3 N CRF R C1+ S3 N CRF R C3+ S5 N DRL or
S4 N CRF R C2+ S4 N CRF R C4+ S6 N FR

S5 N DRL R C4+ [I]
S6 N FR R C3+

Note. S1–S6 5 sample stimuli, C1–C4 5 comparison stimuli, DRL 5 differential-reinforcement-of-low-rates-of
responding schedule, FR 5 fixed-ratio schedule, CRF 5 continuous reinforcement schedule, + 5 reinforced comparison
choices, [C] 5 consistent test condition, [I] 5 inconsistent test condition.
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The eight possible trial types (four samples x
two left–right positions of the comparisons)
were randomized within each session with the
restriction that none appear more than three
times in a row. MTO training for each pigeon
continued until overall accuracy was 90%
correct or better and accuracy with each set
of samples (green and yellow, DRL and FR)
was at least 87.5% correct for five of six
consecutive sessions. Twenty overtraining ses-
sions then followed.

Reassignment training. During reassignment,
pigeons matched the green and yellow samples
to white and X comparison stimuli. As in MTO
training, a single peck to each of these sample
hues turned it off and produced the compar-
isons on the adjacent side keys. A single peck
to either comparison then turned both off and
produced either food or time out. For half of
the pigeons, pecking white on green-sample
trials and the X on yellow-sample trials was
reinforced, and vice versa for the remaining
pigeons. Pecking the alternative comparison
again produced a time out equal in duration
to the reinforcement cycle.

Each trial type (two samples x two left–right
positions of the comparisons) was presented
equally often in pseudo-random order in each
100-trial session with none appearing more
than three times in a row. Each reassignment
training session was alternated daily with
continued training on MTO matching. Train-
ing on the reassignment task ended when
accuracy was 90% correct or better on five of
six consecutive reassignment sessions.

Multiple-schedule pretraining with vertical and
horizontal. Next, pigeons received off-base-
line multiple-schedule training with vertical
and horizontal center-key lines. Food rein-
forcement was contingent upon completing
a DRL 3-s schedule for pecking one line
orientation and a FR schedule for pecking the
other, with the schedule requirement for each
stimulus counterbalanced across pigeons. The
DRL and FR parameters were gradually raised
across successive training sessions until the
terminal 3-s DRL value and 20-peck FR value
were achieved. This took between 8 and 10
sessions, with at least two sessions conducted
at the terminal schedule values. These 60-trial
sessions were otherwise structured in the
same way as the earlier pretraining sessions
involving the triangle and dot center-key
stimuli.

Refresher training. Immediately prior to
testing, refresher training on MTO matching
and on the reassignment matching task was
given until performance on each was at or
above criterion levels for at least one session. If
this required more than two consecutive
sessions on either task, the pigeon was
returned to multiple DRL–FR training with
vertical and horizontal followed by an addi-
tional refresher on each matching task. The
last baseline refresher prior to testing involved
reassignment matching.

Testing. In testing, pigeons matched the
white and X comparison alternatives from the
reassignment phase to the DRL and FR
response patterns conditioned off baseline to
the two line orientations. For Group C, the
reinforced comparison choices in testing were
consistent with any acquired sample equiva-
lence that may have developed during MTO
training. Thus, if {green, DRL} and {yellow, FR}
classes developed from the common rein-
forced choice each potential member had
occasioned, and if green and yellow were later
established as conditional cues for choosing X
and W, respectively, then choices of X and W
were reinforced following completion of the
DRL and FR, respectively, to the center-key
lines during testing. For Group I, the corre-
sponding sample–comparison test relations
were inconsistent with acquired equivalence.

The two 100-trial test sessions were separat-
ed by a single refresher session on all training
tasks described above. Each test session con-
tained equal numbers of four possible trial
types (two samples x two left–right positions of
the comparisons). Procedural details were the
same as those previously described for transfer
testing. One pigeon in Group I did not receive
a second test because it stopped responding
altogether to the vertical and horizontal lines
after its first test.

RESULTS

Baseline training. Responding to the tri-
angle and dot, and to the vertical and
horizontal, center-key stimuli was clearly dif-
ferentiated by the end of each multiple-
schedule pretraining phase. The pigeons
pecked rapidly (viz. with short IRTs) on the
FR 20 schedule and tended to space their
successive key pecks (viz. with long IRTs) on
the DRL 3-s schedule. On the last two sessions
with triangle and dot stimuli, the percentage
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of IRTs greater than 1500 ms on DRL trials
averaged 60% across all 8 pigeons (range:
42.9% to 82.2%) versus 0.6% on FR trials
(range: 0 to 4.2%). On the last two sessions
with the vertical and horizontal lines, the
corresponding figures were 69.7% (range:
44.7% to 97.4%) versus 0.8% (range: 0.1% to
2.5%), respectively.

Acquisition of MTO matching was compara-
ble in Groups C and I, requiring an average of
15.3 and 20.3 sessions, respectively, to reach
criterion, F(1, 6) 5 0.54. For both groups,
accurate matching was acquired more rapidly
on the triangle–dot trials with the DRL versus
FR sample-response requirements than on the
green- and yellow-sample trials in which
a single peck produced the comparisons.
Figure 8 shows this difference over the first
15 acquisition sessions.

Matching acquisition during reassignment
training was slow and variable but was nonethe-
less comparable between groups. The average
number of sessions to the 90% accuracy
criterion was 25.8 for Group C versus 22.8 for
Group I, F(1, 6) 5 0.06.

Refresher-session performances on each
baseline task were essentially indistinguishable
between groups. For example, matching accu-
racy on the reassignment refresher was 93%
for both groups, and accuracy on the last MTO
refresher averaged 95.3% in Group C versus
95.8% in Group I. Finally, the percentage of
IRTs greater than 1500 ms on the DRL versus
FR trials with the vertical and horizontal lines
were 59.3% versus 0.8%, respectively, in Group
C and 66.4% versus 1.8%, respectively, in
Group I.

Testing. The top half of Figure 9 shows
individual performances in each group on the
first test session. There was no discernable
pattern that distinguished the consistent from
the inconsistent group. Although 3 pigeons in
Group I matched at accuracy levels below 50%,
1 matched well above chance. Likewise,
although 2 pigeons in Group C matched at
levels above 50%, 1 matched at chance and 1
below. Averaged across pigeons, first-session
accuracy in Group C was 53.8% versus 50.0%
in Group I, F(1, 6) 5 0.20. No between-group
differences were evident over the first 20 or 50
test trials either (data not shown).

The second test session, conducted after all
baseline performances were reestablished,
yielded much higher levels of accuracy, but

the level of improvement was independent of
group assignment, as seen in the bottom half
of Figure 9. Matching accuracy on the second
test session averaged 71% correct in Group C
versus 64.3% correct in Group I, F(1, 5) 5
0.28.

DISCUSSION

The data from this experiment corroborate
the findings of Experiments 1 and 2 by
showing no evidence for acquired equivalence
between different visual stimuli and different
patterns of center-key responding that occa-
sioned the same reinforced choice in MTO
matching. Once again, class-consistent sam-
ple–comparison relations in testing yielded
matching performances that were no more
accurate than class-inconsistent relations. In
one respect, the ‘‘failure-to-find’’ results from
this experiment are particularly convincing.
Although not previously mentioned, there
were actually two ways in which acquired
sample equivalence might have developed.
The first, already discussed, was via the
common reinforced comparison choices on
DRL and S3 trials, and on FR and S4, trials.

The second was via the common sample
responses occasioned by some pairs of center-
key stimuli in combination with the common
comparison choices occasioned by other, over-
lapping pairs. Assume that the triangle and dot
samples (S1 and S2) had acquired some
degree of control over the C1 and C2 choices

Fig. 8. The percentage of correct choices by each
group in Experiment 4 on trials with DRL and FR sample-
response requirements (closed symbols) and on single-
sample-peck trials with green and yellow (open symbols)
during many-to-one acquisition.
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in MTO matching. Given that the S3 and S4
samples also occasioned the C1 and C2
choices, two acquired equivalence classes—
{S1, S3} and {S2, S4}—should develop. Note,
however, that S1 and S2 occasioned the same
DRL and FR patterns of center-key pecking as
did the vertical and horizontal lines (S5 and
S6). If stimuli participating in three-term
contingencies also become functionally equiv-
alent (Sidman, 1994), then the original classes
formed from MTO training should expand via
class union to {S1, S3, S5} and {S2, S4, S6}.
Here, all class members are visual stimuli
appearing on the center key brought together
either by occasioning the same reinforced

comparison choice (e.g., S1 and S3) or by
occasioning the same DRL versus FR pattern
of stimulus-directed pecking (e.g., S1 and S5).
The resulting proposed classes, had they
formed, should have yielded a difference
between Groups C and I in their transfer-test
performances. Clearly, this was not the case.

One reason may be that acquired equiva-
lence classes in pigeons cannot develop from
the types of three-term contingencies used
here. But this position seems untenable in view
of other demonstrations of acquired equiva-
lence involving simple discriminative condi-
tioning (Vaughan, 1988; see also Honey & Hall,
1989). Later, we will consider other possible
reasons for our replicable ‘‘failure-to-find’’.
First, however, we should once again verify that
the DRL versus FR responding had indeed cued
comparison choice in this experiment

EXPERIMENT 5

Experiment 5 was a continuation of Exper-
iment 4 in which we explicitly tested for
conditional stimulus control by the DRL and
FR sample-response patterns conditioned to
the S1 and S2 samples. To do this, we replaced
the triangle (S1) and dot (S2) samples in the
matching task with the vertical (S5) and
horizontal (S6) lines to which DRL and FR
had been conditioned off-baseline. We pre-
dicted that comparison choice would continue
to be highly accurate despite this replacement.

METHOD

Subjects and Apparatus

The same pigeons and apparatus from
Experiment 4 were used.

Procedure

After completing their second test session in
Experiment 4, each pigeon was returned to its
MTO baseline task until it matched at criterion
levels of accuracy for a single session. Next, it
received one refresher session on multiple-
schedule (DRL vs. FR) training with the
vertical and horizontal lines, followed by one
final refresher session on MTO matching.
Generally, only a single refresher session on
each baseline task was necessary to recover
baseline performances.

Finally, each pigeon was given a single 100-
trial test session with vertical and horizontal

Fig. 9. The percentage of correct choice responses by
each subject in Experiment 4 on its first (top graph) and
second (bottom graph) acquired equivalence transfer test.
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lines as sample stimuli, red and blue as compa-
rison stimuli (from the MTO task), and DRL
and FR sample-response requirements for
producing the comparison alternatives. For
all pigeons, the reinforced comparison choice
on every test trial was the same comparison
choice that had been reinforced following
completion of the DRL or FR sample-response
requirement during MTO matching (i.e., all
pigeons received a consistent test).

RESULTS AND DISCUSSION

Figure 10 shows the individual test data for
all seven pigeons. With the exception of 1
pigeon, matching accuracy was above the level
expected by chance alone. The percentages of
correct comparison choice ranged from 50%
to 94%, with a mean of 77.8%. The 1 pigeon
that matched at chance had a bias to choose
the red comparison for unknown reasons.

Overall, the results from this test confirm
that one of the sample cues governing choice
during MTO matching in Experiment 4 arose
from the pigeons’ DRL versus FR response
patterns. Thus, the finding that these patterns
did not yield transfer to the new comparison
choices learned during reassignment training
indicates a true lack of acquired equivalence
between the DRL versus FR patterns and the
visual samples with which they shared a com-
mon comparison–response association.

GENERAL DISCUSSION

The results of these five experiments can be
summarized succinctly: Acquired equivalence
did not develop between differential sample–
response patterns that occasioned the same
reinforced comparison choices as other, visual
samples in matching-to-sample. It is important
to appreciate that both findings mentioned in
this summary statement were separately estab-
lished. Specifically, Experiments 3 and 5
showed that the pigeons’ DRL and FR patterns
of center-key responding had indeed cued
their comparison choices in MTO matching,
a training task that normally produces ac-
quired equivalence (Urcuioli, 2006). Experi-
ments 1, 2, and 4 showed, however, that the
common comparison–response associations
shared by the response-pattern and visual
samples in MTO training were insufficient to
produce an acquired equivalence between
them. When pigeons subsequently learned
a new comparison choice to one member of
each presumed class (the differential patterns
or the visual samples), we found that those
new choices did not transfer to the other
member. Transfer to untrained sample–com-
parison relations is a standard metric for
establishing acquired equivalence (Dougher
& Markham, 1994; Zentall, 1998; see also
Goldiamond, 1962; Hall, 1996). The fact that
it was repeatedly absent here— there were no
performance differences between class-consis-
tent and class-inconsistent tests either during
initial testing and over repeated sessions—
indicates that those classes had, in fact, not
formed as a result of MTO training. This was
quite surprising, independently of the theo-
retical issues that motivated this work.

Our expectation of finding acquired equiv-
alence between the different response patterns
and the different sample hues was based in
part on prior data showing that sample-specific
behavior in conditional discrimination learn-
ing behaves much like typical, exteroceptive
samples. For example, such behavior serves
very effectively as source of conditional stimu-
lus control in two-alternative matching (e.g.,
Cohen, Brady, & Lowry, 1981; Lionello-DeNolf
& Urcuioli, 2003, Experiment 2; Urcuioli &
Honig, 1980), a finding replicated here in
Experiments 3 and 5. Also, cue-competition
effects like those seen in many other operant,
instrumental, and Pavlovian conditioning

Fig. 10. The percentage of correct choices by each
pigeon in Experiment 5 on tests for conditional control by
DRL versus FR sample responding.
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paradigms (e.g., Mackintosh, 1976; March,
Chamizo, & Mackintosh, 1992; Miles & Jen-
kins, 1973) are observed when differential
sample responding provides one of the re-
dundant cues. In particular, DRL versus FR
responding overshadows different visual sam-
ples in the control over pigeons’ matching
choices (Urcuioli, 1984, 1985). In view of these
functional similarities, we assumed that the
similarity would also extend to conditions in
which differential responding occasioned the
same reinforced choices as other sample
stimuli, resulting in acquired equivalence
classes to which the response patterns be-
longed. But the present data indicate other-
wise, so perhaps the similarities end here.

Curiously, our results seem to fly in the face
of earlier work from this lab (Urcuioli et al.,
1994) that ostensibly showed functional equiv-
alence between differential responding and
other samples participating in MTO relations.
In that work, the sample stimuli were red
versus green hues, the presentation of food
versus the food-hopper light only (‘‘no
food’’), and 1 versus 20 pecks to a common
center-key stimulus. Retention functions ob-
tained following acquisition and transfer-of-
control results obtained after hue-sample
reassignment training both pointed to an
acquired equivalence between the hue, food,
and response samples. Nevertheless, we may
have overstated our case by labeling 1 versus 20
pecks as ‘‘response’’ samples. After all, it takes
pigeons longer to make 20 pecks than a single
peck, so the functional cue on these matching
trials may not have been different responses
per se, but a temporal cue correlated with
number of pecks. Besides, the positive test
results were confined to transfer tests con-
ducted after reassignment training with the
hue samples; they were not obtained after
reassignment training with the other sample
sets.

Assuming, then, that slow, spaced pecking
on a DRL schedule versus rapid, uninterrupt-
ed pecking on a FR schedule are more
defensible examples of different ‘‘responses’’
or ‘‘response patterns’’, why did they not
become members of acquired equivalence
classes? One possibility is that their stimulus
properties are so unlike those associated with
different visual cues that this precludes ac-
quired equivalence. With humans, this does
not seem to be a problem given that stimuli

from different modalities (e.g., visual and
auditory) readily become members of the
same stimulus equivalence class (e.g., Sidman,
Cresson, & Willson-Morris, 1974; Wetherby,
Karlan, & Spradlin, 1983). Of course, this does
not mean that pigeons or other nonhuman
animals will behave similarly. Nevertheless,
other results indicate that relatively substantial
stimulus differences do not prohibit the de-
velopment of acquired sample equivalence in
pigeons.

For example, Zentall, Sherburne, and Ur-
cuioli (1995) trained pigeons to match food
and no-food samples to the same comparisons
as red and green samples in MTO matching.
Following reassignment training in which one
set of samples was matched to new compar-
isons, performances with the remaining set
revealed class-consistent versus class-inconsis-
tent test differences indicative of acquired
equivalence. Similarly, Grant and Spetch
(1993, 1994) trained pigeons to match differ-
ent durations of a houselight (2 vs. 10 s) to the
same comparison alternatives as vertical and
horizontal line samples and found below-
chance levels of accuracy on a subsequent
class-inconsistent transfer test.

Of course, in each of the studies mentioned
above, one could argue that the positive test
results might have been made possible because
food and temporal samples also have visual
attributes—for example, food 5 seeing food in
raised hopper and no-food 5 seeing a hopper
light without seeing food; duration 5 seeing
an illuminated chamber for a short versus long
period of time. But the same could be said
here. Pigeons often move away from the key
while pecking it on a DRL schedule and stay in
front of it while pecking on a FR schedule.
Thus, the execution of those patterns is likely
to give rise to different visual experiences. But
this commonality across our sample sets was
not sufficient to produce results like those
reported by Grant and Spetch (1994) and
Zentall et al. (1995).

Then again, if the functional cue on DRL-
and FR-sample trials was the proprioceptive
stimulation arising from these different pat-
terns of responding, across-modality differ-
ences may indeed be responsible for our
failure to find. By this argument, response
membership in acquired equivalence classes
might well occur if all potential class members
involve a response or response pattern. This

RESPONSES AND ACQUIRED EQUIVALENCE CLASSES 103



could be tested with a MTO procedure in
which each sample is a distinctive response or
response pattern.

Another possibility to consider is that more
rapid matching acquisition with the DRL–FR
samples than with the hue samples (cf.
Figures 2, 5, and 8) encouraged independent
sample–comparison relations despite the com-
mon choice associations in the MTO task. In
other studies where acquired sample equiva-
lence has been demonstrated (and for which
acquisition data are available), rates of acqui-
sition of the component conditional discrimi-
nations were comparable (e.g., Urcuioli &
Lionello-DeNolf, 2001; Urcuioli et al., 1995)
or, if there are differences, they tend to be
relatively small (e.g., Urcuioli et al., 1989,
Experiment 2; Zentall et al., 1995). But even
large acquisition differences do not preclude
acquired equivalence. For example, Grant and
Spetch (1993, Experiment 2) initially trained
pigeons with line-orientation samples prior to
MTO training in which the line and temporal
(houselight) samples were matched to the
same (original) set of comparisons. Neverthe-
less, these pigeons showed evidence for ac-
quired sample equivalence in a later class-
inconsistent transfer test (Grant & Spetch,
1994). Furthermore, to the extent that emer-
gent differential sample behavior (Manabe et
al., 1995; Urcuioli et al., 2002) reflects ac-
quired sample equivalence, this phenomenon,
too, occurs despite the fact that one compo-
nent of MTO matching is learned prior to the
other.

Finally, in most (although not all) studies
demonstrating acquired equivalence, the way
in which pigeons respond to the sample
stimuli is the same, and this point may be
especially significant. For example, a common
FR requirement is typically scheduled for all
samples in a MTO procedure. With evidence
for acquired sample equivalence, the implicit
assumption is that class membership is accu-
rately represented as: {S1, S3} and {S2, S4},
where Sn 5 the sample stimuli. But what if the
class members are actually compounds con-
sisting of the sample and the responding that
occurs to them: {S1–FR, S3–FR} and {S2–FR,
S4–FR}? Although the natural assumption is
that irrelevant FR sample-response patterns
should not contribute to conditional stimulus
control, actual stimulus-control topographies
can be different from what we think they are

or should be (McIlvane, Serna, Dube, &
Stromer, 2000). After all, in standard match-
ing-to-sample tasks, the conditional cue for
choice is not simply what the pigeon sees on
the sample key, but what it sees and where it
sees it (viz., the particular key on which the
sample is displayed—Lionello & Urcuioli,
1998; see also Lionello-DeNolf & Urcuioli,
2000).

The important point is that acquired sample
equivalence usually is observed when the
members of each class, however defined, are
responded to in a similar way. That was not the
case here. Pigeons were required to peck the
hue samples only once, in contrast to the
center-key forms (Experiment 4) or white
center key (Experiments 1 and 2) for which
DRL versus FR patterns were required. Al-
though the center-key stimuli were used solely
to provide the differential response patterns
whose possible class membership was in
question, the functional cues may have been
W–DRL and W–FR, for example. If so, then
the classes potentially arising from MTO
training should be represented as: {W–DRL,
S3–CRF} and {W–FR, S4–CRF}. Notice the
substantial within-class differences: One mem-
ber is a stimulus pecked only once (and, thus,
appearing relatively briefly) whereas the other
is a stimulus occasioning multiple pecks or
a sequence of behavior (and, thus, appearing
for an extended time). From this perspective,
then, W–DRL and W–FR may be more similar
to one another than they are to the other
member of their presumed classes. Could this
have blocked the development of acquired
equivalence?

At present, we don’t know the answer to this
question. But it is certainly worth considering
the possibility that there is nothing inherent in
differential responding that precludes their
inclusion in equivalence classes. In our experi-
ments, the required differences between one
response pattern and another and the need to
keep these distinct from the hue-sample re-
sponse requirements (cf. Urcuioli & Honig,
1980) may have simply created unintended
within-class differences and between-class sim-
ilarities that worked against acquired equiva-
lence.

If so, acquired equivalence effects typically
reported with all visual stimuli in MTO
matching might not occur if there are sub-
stantial within-class differences in the way
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pigeons respond to these stimuli. Imagine, for
example, a task in which pigeons peck 10 times
to each hue sample but only once to each line
sample. The common choice associations
shared by one hue and one line would
presumably promote the development of an
acquired equivalence between them. However,
if the functional conditional stimuli consist of
the visual features of each sample and how
many times the pigeons peck at them, the
potential class members would actually be {S1–
FR, S3–CRF} and {S2–FR, S4–CRF}. Once
again, there are substantial within-class differ-
ences here, and these might preclude ac-
quired sample equivalence. In other words,
these MTO training conditions also might
promote independent sample–comparison re-
lations and, thus, yield no transfer-of-control
following reassignment.

Until these matters are clarified, it would be
premature to say that our findings are a strong
disconfirmation of Sidman’s (1994, 2000)
theoretical position. Of course, in the final
analysis, it may turn out that the present
results are a strong disconfirmation (e.g., if
an all-visual-sample MTO study of the sort
mentioned above nonetheless demonstrates
acquired sample equivalence). What might
this mean? It would show that for some
animals at least, equivalence classes do not
arise directly from the reinforcement contin-
gencies. Such a result would not be surprising
to those who believe that only humans are
capable of exhibiting emergent behavior in-
dicative of stimulus equivalence. Of course,
recent data showing symmetry in pigeons
(Frank & Wasserman, 2005) bring that partic-
ular position itself into question. Also, Sidman
(2000) himself acknowledged the possibility
that the origins of equivalence classes may not
be the same for humans and other animals.
Our experiments were based on the supposi-
tion that common mechanisms are at work.
Should it be the case, then, that membership
in acquired equivalence classes for pigeons
does not extend to their differential behavior,
the real issue becomes whether such member-
ship is demonstrable in humans.
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