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Common coding in pigeons was examined using a delayed conditional discrimination in-which
each sample stimulus was associated with two different comparison stimuli (one-to-many map-
ping). In Experiment 1, pigeons matched circle and dot samples to red and green hues and verti-
cal and horizontal line orientations. In Experiment 2, the samples were red and green and the
comparisons were vertical and horizontal spatial positions (up vs. down and left vs. right). Fol-
lowing acquisition to high levels of accuracy in each experiment, the associations between the
samples and either both sets or only one set of comparisons were reversed. Pigeons learned the
total reversals faster than the partial reversals. These results suggest that when different com-
parisons are associated with a common sample, they may become functionally equivalent.

There is growing evidence that when pigeons are trained
on discriminations in which more than one stimulus is as-
sociated with a common event, those stimuli become func-
tionally equivalent. Not only are the stimuli interchange-
able with one another within the stimulus context, but
more importantly, they also appear to substitute for one
another in other contexts.

An example of this sort of substitutability (also referred
to as common coding) was provided by Edwards, Jagielo,
Zentall, and Hogan (1982). In this experiment, Edwards
et a!. trained pigeons on two independent identity-
matching tasks, one involving hue matching and the other
involving shape matching. Correct matches of one hue
and one shape were reinforced with corn, whereas cor-
rect matches of the other hue and shape were reinforced
with wheat. On transfer trials in which the shapes were
substituted as samples in the hue-comparison task, and
vice versa, pigeons reliably chose the comparison as-
sociatedwith the same outcome as the sample. Thus, sam-
ple stimuliassociated with the same outcome had become
interchangeable.

Using a different procedure, Vaughan (1988) demon-
strated that pigeons could also form stimulus classes based
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on stimuli that, at any given time, were treated in the same
way. Vaughan trained pigeons to respond to a set of 20
randomly selected natural stimuli (S+ s) and to not re-
spond to a second set of 20 natural stimuli (S—s). Fol-
lowing acquisition, the contingencies associated with both
sets were reversed, and then reversed again repeatedly.
After a large number of reversals, pigeons responded cor-
rectly to stimuli presented later in a sessiononce they had
been exposed toa few stimuli from each set early in that
session. In other words, their go-versus-no-go response
pattern to individual stimuli in each set changed prior to
their actually experiencing the new associations with rein-
forcement and nonreinforcement. Thus, performance with
stimuli presented later in the session was controlled by
the contingency currently associated with each stimulus
set.

A number of procedures have been used to study stim-
ulus class formation inhumans. Spradlin, Cotter, and Bax-
ley (1973, Experiment 2), for example, trained subjects
that in the presence of either stimulus A or stimulus B,
a response tostimulus C would be reinforced. They were
then trained that in the presence of stimulus A, a response
to stimulus D would be reinforced. Finally, on probe trials
with stimulus B, 2 out of 3 subjects responded immedi-
ately with a response to stimulus D. Spradlin et al. con-
cluded that “if one member of a stimulus class is condi-
tioned to control a new response, other members of that
stimulus class may also control that new response”
(p. 564).

This procedure, in which multiple stimuli are associated
with a common response (sometimes referred toas many-
to-one mapping), has also been shown to produce a simi-

100’) D,-rn~. ~ T..~



374 ZENTALL ET AL.

lar transfer effect in pigeons (Urcuioli, Zentall, Jackson-
Smith, &Steirn, 1989, Experiment 2). In this experiment,
pigeons were initially trained on a delayed conditional dis-
crimination in which one hue (e.g., red) and one line-
orientation sample (e.g., vertical) were associated with
one comparison stimulus (e.g., vertical), and the other
hue (e.g., green) and line-orientation sample (e.g., hori-
zontal) were associated with the other comparison stimu-
lus (e.g., horizontal). In a second phase of training, the
hue samples from this many-to-one task were paired with
a new set of comparisons (e.g., redwith circle and green
with dot). Then, in testing, the remaining line samples
were paired for the first time with the new comparisons.
Whenthe correct comparison response was consistent with
the presumed stimulus sets developed in Phase 1, trans-
fer performance was significantly better than when that
response was inconsistent with those stimulus sets (i.e.,
in the example given, they tended to respond to the circle
comparison when the sample was vertical and to the dot
comparison when the sample was horizontal).

If sample stimuli that are associated with the same com-
parison response become commonly coded or are func-
tionally equivalent to each other (i.e., they are inter-
changeable), then Vaughan’s (1988) reversal data suggest
that it should be easier to reverse the comparison associ-
ations to both samples than to reverse the associations de-
veloped to only one of the samples.

In support of this common-coding hypothesis, Zentail,
Steirn, Sherburne, and Urcuioli (1991; see also Naka-
gawa, 1986) showed that following many-to-one training
in which red (R) and vertical-line (V) samples were as-
sociated with a circle (C) comparison and green (G) and
horizontal-line(H) samples were associated with a dot (D)
comparison, pigeons acquired the reversal task faster
when both sets of associations were reversed (e.g., R and
V samples now associated with D comparisons and G and
H samples now associated with C comparisons) than when
only one set was reversed (e.g., R and G samples now
associated with D and C comparisons, respectively, but
V and H samples still associated with C and D compari-
sons, respectively).

The purpose of the experiments presented here was to
determine whether evidence for common coding could be
found after training in which different comparisons were
associated with a common sample. In other words, in a
one-to-many conditional discrimination, are the compar-
isons commonly coded as the samples apparently are in
a many-to-one task? If so, then the subsequent reversal
of associations between bothsets of comparisons and their
samples should produce faster relearning than reversing
only one set of associations.

Alternatively, if common coding does not occur, and
if the rate of reversal learning depends upon the number
of associations that must be reversed, then reversal of as-
sociations between both sets of comparisons and their sam-
pies should produce slower relearning than reversing only
one set of associations.

EXPERIMENT 1

In the first experiment, pigeons were trained to associ-
ate two samples (C and D) with two pairs of compari-
sons (R and G; V and H). These were the sample stimuli
used by Zentall et al. (1991), except that the sample and
comparison sets were switched. After reaching criterion
levels of accuracy on this one-to-many task, the sample
associations involving hue comparisons were reversed for
Group Hue, whereas the corresponding associations in-
volving the line comparisons were reversed for Group
Line. For Group Hue-Line, the sample associations in-
volving both sets of comparisons were reversed. If pigeons
learned tocommonly code the two comparisons associated
with the same sample during initial training, then revers-
ing both associations ought to be easier than reversing only
one because the common code could be maintained in the
former case, but it would be violated in the latter.

Method
Subjects

The subjects were 18 mixed-sex, experimentally naive White Car-
neau pigeons purchased as retired breeders (over 5 years old) from
the Palmetto Pigeon Plant (Sumter, SC). They were housed in in-
dividual cages and maintained throughout the experiment at
75% -80% of their free-feeding body weights. They had continu-
ous access to water and grit in their home cages, which were lo-
cated in a colony room with a 12:12-h Iight:dark cycle.

Apparatus
The experiment was conducted in a sound-attenuated test cham-

ber with a three-key intelligence panel. The pigeon compartment
in the test chamber measured 37 cm high X 30 cm wide x 34 cm
deep (across the intelligence panel). Three rectangular responsekeys
(3.2 cm wide x 2.5 cm high) were mounted side by side on the
panel with their bottom edges 16.0 cm above the wire-mesh floor
of the chamber. Behind each key was a 12-stimulus in-line projec-
tor (Industrial Electronic Engineering, Series 10, with G.E. No.
1820 lamps) that projected R or G hues (Kodak Wratten filters Nos.
26 and 60) and three white V or H stimuli (each 13 mm long x
3 mm wide and separated by 3 mm) on the two side keys and a
white line-drawn circle (C; 16 mm outside diameter, 13 mm in-
side diameter) or a white dot (D; 5 mm diameter) on the center
key. All lines and shapes were presented on a black background.
The opening to the rear-mounted grain feeder was centered on the
intelligence panel and was located midway between the bottom of
the response keys and the floor. Reinforcement consisted of 2-sec
access to Purina Pro Grains. A shielded houselight located 7.6 cm
above the center key provided general chamber illumination. White
noise and an exhaust fan provided sound masking. The experiment
was controlled by a microcomputer located in an adjacent room.

Procedure
Pretraining. All pigeons were trained to eat from the grain feeder

and were then shapedby the method of successive approximations
to peck a white illuminated center key. Once keypecking was es-
tablished, the stimulus on the center key was changed to C or D
(randomly determined) andchanged again following each reinforce-
ment. Each stimulus was presented 24 times, with successive stim-
ulus presentations separated by a 10-sec intertrial interval (ITI).
Over the next 2 days, the number of pecks required for reinforce-
ment was increased, first to 5 and then to 10. On the final two 24-
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Table 1
Design of Experiment 1

Phase I Phase 2

All Groups Group Hue Group Line Group Hue-Line

C-R C-G C-R C-G
D-G D-R D-G D-R
C-V C-V C-H C-H
D-H D-H D-V D-V

Note—The first letter of each pair represents the sample (C = circle;
D = dot), and the second letter represents the correct comparison (R =

red; G = green; V = vertical; H = horizontal).

trial pretraining sessions, the left or right key was lit with R, G,
V, or H, and a single peck to the lit key resulted in reinforcement.

Phase 1 training. On the day after pretraining, all pigeons be-
gan training on a 0-sec-delay one-to-many, conditional discrimi-
nation with randomly alternating C and D samples and with R and
G comparisons on half the trials and V and H comparisons on the
remaining trials. The hue and line designated as the correct com-
parison for each sample was counterbalanced across pigeons. Each
conditional discrimination trial began with the onset of one of the
sample stimuli (C or D) on the center key. Ten pecks to the sample
turned it off and immediately produced two comparison stimuli
(either R and G or V and H) on the adjacent side keys. A single
peck to either comparison stimulus turned off both side keys and
initiated a 10-sec ITI, during which the houselight was lit. If the
comparison-choice response was correct, it was followed by rein-
forcement during the first 2 sec of the ITI; otherwise, it was fol-
lowed by the ITI alone.

Training sessions consisted of 96 trials each and were conducted
6 days a week. Eachsession was counterbalanced for sample stim-
ulus, position of the correct comparison key, and comparison di-
mension (hues vs. lines). Trial types were presented randomly with
the constraint that on no more than 3 consecutive trials could (1) a
particular sample stimulus appear, (2) the position of the correct
comparison be the same, and (3) the comparison dimension be the
same. Each pigeon was trained on the one-to-many task to a crite-
rion of two consecutive sessions at 90% correct overall and at least
83% correct on each ofthe four trial types. Once this criterion was
reached, each pigeon was overtrained for an additional 20 sessions.
One pigeon was dropped from the study for failure to reach crite-
rion within 60 sessions.

Phase 2 transfer. As the pigeons completed Phase 1, they were
assigned to one ofthree groups: Group Hue, Group Line, or Group
Hue-Line. At least 1 pigeon from each of the Phase 1 counter-
balancing groups was assigned to each of the Phase 2 groups. For
the pigeons in Group Hue, the sample/hue-comparison associations
were reversed. For the pigeons in Group Line, the sample/line-
comparison associations were reversed. Finally, for the pigeons in
Group Hue-Line, all sample/comparison associations were reversed.
Reversal contingencies for the three groups, together with a repre-
sentative training condition, are presented in Table 1. In all other
respects, the procedure used during Phase 2 was the same as that
used during Phase 1. Phase 2 continued for each pigeon until it
reached a performance criterion of80% correct, or better, on each
pair of reversed associations.

Phase 1
Results

The pigeons acquired the Phase 1 one-to-many condi-
tional discrimination in an average of 30.8 sessions. Al-
though the three Phase 2 groups did not differ significantly
in the rate at which they acquired the Phase 1 task (F <
1), the hue-comparison portion of the Phase 1 task was

acquired to a criterion of 90% correct in significantly
fewer sessions (16.8) than the line-comparison portion
(23.2) [F(1,16) = 8.53]. The .05 level of significance was
used in these and all subsequent analyses.

Phase 2
One pigeon in Group Hue-Line was dropped from the

analysis for failure to reach the Phase 2 criterion (80%
correct) in 70 transfer sessions. This pigeon developed
a strong position response that did not change over the
70 transfer sessions. Seventy sessions was more than twice
the number required to reach criterion for the next slowest
pigeon in that group and more than 1.5 times the number
required for the next slowest pigeon in the other two
groups.

Because there were differences in the rate of acquisi-
tion of the hue- versus line-comparison portions of the
Phase 1 task, acquisition of the Phase 2 reversal by each
partial reversal group (Groups Hue and Line) was com-
pared with acquisition of the corresponding reversal in
Group Hue-Line.

The reversal data, summarized in Figure 1, show that
the hue-comparison reversal was accomplished in fewer
sessions by pigeons in Group Hue-Line than by pigeons
in Group Hue (17.5 vs. 26.2 sessions, respectively) and
that the line-comparison reversal was likewise accom-
plished in fewer sessions by pigeons in Group Hue-Line
than by pigeons in Group Line (20.3 vs. 33.7 sessions,
respectively).

An analysis of variance (ANOVA) performed on the
sessions-to-80%-correct data for the line-comparison re-
versal indicated that this reversal was learned significantly
faster by Group Hue-Line than by Group Line [F(1,8) =

5.82]. A similar ANOVA performed on the correspond-
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Figure 1. Experiment 1: Mean sessions to 80% correct on Phase 2
reversals for the hue-comparison conditional discrimination for
Group Hue, the line-comparison discrimination for Group Line, and
both the hue- and the line-comparison discriminations for
Group Hue—Line.
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ing hue-comparison data did not yield a significant effect
[F(1,8) = 1.20]. The reason for this absence of statisti-
cal significance appeared to be an unusual amount of
within-group variance in Group Hue (range: 7-41 ses-
sions). Note, however, that the percentage increase in ses-
sions to criterion for Group Hue relative to comparable
data from Group Hue-Line (50%) is similar to the per-
centage increase for Group Line relative to comparable
data from Group Hue-Line (66%). Furthermore, if one
reduces the impact of outliers by considering median ses-
sions to criterion, the difference in rate of acquisitionbe-
tween Group Hue (median = 27.5 sessions) and the hue
portion of the task for Group Hue-Line (median = 15.0
sessions) is even larger (an increase of 83%). This con-
trast is quite comparable to the difference in median rate
of acquisition between Group Line (median = 34.0 ses-
sions) and the line portion of the task for Group Hue-
Line (median = 18.0 sessions), an increase of 89%. Thus,
in spite of the difference in statistical significance between
the partial versus total reversal involving lines and analo-
gous comparison involving hues, we believe that it may
be more appropriate toconclude that similar retarded ac-
quisition effects occurred in both partial-reversal groups.

As in Phase I, the hue-comparison associations were
learned faster than the line-comparison associations in
Phase 2. This difference was evident in the significant
within-group comparison-dimension effect found in Group
Hue—Line: sessions to criterion for the hue-comparison
portion averaged 17.5 as compared with 20.3 sessions for
the line-comparison portion [F(l,3) = 10.37]. An even
larger difference was found when Phase 2 acquisition by
pigeons in Group Hue (26.2) was compared with acqui-
sition by pigeons in Group Line (33.7), although this dif-
ference did not reach statistical significance [F(1 ,10) =

1.23]. Again, the large within-group variability in Group
Hue was probably responsible for this lack of statistical
significance.

Discussion
The results of this experiment showed that after pigeons

are trained on a one-to-many conditional discrimination
with shapes as samples and hues and line orientations as
comparisons, relearning the sample-comparison associa-
tions tends to be slower in the context of a partial rever-
sal than in the context of a total reversal. This finding
suggests that one-to-many training results in the common
coding of comparisons that are associated with the same
sample. Consequently, it was easier for the pigeons to
learn that responding to both members of a comparison
“set” was reinforced following the alternative sample than
it was for them to learn that the membership of the sets
themselves had changed.

The present findings were obtained with procedures and
stimuli that were the same as those used by Zentall et al.
(1991, Experiment 1) to examine common coding in a
many-to-one conditional discrimination. The results of the
present study confirm and extend the Zentall et al. find-

ings, with the exception that Zentall et al. reported no dif-
ference in sessions to reverse between their Group Hue
partial-reversal group (involving hue-sample/shape-
comparison association reversals) and the comparable as-
sociation reversals for their Group Hue-Line total-reversal
group. In the present experiment, no asymmetry was
found between line and hue reversals in the magnitude
of the partial versus total reversal effect.

EXPERIPvIENT 2

The primary purpose of Experiment 2 was to assess the
generality of the total- versus partial-reversal effect by
training pigeons on a one-to-many task involving hue sam-
ples and two spatial dimensions as comparisons. On half
of the trials, left and right comparison keys were illumi-
nated by white light, and a response to one or the other
was reinforced depending on the identity ofthe prior sam-
ple. On the other half of the trials, keys directly above
and below the sample were lit, and a response to either
the top or the bottom key was reinforced. Following ac-
quisition to criterion, the pigeons were again tested, this
timewith either one or both spatial dimensions reversed.

A second purpose of Experiment 2 was toexamine dif-
ferences in the acquisition and reversal of a conditional
spatial discrimination involving the horizontal versus the
vertical dimension. It has been suggested that for lower
animals, as well as humans, discriminations along the hor-
izontal dimension are more difficult than those along the
vertical dimension because there is a virtual left-right (but
not up-down) symmetry in the natural world (see, e.g.,
Corballis & Beale, 1976). For example, a left-right re-
versal (i.e., rotation around the vertical axis) of a natural
scene would be much more difficult to detect than a
top-bottom reversal (i.e., rotation around the horizontal
axis).

Method
Subjects

The subjects were 18 mixed-sex, experimentally naive White Car-
neau pigeons purchased as retired breeders (over 5 years old) from
the Palmetto Pigeon Plant (Sumter, SC). They were housed and
maintained as described in Experiment 1.

Apparatus
The experiment was conducted in a sound-attenuated chamber

similar to that used in Experiment 1. The intelligence panel used
in Experiment 2 contained a 5 x 5 matrix of 1.6-cm round peck-
ing keys, spaced 3.1 cm apartcenter to center. The only keys used
in this experiment were the middle key in the second and fourth
rows (referred to as the top and bottom keys) and the three middle
keys in the third row (referred to as the left, center, and right keys).
Each key could be back-illuminated by one of two 24-V lamps (Syl-
vania 28 ESB). The center-key lamps were fitted with Profax caps
to produce R or G hues. The remaining lamps (top, bottom, left,
and right) were uncovered and produced white light (W). The
pigeons had access to a rear-mounted grain feeder through an aper-
tare located in the center ofthe intelligence panel. The bottom edge
of the aperture was 3 cm from the chamber floor. Reinforcement
consisted of 2-sec access to pigeon grain. A shielded houselight
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Table 2 subject analysis indicated that the sample-comparison as-
Design of Experiment 2 sociations involving the vertical dimension were not

Phase 2 learned significantly faster than comparable associations
Group V Group H Group V-H involving the horizontal dimension: 14.2 versus 15.4 ses-

sions, respectively [F(l,17) = 2.35].

Phase I

All Groups

R-T
G-B
R—L
G-R

Note—The first letter of each pair represents the sample (R = red; G =

green), and the second letter represents the correct comparison (T —

top; B — bottom; L = left; R = right). V = vertical; H = horizontal.

was located in the ceiling of the chamber. White noise and an ex-
haust fan provided sound masking. The experiment was controlled
by a microcomputer located in an adjacent room.

Procedure
Pretraining. The pigeons were pretrained (according to the pro-

cedure described in Experiment 1) to eat from the grain feeder and
then to peck R and G stimuli on the center key and the W stimulus
on the left, right, top, and bottom keys.

Phase 1 training. On the day following the end of pretraining,
all pigeons began training on a 0-sec-delay one-to-many conditional
discrimination with randomly alternating R and G samples presented
on the center key and W comparisons presented either on the left
and right keys or on the top and bottom keys. The two positions
designated as correct for each ofthe sample hues (left vs. right and
top vs. bottom) were counterbalanced over pigeons. Each trial be-
gan with the onset of one of the two hues on the center key. Ten
pecks to the sample turned it off and immediately produced two
comparison stimuli (the left and right keys or the top and bottom
keys). A single peck to either comparison turned both off and initi-
ated a 10-sec ITI, during which the houselight was lit. If the
comparison-choice response was correct, it was followed by rein-
forcement during the first 2 sec of the ITI; otherwise, it was fol-
lowed by the ITI alone.

As in Experiment I, training sessions consisted of 96 trials each.
Trials within a session were counterbalanced for sample hue, posi-
tion of the correct comparison key, and comparison dimension.
Trials were presented randomly, with the same constraints as in
Experiment 1. Again, each pigeon was trained to a performance
criterion of two consecutive sessions at 90% correct overall and
83% correct, or better, on each of the four trial types. Once this
criterion was reached for trials involving each ofthe spatial dimen-
sions, each pigeon was overtrained for an additional 20 sessions.

Phase 2 transfer. As the pigeons completed Phase 1, they were
randomly assigned to one of three groups (n =6): Group V, for
which the sample/comparison-position associations in the vertical
dimension were reversed; Group H, for which the comparison as-
sociations involving the horizontal dimension were reversed; and
Group V-H, for which both were reversed. Reversal contingen-
cies for the three groups, together with representative training con-
ditions, are presented in Table 2. In all other respects, the proce-
dure used during Phase 2 was the same as that used during Phase 1.
Phase 2 continued for each pigeon until it performed at a level of
80% correct or better on each pair of reversed associations.

Results
Phase 1

The pigeons acquired the Phase 1 one-to-many condi-
tional discrimination in an average of 14.9 sessions. The
pigeons did not differ significantly in number of sessions
to acquire the Phase 1 task, as a function of the Phase 2
group to which they were assigned (F < 1). A within-

Phase 2
The pigeons in Group V acquired the Phase 2 reversal

at about the same rate (15.0 sessions) as did the pigeons
in Group H (15.5 sessions) (F < 1). Furthermore, in
Group V-H, reversal of the vertical associations in
Phase 2 was not learned significantly faster (M = 11.8
sessions) than reversal of the horizontal associations (M =

10.8 sessions) (F < 1).
Because the spatial dimension of the two comparison

sets did not affect the rate of Phase 2 reversal, the rever-
sal data from the two partial-reversal groups (i.e.,
Groups V and H) were combined for the purpose of anal-
ysis and were compared to the average sessions to reverse
the vertical- and horizontal-comparison associations in the
total-reversal group (i.e., Group V-H). An ANOVA per-
formed on these data indicated that the total-reversal group
learned their reversals significantly faster (M = 11.3 ses-
sions) than did the partial-reversal groups (M = 15.3 ses-
sions) [F(l,16) = 5.06]. Mean Phase 2 reversal perfor-
mances for the three groups are presented in Figure 2.

Discussion
The results of Experiment 2 confirm and extend the re-

sults of Experiment 1. Following acquisition of a one-to-
many conditional discrimination involving hues as sam-
ples and vertically versus horizontally displayed spatial

Figure 2. Experiment 2. Mean sessions to 80% correct on Phase 2
reversals for the vertical-comparison conditional discrimination for
Group V, the horizontal-comparison discrimination for Group H,
and both the vertical- and the horizontal-comparison discrimina-
tions for Group V—H.
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comparisons, a total reversal involving both comparison
dimensions was learned significantly faster than a partial
reversal involving either one or the other dimension alone.
These results support the hypothesis that the one-to-many
mapping of samples ontocomparisons encourages the de-
velopment of common comparison codes, just as acqui-
sition of a many-to-one conditional discrimination en-
courages the development of common sample codes.

The results of Experiment 2 also indicate that spatial
discriminations involving locations in the vertical dimen-
sion were not learned significantly faster than discrimi-
nations in the horizontal dimension. Similarly, there were
no significant differences in sessions to reverse between
discriminations in the vertical versus horizontal dimen-
sions. The absence of an effect of reversal dimension was
found both in the between-group comparison involving
Group V versus Group H and in the within-subject com-
parison involving Group V-H. Apparently, pigeons do
not show an asymmetry in either the acquisition or the
reversal of spatial-discrimination learning between stim-
uli presented in the vertical versus the horizontal dimen-
sion, as Corbalhis and Beale (1976) predicted.

The absence of an effect of spatial dimension in the
present experiment is consistent with recent findings from
a study involving a radial-arm-maze-analogue task with
pigeons (Steirn, Zentall, & Sherburne, 1992). In this task,
pigeons were rewarded on each trial for responding to
each of five keys, once and only once. For two of the
groups in this study, the keys were arranged in a linear
array (either vertical or horizontal). The results indicated
that the two groups did not differ either in rate of task
acquisition or in level of performance when a delay was
interpolated at various points in the trial.

Although vertical versus horizontal asymmetries have
been found in a number of studies with human subjects,
Maki, Grandy, and Hauge (1979) have noted that such
asymmetries only occur when verbal responses (e.g.,
“up,” “down,” “right,” “left”) are required. If the dif-
ficulty that humans have with the left-right discrimina-
tion is related to the ambiguity that comes from the ver-
bal labels “left” and “right,” then one would not expect
to find such an asymmetry in pigeons.

GENERAL DISCUSSION

Results of the two experiments presented here suggest
that common coding occurs not only when two or more
samples are mapped onto a common comparison (as has
been reported earlier), but also when two or more com-
parisons are mapped onto a common sample.

Common Coding Versus Equivalence
In the present paper, the term common coding has been

used to describe results similar to those from stimulus-
equivalence experiments. Although we believe that simi-
lar processes underlie both phenomena, we have chosen
to use the term common coding because stimulusequiva-

lence often implies findings beyond those that we have
observed.

For example, Sidman and Tailby (1982) indicated that
the term stimulus equivalence shouldbe reserved for ex-
periments in which one can demonstrate the three defin-
ing properties of an equivalence relation: reflexivity (i.e.,
performance of generalized identity), symmetry (i.e., the
demonstration of bidirectional learning or the use of back-
wardassociations following training with forward associ-
ations), and transitivity (i.e., the ability of one stimulus
to mediate the relation between two other stimuli).

Although these three properties of stimulus equivalence
have not yet beendemonstrated by pigeons in a singleex-
periment, indirect evidence for at least two of these prop-
erties, symmetry and transitivity, have been demonstrated
by Urcuioli et al. (1989). In that experiment, pigeons were
first trained to respond to a particular comparison stimu-
lus (C) when presented with either of two sample stimuli
(A or B). Then they were trained to respond to a new com-
parison (D) when presented with one of those samples (A).
Finally, they showed a reliable tendency to respond to
comparison D when presented with sample B. Because
the only trained relation involving comparison D involved
sample A, there must have been some relation established
between samples B and A. But the only relation that could
have been established between samples B and A would
have to be mediated through comparison C. According
to Sidman (1986), the demonstration of this relation be-
tween samples B and A, which is mediated through com-
parison C, provides suggestive evidence for the use of
transitivity by pigeons. Furthermore, Sidman also indicted
that for comparison C to have mediated the relation be-
tween samples B and A, it must have involved a symmetry
relation (or a backward association) between sample A
and comparison C.

The same reasoning can be applied to the partial-versus
total-reversal procedure. In this case, pigeons first learn
that, when presented with either sample A or sample B,
to respond to comparison C but not to comparison D.
Then, in the case of the partial reversal, although sam-
pie A still indicates that a response to comparison C is
correct, sample B now indicates that an incompatible re-
sponse (i.e., a responseto comparison D) is correct. Thus,
any tendency to maintain the relation between samples
A and B would result in retardation of the partial rever-
sal. In the case of the total reversal, however, any ten-
dency to maintain the relation between samples B and A
should facilitate acquisition of the reversal task because
the reversal tasks for the samples are compatible.

A similar argument can be made for the one-to-many
conditional-discrimination task (see, e.g., Sidman, 1986;
Sidman & Tailby, 1982). In this case, a relation is trained
between sample A and comparisons B and C. According
to Sidman, demonstration of a resulting relation between
comparisons B and C suggests transitivity with sample A
as a mediator. Sidman would maintain that such a dem-
onstration also suggests symmetry because, in this case,
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transitivity requires that the trained sample A/comparison B
relation result in a symmetrical comparison B/sample A
relation.

Demonstration of the third component of stimulus
equivalence, reflexivity (or identity), is a bit more prob-
lematic. Although there is growing evidence that pigeons
are capable of acquiring a generalized identity rule (Zen-
tall, Edwards, Moore, & Hogan, 1981; Zentall & Ho-
gan, 1974, 1975, 1976, 1978), these experiments have
not been done in the context of tests for symmetry and
transitivity.

According to Sidman (1986), the way to test for reflex-
ivity is to train with a conditional discrimination involv-
ing, for example, reinforcement for responding to com-
parison B when the sample is A and then asking if a
response will be made tocomparison B when the sample
is B. But even if an animal “recognizes” the identity re-
lation between sample B and comparison B, is there any
reason to expect that a response will be made to compar-
ison B rather than to the other comparison (i.e., in the
context of comparison B, the animal may also recognize
the oddity relation between the other comparison and
sample B)?

In fact, there is some evidence that when pigeons per-
form either a matching or an oddity task they base their
responses not simply on the contingency associated with
responding to the correct comparison stimulus (as pre-
dicted by Skinner, 1950), but rather on the contingency
associated with the comparison stimulus that matches the
sample (see Zentall et al., 1981). When, following match-
ing or oddity training, the correct or the incorrect com-
parison stimulus was replaced by a familiar stimulus, but
one that was never experienced in the context of that par-
ticular sample, a highlevel of performance on either task
depended only on the presence of a matching compari-
son stimulus. In the case of the oddity task, this meant
that replacing the correct comparison resulted in little ef-
fect on the task performance, whereas replacing the in-
correctcomparison resulted in a substantial decrement in
task performance. Thus, it is clear that pigeons use the
matching relation between sample and comparison as the
basis for both matching- and oddity-task performance and
that they pass the reflexivity test.

Failures of Equivalence Relations in Animals
The successful demonstration of reflexivity (e.g., Zen-

tall et al., 1981), as well as indirect evidence for sym-
metry (e.g., Urcuioli et al., 1989; Zentall, Sherburne, &
Steirn, 1992) and transitivity (e.g., Steirn, Jackson-Smith,
& Zentall, 1991; Urcuioli et al., 1989) in pigeons (i.e.,
the defining relations involved in stimulus equivalence),
suggest that pigeons may be able to satisfy criteria for
the demonstration of equivalence relations. However, re-
sults from other animal research suggest that pigeons are
unable todemonstrate the transitivity relation (D’Amato,
Salmon, Loukas, & Tomie, 1985; Lipkens, Kop, & Mat-
thijs, 1988; Richards, 1988) and that monkeys and ba-
boons (D’Amato et al., 1985; Sidman et al., 1982) and
pigeons (D’Amato et al., 1985; Hogan & Zentall, 1977;

Lipkens et al., 1988) are unable to demonstrate the sym-
metry relation. If the reasons for these failures with ani-
mals could be identified, we might be in a better position
to determine the boundary conditions under which stim-
ulus equivalence occurs.

One problem with some of the designs that have tested
for these emergent relations is that they do not allow the
animal experience with the test stimuli in locations or
under conditions that are similar to the test locations or
conditions. For example, in Hogan and Zentall’s (1977)
test for symmetry, in which pigeons learned to respond
to comparison B when the sample was A and were then
tested for their response to comparison A when the sam-
ple was B, the A samples had never before appeared as
comparisons (see also Richards, 1988). Even when ani-
mals have experienced the test stimuli in their test loca-
tions, symmetry effects may not be found (Lipkens et al.,
1988), but as Lipkens et al. noted, “equivalence relations
can fail to emerge because a stimuluspresented separately
as a sample can be a different stimulus when presented
as a comparison in combination with another compari-
son even though its spatial location remains the same”
(p. 406).

Sidman et al. (1982) avoided this problem in experi-
ments with monkeys by training not only with the
sample-A/comparison-B relation, but also with identity
relations involving both A and B stimuli (i.e., training
to respond to comparison A when the sample was A and
to respond to comparison B when the sample was B), prior
to the critical sample-B/comparison-A test. Such train-
ing should provide the animals with experience with all
stimuli in all locations. Nevertheless, Sidman et al. failed
to find evidence for symmetry in monkeys. According to
Sidman et al., one possibility for this failure may be that
samples were always presented on the center key, whereas
comparisons were always presented elsewhere. Evidence
for the development of functional classes may have been
obscured “by confining the potential members of each
class to particular locations on the key matrix” (p. 43).

Alternatively, some aspect of the stimuli or procedure
may have prevented the development of equivalence re-
lations. According to Sidman et al. (1982), the develop-
ment of certain functional classes “may depend on the
ethological validity of the stimuli and functions being ex-
amined” (p. 43).

One approach that appears tobe successful indevelop-
ing symmetry relations in pigeons is to use a biologically
meaningful event as one of the training stimuli. For ex-
ample, Zentall et al. (1992) trained pigeons in a
conditional-discrimination with differential outcomes (see,
e.g., Peterson, 1984): when the sample was Al, a re-
sponse to comparison B1 was followed by food, butwhen
the sample was A2, a response tocomparison B2 was fol-
lowed by no food. When the pigeons were then presented
with food and no-food samples, they showed a signifi-
cant tendency to respond to comparisons B 1 and B2,
respectively.

In the case of transitivity tests as well, there is a prob-
lem with location of the training stimuli. For example,
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D’Amato et al. (1985) trained pigeons to respond to com-
parison B when the sample was A and to respond to com-
parison C when the sample was B. They then tested the
pigeons for a response tocomparison C when the sample
was A. The reasoning behind this test is that the B stimu-
lus canact as a mediator between sample A and compar-
ison C. However, this conclusion requires the assump-
tion that without specific training pigeons will treat
sample B as equivalent tocomparison B. But there is rea-
son to believe that, in the case of pigeons, the location
of a stimulus forms an integral part of the total stimulus
and, thus, B comparisons are not automatically inter-
changeable with B samples.

One way to deal with this problem is to use food and
no-food events as the B stimuli in a transitivity test (see
Steirn et al., 1991). If stimulus A is associated with a food
outcome and then a food sample is associated with com-
parison C, the problem with stimulus location is avoided
(foodalways appears at the same location). Furthermore,
the use of food and no food as the mediating events may
maximize the likelihood of observing transitivity because
those events are biologically meaningful to the pigeon.

Another problem in interpreting the results of experi-
ments that have attempted to demonstrate stimulus equiva-
lence in animals arises when the purported stimulus set
is produced by requiring animals to respond in a particu-
lar way to one set of stimuli and to respond in a different
way to another set of stimuli. In other words, if the trained
response serves as the common link among the stimuli
in a set, there is no need to posit emergent relations to
account for test results. Research reported by Mclntire,
Cleary, and Thompson (1987) demonstrates this problem.
Mclntire et al. trained monkeys, for example, to respond
to sample Al in one way (Type 1) and to respond tosam-
ple A2 in another way (Type 2) to produce comparisons
B 1 and B2. In the presence of sample Al, a Type I re-
sponse to comparison B1 was reinforced, whereas in the
presence of sample A2, a Type 2 response to compari-
son B2 was reinforced. Similarly, comparisons B 1 and
B2 were presented as samples, and Type 1 and 2 re-
sponses, respectively, produced comparisons Cl and C2.
In the presence of sample B 1, a Type 1 responseto com-
parison Cl was reinforced, whereas in the presence of
sample B2, a Type 2 response to comparison C2 was
reinforced. On test trials involving A samples and C com-
parisons, appropriate Cl and C2 responding was found
when the samples were Al and A2, respectively. The ap-
parent emergence of a transitive relation may reflect noth-
ing more than the trained association between Type 1 and
Type 2 responding and choice of comparisons Cl and C2,
respectively (see also Hayes, 1989).

The Nature of the Common Code
Comparison of the results of Experiment 1 with those

of Zentall et al. (1991, Experiment 1; the same stimuli
were used in both experiments) may suggest something
about the nature of the common codes used in both pro-
cedures. As mentioned earlier, although statistically dif-
ferent results were obtained with the one-to-many proce-

dure when performance by the two partial-reversal groups
was compared with the appropriate total-reversal control
conditions, comparison of the means (see Figure 1) and
medians suggests that the two effects were actually quite
comparable. On the other hand, examination of the re-
sults of Zentall et al. (1991, Experiment 1) suggests that
although Group Line took significantly longer to acquire
the line-reversal task than did Group Hue-Line, the hue
reversals for Group Hue and Group Hue-Line were ac-
quired at virtually the same rate.

Furthermore, the facts that the pattern of results found
withthe many-to-one task held up whena simple successive
discrimination was substituted for the conditional discrim-
ination (Zentall et al., 1991, Experiment 2) and that the
patternof results found inExperiment 1 in the presentre-
search with the one-to-many task held up when a conditional
spatial discrimination was substituted for the conditional
visual discrimination (Experiment 2) suggest that the dif-
ferences between fmdings obtained with the many-to-one
procedureand those obtained with the one-to-many proce-
dureare both reliableand general. Based on the results from
both sets of experiments, the most reasonable conclusion
is that the nature of the common coding that occurs with
the two mapping procedures is somewhat different.

Zentall et al. (1991) argued that the asymmetry found
with the many-to-one procedure provides an indication
of the natureof the common code. Specifically, given that
hue samples are more easily discriminated and remem-
bered than line samples (see Urcuioli & Zentall, 1986;
Zentall, Urcuioli, Jagielo, & Jackson-Smith, 1989), per-
haps pigeons learn tocode as hues lines that are associated
with the same comparison as those hues. If so, then a re-
versal involving hue samples would require learning new
associations between common codes and comparisons in
bothpartial- and total-reversal groups. By contrast, revers-
ing only the line-sample associations would require a
regrouping of the stimuli that are commonly coded. Such
regrouping presumably would be more difficult and, thus,
should slow the rate of reversal.

In the one-to-many tasks of both experiments reported
here, however, we would argue that no corresponding
asymmetry was found (i.e., the relative retardation of re-
versal learning was of comparable magnitude for the two
partial-reversal groups). What does this tell us about the
nature of the underlying common code with the one-to-
many procedure? We propose that it indicates that the
common code probably does not consist of an anticipa-
tory code involving the hue comparison. That is, if a cir-
cle sample is associated with red and vertical-line com-
parisons, pigeons probably do not code the circle in terms
of a “response instruction” to peck the red comparison.
If the pigeons had used such anticipatory hue codes, one
would have expected reversal of those codes by Group Hue
to have been comparable to that by Group Hue-Line.

On the other hand, it is also clear that pigeons do not
simply use memory of the sample code as the basis for
learning four separate sample-comparison associations.
If they did, there would be no reason to expect that the
partial-reversal groups, for which only two of the Phase 1
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associations had to be reversed, would take longer to re-
verse than the total-reversal group, for which all four of
the Phase 1 associations had to be reversed.

Although it may not be possible at this time to identify
the nature of the common code used by pigeons in acqui-
sition of the one-to-many conditional discrimination, evi-
dence is accumulating that pigeons do use common codes
under a variety of conditions inwhich the demands of the
task encourage such processes. Furthermore, these data
add to the growing literature that indicate the pigeon’s
ability to form stimulus classes consisting of previously
unrelated stimuli, based solely on their common associa-
tion with another arbitrary stimulus, either in the forward
direction (in the many-to-one design) or in the backward
direction (in the one-to-many design).
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