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Memory in the pigeon:
Proactive inhibition in a delayed matching task®

THOMAS R. ZENTALL and DAVID E. HOGAN
University of Pittsburgh, Pittsburgh, Pennsylvania 15260

Proactive inhibition in a pigeon was studied, using a modified delayed matching-to-sample task.
Proactive inhibition was defined as disruption in matching performance produced by the presentation of
a stimulus prior to the sample stimulus (relative to control trials without prior stimulus presentation). In
Experiment I, with a prior stimulus which was not presented as one of the comparison stimuli,
temporary disruption in matching performance was found with a 5-sec delay between sample and
comparison stimuli but not with a 0-sec delay. In Experiment II, with a prior stimulus which was later
presented as the incorrect comparison stimulus, long-lasting disruption was found with a 5-sec delay, but
again not with a O-sec delay. Experiment III demonstrated a direct relation between the magnitude of
proactive inhibition and length of the delay. These results offer some support for an interference theory
of forgetting, but also suggest that it may not be the identity of the two stimuli but, rather, the order of

the two stimuli which is lost.

The study of memory in animals has been plagued by
the question of whether the measure of memory loss is
at least partially confounded with failure to instruct the
animal at the time of test. This is particularly true when
one is using a prior task (proactive inhibition) or
interpolated task (retroactive inhibition) to disrupt
memory (see Zentall, 1970).

Zentall (1973), using a within-S procedure, separated
instruction learning from the measurement of short-term
memory loss in pigeons with the use of a delayed
matching-to-sample task. Forgetting was manipulated by
varying stimulus presentation during the retention
interval. The series of events involved in the
delayed-matching procedure is analogous to a control
condition against which memory loss in the retroactive
inhibition paradigm can be evaluated, i.e., a single task
(pecking the sample), followed by retention interval and
test. Zentall (1973) alternated standard
delayed-matching trials with experimental trials, which
involved stimulus presentation during the delay between
sample and comparison stimuli. One can think of
interpolated ' stimulus presentation as being a second
task, even though responses to it were not required, nor
did they have any effect on the sequence of events. The
interpolated stimuli never appeared as comparison
stimuli, which means that at the time of test there could
have been no confusion as to which of the two prior
stimuli was the sample; only one of the two had been
presented. Yet, Zentall (1973) observed significant
disruption of delayed matching performance on
interpolated-stimulus trials, indicating the presence of
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retroactive inhibition in the absence of an instructional
problem.

The purpose of the present studies was to test for the
presence of proactive inhibition in the pigeon, using
procedures similar to those of Zentall (1973), and in
addition, to test a prediction of the interference theory
of forgetting (Postman & Underwood, 1973), namely
that the magnitude of proactive inhibition should
increase as the delay increases between second-task
learning and second-task retention test. This prediction
is based on the assumption that (1) Task 1 responses
extinguish during the learning of Task 2, and (2) Task 1
responses recover over time, due to spontaneous
recovery, compete with Task 2 responses, and result in
increased proactive inhibition.

The present studies also sought to test the hypothesis
that an increase in proactive inhibition over time may
result not from memory loss for the second task, but
rather from memory loss for the order of the two tasks,
ie., which of the two tasks was performed last
(Gleitman, 1971; Spear, 1971; Zentall, 1970).

EXPERIMENT 1

To measure proactive inhibition, Zentall’s (1973)
procedure was modified such that stimuli were presented
prior to the sample stimulus rather than following the
sample stimulus. In order to insure that the interval
between Task 1 and test was held constant, Zentall
(1973) required no response to the interpolated
stimulus. But the absence of a response to the
interpolated stimulus made it possible for the bird to
avoid perception of the interpolated stimulus by looking
away from the key. The fact that the significant
disruption found by Zentall (1973) dissipated over trials
may have been due to the pigeon’s poorer reception of
the interpolated stimulus, rather than better processing,
storage, or retrieval of the sample. With stimulus
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Fig. 1. Number of correct responses for each experimental
session of ExperimentI for proactive inhibition O-sec-delay
(0-PI) and 5-sec-delay (5-PI) trials, and control 0-sec-delay (0-C)
and S-sec-delay (5-C) trials. On a PI trial the prior stimulus never
appeared as one of the comparison stimuli.

presentation prior to the sample, nowever, one can
require responding to the inhibiting stimulus and still
hold constant the interval between the sample and the
comparison stimuli. In the present study, responding to
the prior stimulus was required before the sample
stimulus was presented.

Additionally, with Zentall’s (1973) procedure, the
interpolated stimuli were never presented as comparison
stimuli, either within trials or across trials. In the present
procedure, the prior stimulus was never presented as a
comparison stimulus within a trial, but it often appeared
as either the sample or the incorrect comparison
stimulus on other trials.

Method

Subject. One female White Carneaux pigeon, approximately 4
years old, which had had extensive delayed matching-to-sample
training, was maintained at 75%-80% of her free-feeding weight.

Apparatus. A standard three-response-key pigeon test chamber
was used. Behind each key was an in-line projector which
projected a red, green, or blue field onto the key. A dim
houselight was on at all times except during the intertrial interval
(ITD). Reinforcement consisted of 3-sec access to Purina pigeon
grain. External sound masking was produced by white noise and
a blower fan.

Procedure. Five sessions of baseline training were given. Each
trial began with the onset of the center (sample) key. Five
responses to the sample turned it off and initiated a delay. The
end of the delay determined the onset of the side (comparison)
keys. A response to the comparison key which matched the
sample was reinforced and initiated a S-sec ITI, while a response
to the other key merely initiated the ITI. Red, blue, and green
stimuli served as the sample and comparison stimuli Each
baseline session consisted of 48 0-sec delay (simultaneous offset
of sample and onset of comparison stimuli), and 48 S-sec delay
randomly alternating trials.

Color of the sample, color of the “‘odd” comparison stimulus,
and position of the matching comparison stimulus were
counterbalanced over each 96-trial session.

Following baseline training, 32 daily experimental sessions (96
trials each) were run. These sessions consisted of four kinds of
trials, equally represented: O-sec-delay control trials and
S-sec-delay control trials as during baseline training, and

0O-sec-delay proactive inhibition (PI) trials and 5-sec-delay PI
trials. On PI trials, the prior stimulus appeared on the center key
at the start of the trial and five responses replaced the prior
stimulus with the sample. Thus, not until after the fifth response
was information provided to the pigeon as to whether the first
stimulus was a prior stimulus or a sample. In all other respects,
PI and control trials were the same. The order of trial
presentation was random, with the constraint that no more than
three consecu tive trials were of one kind.

Results

Data from baseline sessions indicated a high level of
mean performance on both O-sec-delay trials (X = 44.2,
92% correct) and S-sec-delay trials (X = 41.4, 86.2%
correct).

The data from experimental sessions are presented in
Fig. 1. Five-second-delay performance was initially
disrupted by the prior stimulus, but after about five
sessions little disruption remained. If one considers
performance on each session as an independent sample
of this particular pigeon’s performance, one can perform
a two-way analysis of variance on these scores. Such an
analysis performed on scores for the first five sessions
indicated a significant PI effect, F(1,16)=6.0,p <.05, a
significant delay effect, F(1,16) = 1224, p <.01, and a
significant PI by Delay interaction, F(1,16) = 18.1,
p<.0l. The interaction indicates increasing PI as a
function of retention interval. Over sessions, the analysis
indicated a significant delay effect, F(1,128) = 1054,
p <.01, but no PI effect, F < 1, and no significant PI by
Delay interaction, F(1,128) = 2.29, p >.05.

Mean correct responses over experimental sessions was
21.8 (90.8% correct) and 22.1 (92.2% correct) for
0O-sec-delay control and PI trials, respectively, and 18.2

- (75.8% correct) and 17.4 (72.5%) correct for S-sec-delay

control and PI trials, respectively.

Disrupted performance on Session 12 may have been
due to a bumed-out houselight lamp which was not
discovered until the session was complete. Similar
disruption on Session 24 cannot be explained.

EXPERIMENT 11

Since only minimal disruption of delayed matching
performance was found when the prior stimulus never
appeared as one of the comparison stimuli, it was
decided to determine the effects of presentation of the
prior stimulus as the incorrect comparison stimulus. But
presentation of the prior stimulus during test allows for
the possibility that disruption of performance by prior
stimulus presentation might be due to the absence of
instructions (i.e., information indicating which of the
stimuli presented on the center key was the sample),
rather than memory loss of the sample. Instructions
should have been well learned in Experiment I, however,
due to extensive practice with prior stimuli. The 32
experimental sessions in Experiment I can be thought of
as training with the instruction, ‘“Respond to the
stimulus last seen.” More importantly, though, the
present study allows for the independent assessment of



memory loss, since lack of instructions should affect
disruption equally at both the O-sec delay and 5-sec
delay. Any difference therefore between prior stimulus
disruption at O-sec delay and 5-sec delay can be
attributed to memory loss rather than lack of
instructions.

Method

The same bird and apparatus used in Experiment I were used
in Experiment II. Sessions were the same as those in
Experiment I, with the exception that during PI trials the color
presented as the prior stimulus was also presented as the
incorrect comparison stimulus on that trial. This procedure
required memory for not only which of the two comparison
stimuli had been seen on the center key earlier during the trial,
but also which of the two comparison stimuli had been last seen.
Experiment II consisted of 34 daily sessions.

Results

Data from Experiment Il are presented in Fig. 2. The
data indicate pronounced and prolonged proactive
inhibition on 5-sec-delay trials, and little or no proactive
inhibition on O-sec-delay trials. A two-way analysis of
variance performed on the scores for each session
indicated a significant PI effect, F(1,132) = 127.7,
p <.01, a significant delay effect, F(1,132) = 445.4,
p<.0l, and a significant PI by Delay interaction,
F(1,132) = 49.2, p<.0l. The interaction indicates
increasing PI as a function of retention interval.

Mean number of correct responses averaged over
sessions were 23.0 (96.6% correct) and 219 (91.3%
correct) for O-sec-delay control and PI trials,
respectively, and 19.3 (80.5% correct) and 14.3 (59.6%
correct) for 5S-sec-delay control and PI trials,
respectively.

EXPERIMENT 11

Experiment IIl was an attempt to explore, in more
detail, the relation between prior stimulus presentation
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Fig. 2. Number of correct responses for each session of
Experiment II, for proactive inhibition O-sec-delay (0-PI) and
5-sec-delay (5-PI) trials, and control O-sec-delay (0-C) and
5-sec-delay (5-C) trials. On a PI trial, the prior stimulus always
appeared as one of the comparison stimuli.
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Fig. 3. Mean performance pooled over sessions for PI and
control ftrials, at each delay. During all sessions, the pnor
stimulus on a PI trial always appeared as one of the comparison
stimuli.

and retention interval. In Experiment III, four retention
intervals were studied.

Method

The S and apparatus were the same as in Experiments I and II.
On PI trials, as in Experiment I, the prior-presented stimulus
always appeared as one of the comparison stimuli. For the first 5
sessions (baseline), O-sec-delay and 6-sec-delay trials were run, to
insure familiarity with slightly longer delay. The remaining 24
sessions involved 6 blocks of 4 sessions each, in an ABCCBA
design with O-sec-delay and 2-sec-delay trials run on the first and
sixth blocks, 0-sec-delay and 4-sec-delay trials run on the second
and fifth blocks, and 0-sec-delay and 6-sec-delay trials run on the
third and fourth blocks.

Results

Performance on baseline sessions was quite similar to
performance in Experiment II. Mean number of correct
responses averaged over the 5 sessions were 23.4 (97.5%
correct) and 21.8 (90.8% correct) for 0-sec-delay control
and PI trials, respectively, and 19.2 (80.0% correct) and
144 (60.0% correct) for 6-sec-delay control and PI
trials, respectively.

Data from experimental sessions are presented in
Fig. 3. The trend in relation between length-of-delay and
degree of disruption can clearly be seen. A two-way
analysis of variance performed on the scores for each
experimental session indicated a significant PI effect,
F(1,88) = 51.6, p<.01, a significant delay effect,
F(3,88) = 51.2, p< .01, and a significant PI by Delay
interaction, F(3,88) = 6.9, p <.01. The linear trend of
the PI by Delay interaction was also significant, F(1,88)
= 15.4, p <.01, indicating that longer retention intervals
produced more PL

GENERAL DISCUSSION

The results of the present studies confirm the existence of
proactive inhibition in the pigeon, and indicate that this effect
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behaves in an orderly fashion. Prior presentation of a stimulus
not presented at the time of test had a temporary disruptive
effect on 5-sec-delay matching trials, while prior presentation of
the incorrect comparison stimulus had a prolonged disruptive
effect on 5-sec-delay matching trials. These results offer support
for interference theory, which predicts increasing proactive
inhibition as the ‘“extinguished” prior stimulus has the
opportunity to recover spontaneously. But the fact that
long-lasting proactive inhibition was demonstrated only in
Experiments II and III suggests that the pigeon probably forgot
the order in which the two stimuli were presented rather than
the identity of the two colors seen. If prior stimulus presentation
produced a memory loss for the sample stimulus, then delayed
performance on PI trials should not have been poorer when the
prior stimulus was presented during test than when it was absent.
Since performance was poorer when the retention test involved
the prior stimulus, the pigeon could apparently remember that it

had seen the sample but had difficulty remembering whether it
had been seen first or second.

REFERENCES

Gleitman, H. Forgetting of long-term memory in animals, In W.
K. Honig and P. H. R. James (Eds.), Animal memory. New
York: Academic Press, 1971.

Postman, L., & Underwood, B. J. Critical issues in interference
theory. Memory & Cognition, 1973, 1, 19-40.

Spear, N. E. Forgetting as retrieval failure. In W, K, Honig and P.
H. R. James (Eds.), Animal memory. New York: Academic
Press, 1971.

Zentall, T. R. Effects of context change on forgetting in rats,
Journal of Experimental Psychology, 1970, 86, 440-448.

Zentall, T. R. Memory in the pigeon: Retroactive inhibition in a
delayed matching task. Bulletin of the Psychonomic Society,
1973, 1, 126-128.

(Received for publication April 26, 1974.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




