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Matching of varying-size form stimuli
in the pigeon

RICHARD PISACRETA, CATHY POTTER, and PAUL LEFAVE
Ferris State College, Big Rapids, Michigan

Three pigeons were trained on the matching-to-sample task with 12-mm form stimuli (a circle,
a triangle, and a cross). After 105 acquisition sessions, the fo1m stimuli were reduced in size to
8 mm for 65 sessions and then to 5 mm for 80 sessions. Durin~ the next phase, the samples were
12 mm in size and the comparison stimuli were 8-mm forms, pr vice versa, 8-mm samples and
12-mmcomparison stimuli. Finally, the samples and comparison stimuli were presented as growing
(increasing from 5 to 12 mm) or shrinking (decreasing from 12 to 5 mm) forms. The birds learned
to match the three different sizes offorms and matched well even when the sample and compari
son stimuli were not the same size. They could not match samples only on the basis of direction
of size change.

The simultaneous matching-to-sample (MTS) procedure
has frequently been employed to assess conditional dis
crimination capabilities in nonhumans (e.g ., Cumming &
Berryman, 1965; Ferster & Appel, 1961; Zimmerman &
Ferster, 1963). At trial onset, a pigeon is presented with
a sample stimulus projected onto the center key of a three
key response panel. A peck on the sample key produces
a comparison stimulus (CO) on each of the two side keys.
With all three keys now lighted, the bird's task is to peck
the CO key presenting a stimulus that matches the sam
ple. A peck on the matching CO key produces a reinforcer
and the next trial. Mismatches are not reinforced. This
study attempted to teach pigeons to (l) match form stimuli
(a circle, a cross, and a triangle), (2) sustain matching
levels regardless of the size of the samples and CO stimuli,
and (3) match samples based on the direction of the size
change .

Several reports have indicated that it is more difficult
to establish matching sample forms than hue stimuli (e.g. ,
Cumming & Berryman, 1965; Farthing & Opuda, 1974).
In order to make the conditional discriminations as easy
as possible, we employed the simultaneous MTS paradigm
rather than the zero-delay MTS procedure. We also re
quired that a fixed-ratio schedule be satisfied on the sam
ple key before the CO stimuli were presented. Several
papers have indicated that matching accuracy improves
when ratio schedules are paired with the sample stimuli
(Lydersen, Perkins, & Chairez, 1977; Roberts & Grant,
1976; Sacks , Kamil, & Mack, 1972).

METHOD

Subjects
Three whiteCarneauxpigeons, maintained at 80%±15 g of theirfree-
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feeding weights, were used. The pigeons had been previously trained
to matchfigure stimulibut had not been previouslyexposedto the form
stimuli employed in this study.

Apparatus
The apparatus was a 35 x 35 x 37 em operant chamber enclosed

in a sound-attenuating hull. The responsepanel, 37 x 35 em, had nine
2.7-cm (BRS/LVEModel 121-16) response keys arranged in a 3 x 3
matrix. Only the lowerthree horizontalkeys, located2.5 em abovethe
feeder, were employed. Stimuli were rear-projected onto the keys by
means of lEE inline projectors. (See Pisacreta and Rautio, 1984, for
a more thorough description.) The feederprovided4-secaccessto grain.
During sessions, illuminationwas provided only by the inline projec
tors. A ventilation fan and white noise delivered through the speaker
masked extraneous noises. An E & L Instruments MMD-l computer
and additional hardware recorded data and controlled experimental
events.

Procedure
Phase 1 (lOS sessions), At trial onset, the center key (thesamplekey)

presenteda randomlychosencircle, cross, or triangle. The circle was
12 mm in diameter. Each armof the cross and each side of the triangle
were 12 mm in length. Ten pecks (a fixed-ratio 10, FR 10, schedule)
on the samplekey lighted the two adjacentsidekeyswiththe CO stimuli.
A peck to the matching comparisonkey produceda reinforcer, a 5-sec
intertrial interval, and the next trial. An error (a peck to a nonmatching
CO stimulus)recycled the trial by eliminatingthe CO stimuli, leaving
only the samplepresent. The sample ratio had to again be satisfiedbe
fore the CO stimuliwere presented. This correctionprocedurerepeated
a trial indefinitely until a correct match had occurred. A sessionended
after 36 reinforced matches.

After 15sessions, the sample ratio requirementwas raised to FR 20
for 15 sessions; that is, 20 pecks were required on the samplekey be
fore the CO stimuli were presented. Finally, the sample ratio was in
creased to FR 30 for the remaining 75 sessions of Phase I.

Phase 2 (65sessions). The FR 30 sample requirementwas in effect
for the remainderof the experiment. The sample and CO stimuliwere
reduced to 8 mm across in size.

Phase 3 (SOsessions), The forms measured 5 mm across when they
were projected onto the response keys.

Phase 4 (65sessions). The samplewas a 12-mmcircle, cross, or tri
angle, and the CO stimuli were 8 mm in size during 28 of the 36 rein
forced trials of eachsession. During the remaining8 trials, the samples
were 8 mm in size and the CO stimuli were 12 mm in size. For exam
ple, the sample wasa 12-mm circle. Thirty peckson the sample produced
two 8-mm CO stimuli-one circle and one cross (or triangle).

Phase 5 (33 sessions), The circle, cross, and triangle samples were
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RESULTS

Figure 1. The percentage of trials during Phases 1-3 inclusive In
which the fIrSt peck on a CO key was a correct match. Each data
point represents the mean of three or five sessions, as indicated.
FR = the fixed ratio required by the samples. The dotted line
represents chance performance.

Figure 1 shows the matching levels generated during
Phases 1-3, inclusive. The first panel of Figure 1 shows
that each bird maintained chance matching levels until the
sample ratio was increased to FR 30. These chance per
formances were produced by position preferences, which
are not uncommon during initial MTS training (e.g.,
Carter & Werner, 1978; Cumming & Berryman, 1961).
By the end of Phase 1, Birds Bl, B2, and B3 were ac
curately matching the forms without error on 82%, 76 %,
and 80% of the trials, respectively. During the last five
sessions of Phase 1, Birds Bl , B2, and B3 averaged 8,
11, and 9 errors per session, respectively. During Phases
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Figure 2. The percentage of trials during Phases U inclusive in
which the fIrSt peck on a CO key was a correct match. The bottom
of each panel displays examples of trials. L, C, and R represent the
L(eft), C(enter), and R(igbt) response keys. During Pbase 4, thesam
ples were 12-mm forms and the CO stimuli were 8-mm forms, or
viceversa, 8-mm samples with 12-mm CO stimuli. Pbase 5 presented
forms that appeared to grow from 5 to 12 mm, or shrink from 12
to 5 mm, at 1-sec intervals. During Phase 6, the birds had to matcb
on the basis of size change. For example, the last panel shows that
the sample and left CO stimulus could be G(rowing) circles, whereas
the incorrect CO stimulus during that trial was a S(brinking) circle.

2 and 3, each bird showed initial matching accuracy decre
ments followed by a gradual recovery in matching per
fonnance. Although Phases 2 and 3 employed only
smaller representations of the same form stimuli used in
Phase 1, each bird produced acquisition curves similar
to those produced when birds are presented with novel
hues or stimuli orthogonal to the training stimuli. Bird B2
developed 'a respiratory infection and was retired at the
end of Phase 3.

Figure 2 shows the matching levels generated during
Phases 4-6, inclusive. Panel 1, Phase 4, of Figure 2
shows that although the sample and CO stimuli were of
unequal size, the pigeons produced matching levels dur
ing Phase 4 that were comparable to those levels main
tained at the end of Phase 3. Matching accuracies for Birds
Bl and B3 were approximately 76% and 70%, respec
tively . Due to a respiratory infection, Bird B3 did not
complete the last five sessions of this phase. Similar results
were yielded during Phase 5, in which the samples and
CO stimuli were growing or shrinking forms, By the end
of the phase, Birds Bland B3 were matching the dynamic
samples with accuracies of approximately 78 % and 70%,
respectively.

During Phase 6, in which direction of size change was
the only salient matching cue, each bird performed at
chance level during 50% of the sessions. The results sug
gest that birds can learn to discriminate between differ
ent forms and changes in form size. They cannot,
however, come under the control of direction of size
change alone , that is, growing or shrinking identical
stimuli.
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not static as in previous phases. They appeared to increase (grow) or
decrease (shrink) in size. For example, during some trials, the sample
was a circle that increased in size from 5 to 8 to 12 mm across. The
totaltransition time from smallto largecirclewas I sec. After300 msec,
the growing circle (5- to 8- to 12-mm-across)stimuli were presented
againand were repeatedat l-sec intervals. Thirty pecks on this dynamic
sampleproduced thedynamicCO stimuli,a growingcircleand a growing
cross (or triangle). The size of the three stimulichanged in unison. That
is, the three keys simultaneously presented 5-, 8-, or 12-mm stimuli.
As before, a peckon the matching CO keyproduceda reinforcer, whereas
a mismatch recycled the trial.

Phase 6 (25 sessions). During all the previous phases, the nomatch
ing CO stimuli were always dillei'ent forms.for example, if the sample
was a growingor shrinkingcross, the incorrectCO stimuluswasa grow
ing or shrinking triangle (or circle). During this last phase of the ex
periment, the nonmatchingCO stimulus was the same form as the sam
ple, but its direction of size change was the reverse of that exhibited
by the sample and correct CO stimulus. For example, 30 pecks to a
growing triangle (increasing from 5 to 8 to 12 mm) produced a grow
ing triangleon one CO key (thematch)and a shrinkingtriangle(decreas
ing from 12to 8 to 5 mm)on the other CO key. A peck to the matching
triangle, the one increasing in size synchronously with the sample,
produced a reinforcer. A response to the shrinking triangle darkened
the CO keys and repeated the trial.



DISCUSSION

The presentstudyshowsthat pigeonswill (1) learn to matchdifferent
sized form stimuli, (2) learn to match samples by form type (e.g., cir
cle) even though the CO stimulus is larger or smaller than the sample,
although they (3) show little evidence of matching transfer from one
form size to another, and (4) cannot match on the basis of direction of
size change alone.

Although the only difference between Phases I , 2, and 3 was a re
duction in stimulus size, each bird required 45-80 sessions to re
establish previous matching levels. These transfer performances were
poorer than those reported by Cerelia (1979), Hermstein, Loveland,
and Cable (1976), Pisacreta, Redwood, and Witt (in press), and Poole
and Lander (1971), all of whom employed complex, rather than sim
ple, stimuli, that is, pictures of oak leaves, trees, bodies of water, peo
ple, birds, and various other items. These decreases in matching per
formance during the initial sessions of Phases 2 and 3 occurred even
though each bird had successfullycompleted 17,000 matching trials in
a previous study and over 4,000 trials with the 12-mm forms during
Phase I of the present experiment. Several other papers have also
reportedlittleor no transferof matching (Carter& Werner, 1978;Cum
ming & Berryman, 1961 ; Farthing & Opuda, 1974). The present work
appears to support the multiple-rule model, or matching as a case of
concomitant chains position (Carter & Eckerman, 1976; Carter &
Werner, 1978;Farthing& Opuda, 1974; Premack, 1978). The multiple
rule modelpostulates that our birds learnedthree two-component chains:
If the sample was a 12-mmcircle, cross, or triangle, then peck the 12
mm circle, cross, or triangleCO stimulus, respectively. Whenthe forms
were reducedin sizeduringPhases 2 and 3, the initial decreases in match
ing accuracies suggest that the birds had to learn a new set of chains
for each change in form size. The performancesin Phases4 and 5 could
be explainedby generalization mechanisms and a reinforcement history
with the stimuli involved. On the basis of these results, one is tempted
to concludethat conceptual capability in the pigeonis extremelylimited,
if present at all (see Premack, 1978).

We do not believe this is the case. An alternate view is that the MTS
procedure reinforces chained behavior, rather than the acquisition of
conceptualmatching. FacilitatedMTStransfer requires that the subject
be capable of makingsame-differentdiscriminations(Premack, 1978).
Employingmodified MTS procedures, several researchershavedemon
stratedthatpigeons can makesame-different decisions and showmatching
transfer (Honig, 1965; Malott & Malott, 1970; Pisacreta et al., 1984;
Pisacreta& Witt, 1983; Urcuioli& Nevin, 1975). If three-keydiscrimi
nationsor two-componentchains reliably produce reinforcement, why
shouldthe pigeon learn a generalized matching concept? Schwartz (1982)
showed that even human subjects would not learn a rule if repetitions
of a simplechainreliably producedrewards. It is possible thatconceptual
type learning mayrequirecontingencies morecomplexthanthosepresent
in the standard MTS situation. Simple tasks may fail to produce any
thing beyond simple associativelearning. This apparently was the case
in the present study. The matching performance of our birds was dis
rupted by a 4-mm change in stimulus size. Conceptual-type learning
may require situations so complex that a rule must be learned in order
to reliably produce reinforcers (e.g., Fujita, 1983; Hermstein et al.,
1976; Holmes, 1979; Pisacreta et al. , 1984).
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