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Directed forgetting effects in pigeons:
Remember cues initiate rehearsal

ANGELO SANTI and JULIE SAVICH
Wilfrid Laurier University, Waterloo, Ontario, Canada

Pigeons were trained in a two-choicedelayed matching-to-sample task with red and green hues.
A brief postsample cue (a vertical or horizontal line) signaled whether the comparison stimuli
would be presented or omitted on each trial. Comparison stimuli were always presented follow
ing the remember-cue (Rcue) trial, but never following the forget-cue (F-cue) and no-cue trials.
In Experiment 1, matching accuracy on F-cue and no-cue trials was equivalent and was consider
ably inferior to accuracy on R-cue trials. In Experiment 2, the placement of the postsample cue
was manipulated. Matching accuracy decreased as the R cue was delayed in the retention inter
val, but performance in the F-cue condition was not affected. These data indicate that the no-cue
condition can function as an implicit F cue and that the R cue can function to initiate and main
tain rehearsal.

Delayed matching-to-sample has been extensively em
ployed as a paradigm for studying working memory in
pigeons (Maki, Moe, & Bierley, 1977; Nelson & Was
serman, 1978; Roberts, 1972; Roberts & Grant, 1976).
In this paradigm, the correct response is to peck the com
parison stimulus, which is the same as the previously
presented sample stimulus. As the length of time increases
between termination of the sample stimulus and presen
tation of the comparison stimuli, accurate performance
will increasingly depend upon the animal's ability to main
tain information derived from the sample until a correct
response can be made. Of course, if the comparison
stimuli were not going to be presented on a paiticular trial,
then presumably there would be no need for the animal
to maintain this information. In order to assess whether
pigeons are capable of selectively maintaining informa
tion in working memory, researchers have used postsam
ple cues (e.g., a vertical or horizontal line for delayed
matching-to-sample of colors) to signal whether compar
isons will be omitted or presented on that trial. For ex
ample, comparison stimuli may always be omitted fol
lowing a vertical line (i.e., a forget or F cue), whereas
comparison stimuli are always presented following a
horizontal line (i.e., a remember or R cue). The use of
a probe testing procedure in which comparison stimuli
are infrequently presented after F cues has shown that F
cues control a lower level of matching accuracy than R
cues, which signal presentation of the comparisons (Grant,
1981; Kendrick, Rilling, & Stonebraker, 1981; Maki &
Hegvik, 1980; Maki, Olson, & Rego, 1981). The mag-
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nitude of the performance decrement produced by F cues
has been shown to be greater as the retention interval is
lengthened (Grant, 1981; Maki & Hegvik, 1980). Fur
thermore, if the occurrence of the F cue is delayed within
the retention interval, the effectiveness of the cue is'
reduced (Grant, 1981; Stonebraker & Rilling, 1981). Ex
periments utilizing two cues have shown that the presen
tation of an R cue immediately after an F cue mitigates
the decrement in matching accuracy produced by the F
cue (Grant, 1981; Stonebraker, Rilling, & Kendrick,
1981).

Although directed forgetting effects have been most ex
tensively studied in pigeons, they have also been obtained
in studies with rats (Grant, 1982) and with squirrel mon
keys (Roberts, Mazmanian, & Kraemer, 1984). Several
theoretical interpretations of the directed forgetting effect
have been proposed (Grant, 1981; Maki, 1981; Rilling,
Kendrick, & Stonebraker, 1984), but the one with the
greatest degree of support is the rehearsal hypothesis. This
hypothesis proposes that the information derived from the
sample is actively maintained in working memory by re
hearsal. An F cue is believed to terminate this rehearsal
process. However, whether R cues function to initiate and
maintain rehearsal is not entirely clear. Although experi
ments that present two cues in the retention interval do
suggest that R cues have functional control over rehear
sal processes, there are contradictory data. For example,
delaying an R cue within a constant-length retention in
terval has no effect on accuracy (Grant, 1981; Stonebraker
& Rilling, 1981). In addition, similar levels of matching
accuracy have been obtained on Rcue trials and on trials
in which no cue is presented (i.e., no-cue trials). Grant
(1981) suggested that the no-cue condition may actually
function as an implicit remember cue based on the prior
training history of the animal.

In the present research, we obtained direct experimen
tal evidence regarding the functional significance of R cues .
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by establishing the no-cue condition as an implicit F cue.
This was accomplished by never presenting comparison
stimuli if no cue had occurred within the retention inter
val. If control by an R cue over matching accuracy has
not been demonstrated in single cuing experiments because
the absence of a cue functions as an implicit R cue as a
result of previous training, then in conditions in which
the absence of a cue functions as an implicit F cue, con
trol over matching accuracy by an R cue should be demon
strable.

EXPERIMENT 1

In the first experiment reported here, pigeons were
trained in a two-choice delayed matching-to-sample task
with red and green hues. A brief postsample cue (a verti
calor horizontal line) signaled whether the comparison
stimuli would be presented or omitted on that trial. Com
parison stimuli were always presented on the R-cue trials,
but were never presented on the F-cue and no-cue trials
during training. However, during test sessions, perfor
mance was evaluated as a function of the various cue con
ditions by infrequently presenting comparison stimuli on
F-cue and no-cue trials. As a result, Experiment I
provided data on whether the no-cue condition could func
tion as an implicit F cue.

Method
Subjects. Six White Cameaux pigeons, maintained at 80%± 15 g

of their ad-lib weights and housed individually with constant ac
cess to grit and water, served as subjects. All birds had extensive
experience with choice delayed matching-to-sample tasks involv
ing color and line orientation stimuli.

Appatatus. Four Coulbourn modular operant test cages (Model
EIO-IO), housed individually in isolation cubicles (Model EIO-20),
were used. Each cubicle was equipped with a ventilation fan and
baffled air intake and exhaust system. Each test cage was equipped
with three horizontally aligned clear plastic keys behind which
projectors could display stimuli (red or green field, vertical or
horizontal white line on a black background, or a black dot on a
white background) onto a frosted rear projection screen (Coulboum
Model E21-18). Directly below the center keys was a 5.7x5 em
opening that provided access to a hopper filled with mixed grain
(Coulbourn Model EI4-1O). All experimental events and response
measures were arranged and recorded by a microcomputer system
located in an adjacent room.

Procedure. All birds were initially given 38 sessions of training
in a delayed matching-to-sample task with cues signaling how a trial
would end. Each trial began with a warning signal (a black dot on
a white background) presented on the center key. A peck to this
key resulted in the presentation of either a red or green sample stimu
lus on the center key. The sample stimulus was terminated after
5 sec and followed by the presentation of a I-sec postsample cue.
The postsample cue was a vertical line, a horizontal line, or no cue
(i.e., the absence of any signal for I sec). For 3 birds, the vertical
line signaled the occurrence of comparison stimuli (R cue) and the
horizontal line signaled their nonoccurrence (F cue). For the other
3 birds, the cue functions were reversed. For all birds, the no-cue
condition signaled the nonoccurrence of comparison stimuli. Red
and green comparison stimuli were presented on the side keys at
the end of the retention interval only if the sample had been fol
lowed by an R cue. The retention interval, as measured from the
offset of the postsample cue, was initially 0 sec and was maintained
at that value until matching accuracy on R-cue trials was equal to

or greater than 90% for two consecutive sessions. The retention
interval was incremented by 0.5 or 1.0 sec until accuracy was con
sistently maintained between 80% and 89% correct matching. Dur
ing this phase of training, sessions consisted of 132 trials divided
into II blocks of 12 trials each. Within each block of 12 trials,
each combination of sample and correct side key and each of the
three cue conditions occurred once in a random sequence.

Each test session consisted of 132 regular trials, which were the
same as during baseline training, and an additional 12 probe trials.
The 12 probe trials in each test session consisted of 4 R-cue, 4 F
cue, and 4 no-cue trials. A single probe trial occurred randomly
within each block of 12 regular trials. On probe trials, comparison
stimuli were always presented, regardless of the nature of the cue
presented on that trial, and correct responses were reinforced.

The probability of food reinforcement (5-sec access to mixed
grain) for correct responses was manipulated in this experiment.
In the differential outcome (DO) condition, reinforcement occurred
with a probability of 1.0 for correct responses following one sam
ple stimulus and a probability of 0.2 for correct responses follow
ing the other sample stimulus. In the nondifferentialoutcome (NDO)
condition, reinforcement occurred with a probability of 0.6 following
correct responses to either red or green comparison stimuli. Three
birds were initially assigned to the DO condition and the other 3
to the NDO condition. Probe testing as described above was con
ducted for 6 sessions. The birds were then returned to baseline con
ditions for 3 sessions. The number of trials was decreased to 96
and an additional 16 sessions of baseline training were given, The
DO birds were then switched to the NDO procedure and the NDO
birds were switched to the DO procedure. Following 14 sessions
of baseline training, 8 probe testing sessions were administered.
On the first 2 test sessions, only 8 probe and 88 regular trials were
presented, as a result of experimenter error. The remaining 6 test
sessions consisted of 12 probe and 132 regular trials. The data from
these 6 test sessions were combined with the data from the previ
ous 6 test sessions so that cuing effects could be assessed for all
birds under both differential and nondifferential outcome conditions.
The maximum retention intervals at which the birds could main
tain matching accuracy between 80% and 89% during baseline ses
sions varied considerably. The range of maximum delays was
0-9 sec prior to the first test phase, with a median delay of 3 sec.
The range was 0-12 sec during the second test phase, with a me
dian delay of 4.5 sec. However, delay interval duration was not
systematicallyaffected by the differential outcome condition to which
a bird had been assigned.

Results
The mean percent of correct matching responses ob

tained during testing are presented in Figure I. An anal
ysis of variance performed on the test data included cue
condition and differential outcome condition as within
subject factors. The effect of cue condition was signifi
cant [F(2,1O) = 28.32, MSe = 54.40, p < .001].
Neither the main effect of differential outcome condition
nor the interaction of cue condition X differential outcome
was statistically significant [Fs< I]. A Newman-Keuls test
was performed on the mean percent correct matching as
a function of cue condition. Performance in the R-eue con
dition was significantly higher than in the F-cue or no
cue condition. Accuracy in the F-cue and the no-cue con
dition did not differ significantly.

Discussion
Grant (1981) found similar levels of matching accuracy

on R-cue and no-cue trials. He suggested that the no-cue
condition may function as an implicit R cue based on the
prior training history of the animal. In the present experi-
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R cue and the F cue within the retention interval. We un
dertook the second experiment with this in mind.
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EXPERIMENT 2

Figure 1. Mean percentage of correct responses during testing as
a function of type of cue (R-cue, F-cue, or no-cue) and differential
outcome condition (DO vs. NDO) in Experiment 1.

Method
Subjects and Apparatus. The subjects and apparatus were the

same as those used in Experiment 1.
Procedure. All birds were given 10 sessions of training, which

were the same as those which preceded testing in Experiment 1 ex
cept that all birds were assigned to the NDO condition. One of the
birds was terminated from the study because performance at or above
80% correct could not be maintained at delays greater than 1 sec.
A minimum delay of 3 sec, measured from offset of the postsarn
pie cue, was required, so that cue placement could be meaning
fully varied. The remaining 5 birds maintained performance at or
above 80% correct at retention intervals that varied between birds
(3, 4, 5, 10, and 12 sec). After the 10 training sessions, we ad
ministered cue-position testing under NDO conditions. Following
this testing, all birds were returned to baseline NDO conditions for
5 sessions. Then all birds were switched to DO condition, in which
the reinforcement probability assignments were the same as each
bird had received in Experiment 1. Following 10 sessions of train
ing under DO conditions, we administered cue-position testing.

Cue-position testing was administered in the same way for DO
and NDO conditions. Each test session alternated with a baseline
session in which no probe trials occurred. This was done to minimize
any disruption which could occur as a result of probe testing at var
ious cue positions. Each baseline session consisted of 96 trials (32
Rcue, 32 F-cue, and 32 no-cue trials). Each test session consisted
of96 trials and an additional 12 probe trials (4 R-cue, 4 F-cue, and
4 no-cue trials). Within each test session. trials were organized into
12 blocks of 9 trials each (1 probe and 8 regular trials). Compari
son stimuli were presented at the end of the retention interval on
all probe trials, and correct responses were reinforced according
to the probabilities defined for the DO and NDO conditions. On
regular trials, Rand F cues were always presented at the begin
ning of the retention interval. On probe trials, Rand F cues were

An F cue is assumed to block or terminate the active
maintenance of information represented during the reten
tion interval. This assumption is supported by the find
ing that the effectiveness of the F cue is reduced if it oc
curs later in the retention interval (Grant, 1981;
Stonebraker & Rilling, 1981). When a single cue has been
presented in the retention interval, delaying the R cue has
had no effect on accuracy (Grant, 1981; Stonebraker &
Rilling, 1981). Presumably, this is due to the pigeons'
engaging in rehearsal even in the absence of an R cue.
Given that our Experiment 1 found that the no-cue con
dition could function as an implicit F cue, it should be
possible to directly assess whether the R cue could func
tion to initiate and maintain rehearsal by manipulating the
temporal location of the cue. In Experiment 2, we ex
pected to obtain results that would be the reciprocal of
those previously reported by Grant (1981) and Stone
braker and Rilling (1981). That is, performance on F-cue
trials should not be affected by location of the F cue in
the retention interval, whereas performance on R-cue
trials should decrease as the R cue was delayed within
the retention interval. As in Experiment 1, testing was
conducted with both DO and NDO conditions for all
subjects.

NO-CUEF-CUE

CUE CONDITION

R-CUE

ment, matching accuracy on F-cue and no-cue trials was
equivalent and was considerably inferior to that on R-cue
trials. The omission of comparison stimuli on no-cue trials
resulted in the no-cue condition's functioning as an im
plicit F cue. This supports Grant's suggestion that previ
ous training is a critical factor determining whether the
no-cue condition will act as an implicit R or F cue.

The magnitude of the directed forgetting effect was
equivalent under both DO and NDO conditions. This sug
gests that the rehearsal of differential outcome expectan
cies may be subject to stimulus control in the same way
that rehearsal of sample stimulus attributes or response
instructions with regard to comparison stimuli are.
However, no firm conclusion about this is possible, be
cause differential outcome conditions did not systemati
cally affect the length of the delay interval necessary to
maintain accuracy between 80% and 89% during base
line sessions. In studies by DeLong and Wasserman
(1981) and Santi and Roberts (l985a, 1985b), differen
tial probability of reinforcement produced an enhanced
acquisition of discrimination and superior memory per
formance in pigeons. The failure to obtain an effect of
differential outcomes in the present study may be due to
the concomitant use of a directed forgetting procedure or
to the lack of sufficient training under differential out
come conditions.

Whatever the nature of the memorial representation sup
porting performance in the present experiment, compel
ling evidence for the stimulus control of rehearsal could
be obtained by manipulating the temporal location of the
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presented at the beginning, the middle, or the end of the retention
interval. Cue position was manipulated between sessions and ran
domized within blocks of three test sessions. As in the previous
experiment, cue duration was I sec. In the case of the no-cue con
dition, this functionally added 1 sec to the retention interval. Twelve
test sessions were administered in each of the two test phases.

Results
Test performance as a function of cue, cue position,

and differential outcome condition are presented in
Figure 2. For purposes of data analysis, the no-cue con
dition was treated as if the temporal location of the no
cue was the same as that used for Rand F cues in each
test session. No effects due to the differential outcome
manipulation were obtained. However, the analysis ofvar
iance did reveal a significant effect of cue condition
[F(2,8) = 8.59, MSe = 104.02, P < .05] and cue posi
tion [F(2,8) = 8.72, MSe = 89.90, P < .01] and a cue
condition X cue position interaction [F(4,16) = 8.36,
MSe = 100.49, P < .001]. A simple main effect analy
sis of this interaction indicated that there was an effect
of cue position on R-cue trials [F(2,8) = 14.68], but not
on F-cue or no-cue trials (Fs < 2). A Newman-Keuls test
confirmed that accuracy was significantly less when the
R cue was presented in the middle or at the end of the
retention interval than when the R cue was presented at
the beginning of the retention interval. The simple main
effect analysis also revealed that there was an effect of
cue condition when the cues were presented at the begin
ning of the retention interval [F(2,8) = 25.95], but not
when they were presented in the middle or at the end of
the retention interval (Fs < 1).

Discussion
When the R or the F cue was presented at the begin

ning of the retention interval, the results replicated those
obtained in Experiment I. Matching accuracy was high
on R-cue trials and low on F-cue and no-cue trials. The
equivalent performance on F-cue and no-cue trials indi
cated that the absence of a cue continued to function as
an implicit F cue. The effectiveness of the R cue in main
taining high levels of matching accuracy was reduced
when it was presented later in the retention interval. These
results indicate that the R cue can function to initiate and
maintain rehearsal, but that it cannot function effectively
as a retrieval cue for information that is not being actively
rehearsed. When the R cue was presented in the middle
or at the end of the retention interval, it did not control
a level of matching accuracy significantly above that con
trolled by the F-cue or no-cue condition.

GENERAL DISCUSSION

The present experiments provide further support for the
hypothesis that pigeons actively maintain or rehearse in
formation derived from the sample stimulus during the
retention interval. In previous studies involving variation
in cue placement and comparison of R-cue, F-cue, and
no-cue trials, it was found that F cues terminated or
reduced rehearsal but that R cues had little effect on per
formance relative to no-cue conditions (Grant, 1981;
Stonebraker & Rilling, 1981). The present results indi
cate that if the no-cue condition functions as an implicit
F cue, then the R-cue condition provides data consistent
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Figure 2. Mean percentage of correct responses during testing as a function of cue position (be
ginning, middle, or end), type of cue (R-eue, F-eue, or no-eue) and differential outcome condition
(DO vs. NDO) in Experiment 2.



with the hypothesis that R cues can initiate and maintain
rehearsal. This conclusion is compatible when that de
rived from studies in which R cues attenuate the effec
tiveness of a previously presented F cue (Grant, 1981;
Stonebraker et al., 1981). In addition, the results of Ex
periment 2 are consistent with results obtained when the
presentation of the R cue is delayed following the prior
presentation of an F cue. Stonebraker et al. (1981) showed
that the effectiveness with which the R cue attenuates an
F-cue effect diminishes as the R cue is delayed within the
retention interval.

Grant (1984) studied directed forgetting effects in an
intratrial interference procedure in which two samples
were presented successively on each trial and each sam
ple was followed by a postsample R or F cue. He found
that presentation of an F cue after an interfering sample
increased accuracy relative to baseline trials, whereas
presentation of an F cue after the target sample decreased
accuracy relative to baseline trials. In addition, the abil
ity of the F cue to increase accuracy when presented af
ter an interfering sample was enhanced as the temporal
interval between the two successively presented samples
was increased. These data provide strong support for an
explanation of directed forgetting effects in terms of re
hearsal. An F cue terminates rehearsal processes, whereas
an R cue can initiate and maintain rehearsal processes.
The results of Experiment 2 in the present study also in
dicate that an R cue cannot serve as a retrieval cue for
information that is not being actively rehearsed. This was
evident in the failure of the R cue to control levels of
matching accuracy significantly greater than those con
trolled by the F-cue or no-cue condition when the R cue
was presented in the middle or at the end of the retention
interval.

In both experiments, directed forgetting effects were
obtained with a DO procedure as well as with an NDO
procedure. However, the significance of this finding is
difficult to assess, because there was no clear evidence
of a differential outcome effect in the present data. Previ
ous investigators have shown that differential outcomes
enhance memory performance by establishing outcome
expectancies that mediate responding to comparison
stimuli (Edwards, Jagielo, Zentall, & Hogan, 1982; Ho
nig, Matheson, & Dodd, 1984; Peterson, 1984). If a
differential outcome effect could be demonstrated with
a directed forgetting procedure, then it could be deter
mined whether outcome expectancies are just as sensitive
to directed forgetting manipulations as other types of
representations. This would provide evidence for the claim
by Rilling et al. (1984) that the analysis of rehearsal as
an active maintenance of representations does not need
to be concerned with the nature of the representation be
ing rehearsed.
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