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Pigeons' short-term memory for temporal and
visual stimuli in delayed matching-to-sample
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In the present experiment, we compared directly pigeons' short-term memory of temporal and
visual stimuli in a delayed matching-to-sample task. The sample stimuli consisted of red and
green lights presented for 5 and 30 sec, followedby a retention interval and blue and yellow com­
parisons. For subjects in the visual group, duration was irrelevant and the color of the sample
was the conditional cue. For animals in the temporal group, color was irrelevant and duration
of the sample was the conditional stimulus. The results showed that acquisition of the matching
task was faster and accuracy was higher in the visual than in the temporal group. More impor­
tantly, memory of either sample generally declined at a similar rate when the duration of the
retention interval was increased and when the intertrial interval was reduced. Taken together,
the results indicate that with 1-8·sec retention intervals, short-term memory for temporal stimuli
is similar to that found with color-visual samples. The findings are discussed in terms of'retrospec­
tive and prospective processing.

Over the past decade or so, the research examining
pigeons' short-term memory (STM) has been extensive
(e.g., Cook, 1980; Honig, 1978; Kendrick & Rilling,
1984; Kendrick, Rilling, & Denny, 1986; Roberts &
Grant, 1974, 1976; Roitblat, 1980; Roitblat, Bever, &
Terrace, 1984). Many of these studies employed the
delayed matching-to-sample (DMTS) procedure. In
DMTS, the subject is presented with a sample stimulus
to which it responds. After the sample is terminated, a
retention interval (RI) occurs, followed by a choice be­
tween two comparison stimuli, one of which matches or
is identical to the previous sample. Responses to the
matching comparison are reinforced and responses to the
nonmatching comparison are not reinforced.

Recently, much experimental attention has focused on
the content of STM. The basic question is whether sub­
jects retain attributes of the sample during the RI
(retrospective processing), or whether they retain an in­
structional code regarding the to-be-chosen comparison
(prospective processing) (see Honig & Thompson, 1982;
Roitblat, 1980; Stonebraker, 1981; Wasserman, 1986, for
further discussion). Kraemer and Roberts (1984) indirectly
examined retrospective and prospective processing by
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training pigeons on a symbolic DMTS task in which visual
or auditory samples were associated with visual compar­
isons. For some pigeons, the sample stimuli were 3000­
and 300-Hz tones, and these were associated with yellow
and blue, respectively, as the correct comparisons. For
other pigeons, reinforcement for responding to the blue
or yellow comparison depended on whether red or green
was the sample. Kraemer and Roberts suggested that if
the birds processed the samples retrospectively by retain­
ing memories of visual and auditory sample attributes,
then "we might expect to find quantitative and/or qualita­
tive differences in retention of these stimuli" (p. 282).
On the other hand, if the samples were processed prospec­
tively by rapidly encoding the stimuli into response or
choice instructions, Kraemer and Roberts suggested that
there should be little difference in the slope of the forget­
ting curves following auditory and visual samples.
Although several important findings emerged, their results
showed that acquisition was more rapid and accuracy was
higher in the visual than in the auditory group. Of greater
interest, however, were the retention curves produced
when accuracy was tested at the 0-,0.5-, 1-,2-, and 3­
sec RIs. The retention curves appeared to fall at roughly
the same rate except during the first 0.5 sec, during which
accuracy appeared to decline faster for the visual group.
This difference, however, was largely due to the fact that
accuracy was initially higher in the visual than in the au­
ditory group. In a second experiment, the RI and inter­
trial interval (IT!) durations were varied together. In this
condition, matching in both groups declined at approxi­
mately the same rate when the RI was increased, and in­
creased similarly as the IT! was lengthened. Since the
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groups were affected similarly by the RI and ITI manipu­
lations, Kraemer and Roberts concluded that similar STM
processes occurred in each group. Specifically, they sug­
gested that the auditory and visual subjects processed the
samples prospectively, such that each type of sample ac­
tivated a response instruction regarding the to-be-chosen
comparison. To account for the superior performance
shown by the visual group, Kraemer and Roberts sug­
gested that the auditory samples were more difficult to
encode, perhaps because the 300/3000-Hz tones were less
discriminable than the color samples (for further discus­
sion, see Herman & Forestell, 1985).

The purpose of the present study was to compare
directly STM in a DMTS task with visual and temporal
samples. More specifically, two groups of pigeons
received sample stimuli (red and green lights presented
for 30 and 5 sec), followed by an RI and the presentation
of yellow and blue comparisons. For pigeons in the tem­
poral group, responses to the yellow comparison were
reinforced if the sample was 5 sec, regardless of the color
of the sample. For animals in the visual group, the color
of the sample was the relevant cue: responses to the yel­
low comparison were reinforced if the sample was green,
and responses to blue were reinforced if the sample was
red, irrespective of the sample duration. Following ac­
quisition, performance was assessed when the RI was
lengthened, and again when the RI and m durations were
varied together.

This type of comparison is important because the reten­
tion curves obtained for event duration have not been com­
pared directly with those obtained with other sense mo­
dalities. It is unclear, therefore, whether the underlying
STM processes are similar or different for temporal and
visual stimuli (cf. Cohen, Calisto, & Lentz, 1981;
Kraemer, Mazmanian, & Roberts, 1985; Spetch &
Wilkie, 1982, 1983).

METHOD

Subjects
Fourteen experimentally naive, female White Carneaux pigeons

served as subjects. All birds were maintained at approximately
80%-85% of their free-feeding weights. Water and health grit were
available at all times in the home cages.

Apparatus
Two standard three-key operant conditioning chambers (internal

dimensions: 34.5 X 35.2 X 35.5 em) were employed. Each cham­
ber contained three Industrial Electronics Engineer projectors, one
mounted behind each of the three keys. The two side keys were
illuminated with yellow and blue lights and the center key was il­
luminated with white, red, and green lights. All display cells con­
tained Sylvania 1820 bulbs. In addition, each chamber was illumi­
nated by a houselight (Sylvania 1820 bulb) located 5.2 em above
the center key. Reinforcement was a 3-sec access to mixed grain
presented in the food magazine located below the response keys.
Presentation of the stimuli and the recording of key pecks were ac­
complished by separate Radio Shack TRS-80 microcomputers con­
nected to each chamber via a Med Associates interface system.

Procedure
The 14 birds were randomly assigned to the visual and temporal

groups. The subjects in each group were also randomly assigned
to one of the two experimental chambers.

After being trained to eat from the food magazine, each bird was
autoshaped to peck the center key illuminated by a white light. Each
bird then received two sessions (40 reinforcements per session) of
continuous reinforcement.

During initial DMTS training, all pigeons received 32 sessions
(40 trials per session) in which a white light appeared on the center
key, and the first response removed the light and produced the sam­
ple. The sample was a red or green light presented on the center
key, and was terminated by the first response following 30 or 5 sec.
Each sample type (red 30 sec, red 5 sec, green 5 sec, green 30 sec)
was presented 10 times in each session in mixed order. A 0.5-sec
RI with darkened keys separated sample offset from the presenta­
tion of the blue and yellow comparisons that appeared on the side
keys.

For the visual group, the color of the sample was the informa­
tive cue and the duration of the sample was irrelevant. These sub­
jects were rewarded for choosing the yellow comparison after a
green sample and for choosing blue after a red sample. For the tem­
poral group, sample duration was the informative cue and color
was irrelevant. Responses to the yellow comparison were reinforced
after a 30-sec sample and responses to blue were reinforced after
a 5-sec sample. If the incorrect comparison was chosen, the ex­
perimental chamber was darkened for 3 sec and the trial was
repeated after the standard 30-sec IT!. In other words, a correction
procedure was used.

Following acquisition, the RI was increased between sessions to
1, 2, 4, or 8 sec. On alternating sessions, the RI was returned to
0.5 sec, followed by the next RI on the following day (e.g., 0.5,
1,0.5, 2, 0.5, 4, 0.5, 8, 0.5 sec, etc.). This sequence of RIs was
repeated twice. During these sessions, the correction procedure was
not in effect. The RI was then returned to 0.5 sec and the correc­
tion procedure was reinstated for the next five sessions. In the fi­
nal phase, the durations of the IT! and the RI were manipulated
factorially over the IS sessions. Each of these sessions contained
one of three IT! durations (i.e., 5, 10, or 30 sec) and one of five
RIs (i.e., 0.5, 1,2,4, or 8 sec). All possible IT! and RI combina­
tions were presented in random order; the correction procedure was
not in effect during this phase.

RESULTS

Figure 1 shows acquisition of matching (collapsed
across short and long samples) for the temporal and visual
groups. Acquisition of the DMTS task was more rapid
for the visual than for the temporal group. A 2 (groups)
X 32 (sessions) mixed analysis of variance (ANOVA) per­
formed on the acquisition data showed significant main
effects for groups [F(l, 12) = 20.12, p < .001] and ses­
sions [F(3l,372) = 45.95, p < .001], and a significant
interaction between groups and sessions [F(3l,372) =
1.87, P < .004]. Newrnan-Keuls post hoc tests conducted
on the interaction revealed that visual matching was higher
than temporal matching throughout acquisition; however,
mean performance was not reliably different (p > .05)
during the last five sessions. In addition, analysis of in­
dividual performance during the first sessions failed to
reveal any consistent bias for position or color.
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Figure 1. Acquisition of the delayed matching-to-sample task for
the temporal and visual groups.
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Figure 2. Mean percentage of correct matcbing for the visualand
temporal groups across retention intervals, collapsed across sam­
ple duration.

tests performed on the interaction showed that for the
visual group, matching accuracy was greater after long
than after short samples during the 1- and 4-sec RIs. In
the temporal group, no reliable differences were shown
following short and longsamples. The analysis failed to
show any reliable effects involving blocks of RI testing
(p > .05 in all cases).

Figure 4 shows mean performance across the 0.5-8­
sec RIs in the phase in which boththe RI and the ITI du­
rations weremanipulated. Matching accuracy washigher
in the visual group, butaccuracy in bothgroups declined
at a similar rate when the RI was increased. However,
in contrast withthe firstphaseof testing, Figure 5 shows
that when the RI and the ITI were variedtogether, short
andlongsamples produced reliably different performance
in each group. In the visual group, accuracy was higher
with long samples, whereas in the temporal group, ac­
curacy washigher withshortsamples. A mixed ANOVA
was performed on the 2 (groups) x 5 (RIs) x 3 (ITls)
x 2 (sample durations) design and revealed significant
maineffects for groups [F(l,12) = 19.70,p < .01J and
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Figure 4. Vilual and temporal matdIlng performance Ia'OSS reten­
tion intervals in the phase in which the retention interval and the
intertrial interval were varied together.

Fipre 3. Mean percentage ofcorrect matching for the temporal
(daI8bed lines) IIIId visual (1IOIid lines) poups with s--: (open squares)
and 34Hec (filled squares) samples.

Figure 2 shows mean accuracy collapsed across sam­
ple duration and color over the 0.5-8-sec RIs when the
ITI duration was held constant at 30 sec. Matching was
higher in the visual groupat each RI. More importantly,
theslope of theretention curves wassimilar ineachgroup,
such thataccuracy fell at a similar rateas theRI increased.
When a mixed ANOVA wasapplied to the 2 (groups) x
2 (blocks of RI testing) x 2 (sample durations) x 4 (RIs)
design, the analysis revealed significant maineffects for
groups [F(l,12) = 5.54, p < .05] and RI [F(4,48) =
43.55,P < .001]. Although no interaction emerged be­
tween groups and RI, a significant interaction between
groups, RI, and sample duration was obtained [F(4,48)
= 3.10, P < .05]. Figure 3 shows that this interaction
waslargely dueto the differential effects produced bythe
short and long samples in each group. Graphically, the
visual groupshowed higherperformance withlongsam­
ples during allbutthe 8-sec RI, where accuracy aftershort
and long samples was equivalent. However, in the tem­
poral group, short samples produced somewhat better
matching with0.5-2-sec RIs, butlongsamples produced
better matching with 4- and 8-sec RIs. Newman-Keuls
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of the 0.5-8-sec RIs (collapsed across sample duration).
Although each group seemed to match better with the W­
and 30-sec ITIs, post hoc tests showed that the ITI effect
was limited to the 0.5- and 4-sec RIs. No interaction was
found between group, RI, and ITI (p > .05).

DISCUSSION

The purpose of the present experiment was to compare
directly pigeons' STM of temporal and visual stimuli dur­
ing a DMTS task. The results showed that acquisition of
the DMTS task was more rapid for the visual than for
the temporal group. Because both groups received iden­
tical sample and comparison stimuli, differing only in
terms of the relevant dimension, the different rates of
learning suggest that the temporal samples were more
difficult to process than the visual samples. Indeed, visual
matching was also superior to temporal matching when
the RI and ITI variables were manipulated. However,
although accuracy was higher in the visual than in the tem­
poral group, accuracy at the end of acquisition was not
reliably different, and rates of forgetting both samples
were similar across the RI and ITI manipulations.

Recently, much DMTS research has been conducted to
determine the content of animal STM (see, e.g., Honig
& Thompson, 1982; Roitblat, 1980; Stonebraker, 1981;
Wasserman, 1986). According to a retrospective model
of processing, animals preserve a memorial representa­
tion of the sample attributes throughout the RI. If the tem­
poral and visual subjects in the present study processed
the samples retrospectively, we would expect to find quan­
titative and/or qualitative differences in retention of these
stimuli. For example, since the temporal DMTS task ap­
peared to be more difficult, we might expect that the slope
of the retention curves would be steeper in the temporal
than in the visual group. A prospective model of STM,
on the other hand, holds that samples activate instructional
codes stored in long-term memory regarding the to-be­
chosen comparison. According to this view, the contents
of STM would be similar for both groups, since each
group was trained with the same color comparisons. The
findings reported here generally support a prospective
model, in that accuracy of both groups was similarly af­
fected by the RI and ITI variables. These results are con­
sistent with those obtained by Kraemer and Roberts
(1984). In their study, separate groups of pigeons were
trained with auditory and visual samples, each associated
with blue and yellow comparisons. Their results showed
that accuracy was higher in the visual than in the audi­
tory group. More importantly, the slopes of the retention
curves were similar as the RI increased, and performance
similarly improved with longer ITls.

Although rates of forgetting were similar in the present
study, one important difference between the groups was
accuracy following short and long samples. In the visual
group, matching was generally higher with the 3O-sec than
with the 5-sec samples. Past research has shown that
matching typically improves with increasing sample du-
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Figure S. Visual (solid lines) and temporal (dashed lines) match­
ing with S-sec (open squares) and 30-sec (filled squares) samples,
collapsed across intertrial interval.
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Figure 6. Mean performance for the visual (solid lines) and tem­
poral (dashed lines) groups with the 5-, 10-, and 30-sec intertrial
intervals, as a function of retention interval.

RI [F(4,48) = 62.03, p < .01]. Although a significant
interaction emerged between group and RI [F(4,48) =
2.83, p < .05], Newman-Keuls tests revealed that visual
matching was greater than temporal matching at all RIs
(p < .05).

The differential effects produced by sample duration
were shown to be reliable in this phase, as indicated by
the significant interaction between group and sample du­
ration [F(1, 12) = 16.40, p < .01]. Newman-Keuls tests
showed that the subjects in the visual group were more
accurate on long-sample trials, whereas the subjects in
the temporal group were more accurate on short-sample
trials.

Finally, the analysis showed a significant main effect
for ITI [F(2,24) = 3.43, p < .05]. Although post hoc
tests showed that both groups matched more accurately
with the 30-sec ITI than with the 5-sec ITI (collapsed
across groups), a significant interaction occurred between
ITI and RI [F(8,96) = 3.20, p < .01]. This interaction
is illustrated in Figure 6. The figure shows performance
in both groups with 5-, 10-, and 30-sec ITls as a function



ration (see Grant, 1976; Maki & Leith, 1973; Roberts &
Grant, 1974),but some research has shownthat accuracy
declines withsamples exceeding 10 sec (seeGrant& Mac­
Donald, 1986; Santi,Grossi,& Gibson, 1982). It has been
suggested (Santiet al., 1982) that reducedaccuracy shown
with long samples is due to extinction processes thought
to occur with prolonged sample exposure. Perhaps one
reason why long samples led to higher matching in the
presentstudywasdue to the procedureused. Specifically,
in many studies, long samples are not presented consis­
tently throughout training, but instead appear occasion­
ally on probe trials. In contrast, in the present procedure,
the sampleswere presentedaccordingto a fixed 5- or 30­
sec schedule, each occurringequallyoften in the presence
of the red and green lights.

In the temporal group, short samples produced higher
matchingthan did long samples in the condition in which
the RI and the ITI were varied together (see Figure 5).
The finding that temporal matching is more accurate af­
ter short than after long samples has been demonstrated
previously (Kraemeret al., 1985; Spetch& Wilkie, 1982,
1983).A unique finding, however, was that the retention
curves were similar for short and long durations. Indeed,
several studies (e.g., Spetch& Wilkie, 1982, 1983)have
shownthat memorydeclinesmore rapidlywith long sam­
ples. In Spetch and Wilkie's work, samples were dura­
tionsof2 and 10 sec, and the comparisonswere blue and
yellow fields. Theyfound thatat longerRI durations (e.g.,
10-20 sec), subjects showed an increased tendency to
choose the comparison associated with the short sample.
Their results suggested that memory for event duration
shortened over the RI, producing a choose-short bias. The
subjective shortening model assumes that subjects pre­
serve a representationof sampleduration, a process con­
sistent with a retrospective model of STM. An alterna­
tive account, incorporatingprospectivecoding (Kraemer
et al., 1985), is that short and long samples activate in­
structionalcodes regarding the to-be-ehosen comparison.
As the RI increases, pigeons eventually forgetthe response
code and choosethe comparisonassociatedwith the short
sample because the absence of a response code is more
similar to that associated with the code for a short than
for a long sample. Thus, performance differences after
short and long samples would be expected only at rather
long RIs.

Although the presentretention data are interpreted more
readily by the prospective coding hypothesis, this view
does not explain why accuracy was typically higher on
short-sample trials in the temporal group. One possibil­
ity is that in the temporal group, long samples might ini­
tially activate a code associated with the short sample,
producing reduced accuracy due to interference (for a
related discussion, see Grant & Roberts, 1973; Roberts
& Grant, 1976; Wright, Urcuioli, & Sands, 1986; Zen­
tall & Hogan, 1974, 1977). Anotherexplanationinvolves
the procedure used here. Specifically, in the prior DMTS
studies involving temporal samples, the samples were rela­
tively short (e.g., 2 and 10 sec), and terminatedautomat-
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ically after the duration timed out. In the present proce­
dure, however, sample termination was scheduled
according to a fixed-interval (FI) 5- or 30-sec schedule.
Thus, the samples were longer and they required a
responseto be terminated. Perhaps the FI-30 samplesled
to poorer performance due to decreased attention.
Although virtually all pigeons responded reliably through­
out the sample duration, it did appear that the rate of
responding decreasedwhen the sampledurationexceeded
5 sec.

Another procedural difference was that the RIs em­
ployed here were brief (1-8 sec) relative to those of prior
research (i.e., 10-20 sec). Perhaps different retention
functions wouldemerge if longerRIs were used. Whether
the results were due to procedural variables or interfer­
ence is unclear, and the issues raised here provide the fo­
cus of our current research.
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